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Communications to the Editor

Mechanisms of Singlet Oxygen Reactions.
Intermediates in the Reaction of Singlet
Oxygen with Dienes

Sir:

The mechanisms of singlet oxygen reactions with
olefins have been the subject of a number of recent
studies.’=!* In this communication we present results
which demonstrate that in the case of at least one diene
formation of cleavage products involves a dioxetane
intermediate and indicate that the dioxetane is preceded
by still another intermediate.

A detailed study of the photooxidation of 2,5-di-
methyl-2,4-hexadiene (1) has shown that both the rate
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of reaction and the product distribution are solvent
dependent. As shown in Table I, changing the solvent
from acetonitrile to aqueous methanol increased the
ratio of aldehyde 3 (and acetone) to allylic hydroper-

Table I. A Comparison of Solvent Effects on Product
Distribution and Relative Rates of Photooxidation

Product Rel rates of
distribution photooxidation
Solvent 3:2 ratio ki/k1-cyclobexenyl
Acetonitrile 0.01 6.3
Methylene 0.1 5.0
chloride
Acetone 0.2 3.2
Aqueous 1.5 13.0
acetone
(25%; H,0)
Methanol 2.6 28.0
Aqueous 5.5 29.0
methanol
(30% H:0)
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oxide 2 by at least a factor of 500 and increased the
overall rate of photooxidation of 1 (relative to the rate
for 1-methylcyclohexene as determined in competition
experiments) by about a factor of 5. Although there
have been previous reports of solvent effects on product
ratios in other photooxidations where cleavage products
are formed, 6~ !® the changes do not appear to correlate
with those we have observed.

Photooxidation of 1 in basic (0.5 N NaOH) or acidic
(0.1 M H,S0,) nucleophilic solvents (methanol or
aqueous methanol) gave primarily solvent incorpora-
tion product 4 or 5, respectively. These products were
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characterized by their nmr spectra and their reduction
with sodium borohydride to alcohols which were sim-
ilar to alcohols 6 and 7 obtained by acid or base
catalyzed opening of the monoepoxide 8 in the appro-
priate solvent. Control experiments have shown that
4 and 5 are not formed from 1 in a dark reaction or
from 2 or 3 under the reaction conditions, nor are 4
and 5 interconverted under the reaction conditions to
an extent sufficient to account for the pH effect on prod-
uct distribution.

Photooxidation of 1 at —78° in methanol, followed
by distillation of the solvent under vacuum at 0°,
yielded a residual liquid from which dioxetane 9 could
be distilled (0°, 0.2 mm) and collected as a bright yellow
solid at —78°. The compound was identified by its
nmr spectrum (chemical shifts noted below), its near-uv
maximum (426 nm in methanol),? its smooth conver-
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sion to aldehyde 3 and acetone on warming in CCl,
solution (37 min half-life at 44°), and by the chemi-
luminescence which was observed when a toluene solu-
tion of 9 and 9,10-dibromoanthracene was heated to
70°.# Finally, under the room temperature photo-
oxidation conditions, 9 was rapidly converted to 3 and
acetone, and therefore meets the requirements of an
intermediate in the formation of these two products.
No significant amount of solvent incorporation prod-
uct was obtained from 9 under the acidic photooxida-
tion conditions. In basic aqueous methanol 9 was
converted in good yield to 7 but 7 could neither be
converted to, nor produced from, 4 or 6. These re-
sults show that 9 cannot be the intermediate which was
intercepted by the solvent, and therefore another inter-
mediate must be involved. A peroxirane or perepoxide
would appear to have the requisite properties.’ 122!
A mechanistic scheme which rationalizes most of the
results presented here is outlined in Scheme I. The
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mechanism includes two concerted reactions (1 and 2),
of singlet oxygen with diene to give allylic hydroper-
oxide and endoperoxide directly. A third, solvent
dependent, reaction (3) gives a peroxirane interme-
diate 10 which can either react with solvent or rear-
range to dioxetane as discussed previously.!! Addi-
tional results on the reaction of dienes with singlet ox-
ygen and the properties of the dioxetane 9 will be pre-
sented later.
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Mechanism of 1,2 Cycloaddition of Singlet Oxygen to
Alkenes. Trapping a Perepoxide Intermediate!
Sir.

Singlet oxygen undergoes 1,4 cycloaddition to con-
jugated dienes to give cyclic peroxides,? the “‘ene’ re-
action with alkenes to yield allylic hydroperoxides,?
and addition to alkenes to form 1,2-dioxetanes.* The
mechanism of the 1,2 cycloaddition reaction of singlet
oxygen has been the subject of considerable discussion.
Kearns has described molecular orbital calculations
that indicate that perepoxides might be involved
as intermediates in this reaction.?®* We now report
the first direct evidence for the formation of a perepox-
ide (2) from the reaction of singlet oxygen with an
alkene (1).

Adamantylideneadamantane (1), a tetraalkyl-sub-
stituted alkene for which the ene reaction is precluded,
has been shown to give a stable, isolable 1,2-dioxetane
(3) upon photooxidation in methylene chloride with
methylene blue sensitization.® Examination of mo-
lecular models suggested to us that the rearrangement
of the perepoxide 2 to the dioxetane 3 might be suffi-
ciently slowed by steric restrictions to permit trapping
of this intermediate 2. Therefore, we were prompted
to investigate the reaction of 1 with singlet oxygen in
pinacolone solvent.” We have observed that photo-
oxidation of 1 in pinacolone with tetraphenylporphine
senzitization at ambient temperature yields both the
dioxetane 3 and the epoxide 4 (eq 1). We suggest that
the epoxide is produced by trapping and reduction of
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