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Abstract: It has been found in this study that an acyl radical is formed by the reaction of an 

aldehyde with a radical NOgo generated by the anodic oxidation of NOg- and the reaction of this 
acyl radical with activated olefins lead to the formation of a diacylated compound. 

The reactivity of an electrochemically generated radical species has attracted much attention in recent 

years since this type of radical species brings about some hinds of unique reaction which have never been 

actualized by the hitherto known conventional nonelectrochemical methods. The trifluorometylation of 

activated olefins by the ekctrochemically generated trifluoromethyl radical, for instance, has been reported 

mcentIy.5’6 

It has been found in this study that an acyl radical is formed by the reaction of an aldehyde (1) with a 

radical N03*7-g generated by the anodic oxidation of NOg- and the formation of the acyl radical under the 

electrochemical reaction conditions brings about some types of unique reaction which are remarkably different 

from the reactions promoted by the acyl radical generated under nonelectrochemical reaction conditions. 

Namely, the reactions shown in the following Schemes 1 and 2 have been found to be promoted by the 

electrochemically generated acyl radical: 

As shown in Scheme 1, the anodic oxidation of a solution of 1 and a catalytic amount of LiN@ (0.1 

equiv. based on 1) has been found to yield 12-cliketone (2). The initiation of this reaction is the anodic 

oxidation of N@- to form a radical NOgo and in the second step, the hydrogen atom of the formyl group is 

abstracted by the radical NO30 to give the corresponding acyl radical which dimerixes subsequently. Since 

N@- is regenerated in this second step, it acts as a type of the mediator in the formation of 2. 

-e 
2 “II”” = - MeCN:H@=10:1 2[ R’CO.] R’COCOR’ R’=Rr, 35 % 

LiNOs 4 2 R’=Bu, 32 % 
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It has also been found that the anodic oxidation of a solution of 1 and an activated olefin (3) under similar 

reaction conditions lead to the diacylation of 3 (Scheme 2), whereas it has well been known that the acyl radical 

generated by the maction of 1 with benzoyl peroxide gives the corresponding monoacylated product (6) by its 

reaction with 3. loJ ’ Although the radical intermediate (4) formed by the addition of the acyl radical to 3 seems 

to be the common intermediate for the formation of 5 and 6, the difference between electrochemical and non- 

electrochemical methods may be explainable by the unique reaction atmosphere of the electrochemical mtion. 

Namely, in the electrochemical reaction, all the key teactions, that is, the formation of the radical NO39 and the 

acyl radical from 1, and its addition to 3 take place at the vicinity of the surface of anode. Consequently, the 

local concentration of the radical species including the intermediate 4 is very much higher than in the reaction 

carried out under the nonelectrochemical conditions mentioned above. Hence, the dimerization of the acyl 

radical or the reaction of the acyl radical with 4 much favorably takes place than the nonelectrochemical 

reaction in which the hydrogen abstraction by the radical species is the most probable reaction pattern. 

benzoyl peroxide 
[RCD]“- 4 1’ c R1qWMe 

-He I R3 
6 

scheme 2 

As shown in Table 1. the use of LiN03 has been found to be essential for the formation of 5 since the 

anodic oxidation of a solution of la (R’=F’r) and 3a <R2=R3=H) in the presence of the other types of electrolyte 

such as H2SO4 (run l), LiC104 (run 2), LiCl (run 3), or LiBr (run 4) did not give 5n (R%r, R2=R3=H). On 

the other hand, in the presence of a catalytic amount of LiNOj (0.1 equiv. based on 3a), the anodic oxidation of 

a solution of la and 3s gave the corresponding 5a with a reasonable yield (run 5). 

A typical experimental procedure is as follows: A solution of l(50 nunol) and 3 (5 mmol) in a mixed 

solvent (MeCN:H20=10: 1,20 mL) containing LiNO3 (5 mmol) was put into an undivided electrolysis cell (50 

mL) equipped with two platinum electrodes (2x2 cm) and a magnetic bar. The anodic oxidation was carried out 

under conditions of constant current (200 mA). After 10 F/mol of electricity based on 3 was passed, the 

reaction mixture was poured into a saturated solution of NaCl (100 mL). The organic solution was extracted 

with ether (4x20 mL), and the combined organic solution was dried over MgS04. In the reaction of la with 

dimethyl maleate (run 9. Table l), the use of a divided cell was found to be necessary (run 10) for the formation 

of the product lf, otherwise the electrochemical reduction of dimethyl maleate to dimethyl succinate took place 

predominantly. The products (Sa-50 obtained by evaporation of the solvent were purifYed by a silica gel 

column (hexane:AcOEt=5:1). These products gave satisfactory spectroscopic values for the assigned 

smJctures. I2 



4163 

Table 1. Reaction of Aldehyde with Activated 0M5m.bb 

run Al&hyde (1) Supporting Activated 
Electrolyte Olefm 

Yiild’ 

(%I 

1 CjH&HO (fe) 

2 (la) 

3 (la) 

4 (la) 

5 (la) 

6 CIH&HO (lb) 

7 iso-C3H$H0 (1~) 

a (la) 

9 

10 

11 

Hz=4 

LiO4 

Lx3 

Liar 

LiioJ 

Liioj 

LiiNq 

LiiNq 

Liioj 

LiioJ 

Liiog 

0 

0 

0 

0 

58 

58 

34 

40 

34 

0 

49 

a) ‘Ibe reaction was carried out ia a mixed aolvart (M&N : HelO : 1) using 0.1 cq. of a suppoltins electrolyte baaed on 3. 
b) Unless aahwise stated, aa u&iv&d cell was used. c) Isolated yields. d) The reaction was carried out in a divided cell. 

The Products @a-S) shown in the Table 1 have been found to be convenient key compounds for organic 

synthesis since the compound 5c, for example, was transformed to a derivative of furan (7),1 J&ketone (8), or 

xegioselectively alkylated Wdiketone (9)13 with high yields (Scheme 3). 
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