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Quinones are an important class of compounds in organic 
synthesis, in industry, and in nature. Due to their various 
spectroscopic properties and reactivities, the photochemistry 
of p-quinones has been a subject of interest in many area.1"4 
Recently, an alkyne has been observed to add to du
roquinone 1, having electron donating methyl groups, to 
give 1:1 and 1:2 photoadducts.5 In connection with our in
vestigation of the scope of these reactions, we examined the 
photoaddition reaction of duroquinone .to phenyl substituted 
ethylenes, such as rran^-stilbene 2 and styrene 6.

We introduce here the formation of 8-membered ring com
pound 5 from the photoreaction of duroquinone 1 and stil
bene 2. We also introduce competitive pathways in the pho
toaddition of duroquinone 1 to styrene 6. Preparative pho
tochemical reactions were conducted in dry nitrogen at
mosphere in a photochemical reactor composed of a water- 
cooled system and a Pyrex reaction vessel with 300 nm UV 
lamps (Rayonet Photochemical Reactor, Model RPR-208). 
The photoadducts were isolated by flash column chro
matography on silica gel using n-hexane and ethyl acetate (10 
:1, v/v) as the eluent. Irradiation (300 nm) of duroquinone 1 
(164 mg, 1.0 mmol) and rrans-stilbene 2 (360 mg, 2.0 
mmol) in dichloromethane (100 mL) for 76 h yielded 8- 
membered ring compound 5 (65%) in one pot, as shown in 
Scheme l.6

In sharp contrast, competitive pathways were observed in 
the photoaddition reaction of duroquinone 1 to styrene 6, as 
shown in Scheme 2. The photoproducts observed in this 
photoreaction was 1:1 adducts (8 and 9) and 1:2 adducts 
(11 and other two isomers) as cyclobutanes, 1:2 adducts (12 
and 13) as racemic cyclohexanes, and polystyrene-bound du
roquinone (14). Irradiation (300 nm) of duroquinone 1 (328

水 + f TN ] Xk" 一 
O L O

1 호 3

o o '
4 5

Scheme 1

mg, 2.0 mm이) and styrene 6 (0.05 mL, 0.44 mmol) in ben
zene (200 mL) for 24 h afforded only 1:1 photocyclo- 
adducts (8 and 9) in 83% yield.NMR analysis of the 
photoproducts revealed a 5.1:1.0 ratio of 8 to 9. Proton sig
nals at p and a position of methylene group of 8 were ob
served at 8 2.45 and 2.58, respectively. A proton signal at 
P position of methine group was observed at 8 3.59. The 
formation of 1:1 adducts and second intermediate 7 and 
that of cyclohexanes and polystyrene-bound duroquinone 
are the results of competition between ring closure and 
chain enlargement to give the corresponding products.

Increasing the relative amount of styrene decreases the 
formation of the 1:1 adducts. Instead, 1:2 adducts (11 and 
other two stereoisomers) and another types of 1:2 adduct 
(12 and 13) were obtained in moderate yields.

Inadiation of 1 (164 mg, 1 mm이) and 6 (0.6 mL, 5.2 
mmol) in benzene (200 mL) for 24 h yielded 1:1 adducts J8 
:9=1.4:1.0) in 22% yield, 1:2 adducts (11 and other two 
stereoisomers) in 38% yield, and two stereoisomeric mix
ture of 12 and 13 in 33% yield.NMR analysis revealed
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Scheme 2

a 3.2 : 1.0: 1.0 ratio of 11 to other two isomers and a 1.9: 
1.0 ratio of 12 to 13. Small amount of polystyrene-bound 
duroquinone 14 was also obserbed and isolated.

When 1 (164 mg, 1 mmol) and 6 (10.0 mL, 87 mmol) 
were irradiated in benzene (200 mL) for 24 h, 1:2 adducts 
as cyclobutanes (11 and other two isomers7) and cyclo
hexanes (12 and 13), and polystyrene-bound duroquinone 14 
was produced in 35%, 39%, and 20% yield, respectively, 
where 1: 1 adduct 8 was isolated only in 5% yield. All of 
duroquinone was consumed in this photoreaction. lH NMR 
analysis revealed a 3.6:1.0:1.0 ratio of 11 to other two 
isomers. The two stereoisomers, 12 and 13, were obtained 
with a ratio of 1.9:1.0, as revealed by 'H NMR.

