Singlet Molecular Oxygen and Superoxide Dismutase!
Sir.

The role of singlet molecular oxygen (*O,) and of the
superoxide anion radical (O,-~) in enzyme-mediated
peroxidation reactions in vivo has been an area of con-

siderable interest in recent years. We recently reported
that !0, is produced by the adrenodoxin reductase sys-

tem.? Singlet oxygen is formed by the dismutation re-
action of superoxide anion radicals (eq 1). Stauff®
20— —> 10; + H,O: 1)

and Arneson* have described the formation of 'O, by
the xanthine oxidase-xanthine system. Howes and
Steele’ have reported the singlet oxygen-mediated
chemiluminescence obtained from rat liver microsomes,
NADPH, and O,.

Superoxide dismutase (SOD), a metalloprotein con-
taining 2 g-atoms of Cu and Zn each, catalyzes the dis-
mutation reaction of O~ to give ground state molecular
oxygen (eq 2).* SOD has been found in many aerobic

SOD
20;-~ —I? *0; + Hy0: (2)

organisms including bovine and human erythrocytes,
yeast, chicken liver, Streptococcus mutants, and Esche-
richia coli. It is thought that SOD may serve to protect
these systems from the deleterious effects of the highly
reactive O, .

Several investigators have suggested that superoxide
dismutase is also an efficient singlet oxygen quencher.
Paschen and Weser” have observed that SOD inhibits
the chemiluminescence obtained from a mixture of
luminol and K;CrOs.  They interpret these results in
terms of SOD quenching of the 'O, produced from K;-
CrOs. These workers find that this quenching is
observable at SOD concentrations as low as 10— M,
They conclude that the main physiological function of
SOD is to scavenge singlet oxygen rather than catalyze
the dismutation reaction of O,-—, Agro® and Arneson*
have also suggested that SOD is a singlet oxygen
quencher on the basis of SOD inhibition of the xan-
thine oxidase-xanthine chemiluminescence.

We now describe the results of experiments which in-
dicate that SOD does not significantly quench singlet
oxygen at concentrations of 1 mg/ml (10~° M). We
have studied the effect of SOD on the reaction of 'O,
with «-lipoic acid (1)® and 9,10-diphenylanthracene-2,3-
dicarboxylic acid (2)* in aqueous Tris buffer (pH 8.8).
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Singlet oxygen was generated photochemically with the
heterogeneous sensitizer, ®-Rose Bengal,!! and with
the water-soluble 1-phospha-2,8,9-trioxaadamantane
ozonide (3).!? The use of water as the solvent for
these studies was important as SOD is probably de-
natured in organic solvents.

Photooxidation of a-lipoic acid (1) in water (Tris
buffer, pH 8.8) with the insoluble, polymer-bound Rose
Bengal was monitored by the disappearance of the ab-
sorption at 333 nm. A 5-ml solution of 1 (3.43 X
10-% M) in the buffer with 50 mg of ®-Rose Bengal
under oxygen and mechanically stirred was irradiated at
560 nm using a Bausch and Lomb grating monochro-
mator and SP-200 mercury light source. After 188
min, 50 97 of 1 had been consumed. Absorption spectra
before and after photolysis indicated that no Rose
Bengal was leached into the reaction solution. Photol-
ysis of 1 in the absence of ®-Rose Bengal gave no
change in the concentration of 1. Superoxide dis-
mutase?® was added to the reaction solution and the
photooxidation of 1 carried out as above. With 1 mg/
ml (10—% M) of SOD, photooxidation of 1 was unaffected
within experimental error (51.89] reaction after 188
min). It was further established that SOD is not de-
natured under the reaction conditions by photolysis
with 560 nm radiation in the presence of &-Rose Bengal
and oxygen.!* The addition of 1,4-diazabicyclo[2.2.2}-
octane, a singlet oxygen quencher'® (3.7 X 102 M),
inhibited the photooxidation of 1 with 2697 reaction
after 188 min.

The reaction of 1 with 'O, in the presence of SOD
was also studied utilizing the thermal decomposition of

the ozonide 3 as the source of singlet oxygen. A solu-
0
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tion of 3 in CH,Cl, was prepared by the addition of
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ozone to 1-phospha-2,8,9-trioxaadamantane. Removal
of the solvent from a portion of this solution under
vacuum at —40° gave the solid ozonide 3 (0.06 mmol).
A 5-ml solution of 1 (2.8 X 10—¢ M, 0.014 mmol) in
the Tris buffer was added to the solid ozonide at --10°.
The resulting solution was allowed to warm to ambient
temperature over a period of 15 min. The uv spectrum
of the solution indicated 63.19] reaction of 1. A series
of four experiments gave an average consumption of 1
of 63.7 = 39. The reaction in the presence of 5 mg
of SOD gave 63.3 % conversion.

We have used the water-soluble 2,3-dicarboxylic acid
derivative of 9,10-diphenylanthracene to further test
our conclusion that SOD does not quench '0,. A solu-
tion (10 ml) of 2 (8.1 X 10—* M) in aqueous Tris buffer
(pH 8.8) with 50 mg of ®-Rose Bengal was irradiated
with stirring under O, at 560 nm. The consumption of
2 was monitored by the decrease in the absorption at
380 nm. After 825 min, 50 %7 of 2 had been consumed.
The addition of SOD (1 mg/ml, 10—% M) had no effect
on the rate of disappearance of 2 with 4997 reaction
after 825 min,

The decomposition of ozonide 3 is attended with
chemiluminescence. We attribute this chemilumines-
cence to the singlet oxygen “dimol” emission.!'* We
have observed that SOD does not quench the lumines-
cence produced by the decomposition of 3 in H,O.
The details of these experiments will be reported shortly.

We conclude on the basis of the results of the above
experiments that superoxide dismutase does not quench
singlet oxygen. SOD probably protects biological sys-
tems from oxidative damage by 'O, by removing O, ~ via
the SOD catalyzed dismutation reaction (eq 2) and
preventing the formation of singlet oxygen.
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Evidence for the Discrete Existence of a
Bicyclo[4.1.0}heptatriene

Sir.

Carbene~carbene rearrangements in which a group
migrates to the reaction site with generation of a new
carbene (eq 1) are well documented in the now familiar

] 1
R—C—C—R —» R—C—C—R 6}

interconversion of phenylcarbene and its derivatives
with cycloheptatrienylidenes.»? Although a number
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of attractive mechanisms have been considered,® one
which involves a bicyclo[4.1.0}heptatriene (eq 2) as an

H

O-G-0

intermediate (or transition state) seems to have gained
the most support. In this communication we report
evidence for the discrete existence of a bicyclo[4.1.0]
heptatriene derivative.

Treatment of 7,7-dichlorodibenzoa;c]bicyclof4.1.0]-
heptane (1)* with a suspension of KO-#-Bu (2 equiv)
in THF at 0° gives a yellow viscous oil identified as 2%°
(mixture of diastereomers) in 72 % yield (eq 3).

3

This observation is readily understood in terms of
the dibenzobicycloheptatriene (3) shown in Scheme I,

Scheme I

although a mechanism which by-passes 3 is shown in
Scheme II. Formation of the solvent insertion product

Scheme 1T

can, of course, be taken as evidence for formation of the
carbene 4.

In order to distinguish between these two mecha-
nisms, an attempt was made to trap the cyclopropene
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