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GENERATION OF SINGLET OXYGEN ON IRRADIATION OF CONTACT CHARGE-TRANSFER PAIRS
OF 1,2,3,4-TETRAMETHYLNAPHTHALENE WITH OXYGEN
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Irradiation of 1,2,3,4-tetramethylnaphthalene (1) in methanol-
benzene (1:1) or methanol-acetonitrile (1l:1) under oxygen with 366-
nm light resulted in the formation of an epoxyalcohol (2), a diol
(3), an enediol (4), and an endoperoxide (5). Based on some fea-
tures of the reaction, it is assumed that this photooxygenation is
due to singlet oxygen generated on excitation of the contact charge-

transfer pairs of 1 with oxygen.

Much current interest has been focused on photochemical reactions induced by

1)

Previously, we demon-
2)

exciplexes and excited electron-donor-acceptor complexes.
strated that selective excitation of charge-transfer pairs of hexamethylbenzene

3) with molecular oxygen leads to the characteristic oxidation and

and styrenes
dimerization, respectively. We now wish to report photochemical behavior of the
contact charge-transfer pairs of 1,2,3,4-tetramethylnaphthalene with oxygen leading
to oxygenation of the substrate probably with singlet oxygen generated on excita-
tion of the charge-transfer pairs.

Irradiation of a solution (20 cm3) of 1,2,3,4-tetramethylnaphthalene (1, 0.06
mol/dm3) in methanol-benzene (l:1 by volume) under an oxygen atmosphere in a urani-
um glass tube with a 1-kW high pressure mercury lamp (effective at 366 nm) for 12 h
at room temperature (conversion 50%) afforded an epoxyalcohol (2, yield 26%) and a
diol (3, 13%).%
enediol (4, 13%) in addition to 3 (15%).
methanol-acetonitrile (1:1) under similar conditions (10 h), an endoperoxide (5, 30
%)5) was formed together with 2, 3, and 4 (14, 16, and 6%, respectively).4)

Prolonged irradiation of 1 (33.5 h, conversion 100%) produced an
4) On irradiation of 1 (0.03 mol/dm3) in

366 nm
Q0L
MeOH-PhH
or
MeOH-MeCN

The structure of 3 was established by single crystal X-ray method. This com-

pound, mp 144-145°C, crystallizes in the monoclinic space group le/n (No. 14) with
[+ o o

the lattice constants a=9.072(2) A, »=10.862(2) A, ¢=15.196(3) A, B=93.40(2)°, and



1214 Chemistry Letters, 19382

Z=4. A total of 2482 independent reflec-
tions in ZOCu K0t5158° was collected on a
Nicolet automated diffractometer using
6-20 scan mode with graphite monochro-
mated Cu Ko radiation. The structural
parameters have been refined by weighted
full-matrix least-squares technique with
anisotropic thermal parameters for non-
hydrogen atoms and isotropic thermal
parameters for hydrogen atoms; the final
R value was 0.057 and weighted R value
was 0.059 for 2076 reflections with
|F0|330(|F0|). The structure is shown
in Figure 1.

The structure of 2, 4, and 5 was de-
termined by their spectral data and by ref-

erence to the structure of 3. Elemental

analyses are consistent with the structure. Figure 1. ’Structure of 1,2,3,4-

In control experiments, the endoper- tetrahydro-2,3-dihydroxy-1,4-
oxide, 5, prepared from rose bengal-sensi- dimethoxy-r-1,t-2,t-3,t-4-tetra-
tized photooxygenation of 1 in methanol- methylnaphthalene

benzene (1:1), was irradiated in the same

solvent with 366-nm light under an argon and an oxygen atmosphere to afford 2 and 3,
respectively, as the main products. These results indicate the following processes
for the formation of 2, 3, and 4; the formation of 2 would be through a photo-
chemical and a thermal process,6) and that of 3 and 4 would be induced with acidic

materials produced under oxidation conditions.

ot = o = o}

As to the formation of 5 from the excitation of the charge-transfer pairs of 1
and oxygen, there would be two possibilities. One is generation of singlet oxygen;
excitation of the charge-transfer pairs would result in electron transfer from 1 to
oxygen affording cation radicals of 1 (lt) and superoxide anion radicals. Back
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Table 1. Solvent Effect on Photooxygenation of Tetramethylnaphthalene 1

