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PBOTOIEDUCED REACTIONS. XLIV. 

REACTIVITY OF SINGLET OXYGEN TOWARD METHOXYBEN'LEl'BS. 1) 
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(Received in Japan 27 October 1970; received in lh for publication 10 November 1970) 

It is well known that, in the dye-sensitized photooxidation of olefins and dienea 

involving singlet ox.ygen, electron-donating substituents increases the reaction rate. *) In 

accordance with this, re previously reported the first example of the addition of singlet 

oxygen to some t-butylated methoxybenzenes. 3) We nor wish to report that the substitution 

of methox.yl groups to a bensene ring in appropriate positions causes the addition of singlet 

ox,ygen to the aromatic nuclei. 

A series of methoxybenzenes(Ia -11) was photooxidized in methanol solution containing 

rose bengal as a sensitizer. 4) Among them, Ig and Ii-11 consumed smoothly an equimolar 

amount of oxygen, while Ia- If and Ih were found to be unreactive. Relative rates of photo- 

oxidation of 1s and Ii-- I1 uere compared with the values of the half-wave oxidation potentials 

(El/z) and the frequencies of charge-transfer band (EC.,_ ) with tetracyanoethylene(TCEE) 

obtained by Zneig & g5'6)(Table I). 

Within the reacted methoxybenzene(Ig and Ii -11) there is a good correlation between Eli2 

and the relative rate of photooxidation, while with the exception of 1,2,&trimethoxybensene 

(Ig) the frequency of charge-transfer maxima (G,.t.) is also linearly related to the relative 

rate (Fig. 1). It has already been demonstrated that, in a series of methoxybenzenes, El/p 

Or uc.t. has a linear relation to 71 -ionization potential. 
5) Therefore, it may be concluded 

that the reactivity of Ig and Ii-11 is related tori-ionization potential. Thegearns 

selection rule predicts that, in the concerted addition of singlet oxyp;en (kg) to olefins 

or dienes, molecules having lower rL-ionization potential should be mere reactive. 7) These 

results indicate that the methoxybenzenes which have lower x-ionization potential are more 

reactive to singlet (bg) oxygen. 8) 
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Table 1. Relative Rate of Photooxidation of Methoxybenzenes. 

Compound 
El/2(oxid),V,vs e.c.eb Lt. 

c 

Relative Ratea -1 
in CH3CN x":03 

Anisole (14 0 

1,2-Dimethoxybensene (Ib) 0 

1,3-Dimethoxybenzene (ICI 0 

1,4-Dimethoxybenzene (Id) 0 

1,2,3-Trimethoxybenzane (Ie) 0 

1,3,5-Trinthoxybenzene (If) -0 
d 

1,2,4-Trimethoxybenzene (Id 0.006 

1,2,3,4-Tetramethoxybenzene (Ih) 0 

1,2,3,5-Tetramethoxybeneene (11) 0.150 

1,2,4,5-Tetramethoxybenzene (Ij) 1.0 

Pentamethoxy-beneene (Ik) 0.185 

Hexamethoxybensene (11) 0.030 

+ 1.76 

1.45 

1.34 

1.42 

1.49 

1.12 

1.25 

1.09 

0.81 

1.07 

1.24 

19.7 

16.9 

18.2 

16.1 

19.4 

18.2 

14.6 

17.9 

16.5 

12.5 

16.4 

19.5 

b 
aDetermined by competitive reactions at 20+406y jhe known method2a! Error limits +lO$. 

Reference 5. 'With tetracyanoethylene in CH2C12. The compound was photooxidized at a 

negligible slow rate. 

Some of the reaction products 

1,2,4,5-tetramethoxybensane(1.j) in 

an enone III (20 %) CllHlSO7 9) ; mp 

nuiol 
h z 254 nm (logs 3.94); v ma; 

mere isolated and characterized. Photooxidation of 

methanol gave 2,5-dimethoxy-p-benzoquinone(I1) (5 '$) and 

126'. The spectral properties of III are as follow; 

3450, 1670, 1620 cm-1 , -c TlbS(in DmO-d6) 4.63 (8, lH), 

4.75 (d, J=5Rs, OH), 5.91 (d, J-SHs, -kH-OH), 6.24 (s, 3H), 6.70 (s, 6H)l"), 6,76 (s, 3H), 

6.92 (s, 3@. Acid hydrolysis of III in aqueous methanol gave an o-quinone IVa(15 $) C7H605; 

mp 213-214'; h z$ 450 nm (logs 2.86), 3SO nm (logs 3.26). 290 nm (loge 4.12); Y rd"l 3400, 

1710, 1670, 1640, 1610 cu~-~i T TMs(in acetone-d6) 6.13 (s, yI), 4.20 (s, 1H) 1.88 (s, OH), 

1.72 (8, ori). Reduction rith hydrosulphite and subsequent methylation with diazomethane of 

di-aostate IVb gave V, which was identical with the authentic sample. 11) The above result&i 

are in accordance with the structure III for the enone. 

Photooxidation of pentamethoxybenzene(Ik) in methanol yielded a diketone VI(57 3): 

CllRl607; mp 120-122'1 h zk: 286 nm (log& 3.86), 214 nm (logs 3.80); u zz3 1770(broad), 

1680, 1610 cm'lf T ,(in CDC13) 4.10(M), 6.OA(jH), 6.42(68), 6.44(6H), all appears as 

ainglet. Treatment of VI with o-phenylenediamine gave an adduct VII ; Cl7H2005N4; mp 146'; 
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h ;:; 360 nm (lo@ 4.13), 354 nm (lo@ 4.17), 280 nm (lo@ 4.41), 250 nm (log& 4.16), 222 nm 

(loa& 4.48); u z201 1650, 1560 cm-'; P TPS(in CDC13) 1.80'"2.50 (m, 4H), 3.95 (s, 18). 6.05 

(8, N), 6.41 (s, 6H), 6.42 (s, 6H). Hydrogenation (W-C) of VI in ethanol gave 3,4,5-tri- 

methoxycatechol VIII 11) . 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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