2654

+0.82°(c 6.8, CHCly). (Found: C 74.93; H 13.15.
Cale. for C,;H,;,0,: C 74.94; H 13.32). The con-
stitution was confirmed by IR- and PMR-
spectroscopy.

( — )-1-p-Toluenesulfonyloxy-3-hydroxyhepta-
decane (VI). (+)-1,3-Dihydroxyheptadecane
(V) (0.0013 mol) was tosylated in dry pyridine
at ca. —17° using 0.0015 mol of p-toluenesul-
fonyl chloride. The reaction mixture was kept at
—17° for 31/2h and then placed in arefrigerator
(6°) for 21 h. The reaction was followed by TLC
(silica gel GF,; (Merck)) with benzene-ethyl
acetate (174 3) as the eluent. During 1 h and
with stirring the reaction mixture was added
to 170 ml of ice-cooled water. Upon addition
of 100 ml of hydrochloric acid (4 N) the mix-
ture was extracted with chloroform. The
filtered and dried extract was evaporated and
the residue chromatographed on 75 g of silica
gel using benzene-ethyl acetate mixtures as
the eluents. Obtained were 289 mg of (—)-1-p-
toluenesulfonyloxy-3-hydroxyheptadecane
(VI), m.p. 58.0—59.0° (petroleum ether);
[x]p®! —4.9° (¢ 2.8, CHCI,). (Found: C 67.60;
H 10.04. Cale. for C,,H,,0,S: C 67.54; H 9.92).
The IR-spectrum exhibited the absorption
bands expected for (VI).

( + )-3-Hydroxyheptadecane (VII). (—)-1-p-
Toluenesulfonyloxy-3-hydroxyheptadecane
(VI) (250 mg) was hydrogenolysed with
lithium aluminium hydride (255 mg) according
to Zorbach et al.® Excess lithium aluminium
hydride was destroyed as described above for
(+)-1,3-dihydroxyheptadecane. The ether
layer, however, was washed with a saturated
solution of sodium hydrogen carbonate, dried
and evaporated. Chrystallization from metha-
nol-water yielded 123 mg of (+)-3-hydroxy-
heptadecane (VII), m.p. 54.0 -55.0% [a]p*S!
+-5.8° (c 1.4, CHCI,). (Found: C 79.83; H 14.19.
Cale. for C,,H,0: C 79.61; H 14.15). The
IR-spectrum was identical with that of (—)-3-
hydroxyheptadecane (II).
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ESR Evidence for O,” as a Long-
Lived Transient in Irradiated
Oxygenated Alkaline Aqueous

Solutions
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ROBERT C.BRAY and MARTIN FIELDEN

Chester Beatty Research Institute and De-

partment of Physics, Institute of Cancer

Research, Royal Cancer Hospital, London
and Sutton, Surrey, England

t is well known that long-lived UV

absorbing transients are formed during
irradiation of oxygenated aqueous solu-
tions.!™ Czapski and Dorfman concluded 3
that O, decays rapidly at all pH values but
that unidentified long-lived species are
formed at high pH. Among the hypo-
thetical intermediates suggested by these
authors 3 were the diamagnetic species
0,2, 02, and HO2*~ as well as the para-
magnetic HO,?*~. In establishing the nature
of the light absorbing transient formed in
alkaline solutions the use of ESR would
then seem rational.

Despite its advantages for identification
of radicals, ESR has not generally been
applied in such work, largely because of
its low time resolution. This drawback
may be overcome by trapping the radicals
at low temperatures. The ¢“rapid-freezing’’

* Permanent address: Avdelningen for Stral-
ningsbiologi, Biokemiska Institutionen, Stock-
holms Universitet, Box 6409, S-113 82 Stock-
holm, Sweden.
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technique %® consisting of squirting aqueous
solutions via a fine jet into a cold im-
miscible liquid, has been useful for trapping
moderately unstable species for ESR study
in biochemical work. Using this method,
evidence for enzymic reduction of O, to
O, has recently been presented.”®* We have
now combined pulse radiolysis and rapid-
freezing ESR technique and obtained clear
evidence for the presence of a paramagnetic
species, identical with O,~, in oxygenated
alkaline solutions several hundred millisec-
onds after irradiation. Czapski and Dorf-
man 3 also discussed the possibility of the
paramagnetic intermediate HO,*~ being
mvolved. In view of the characteristics
of the ESR signal obtained, e.g. the absence
of proton splitting, this alternative could
be excluded.” Our results have provided
confirmation for the identification ’ of this
same radical generated enzymically and
support for the conclusion’ that the
long-lived “‘alkaline stabilized form of
0,728 is in fact O, itself. The belief?
that O, disappears rapidly by reaction
with itself needs to be revised.

