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     Paired electrolysis with 1,4-dimethoxybenzene (1) as a 

substrate was studied. Hydrogenation of the aromatic ring 

occurred to produce 1,4-cyclohexanedione (4) and two deriva-

tives on Raney-nickel cathode. Two derivatives were con-

verted into 4 by treatment of HCl aqueous solution. The 

total yield of 4 was 60% based on 1, whereas 4 was not formed 

on a platinum or lead cathode.

      Paired electrosynthesis, using both cathodic and anodic reactions, some-

times provides convenient ways to produce useful compounds which are either 

difficult or impossible to be synthesized by one-pot chemical reactions. We 

have reported a one-pot addition reaction of an alcohol to a carbon-carbon 

double bond previously.1) We present here a hydrogenation reaction of the 

aromatic ring of 1,4-dimethoxybenzene (1) by a stepwise paired electrolysis, 

taking advantages of the unique characteristics2-5) of the Raney-nickel (R-Ni) 

cathode. Weinberg et al. published the electrochemical methoxylation of 

methoxybenzenes and related compounds.6,7) They obtained 1,4-benzoquinone 

tetramethyl acetal (2) in 88% yield in KOH/CH3OH solution on platinum anode, and 

described the reaction mechanism in which 1 is converted to 2 via a direct 

discharge process and not by CH3O•..7) Nishiguchi et al. have also reported the 

conversion of 1 to 2 by electrooxidation process, and 2 was hydrogenated to 1,4-
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cyclohexanedione tetramethyl acetal (3) by ordinary Pd-C catalytic process.8) 

However an electrochemical synthesis from 1 to 1,4-cyclohexanedione (4) or to 

its equivalent compounds have not been published. Such a direct electrore-

duction needs a very negative potential and does not provide a useful synthetic 

method. Hydrogenation of 1 is often performed by Birch reduction or catalytic 

hydrogenation under high H2 pressures. 

     The electrolysis was carried out using a conventional divided (glass 

filter) H-type cell with a R-Ni powder (1.0 g) cathode and a platinum plate (50 

cm2) anode under a constant current (300 mA, which anodic potential corresponds 

to 2.4 V vs. SCE). The electrolyte was a methanolic solution (anolyte and 

catholyte; 50 ml) containing 2M (1M = 1 mol dm-3) of CH3ONa as a supporting 

electrolyte. To the anolyte 1 (40.0 g dm-3) was added. The anode and the

cathode were swapped after 2 × 96500 C mol-1 of electric charge. The final

products were 3, 4, and a compound discussed later.

     We have separately investigated the individual reactions. A plausible 

reaction mechanism of the present electrolysis is shown in Scheme 1, which is 

the same as presented in the anodic reaction of 1 by Weinberg et al.6,7) In

anodic macro-electro-

lysis, 1 was converted 

into 2 in 83% yield. 

Cyclic voltammograms 

with platinum disk 

anode in 0.1 M 

(C2H5)4NClO4/CH3OH are 

shown in Fig. 1. The 

results show that the 

oxidation of CH3O-

seems to occur at ca. 

1.2 V vs. SCE, and 

that of 1 over 1.4 

V.9) The formation 

of 2 was not observed 

when a macro-electro-

lysis was carried out Scheme 1. Possible reaction mechanism.
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Fig. 1 Cyclic voltammograms with a 

platinum disk electrode. 

Electrolyte; 0.1 M (1 M= mol dm-3 ) 

(C2H5)4NClO4 in CH3OH. 

Additives; a) 1.0 mM NaOCH3, b) 2.0 

mM NaOCH3, c) 1.0 mM NaOCH3 and 1.0 

mM of 1, c) 1.0 mM NaOCH3 and 2.0 mM 

of 1. 

scan rate; 100 mV s-1.

Platinum disk area; 7.07 × 10-2

cm-2.

at 1.2 V vs. SCE. In the first step, 

therefore, a cationic species (cation 

radical or dication) is probably formed 

by discharge of the aromatic ring, then 

reacts with CH3O- or CH3O•. to yield 2, 

though our electrolyte of NaOCH3/CH3OH 

differed from Weinberg et al's one of 

KOH/CH3OH.7) The addition of 1 to the 

electrolyte solution resulted in a de-

crease in the peak current. This phe-

nomenone may be due to the adsorption of 

the substrate, which retards the electro-

chemical oxidation of CH3O-. 

     In cathodic reaction, the catalytic 

hydrogenation proceeded smoothly, and 3 

(45%) and a small amount of 4 (6%) were 

obtained on the R-Ni electrode. Another 

product, possibly 4-methoxy-3-cyclohexe-

none dimethyl acetal (5), which was 

changed to 4 by treatment with 3 M HCl 

aqueous solution, was also yielded (24%). 

Total current efficiency for the forma-

tion of 3, 4, and 5 was 77%. When 1 was

added to the anolyte and 2 to the catholyte, 2 and the derivatives of 4 (3 and 

5) were obtained in anodic and cathodic compartments, respectively, by the 

electrolysis in high current efficiencies. The electrolyses of 1 using a 

cylinder-type cell without a separator also afforded 4 and the two equivalent 

compounds, however the current efficiencies for the formation of the desired 

products were 4-10%. Therefore, a suitable structure of electrolysis cell, 

such as a flow-type one, will furthermore improve the current efficiencies. 

     We also studied the cathodic reaction of 2 on a platinum plate (50 cm2) or 

a lead plate (50 cm2) electrode, but the hydrogenation product such as 3 was not 

detected. The major product was the starting material 1 on both electrodes, 

and by-products, presumably dimerization compounds, also formed considerably on
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the lead electrode. These results are summarized in Table 1.

      The overall reaction 

of the present electroly-

sis is to afford 4 and 

the equivalent compounds 

(3 and 5) from 1. Af-

ter the electrolysis, the 

catholyte was treated 

with 3 M HCl aqueous 

solution to convert 3 and

5 into 4 (isolated yield of 4 based on 1; 60%). As a result, the hydrogenation 

of the benzene ring of 1 is performed under mild conditions.

Table 1. Cathodic reaction of 2a)

a)Result at 4 × 96500C mol-1 of electric charge.

     Optimized electrolyte composition, suitable conditions of electrolysis, and 

other substrates to be applied are now under investigation. 
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