
1630 J. CHEM. SOC., CHEM. COMMUN., 1986 

Synthesis of Phenol from Benzene by Electroreduction of Oxygen in CF3S03H 
Ryuichiro Ohnishi" and Akiko Aramata 
Research Institute for Catalysis, Hokkaido University, Sapporo 060, Japan 

A one-step synthesis of phenol f rom benzene was achieved at a current efficiency of 22-41, 11, and 6% on graphite, 
Au black, and Pt black cathodes, respectively, by  electrochemical reduction of oxygen gas in a highly acidic solvent, 
CF~SOSH, at room temperature. 

Direct synthesis of phenols from aromatic compounds poses 
problems owing to side reactions such as further oxidation of 
phenol and dimerization or polymerization. 1 However, 
phenol was obtained in 80 and 16% yields respectively? from 
benzene and 90% H202 in the highly acidic solvents FS03H- 
SbFs (1 : 1)-SO2C1F (Ho = -25) and FS03H-S02C1F (Ho = 
- 15.1)2J at solid C 0 2  temperature.4 Protonation of H202 and 
phenol to H302+ and PhOH2+ respectively, is responsible for 
such high yields since H302+ is a very active electrophiles and 
PhOH2+ is unreactive to electrophilic attack . 6  

It has been reported that H202 can be obtained in high 
yields by electrochemically reducing oxygen gas on Hg, Au, 

and graphite but in low yield on Pt.7 This communication 
reports a new method for the direct synthesis of phenol by 
electrochemical reduction of oxygen and subsequent chemical 
oxidation of benzene in a highly acidic medium, trifluoro- 
methanesulphonic acid (TFA, Ho = - 14.4).2 

A TFA solution containing H 2 0  or Me4NC1 was introduced 
into an electrolytic cell with three compartments for cathode, 
anode, and reference electrode, respectively. Cathodes 
employed were a graphite rod of spectroscopic grade from 
Union Carbide, Au black, and Pt black. Oxygen gas bubbled 
through benzene was supplied to the cathode compartment. 
The solution in the cathode compartment (ca. 3 ml) was 

Table 1. Phenol obtained from benzene by O2 electroreduction on various electrodes and solutions at room temperature. 

Electrode 
Graphiteb 
Graphiteb 
Graphiteb 
Graphiteb 
Graphiteb 
Graphitec 
Graphited 
Graphitee 
Au blackb 
Pt blackb 

PotentialIV vs. 
R.H.E.a 

0 
-0.2 
-0.2 
-0.5 
-0.5 
-0.4 
-0.4 
-0.2 
-0.2 

0 

Time/h 
24 

9 
7.4 
7.5 
5.0 
9.1 
8.0 
5.5 
7.7 
5.5 

Charge 
passed/C 

3.67 
5.24 
2.73 
8.8 
6.95 
4.41 
5.63 
7.64 
9.67 
5.94 

Yield Current 
of phenol/ efficiency' 
x 10-6mol of phenol/% 

6.84 36 
7.33 27 
3.11 22 

12.8 28 
10.8 30 

9.37 41 
9.33 32 
0 0 
5.51 11 
1.94 6.3 

a R.H.E. = reversible hydrogen electrode. b 0.63 M H 2 0  TFA solution. c 0.1 M Me,NCl TFA solution. 0.31 M H 2 0  TFA solution. 
0.5 M H2S04 aqueous solution. f For a definition see footnote?. 
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analysed for phenol by g.1.c. after a certain period of 
electrolysis at room temperature. A blank experiment left 
standing for 24 h with no electrolysis taking place using 
graphite in a 0.63 M H20-TFA solution gave 2.5 x 10-7 mol of 
phenol, which is close to the detection limit of g.1.c. 

The results of potentiostatic electrolysis under varying 
conditions are shown in Table 1. On graphite in 0.63 M HzO, 
the current efficiency? was 22-36%. Changing the applied 
potential did not change the efficiency although at the more 
negative potentials obviously the current was larger. An 
increase in the efficiency was noted in the case of 0.1 M 
Me4NCl but not in the case of 0 . 3 1 ~  H 2 0  although both 
solutions are expected to be more acidic than that containing 
0.63 M H 2 0 .  In less acidic 0.5 M H2S04 aqueous solution no 
trace of phenol could be detected at the graphite cathode. The 
efficiency on Au black and Pt black in 0.63 M H20 was 11 and 
6.3%, respectively, which was lower than on graphite. 

Constant current (0.5 mA) electrolysis of 1.1 x 10-4 mol of 
benzene on graphite in 0.63 M H20  was carried out for 14 h to 
give 1.2 x 10-5 mol phenol in 11% yield,? which is 

? Yield and current efficiency are 100 X (moles of phenol)/(moles of 
benzene) and 100 x (moles of phenol)/{(charge passed)/(2 x F)}, 
respectively, where F is the Faraday constant. The latter equation is 
based on  the assumption that two electrons are necessary for the 
formation of one molecule of H202  (phenol) from one of 02. 
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comparable to the 16% for benzene-HZ02 (1 : 1)-FS03H 
system at solid C 0 2  temperature.4 
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