In order to elucidate the exact structure of the major 1:2 
adduct 11, the nuclear Overhauser effect was exploited in 
the NMR experiment. Saturation of a CH3 resonance (8 
1.50) brought about a 10.2% enhancement of CH(P) reso
nance of methine groups, a 5.3% enhancement of CH(p) 
resonance of methylene groups, and a 5.0% enhancement of 
CH(Hnr[ho) resonance of phenyl groups at the other position. 
The methyl groups at 8 1.50, therefore, must be positioned 
closest to the hydrogen atoms(P) of methine groups. Sim
ilarly, saturation of another CH3 resonance (8 1.06) pro
duced a 4.69% enhancement of CH(P) resonance of methy
lene groups, a 2.93% enhancement of CH(P) resonance of 
methine groups, and a 3.77% enhancement of CH(Hortho) 
resonance of phenyl group at the other side. So, the methyl 
groups at 8 1.06 must be positioned closest to the hydrogen 
atoms(p) of methylene groups. The enhancement of the two 
CH(Hortho) resonance of phenyl group also implies that 
methyl groups(P) at one position and phenyl group at the 
other position are located in the same side. 'H・"c corre
lation spectrum of 11 was also obtained in chloroform-d. 
Carbon peaks at 8 37.16 and 43.47 of the cyclobutane rings 

were correlated with proton peaks at 8 2.49 and 2.71 
(methylene protons), and 8 3.73 (methine protons), respec
tively.

Two diastereomers, 12 and 13, could be differentiated by 
NMR spectra. The formation of these cyclohexanes, 12 and 
13, may results from two diradical intermediates, i.e., the 
first intermediate, 1,4-diradical 7, and second intermediate, 
1,6-diradical 10.

It is also interesting to note that polystyrene-bound du
roquinone 14 is produced in moderate yield, when du
roquinone 1 and an excess of styrene 6 are irradiated. 
NMR spectrum of 14 showed smaller peaks of duroquinone 
moiety at 5 2.33 (q, 1H), 1.42 (s, 2 CH；s), 1.26 (d, CH3) 
and 1.11 (s, CH3), and, of course, larger peaks due to po
lystyrene skeleton at 8 7・()7, 6.52, 2.20, 2.05, 1.83, and 1.42. 
The peaks were also compared to those of polystyrene stan
dard. 13C NMR spectrum of 14 also showed carbon signals 
of the polymer chain at 8 145.3, 128.3, 125.6, 43.73, and 
40.51. The average number of repeating units in the po
lymer chain of 14 was 18, which was determined by 
NMR spectral integral.

In conclusion, we have shown that 8-membered ring 
compound 5 were produced from duroquinone 1 and trans- 
stilbene 2 in one pot. We also have shown here that four 
types of photoadducts, including polystyrene-bound du
roquinone 14, are produced, when 1 and 6 are irradiated in 
benzene. The relative chemical yields of the adducts were 
found to depend upon the molar ratio of the starting ma
terials. Two competitive reaction pathways are involved in 
the formation of the photoadducts. Production of 1:1 ad
ducts, 8 and 9, and second intermediate, 10, may result 
from the competition between ring closure to give cy
clobutanes and chain enlargement to give 1,6-diradical in- 
tennediate. Similarly, the formation of two stereoisomeric 
mixtures, 12 and 13, and polystyrene-bound duroquinone 14 
may also be the result of competition between ring closure 
and ring enlargement to yield the corresponding pho
toproducts. Once a styrene monomer adds to the second in
termediate 10 to yield larger chain, the resultant chain rad
ical is able to attack styrene monomers and finally to be ter
minated.

Further studies are in progress to get other types of pho
toadducts of duroquinone and various kinds of olefins.

Experimental

General Procedure for photoadditions of duroqu
inone to substituted ethylenes. Normal scale pre
parations of photoadducts were conducted in a photoreactor 
(Rayonet photochemical reactor, Mod이 RPR-208) com
posed of a water-cooled reaction vessel and cooling fan. A 
solution of 164 mg (1.0 mmol) of duroquinone and 360 mg 
(2.0 mmol) of fran^-stilbene in 100 mL of dichloromethane 
was degassed with nitrogen for 30 min and then irradiated 
with 300 nm UV lamps in the apparatus described above. 
The photoreaction mixtures were concentrated in vacuo and 
chromatographed over silica gel (230-400 mesh, Merck Co.) 
using n-hexane and ethyl acetate as the eluents. A solution 
of duroquinone and styrene in benzene was also irradiated 
in the similar manner, and followed by column chro
matography to give the photoadducts.



