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Summary: Electrochemical oxidation of conjugated arylolefins 1 in trimethyl orthoformate 

containing iodine gave arylacetaldehyde dimethyl acetals 2 in high yields. 

It has been known that anodic oxidation of conjugated arylolefins A forms CL, /3-di- 

substituted products,* coupling products,3 or cr-bromoketalP depending on the electroly- 

sis conditions. We report herein a novel pattern of anodic oxidation of 1 which affords 

arylacetaldehyde dinethyl acetal 2 (eq 1). Since arylolefins 1 are easily available 

starting compounds, this anodic method is one of the most convenient syntheses of aryl- 

acetaldehydes which are versatile intermediates in a variety of organic syntheses.5 

(1) 

TMOF;CH(OMe)a 

The experimental procedure is simple as shown in the following details. Into an un- 

divided electrolysis cell equipped with two platinum electrodes (2cm x lcm) and a magnetic 

bar was placed a solution of trimethyl orthoformate (TMOF, 1OmL) containing 1 (4 mmol), 

iodine ( l-4.8 mmol) and lithium perchlorate (LiC104*3H20, 0.7g). Oxidation was carried 

out under a constant current (0.1 A/cm”) at room or elevated temperature. 

Since TMOF has a low electric conductivity,6 the surface of cathode was gradually 

covered by nonconducting aaterials during the electrolysis, the direction of current was 

alternated with a short interval (for example, 7 seconds) in order to keep the amount of 

current constant. After the passage of amounts of electricities shown in Table 1, the 

usual workup gave z_ The yields of 2 obtained under several reaction conditions are 

summarized in Table 1. 

The oxidative rearrangement of 1 to 2 seems to proceed through the intermediate for- 
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mation of fi-iodo-cr-aethoxy compounds 3 followed by the 1,2-aryl migration of 2 since the 

intermediary formation of 3 was confirmed in the course of the electrochemical oxidation 

(Scheme 1). In order to ascertain the proposed mechanism, some of the intermediates 2 

independently prepared ’ were treated with iodine or H2S04 in TMOF. However, the 1,2-aryl 

migration leading to 2 did not take place but the starting materials 3 were recovered. 

This result suggested that the 1,2-aryl aigration required some other promoter than iodine 

or acid.. 

On the other hand, we have already reported that the anodic oxidation of iodine in 

suitable solvents formed iodine active species “I’“. Hence, it was reasonable that this 
“I’” behaved as a Lewis acid type promoter to assist the 1,2-aryl migration through the 

intermediate step like 4 with regenerating 12.8 
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This hypothesis was proved by the fact that the addition of a TMOF solution of “I’“, 

prepared by electrolyzing (2F/mol) a TMOF solution of iodine (1.33 mmol) in a divided 

cell,l” into a solution of 3a (3; Rl=R’=H, X=CI; 0.2 mmol) in TMOF resulted in the form- - 
ation of & in 98% yield (eq 2).11 

112 12 in TMOF -8 
.3a 

“I+” in TMOF - 

The fact that the electrochemical reaction of 1 using 0.25 equivalent of iodine gave 

/OMe 

.l~OMe (2) 

2a 98% 

the rearranged products 2. in more than 100% yield based on the amount of iodine (runs 1, 

5, 8, 11, and 14) also supported the reaction mechanism involving the regeneration of 

iodine. I3 The yield of 2 based on 1 was, however, not necessarily satisfactory when less 

than one equivalent of iodine was used, since in this case the direct anodic oxidation of 

1 took place competitively to a considerable extent to give a, #3-dimethoxylated compound 

as a byproduct. I4 This side reaction was considerably excluded by increasing the concen- 

tration of iodine (runs 4, 7, 13, 15, and 17) and/or by carrying out the electrochemical 

oxidation at higher temperature (compare run 2 with run 3, and run 9 with run 10). 

In contrast with the satisfactory results for the formation of acetals 2a-f, the 
acetal 2g was not obtained under the same reaction conditions described above, while the - 
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addition of 2,6-lutidine to the reaction mixture reaarkably improved the yield of Zg (run 

19). 

Some cyclic olefins 5 were also transformed to ring-contracted products .1 by appli- 

cation of this electrooxidation system (eq 3). The reaction seemed to proceed through the 

intermediate state S in which the rearrangement was promoted by “I’“. 
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The intermediates 2 were prepared by treatment of 1 with more than one equivalent of 

I2 in TMOF overnight at room temperature in quantitative yields, Although the for- 

mation of 2 by using “I’” in TMOF was much faster than that by using Ip in TMOF, the 

reaction was not able to be terminated at the stage of 3 in the former case. 

The contribution of direct electrochemical oxidation of 3 to the formation of 2 from 

?a to a certain extent may not be ignored since alkyl iodides are directly oxidizable 

by electrochemical method.s 
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In the absence of iodine, direct anodic oxidation of 1 in TMOF containing LiC104 gave 

a, 6 -dimethoxylated products. 
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