Solvent c a) T(lA)/us b) Conversion Yield gf
of 1 / & 5/ %
Methanol 32.7 7 7.7 5.5 )
Ethanol 24.6 12 8.9 6.7
Cyclohexane 2.0 17 9.2 2.7
Benzene 2.3 24 15 nd £)
Acetonitrile 37.5 30 24 20
Freon 113 2.4 1000 ©) 84 62

a) J. A. Riddick and W. B. Bunger, ed., "Organic Solvents," 3rd ed., John
Wiley, New York, N.Y. (1970). b) Reference 12. <c¢) The lifetime in Freon 11l.
d) The yield based on 1 used. e) This value contains the secondary products

from 5. f) Not determined.

electron transfer from 02T to lf in the solvent cage would generate singlet oxygen
and the ground-state 1.7)  The other is the electron transfer followed by direct
recombination of 02T and 17. The following observations, however, indicate that
the excitation of the charge-transfer pairs generates singlet oxygen, which subse-
quently reacts with 1 to afford 5.

First, the longest wavelength end of the absorption band of 1 lies at 350 nm
in benzene, methanol, and acetonitrile. On saturation of the solvents with oxygen
a new absorption band characteristic of the contact charge-transfer pairs of 1 with
oxygen appeared in the range of 350-400 nm.8) Therefore, the use of 366-nm light
excites only the charge-transfer pairs. Actually, light of longer wavelengths than
370 nm from a xenon lamp was also found to be effective for the oxygenation of 1.9)

Second, the efficiency of the photooxygenation in various solvents is depen-
dent on the lifetime of singlet oxygen in the solvents, but not on their polarity.
Tetramethylnaphthalene 1 (0.03 mol/dm3) was irradiated under oxygen in various
solvents for 3 h with a 400-W high pressure mercury lamp equipped with an acetone
filter (effective at 366 nm). The results are shown in Table 1 together with die-
lectric constants (eg) of the solvents and lifetimes of singlet oxygen [T(lA)] in

10) The conversion of 1 increases with increasing lifetimes of sin-

the solvents.
glet oxygen in the solvent concerned. The yield of 5 also has a similar tendency.

Third, Dabco (1,4-diazabicyclo[2.2.2]octane, 1x107%-2.1x1073 mol/dm®) quenched
the photooxygenation of 1 (0.025 mol/dm3) in benzene and acetonitrile. The ob-
served quenching constant [qu(lA): l.9x103 dm3/mol] for the formation of 5 in
benzene is in accord with the value (1.0x103 dm3/mol) expected from the reported
kq and T(lA) values.ll’lz)

Fourth, when 1 (0.02 mol/dm3) was irradiated in the presence of 2,3-dimethyl-
2-butene (6, 0.07 mol/dm3), an efficient trap of singlet oxygen,l3) in the same
solvents as employed in Table 1 with 366-nm light from a 400-W high pressure
mercury lamp through an acetone filter for 3 h at room temperature, 3-hydroperoxy-
2,3-dimethyl-1-butene (7) was formed in all the solvents employed and its yield was

much higher in Freon 113 (54% based on 6 used) than in the other solvetnts (26-32%).
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Finally, in the competitive oxygenation of 1 and 6 in acetonitrile the
relative efficiency for the formation of 5 from 1 and 7 from 6 was nearly the same
as that of dye-sensitized photooxygenation of 1 with 6. When a solution of 1
(0.02 mol/dm3) and 6 (0.04 mol/dm3) in acetonitrile was irradiated with 366-nm
light under oxygen at room temperature, the ratio of the rate constants for the
formation of 7 and 5 (k7/k5) was found to be 4.2 at conversions up to 50% of 6 as
determined from their yields. The k7/k5 value for erythrosine-sensitized photo-
oxygenation using light of wavelength longer than 520 nm was found to be 3.9 at
similar conversion of 6.

Based on the above observations, it is assumed that irradiation of the contact
charge-transfer pair of 1 with oxygen generates singlet oxygen and this oxygen
species reacts with the substrate, 1, to give the endoperoxide, 5, which is, in
turn, photolyzed to afford the secondary products such as 2, 3, and 4 depending
on the solvent employed.

Investigation concerning the detailed mechanism for the generation of singlet
oxygen and the contribution of the contact charge-transfer pairs on photooxygena-

tion of aromatic hydrocarbons is now in progress.
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