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PHOTOINDUCED REACTIONS. XLIV.
REACTIVITY OF SINGLET OXYGEN TOWARD IETHOXYBENZENES.I)
Igsao Saito and Teruo Matsuura
Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University, Kyoto, Japan.

(Received in Japan 27 October 1Y70; received in Uk for publication 10 November 1970)

It is well known that, in the dye-sensitized photooxidation of olefins and dienes
involving singlet oxygen, electron-donating substituents increases the reaction rate.z) In
accordance with this, we previously reported the first example of the addition of singlet
oxygen to some t-butylated methoxybenzenes.5 ) We now wish to report that the substitution
of methoxyl groups to a benzene ring in appropriate positions causes the addition of singlet
oxygen to the aromatic nuclei.

A series of methoxybenzenes(Ia~I1) was photooxidized in methanol solution containing

4)

rose bengal as a sensitizer. Among them, Ig and Ii—~I1 consumed amoothly an equimolar
amount of oxvgen, while Ia~ If and Ih were found to be unreactive. Relative rates of photo-
oxidation of Iz and Ii~ Il were compared with the values of the half-wave oxidation potentials
(E1/2) and the frequencies of charge-transfer band (¥, 4 ) with tetracysnoethylene(TCNE)
obtained by Zweig et a15'®)(Table I).

Within the reacted methoxybenzene(Ig and Ii~Il1) there is & good correlation between 51 /2
and the relative rate of photooxidation, while with the exception of 1,2,4-trimethoxybenzene
(Ig) the frequency of charge-transfer maxima (U, 4.) is also linearly related to the relative
rate (Fig. 1). It has already been demonstrated that, in a series of methoxybenzenes, 31/2

5)

or ;c.t. has a linear relation to ® -ionization potential. Therefore, it may be concluded
that the reactivity of Ig and Ii—~ 11 is related to s-ionization potential. The Kearns
selection rule predicts that, in the concerted addition of singlet oxygen (Z 2) to olefins
or dienes, molecules having lower w -ionization potential should be more reactive.7) These
results indicate that the methoxybenzenes which have lower x -ionization potential are more

8)

reactive to singlet (& g) oxygen.
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Table 1. Relative Rate of Photooxidation of Methoxybenzenes.

. e El/z(oxid),v,vs g.c.e® "c-tic

Compound Relative Rate in CH}CN )ST;j
Anisole (Ia) 0 + 1.76 19.7
1,2-Dimethoxybenzene (1b) 0 1.45 16.9
1, 3-Dimethoxybenzene (Ic) 0 —_— 18.2
1,4-Dimethoxybenzene (14) 0 1. 34 16.1
1,2, 3-Trimethoxybenzene (Ie) 0 1.42 19.4
1,3,5-Trimethoxybenzene (1£) ~ 02 1.49 18.2
1,2,4-Trimethoxybenzene (1g) 0.086 1.12 14.6
1,2, 3,4-Tetramethoxybenzene (Ih) 0 1.25 17.9
1,2, 3,5-Tetramethoxybenzene (Ii) 0.150 1.09 16.5
1,2,4,5-Tetramethoxybenzene (Ij) 1.0 0.81 12,5
Pentamethoxybenzene (Ix) 0.185 1.07 16.4
Hexamethoxybenzene (11) 0.03%0 1.24 19.5

®Determined by competitive reactions at 2014° by the known methonaz Error limits +10%,

bReference 5. ®with tetracyanoethylene in CHZCIZ. dThe compound was photooxidized at a
negligible slow rate,

Some of the reaction products were isolated and characterized. Photooxidation of
1,2,4,5-tetramethoxybenzene(Ij) in methanol gave 2,5-dimethoxy-p~benzoquinone(II) (5 %) and
an enone III (20 %) 011H13079); mp 126°. The apectral properties of III are as follows;

A ﬁ::n 254 nm (loge 3.94); v :2i°1 3450, 1670, 1620 om'l, ¢ ous(in DMSO-dg) 4.63 (s, 1H),

4.75 (4, JuSHz, OH), 5.91 (d, J=SHz, ~CH-OH), 6.24 (s, 3H), 6.70 (s, 68)0), 6,76 (s, 31),

6.92 (s, 3H). Acid hydrolysis of III in aqueous methanol gave an o-quinone IVa(15 %) C7HgOgs

ﬁ:g“ 450 nm (loge 2.86), 360 nm (loge 3.26), 290 nm (loge 4.12); v “JOL 3400,

1710, 1670, 1640, 1610 cn”'j ¢ pyo(in acetone-dg) 6.13 (s, 3), 4.20 (s, 1H) 1.88 (s, OH),

mp 213-214%; A

1.72 (s, OH). Reduction with hydrosulphite and subsequent methylation with diazomethane of

11)

di-acetate IVb gave V, which was identical with the authentic sample. The above results

are in accordance with the structure III for the enone.

Photooxidation of pentamethoxybenzene(Ik) in methanol yielded a diketone VI(57 %);
01181607 mp 120-122% A E60% 286 nnm (10ge 3.86), 214 nm (loge 3.80); » Sio'3 1770 (broad),
1680, 1610 cm'lg T Tls(i“ CD015) 4.10(1H), 6.04(3H), 6.42(6H), 6.44(6H), all appears as

singlet. Treatment of VI with o-phenylenediamine gave an ‘adduct VII ; Cy7HpoO5N4;5 mp 1460;
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A EtOH
max

(1loge 4.48); v

368 nm (logt 4.13), 354 nm (loge 4.17), 280 nm (loge 4.41), 250 nm (loge 4.16), 222 nm

nujol

max 1650, 1560 cm‘l; ? TMS(in CDc13) 1.80~2.50 (m, 4H), 3.95 (s, 1H), 6.05
(s, sH), 6.41 (s, 6H), 6.42 (s, 6H). Hydrogenation (Pd-C) of VI in ethanol gave 3,4,5-tri-

11)

methoxvcatechol VIII The results led us to assign the structure VI for the diketone.

The structure of other products and the mechanism of the reaction are under investigation.
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Figure 1. Semilog plot of the relative rate of photooxidation of
methoxybenzenes (Ig, Ii~I1) vs. half-wave oxidation potentials (@) and
frequency of charge-transfer maxima with TCNE (o).
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