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ABSTRACT

A novel oxygen induced reduction of «,8-unsaturated carbonyl compounds is discovered. The reduction
of the carbon—carbon double bond of «,B-unsaturated carbonyl compounds by benzeneselenol was
caused by an introduction of molecular oxygen into the reaction system. This reduction is likely to
proceed via a radical chain pathway involving an S2 type reaction between a phenylseleno radical and a
1,2-adduct of benzeneselenol to the carbonyl group of the «,B-unsaturated carbonyl compound to give an
allylic radical which absracts a hydrogen atom from benzeneselenol to form the reduction product.

INTRODUCTION

It is generally agreed that molecular oxygen should be excluded from the reaction media when
reduction is to be performed. To the best of our knowledge, there exist few examples in which
oxygen induces or accelerates reduction. (In the diimide reduction, oxygen has been used for
the generation of diimide, NH=NH, from hydrazine.)' During the course of our study on the
reactivity of benzeneselenol (1), we found that the reduction of the carbon—carbon double
bond of «,B-unsaturated carbonyl compounds with benzeneselenol (some reactions in which
benzeneselenol acts as a reducing agent are known)® was caused by an action of molecular
oxygen to afford corresponding saturated carbonyl compounds. We wish to report here this
very rare case in which oxygen promotes the reduction.
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A typical example is as follows. Benzeneselenol (13 mmol) was added to a dry degassed
1,2,3,4-tetrahydronaphthalene (25 ml) solution of 2-butenal (2a, 13 mmol) and the mixture
was stirred at 40°C for 5h in a sealed apparatus. Without oxygen, Michael type addition
occurred predominantly to give 3-phenylselenobutanal (4a) in 42% yield.? Interestingly,
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however, when a small amount of oxygen was introduced into the apparatus, the reduction of
the carbon—carbon double bond took place competitively to yield butanal (3a, 27% in the case
of 6mol% of oxygen and 39% for 27 mol% of oxygen) as well as 4a. Noteworthy is that the
yield of the reduction product increases with increase in the amount of oxygen.

Similar oxygen induced reduction reactions of several «,B-unsaturated aldehydes and
ketones by benzeneselenol have been conveniently performed in air. Representative results
are summarized in Table 1.

Table 1. Reaction of «,B-unsaturated car-
bonyl compounds with benzeneselenol in the
presence of oxygen

substrate yield, %

R R’ 3 4
2a CH; H 51 9
2b H H 35 38
2¢ Ph H 86 14
2d H CH; 11 63
2e CH; CH;, 16 43
2f Ph CN 49 51

The intermediacy of the Michael type adduct (4) in the reduction pathway is clearly ruled
out by the fact that reduction products (3) were not obtained from the reaction of 4 with
benzeneselenol under similar conditions. Since it is likely that the phenylseleno radical is
formed in the reaction system by the reaction of benzeneselenol with oxygen (it is known that
benzenethiol reacts with oxygen to give thiyl radical in first order on each component),* the
present reduction is suggested to proceed via a free radical pathway. A plausible reaction path
is shown in the Scheme. At the initial stage, 1,4- and 1,2-addition of benzeneselenol to
«,B-unsaturated carbonyl compounds afford 5 and 6, respectively, and 1,4-adduct (5)
isomerizes immediately to a Michael type adduct (4). In the presence of oxygen, only the
1,2-adduct (6) undergoes further Si2 type reaction by the attack of phenylseleno radical onto
the selenium atom of 6. The elimination of diphenyl diselenide from 7 gives a relatively stable
allylic radical intermediate (8), which then abstracts hydrogen from benzeneselenol to yield
saturated carbonyl compounds. Phenylseleno radical regenerated at the last stage may cause
the chain reaction. This mechanism is supported by the following facts. i) The reaction of
saturated carbonyl compounds with benzeneselenol undergoes 1,2-addition smoothly in the
similar reaction system, for example, 1-phenylseleno-3-phenylpropan-1-ol can be isolated by
the reaction of 3-phenylpropanal with benzeneselenol. ii) The phenylseleno-group of cinnamyl
phenyl selenide (PhRCH=CHCH,SePh), a model compound of 6, is replaced with hydrogen
under the similar conditions.

The reduction of enones proceeded in lower yields than that of enals, probably because the
initial formation of selenohemiacetal (6) is suppressed due to the bulkiness of the alkyl group
on the enone. It should be recalled that carbon radicals generally undergo dimerization or
react with molecular oxygen when oxygen is present. However in the present reduction, such
reactions are not observed and carbon radicals abstract hydrogen from benzeneselenol
exclusively. This may be due to a weak Se—H bond energy of benzeneselenol. We have
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already demonstrated that hydrogen selenide transfers hydrogen quite rapidly toward a variety
of carbon radicals and the rate constant of hydrogen transfer to the secondary carbon radical
has been estimated to be about 1-6 x 10® m~'s™' > It is likely that the H—Se bond energy of
PhSeH should be smaller than that of H,Se (73kcal/mol),® since H—S bond cenergy of PhSH
(82kcal/mol)” is smaller than that of H,S (91kcal/mol)® by about 9kcal/mol. This
extraordinarily high hydrogen transfer ability of benzeneselenol must be a key to the success of
the present oxygen induced reduction to take place.
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