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A Novel Tricyclic Peroxide from the Photochemical Oxidation of

Plastoquinone-1 [2,3-Dimethyl-5-(3-

methylbut-2-enyl)-1,4-benzoquinone]
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(Division of Biology, The University of Texas at Dallas, Dallas, Texas 75230)

and E. THOMAS STROM

(Mobil Research and Development Corporation,

Summary Photochemical oxidation of plastoquinone-1, a
model for the electron-transport quinones of plants, gives
rise to the novel tricyclic peroxide, 4,5-dihydro-3,3,8,9-
tetramethyl-4,9a-epoxy-9aH-1,2-benzodioxepin-7(3H) -
one.

WE report the isolation and characterization of a novel
tricyclic quinone peroxide from the photochemical oxida-
tion of plastoquinone-1 [PQ-1; (1), # = 1]. This quinone
serves as a model for the naturally occurring electron-
transport quinone plastoquinone-9 [PQ-9; (1), n = 9],
which is thought to function as an electron-carrier! in the
subcellular photosynthetic organelles (chloroplasts) of
plants. The in vitro photochemistry of electron-transport
quinones such as PQ-9 is of great interest in view of the
biological effects that have been attributed?? to in wvivo
photochemical modification of these quinones.

Far-u.v. irradiation of chloroplasts results in loss of
PQ-9 and disruption of several photosynthetic functions,*
and u.v. irradiation of solid PQ-9 gives rise’ to a dimer, also
isolated from horse-chestnut leaves. We have subjected
PQ-1,% to near-u.v. radiation (A ca. 370 nm) under a variety
of experimental conditions. Following aerobic irradiation
of PQ-1 in benzene or isopropyl alcohol for 15 hr., the
major photoproduct, not observed in a dark control
reaction, was isolated (20—45%) by t.l.c. on silica gel.
It was recrystallized from hexane-benzene as white crystals
m.p. 153—155°; Amax (EtOH) 234nm (e 10,250); vmax
(Nujol) 1685, 1640 cm~!. The molecular formula, C,;H,;0,,
(by mass spectroscopyt and elemental analysis), and the
positive reaction to a starch—iodide test, indicated that the
photoproduct was a peroxide of PQ-1 engendered by photo-
chemical O, addition: n.m.r. spectrum (CDCl,) § 112 and
170 (2s, each 3H, gem-dimethyls), 1-87 and 2-07 (2q, each
3H, Jnomoaliyuie 1'3, vinylic methyls), 2-77 (octet H,, [,z
18, Jax 6, Jax 2), 3-10 (ill-defined octet, Hy, J5, 18, Jux
1-2, Jpu 2), 430 (q, Hx, Jxa 6, Jxp 1'2), and 6-12 (t, Hy,
Jua = Jup = 2c./sec). Structures (2) and (3) are consistent
with these data.

Examination of molecular models of (2) and (3) indicated,
on the basis of the dihedral angles between H,, Hg, and
Hy, that J,x should be much larger’ than Jzx for (2)
whereas J,x and Jgx should be almost equal for (3).
These considerations supported structure (2), and this
assignment was confirmed when the product of NaBH,
reduction of the quinone peroxide, after acetylation with
pyridine—~Ac,O (room temp., overnight or 30 min., 100°), was
identified as the dihydrobenzofuran (4) rather than the
chromanyl acetate (5). Cyclic secondary alcohols with the
same gem-dimethyl substitution pattern as (6) are acetyl-
ated® under these conditions whereas tertiary alcohols are
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not.? The acetylated material was isolated as a colourless
oil, Apax (EtOH), 283 (e 3000), 289 nm (3100); vyax (film),
3450, (OH stretch), 1760 cm~! (acetate C=O0): m/e 264
(M*) m/e 59 (C;H,0%): nm.r. (CDCl,) 6 1-20 and 1-33
(2s, each 3H, gem-dimethyls), 2-01 and 2-14 (2s each 3H,
ring methyls), 2-29 (s, 3H, COCH,), 3-12 (br d, 2H, J 9c./sec,
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-CH;-), 457 (t, 1H, J 9 c./sec, methine), and 6-66 (s, 1H,
aromatic H). The signal due to the tertiary hydroxy-
proton is observed in (CD,),SO as a sharp singlet, dis-
appearing with D,0, at § 4-52.

These data are in complete accord with structure (4).
There is no splitting of the signal due to the hydroxy-
proton as would be expected for a secondary alcohol'® such
as (6). The protons of the dihydrobenzofuran ring give
rise to a splitting pattern and coupling constants com-
parable to those observed for the dihydrobenzofuran
columbianetin® and the dihydrobenzofuran obtained by
mild oxidative cyclization of colupulone.’2

The formation of the peroxide (2) from plastoquinone-1
contrasts with the recently reported® formation of hydro-
peroxides by mnear-u.v. irradiation of menaquinones.
These in wvitro photo-oxidations and the observation of
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