Notes

8:UV (MeOH)璀 370, 254, 211, 208 nm; IR (KBr) 3029, 
2980, 1658, 1454, 1377, 1264, 1032, 758, 702 cm1;
NMR (CDCI3) 8 7.32-7.17 (3H, Ph), 7.08 (d, 2H (ortho), 
Ph, 7=8.0 Hz), 3.59 (dd, 1H (p) of CH, J=12.0 Hz, J=8.0 
Hz), 2.58 (dd, 1H (a) of CH2, J=12.0 Hz, J=8.0 Hz), 2.45 
(dd, 1H (p) of CH2, J=12.0 Hz, J=12.0 Hz), 2.10 (s, CH), 
2.09 (s, CH3), 1.23 (s, CH), 0.97 (s, CH3); 13C NMR 
(CDC13) 8 203.8, 200.1, 145.6, 145.5, 137.9, 128.2, 127.5, 
126.7, 53.86, 48.42, 45.58, 33.43, 20.44, 13.52, 13.45, 13.44; 
Mass (El) m/e 268 (M), 104 (100%).
9:UV (MeOH)入伽心 370, 254, 211, 208 nm; IR (KBr) 3029, 
2980, 1658, 1454, 1377, 1264, 1032, 758,702
NMR (CDC13) 8 732-7.17 (3H, Ph), 6.99 (d, 2H (ortho), 
Ph, J=8.0 Hz), 3.63 (dd, 1H (a) of CH, J=12.0 Hz, J=8.0 
Hz), 2.81 (dd, 1H (a) of CH고, J=12.0 Hz, J=12.0 Hz), 2.26 
(dd, 1H (p) of CH2, J=12.0 Hz, J=8.0 Hz), 1.99 (s, CH3), 
1.69 (s, CH3), 1.48 (s, CH3), 1.46 (s, CH3); 13C NMR 
(CDC13)8 201.3, 198.9, 145.8, 145.7, 144.9, 138.5, 128.1, 
127.6, 126.9, 56.27, 47.98, 46.87, 34.80, 20.82, 18.00, 
13.66, 12.95; Mass (El) m/e 268 (M), 104 (100%).
11:UV (MeOH) \max 320, 308, 249, 211, 208 nm; IR (KBr) 
3029, 2987, 1679, 1447, 1377, 1222, 1086, 758, 702 cm1;

NMR (CDC13)8 7.32-7.21 (2x3H, Ph), 6.96 (d, 2x2H 
(ortho), Ph, J=8.0 Hz), 3.73 (dd, 2xlH (p) of CH, J=12.0 
Hz, J=8.0 Hz), 2.71 (dd, 2x 1H (a) of CH2, J그 12.0 Hz, J= 
8.0 Hz), 2.49 (dd, 2xlH (p) of CH2, J=12.0 Hz, J=12.0 
Hz), 1.50 (s, 2xCH3), 1.06 (s, 2xCH3); 13C NMR (CDC13)5 
215.2, 137.4, 128.3, 127.1, 126.9, 56.78, 51.79, 43.47, 37.16, 
22.63, 12.74; Mass (El) m/e 372 (M), 268, 104 (100%). 
12:UV (MeOH) kmax 370, 241, 218, 211, 204 nm; IR 
(KBr), 3029, 2973, 1686, 1658, 1454, 1377, 1025, 899 cm1 
;NMR (CDC13) 8 7.43-7.06 (10H, Ph), 3.55 (1H of CH), 
2.89 (1H of CH2), 2.81 (1H of CH), 2.60 (1H of CH), 2.48 
(1H of CH2), 2.32 (1H of CH】 0.96 (s, CH), 0.74 (s, CH), 
0.68 (s, CH), 0.64 (s, CH3); 13C NMR (CDC13) 8 213.2, 212. 
7, 139.1, 137.7, 128.5-126.6 (Ph, overlapped), 54.64, 49.26, 
48.49, 42.69, 37.44, 33.42, 22.40, 19.97, 19.96, 15.10; Mass 
(El) m/e 372 (M), 268, 104 (100%).
13 :NMR (CDC13) 8 7.34-6.93 (10H, Ph), 3.65 (1H of 
CH), 3.52 (1H of CH), 2.96 (1H of CH2), 2.65 (1H of CH2), 
2.37 (1H of CH2), 2.27 (1H of CH2), 1.69 (s, CH), 1.62 (s, 
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CH3), 1.35 (s, CH3), 0.71(s, CH3); 13C NMR (CDC13) 8 211.2, 
208.3, 146.6, 146.5, 138.6, 138.4, 146.6-126.8 (Ph, over
lapped), 61.22, 49.81 (CH), 49.49, 42.90 (CH), 35.54, 34.31, 
23.48 (CH3 ), 22.11 (CH), 19.13 (CH), 12.81 (CH3); Mass 
但I) m/e 372 (M), 268, 104 (100%).
14: UV (MeOH) J 370, 357, 346, 245, 218, 212, 206 nm; 
IR (KBr) 3026, 2923, 1721, 1687, 1452, 1370, 908, 757, 
700 cm-1;】H NMR (CDC13) 8 7.07, 6.52, 2.20, 2.05, 1.83, 
1.42 [polymer chain], and 2.33 (q, 1H), 1.42 (s, 2x CH3), 1.26 
(d, CH), 1.11 (s, CH3) [duroquinone].
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Heterogeneous photocatalysis with titanium oxide (TiO2) 
is a promising method for the decomposition of organic pol

lutants dissolved in water.1'3 Previously, we have demon
strated that photocatalytic activity of TiO2 can be greatly im-


