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Spectroscopic Evidence for the Generation of Singlet
Oxygen in Self-Reaction of sec-Peroxy Radicals
Sir:

The role of singlet molecular oxygen (*O3) in enzyme-
mediated peroxidation reactions in vivo has been an area of
considerable interest in recent years. Howes and Steele have
demonstrated chemiluminescence in the system containing
rat liver microsomes and NADPH, and postulated the gen-
eration of 'O; in the process of lipid peroxidation.! We have
recently succeeded in the direct spectroscopic determination
for the generation of !0, in the NADPH-dependent micro-
somal lipid peroxidation system.?

It has been suggested that dismutation of superoxide an-
ions produces !0, (eq 1).3* Superoxide dismutase inhibits

the generation of !0O; in eq | by catalyzing the dismutation
of Oy~ to give ground state molecular oxygen.®

_ o2H*
20, — 0, + H,0, ®

The addition of the dismutase to the microsomal lipid per-
oxidation system, however, did not inhibit the light emission
originated from bimol collision of '0,, indicating the 'O,
generation in this system does not involve eq 1.2 Thus, we
believe that 'O, is generated by the interaction of lipid per-
oxide intermediates (radicals) which might be produced
during phospholipid peroxidation. This is supported by the
finding that 'O, is generated in the self-reaction of sec-
butyl peroxy radicals (eq 2).6

Y SONGY :
—C—H
|
No— 1
y =0 0, (2)
T
—C—H

We have now identified 'O, spectroscopically in self-re-
actions of linoleic acid peroxy radicals (possible intermedi-
ates in NADPH-dependent microsomal lipid peroxidation)
identical with the case of sec-butylperoxy radicals, and
have proved the generation of two types of !O,, both 'Z,*
and 'Ag, during these reactions even in aqueous system.

Peroxy radicals were produced from sec-butyl hydroper-
oxide’ or linoleic acid hydroperoxide® by oxidation with
ceric ion. Either linoleic acid hydroperoxide (0.127 mmol)
or sec-butyl hydroperoxide (0.15 mmol) in 15 ml of 0.1 M
NH OH-NHCI buffer (pH 9.0) was transferred to a
quartz cell in a new type of spectrometer® and, in the dark,
excess ceric ammonium nitrate (1.27 mmol in 2 ml of
water) was slowly added to the solution through a capillarly
tube to maintain a constant generation of !0, without vig-
orous bubbling. The solution was not stirred during spectral
analysis. The ceric oxidation of sec-butyl hydroperoxide
(0.15 mmol) in 15 ml of benzene, a well-known 'O, gener-
ating system, was also carried out according to a modified
method of Howard and Ingold. ¢

The data obtained from the spectral analysis of chemilu-
minescence in the aqueous systems (system 1 and 2 con-
tained sec-butyl hydroperoxide and linoleic acid hydroper-
oxide as the source of sec-peroxy radicals, respectively) are
summarized in Table I, and the typical emission spectrum

Table I. Emission Spectra Observed during Ceric Oxidation of Hydroperoxides
Vibrational transition Imax obsd,f nm Imax» im
of 0, System 1 System 2 System 3 ref
(2gh) (1241 (0,0) > 2(32,7) (0, 0) None None None 4004
(‘zZgh) (*ag) (0, 0) > 2(°247) (0, 0) 480 (0.45) 470 (0.26) None 4780 4804
(ag) (ag) (2,00 -202,7) (0,0 520-530 (1.00) 520-530(0.43) 512-520(0.30) 5204
(*ag) Cag) (1,00~ 2027 (0,0 570 0.62) 570 (0.90) 595 (0.85) 578¢ 5804
('ag) (*Ag) (0,0) > 2(247) (0, 0) 620-640 (0.66) 640 (0.64) 630 (1.00) 633ad
Unspecified transition 670 (0.67) 670 (1.00) 680 (0.80) 670¢€
— — 7034

