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SUMMARY: The relative reactivity of photosolvolysis of a number of substituted 

benzyl acetates is in the order ortho > meta > para, these substitutent effects 

being apparently additive, as suggested by the relative reactivity of photo- 

methanolysis of several dimethoxy-substituted benzyl alcohols. 

The photosolvolysis of benzyl systems has been an area of much interest. 

The systems that have been studied are summarized in a recent review by 

Cristol and Binde12 . One of the first systems to be studied were the methoxy- 

substituted benzyl acetates, in which Zimmerman and Sande13 showed that 

the meta-methoxy substituent has a much better electron-donating effect than 

the para-methoxy substituent (presumed to be in Sl ). Recently, we put this 

meta/para dichotomy of reactivity on a quantitative basis by studying the 

kinetics of the photosolvolysis of methoxy-substituted benzyl alcohols in 
4 

aqueous solution . It was shown that the actual kinetic order is o > m > p, 

each differing by approximately an order of magnitude in reactivity for the 

proton-catalyzed photosolvolytic process from Sl . However, the effects of 

other substituents (e.g., CH3, F, Cl, etc.) and the effect of di-substitution 

have not been routinely explored. In this paper, we report preliminary results 

which suggest that two general structure-reactivity relationships exist for the 

photosolvolysis of benzyl systems which provide new insights in the understand- 

ing of the photochemistry of these systems. 

The effect of different substituents was probed by studying benzyl 

acetates 1-9, where both alkyl substituent and halide substituent effects 

could be examined . The acetates were photosolvolyzed in 50% aqueous CH3CN 
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5 
(v/v) using 254 nm irradiation . Note that for each set of substrates, the 

most reactive compound is the ortho isomer followed by the meta isomer, with 

the para isomer being the least reactive, independent of the type of 

substituent. This observation shows for the first time that the meta/para 

dichotomy (which in light of the present results should be extended to an 

ortho/meta/para trichotomy) originally observed by Zimmerman and Sandel 
3 

for 

the methoxybenzyl acetates is a general phenomenon for a variety of other 

benzene substituents. In the ground state, the ortho and para positions should 

be activating and the meta position deactivating for all the above substituents 

except CH 
3' 

in which case all three positions are activating since the 

methyl group acts via an inductive electron-donating effect. In Sl , all 

substituent effects appear to be simplified and follow the o > m > p rule. 

A second related problem involves the effect of multiple substituents 

on photochemical reactions of benzene derivatives. In the ground 

state substituent effects are additive because the Hammett equation is 

based on a linear free energy relationship. This implies that in practice, 

the rate of reaction of di-substituted benzene derivatives can be estimated by 

adding up the two Q constants corresponding to each of the two substituents. 

In the excited state, no such corresponding rule has been formulated. To study 

this problem, the photomethanolysis of several di-methoxy-substituted benzyl 

alcohols (10-12) were studied in 50% MeOH/H 0 and the results compared to those 

obtained for the mono-substituted compounds z . The results are summarized in 

10 :CH, ::H, : :' 

11 OCH3 H OCH3 H 

Y 12 H H OCH3 OCH3 

Table 2. The photomethanolyses were carried out in 50% MeOH/H20 bacause the 

quantum yields for reaction reach a maximum in this solvent mixture. In 100% 

MeOH, the quantum yields are about 10% lower. This'behaviour is presumably due 

to a solvent polarity effect; water is an exceptionally polar solvent and can 

enhance the photodehydroxylation process. The relative reactivities observed in 

50% MeOH/H20 are the same as those in 100% MeOH. Additionally, the product 

methyl ethers are photostable under the reaction conditions employed for the 

798 quantum yields measurements . The order of quantum yields for the mono- 

methoxy-substituted alcohols parallels the order of their kinetic reactivities 
4 

(for the proton-catalyzed photodehydroxylation process) . This implies that 
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the difference in their singlet state lifetimes are not sufficiently large 

(2.5-5 nsec) 
4 , and the relative kinetic order is reflected in the order of 

quantum yields. The singlet state lifetimes of the di-methoxy-substituted 

alcohols are shorter and accurate measurements are not available. However, the 

estimated range is l&l nsec for these derivatives. With the results of the 

mono-methoxy-substituted derivatives as a guide, it is reasonable to make the 

assumption that the relative kinetic reactivities are also reflected in their 

relative quantum yields, especially since the lifetime range is not larger than 

that observed for the parent derivatives. Therefore, the observed reactivity 

trend of the di-methoxy-substituted derivatives is consistent with additivity 

of substituent effects in S 
1' 

That is, two ortho groups are better than one 

ortho and one meta, which in turn is better than two meta groups. These should 

be better than a di-substituted compound containing one para group since the 

para-substituent contributes no enhancing effect in the photoreaction. That 

substituent effects appear to be additive in the excited state is important 

in the study of structure-reactivity relationships in photochemistry, 

analogous to structure-reactivity studies in the ground state where the 

Hammett equation is extensively employed. 

TABLE 1. Quantum Yields for Photosolvolysis of Benzyl Acetates l-9 
a,b 

. 

Compound Quantum Yield Compound Quantum Yield 

l(P) 0.042 7(P) 0.005 

2(m) 0.094 8(m) 0.014 

3(o) 0.15 9(o) 0.018 

4(P) 0.001 p-methoxy 0.016c 

5(m) 0.075 m-methoxy o.13c 

6(o) 0.078 o-methoxy 0.16 

a. Quantum yield for benzyl alcohol formation determined using m-methoxybenzyl acetate as 
reference (ref. 3). Only minor amounts of the radical-derived bibenzyl products are observed. 
b. Estimated error 10%. c. Taken from ref. 3. 

TABLE 2. Quantum Yields for Photomethanolysis of Methoxy Benzyl Alcohols 
a,b . 

Compound Quantum Yield Compound Quantum Yield 

lO(m,m> 0.025 

ll(o,m) 0.18 

12(o,o) 0.31 

p-methoxy 0.00 

m-methoxy ca.O.01 

o-methoxy 0.058 

a. Quantum yield for methyl ether formation in 50% MeOH/water (v/v) as determined by potassium 
ferrioxalate actinometry at 254 nm. b. Estimated error 10%. 
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