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Quinones are an important class of compounds in industry,
in organic synthesis, and in Nature.! Due to their various
spectral properties, the photochemistry of quinones has been
a subject of interest in many areas.?”* Phenanthrenequinone
(PQ) 1 is known to react with substituted acetylenes to give
14-dioxenes or 1,3-dioxoles® The photochemical reactions
of PQ and olefins give rise to dioxenes or keto oxetanes.®™®

In connection with our investigation of the scope of these
reactions, we examined the photochemistry of o-quinones and
conjugated systems such as 14-diphenyl-1,3-butadiyne (DPBy)
and transtrans-14-diphenyl-1,3-butadiene (DPBe) 2. Al-
though no adduct was found in the photoreactions of PQ
with diphenylacetylene and DPBy, a 1:1 adduct 3 was ob-
tained in 68% yield when irradiated PQ 1 and DPBe 2 in
dichloromethane.’

A solution of 150 mg (7.2X107* mol) of PQ 1 and 222
mg (1.08X107% mol) of DPBe 2 in 100 mL of dichlorome-
thane was deoxygenated using nitrogen gas and irradiated
with 350 nm UV light for 12 h. After evaporation of the
solvent, the residue was chromatographed on silica gel (230-
400 mesh) using n-hexane and ethyl acetate as eluents. Elu-
tion with n-hexane afforded unreacted DPBe 2. Elution with
2% ethyl acetate in n-hexane afforded 205 mg (68% based
on PQ) of adduct 3.

The structure of 1:1 adduct 3 was characterized by UV,
IR, 400 MHz 'H-NMR, BC-NMR, and mass spectra. 'H-3C
correlation spectrum of 3 shows that the peaks at 134.3 ppm
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and 123.3 ppm in the BC dimension correspond to the vinyl
protons (PhCH= and PhCH=CH-) in the 'H dimension;
the two methine 'H resonances at 3.78 ppm and near 6.06
ppm' correspond to the two C signals at 62.8 ppm and
81.2 ppm, respectively. 3 undergoes slow thermal dissociation
at room temperature. Standing 3 at room temperature for
15 h gave rise to not only starting materials, PQ 1 and DPBe
2, but also benzaldehyde 5 and its corresponding decomposi-
tion compound 4. The three vinyl protons of 4 were observed
at 6.85 ppm (d, /=16.12 Hz), 6.19 ppm (d, /—16.16 Hz), and
599 ppm (dd, /=16.16 and 16.12 Hz).

Refluxing a dichloromethane solution of tetrachloro-1,2-be-
nzoquinone (0-TCBQ) 6 and DPBe 2 for 18 h gave rise to
tetrachloro-1,3-cyclohexadiene derivative 8 in 99% yield.

Photochemical reaction of o-TCBQ 6 and DPBe 2 in dich-
loromethane with 350 nm UV light only for 2 h also afforded
8 quantitatively.!! The stereochemistry of the cis-adduct 8
was rationalized by using the result of MMX data.!? The
magnitude of the coupling constant (/) between two adjacent
CH bonds is depend directly on the dihedral angle between
these two bonds, in which the magnitude is largest when
the angle is 0° or 180° and is smallest when the angle
is 90°. 3 of the cis-adduct 8 was 7.65 Hz.*'? The formation
of 8 probably proceeds via [4+2] adduct 73", which would
be expected to undergo rapid photobisdecarbonylation,31* 'H-
BC correlation spectrum was also obtained to assign the
exact positions of the carbon atoms of 8.!°

Refluxing a dichloromethane solution of 8 in the presence
of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) for 12 h
gave rise to the oxidized product 9 in 52% vyield.!®

'H-NMR spectrum of 9 shows that all the four proton sig-
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nals of 8 at 6.21 ppm, near 6.02 ppm and 3.78 ppm were
disappeared. The formation of an aromatic system could be
the driving force in this reaction.

The extension of the photoaddition reactions of o-quinones
to conjugated systems, and the chemistry of these photopro-
ducts, will be investigated.
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Peroxy acids, one of the most commonly used electrophilic
epoxidizing agents, are not effective in the epoxidation of
olefins containing carboxyl groups because of electron with-
drawing property of the carboxyl group'. Moreover the acid
generated from the peroxyacid is difficult to separate from
the desired product, epoxy acid. Nucleophilic epoxidizing
agents, hydrogen peroxide together with various catalysts
(base, tungsten, etc.), are effective only to a,B-unsaturated
acids®. Recently dimethyldioxirane® has been employed for
epoxidation of a,B-unsaturated ketones’, acids® and esters.
Not only electron rich alkenes such as enol ethers® and lac-
tones’ but also electron poor alkenes such as vinyltetrazoles®,
flavons® are also epoxidized by dimethyldioxirane in high
yield. But not many unsaturated carboxylic acids have been
epoxidized by dimethyldioxirane. Here we report this power-
ful agent, which can be generated in situ from potassium
peroxomonosulfate (oxone) and acetone, is effective in the
epoxidation of B,y-unsaturated acids.

>=<‘COOH Oxone, NaHCOs; o

Acetone

>£3<\COOH

Most B,y-unsaturated acids tested in this study were rapi-
dly reacted with dimethyldioxirane to give the corresponding
epoxy acids in good yield (Table 1). The product yield dec-
reased when there were two carboxyl groups or an amide
group in the molecule. We confirmed that the epoxidation
of a,B-unsaturated carboxylic acids are smoothly carried out
by dimethyldioxirane, as reported previously®. But under the
same reaction condition, a y,5-unsaturated carboxylic acid
was transformed to the lactone instead of the epoxide. This
is probably due to the spontaneous opening of epoxide.

The procedure® for epoxidation of B,y-unsaturated acids
was very simple and convenient: Ansaturated acid (0.001