(ag) (ag) (0, 1)~ 20,7 (0, 0) —

aiK. Furukawa, E. W. Gray, and E. A. Ogryzlo, Ann. N.Y. Acad. Sci., 171,175 (1970). » A. U. Khan and M. Kasha, J. Am. Chem. Soc., 88,
1574 (1966). ¢H. H. Seliger, J. Chem. Phys., 40, 3133 (1964); R. I. Brown and E. A. Ogryzlo, Proc. Chem. Soc. London, 117 (1964).
d A. U. Khan and M. Kasha, J. dm. Chem. Soc., 92, 3293 (1970). €U. Sander and J. Stauff, An. Soc. Quim. Argent., 59, 149 (1971). fNum-
ber in parentheses represents the relative intensity in mean value which was obtained by three different runs.
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Figure 1. Emission spectrum observed in the reaction of linoleic acid
hydroperoxide with ceric ion.

in the reaction of linoleic acid hydroperoxide with ceric ion
is shown in Figure 1. The peaks of light emission in the mi-
crosomal lipid peroxidation system (between 400 and 680
nm), which have been reported previously, are also present-
ed in the same table (system 3). In the present systems, five
characteristic peaks around 470-480, 510-530, 560-580,
630-640, and 670 nm are distinguishable (i.e., quite similar
to those of the emission in the microsomal lipid peroxida-
tion system), although the relative intensities of the peaks
vary in the different runs. The latter effect is probably
caused by the inconstency of the light source. The relative
light intensities listed in Table I resemble those from the
emission in the reaction of alkali metals in hexamethylphos-
phoramide with H,O and O, (a heterogeneous system),!0
but differ from those obtained from aqueous H,0,-OCI~
systems (a homogeneous system).!? As five peaks are typi-
cal for all the spectra taken with aqueous systems and inde-
pendent of the sec-hydroperoxides, it seems reasonable to
assign the emission to transition of (!Z4%)('Ag) and
(*Ag)(*Ag) dimers, with the exception of the species peaking
near 670 nm.!? The emitter would not be the excited car-
bonyl compounds which could be generated in the decompo-
sition of the cyclic intermediate (eq 2).!* Only one promi-
nent peak around 465-500 nm corresponding to 'Z,* + 'A,
— 2(3Z47), in contrast, was observed during ceric oxidation
of sec-butyl hydroperoxide in benzene. This discrepancy
may be attributable to a different lifetime of the 'S+ state
in the solvent used. It is well documented that this species is
sensitive to water quenching,? a result which is consistent
with the findings reported here.

We observed D,O effects on light emission from the
aqueous systems.'® One-tenth milliliter of 7.5 X 10-3 M
linoleic acid hydroperoxide (or sec-butyl hydroperoxide) in
0.1 M NH,OH-NHCl buffer (pH 9.0) was mixed with 2.8
ml of D0 or H,O and the reaction was initiated by a rapid
addition of 0.1 ml of 7.5 X 1073 M ceric ammonium ni-
trate. Total light output in the visible region was then deter-
mined for the initial 15 min with a photon counter.!6 Under
these conditions, the total light output (initial 15 min) of
the DO system increased 1.5-3.0-fold over that of H,O
system.

In mammalian cells, the membrane and microsome are
abundantly rich in unsaturated fatty acids, including linole-
ic acid. It is expected that 'O, would be generated by self-
reactions of sec-peroxy radicals of unsaturated fatty acids
produced in the process of peroxidative cleavage of phos-
pholipids, and this expectation is strongly supported by the
observed chemiluminescence of the NADPH-dependent mi-
crosomal lipoxygenation system'-? and microbicidal system
of polynuclear lencocytes.!”
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Rearrangement of Optically Active Ethyl
(E)-3-Methyl-3-phenylglycidate. Evidence for
Concerted Carbethoxy Migration

Sir:

The mechanism of the acid-catalyzed rearrangement of
acyl groups to adjacent positive centers still remains a
subject of controversy.! The 1,2-migration of the carbonyl
group in «,3-epoxy carbonyl compounds has received par-
ticular attention in both mechanistic! and synthetic!®?2
studies (1). Carbonyl migration, catalyzed by boron trifluo-
ride, has been observed with epoxy ketones,? esters,* and
thiol esters.> The reaction has been established to be intra-
molecular by “crossed product” studies.® House has also
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