Irradiation of solutions by 4 MeV elec-
trons was carried out at about 20°C while
they were flowing through a polyethene
tube at a rate of 0.42 ml/sec from a
hydraulically driven syringe system. A
single pulse dose of 1—6 Krad was given.
After passing through an appropriate dead
space, solutions were squirted into iso-
pentane at —140° to obtain samples * for
low temperature ESR measurement. In
some cases a mixing chamber was inserted
into the system ® so that additions could
be made to the solutions following irradia-
tion but before freezing.

The ESR spectrum of a typical sample is
presented in Fig. 1. It shows g 1 2.00
with g || 2.08 to 2.09 and integration
indicated a concentration in the region of
10~° M. The signal is indistinguishable from
those previously attributed to O,~ ob-
tained in enzymic reduction of oxygen,’8
during reaction between H,0, and perio-
date ions,” and in reactions between
trapped electrons *(generated with sodium
and ice) and oxygen.’ The interval between
irradiation and freezing (260 msec) was
sufficiently long for the more labile inter-
mediates such as OH(O™) and O;™ to disap-
pear and it might have been expected ?
that O, would also have disappeared.
Experiments with the conventional optical
detection system of the pulse radiolysis
apparatus showed that the long-lived ab-
sorption at 250 nm was produced under
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Fig. 1. ESR spectrum recorded at about 100°K

of an oxygen-saturated aqueous solution of

approx. 107 M Ba(OH), irradiated atabout

20°C with 4 MeV electrons, then frozen 260
msec after irradiation.

the same conditions and that it had a pH
dependent first order decay as previously
described.®® Thus at the time of freezing
the only species detectible optically was
that with an absorption peak at 250 nm.
Nevertheless, we found, in confirmation
that at least the precursor of the species
observed was O,~, that no signal was ob-
tained when the solution was saturated
with N, in place of O, nor, as anticipated,!
was a significant signal found using oxygen
saturated sodium carbonate buffer (pH 11).
Tetranitromethane, C(NO,),, reacts rapidly
with one-electron reducing agents, includ-
ing both the solvated electron and O,~
(Ref. 10). When an oxygen saturated
NaOH solution was reacted for 16 or 90
msec with tetranitromethane in a two syr-
inge system, mixing taking place 230 msec
after irradiation, O, signals were com-
pletely absent.

Knowles et al.” attempted to reconcile
their conclusion, now confirmed more
directly, that O,~ has a relatively long
life-time in alkaline media, with the earlier
data by Czapski and Dorfman.?® They
proposed that O,~ decomposes via reversible
equilibrium with a dimer, this requiring a
proton for breakdown to O, and the hy-
drogen peroxide anion. This scheme would
explain the rapid second order decay at
neutrality and slower, pH dependent,
decay in alkali. Further work on the
mechanism is, however, clearly required.
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NMR and Kinetic Studies of

Some Oxaphospholene Derivatives
KNUT BERGESEN
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Bergen, Norway

Some years ago the syntheses of 2-oxo-
2,3,5-triphenyl-1,2-oxaphospholene (I)

and 2-oxo-2-phenyl-3,3,5-trimethyl-1,2-

oxaphospholene (II) were reported.! The
compounds were prepared from phenyl-
phosphine dichloride, acetic anhydride,
and the unsaturated ketones benzalace-
tophenone and mesityloxide, respectively.

R (CH4C0),0
RyC=CH ~C =Ry +PRPCl, ——ts
0

Hu s

“Rj .

1: = = =
R1 3,10 Ry=H, R, Ry Ph
R B

oo 111 Ry=R, =Ry =CH,

The NMR spectrum of the olefinic proton
in position 4 in compound I occurs as two
doublets (§=4.72) due to the coupling to
the phosphorus atom and the proton in
position 3 (Table 1). The same magnitude
of the phosphorus coupling is also found
in compound II, but the doublet is further
splitted into two quartets (Fig. 1), due to

Jpy = 243cps

1 1

312 Freg.in Hz 286.7

Fig. 1. Spectrum at 60 Mc of the olefinic

proton in II in CDCl, with TMS as internal
standard.

the coupling of the olefinic proton to the
protons of the methyl group in position 5.
This was confirmed by irradiation of the
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