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The oxidation of naphthalene on platinum in solutions, containing either F-  or  H_F- anions, ~. n+l  , 
leads to the formation of fluorinated naphthalene derivatives [1, 2]. The mechanism of this reaction ap- 
parent ly  consists in the initial oxidation of the aromat ic  molecule to the cation-radical ,  which then reacts  
with the fluorine anion, with a simultaneous t r ans fe r  of a second electron (the so-ca l led  ECE mechanism 
[3]). The comparat ively low oxidation potential of naphthalene [E 1/2 = 1.54 V (standard calomel electrode)] 
[4] makes it possible to definitely consider the p r imary  process  to be oxidation, and the subsequent p ro -  
cess to be fluorination. The oxidation of benzene requires  more  positive potentials. Employing the me-  
thod of cyclic vo l tamperomet ry  it was shown that benzene is oxidized by the EC mechanism (one-electron 
oxidation with subsequent rapid chemical reaction) at a potential of 2.5 V (s.c.e.) [5]. Oxidation is ob- 
served  at E l /2= 2.38 V (s.e.e.) when NaCIO 4 is used as the support [4]. 

The transi t ion to such high values of the anode potentials markedly complicates the anodic oxidation 
process ,  since the p rogres s  of other p rocesses  becomes possible, and pr imar i ly  the oxidation of the 
solvent and the discharge of the support.  This apparently explains the unsuccessful  attempt to prepare  
the cyano derivative of benzene by the oxidation of benzene on 1Jt in methanol solution on a KCN support 
at E = 2.0-3.5 V (s.c.e.) [6]. 

In the present  paper  was studied the possibili ty of using the oxidative fluorination method at high 
values of the anode potential. The acetonitri le used by us previously [2] is suitable for operation at anode 
potentials < 2.0 V. This acetonitr i le can be purified by oxidizing the impurit ies by electrolysis  under 
potentiostatic conditions at 2.9 V (s.c.e.). Analysis of the gaseous e lectrolysis  products failed to disclose 
the presence  of fluorinated gases, the formation of which could be expected when the F-  anion is oxidized 
on a Pt anode. In this connection it should be mentioned that on nickel the oxidation of F-  in KF-CH~COOH 
solution was observed even at 2.5 V (s.c.e.), which led to the formation of a mixture of CF 4 and CHF 3 [7]. 
Evidently, on l~t (in acetonitrile) the overvoltage for  the oxidation of F-  is much higher than in the case 
of Ni (in CH3COOH ). The oxidation of F-, if it does occur, takes place at potentials > 3.0 V. 

A r ise  in the polarization curve is observed (Fig. 1) when benzene is added to a solution of (C2Hs)4NF 
�9 3HF in acetonitr i le (subjected to pre l iminary  polarization at 2.9 V until the current  ceases to drop) at 
E = 2.0-2.1 V (s.c.e.), which suggests the s tar t  of benzene oxidation. On the basis of these data we ran 
the preparat ive  e lec t ro lys is  at E = 2.4 V (s.c.e.), which led to the formation of fluorobenzene and 1, 4-  
difluorobenzene in a total yield of 40~ 
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In an analogous manner, difluorobenzene is formed f rom fluorobenzene in 21% yield under these 
conditions. 

The per formed coulometr ic  measurements  disclosed that the value of the current  of the support 
electrolyte decreases  sharply when benzene is added. At E-- 2.4 V (s.c.e.), pract ical ly  all of the current  
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Fig. 1. Anodic oxidation of benzene on Pt in 
acetonitr i le  on a (C2Hs)4NF.3HF support:  1) 
solution of (C2Hs)4NF-3HF before e lect rolys is ;  
2) af ter  p re l iminary  e lec t ro lys is  at 2.9 V 
(s.c.e.); 3) solution of 1.0 g of benzene and 5.0 
g of (C2Hs)4NF. 3HF in 30 ml of acetonitr i le  
af ter  p re l iminary  anodic polarization. 

passed  through is consumed for  the oxidation of benzene (the electrolyte  contained ~ 20% of unreacted 
benzene after  pass ing through 80% of the current  when calculated on the basis  of a two-elect ron process) .  

The obtained data on the anodic replacement  of the hydrogen in benzene by fluorine apparently testify 
in support of the ECE mechanism, analogous to the mechanism proposed by us ea r l i e r  for  naphthalene 
[2] 

\ / .  [ " \ / l  

Fluorination, associa ted  with the initial oxidation of the F-,  seems improbable.  Thus, benzene 
fo rms  only t a r r y  products  in the Simons e lec t rochemical  p rocess  [8]. The e lect rochemical  fluorination of 
benzene del"ivatives in HF proceeds  exhaustively and leads to the corresponding perf luorocyclohexanes 
[9]. 

In contrast  to naphthalene, benzene does not undergo profound fluorination. We were unable to ob- 
tain derivatives, containing more  than two F atoms or with a quinoid s t ructure .  The fluorination of the 
1, 2- and 1, . i-difluorobenzenes fails to take place under the same  conditions. The ionization potentials of 
benzene, f luorobenzene and the difluorobenzenes are  very  close: 9.24, 9.195 and 9.3 eV [10]. Since the 
values of the ionization potential cor re la te  well with the oxidation potentials [11], close values could also 
be expected for  the oxidation potentials of these compounds. As a result,  an anode potential of 2.4 V 
(s.c.e.) is sufficient to oxidize the molecules of difluorobenzenes to the corresponding cat ion-radicals .  
The absenc~ of products  with a quinoid s t ruc ture  of the tetrafluorodihydronaphthatene type is evidently 
associated with the g rea te r  energy of the aromatizat ion of the benzene ring. 

It should be mentioned that, the same as in the case of naphthalene, a distinct orientation during 
substitution is observed in the given process .  In the fluorination of fluorobenzene the substitution goes 
only in the 4: position with the formation of 1, 4-difluorobenzene.  1, 2-Difluorobenzene was not detected. 

E X P E R I M E N T A L  M E T H O D  

The parif icat ion of the acetoni tr i le  and {C2Hs)4NF- 3HF, and the analysis  of the react ion products,  
were  both ca r r i ed  out as descr ibed in [2]. The chromatographic  separat ion of the benzene, f luorobenzene 
and 1, 4 -d i fhorobenzene  was ca r r i ed  out on Porapak Q at 170~ and a column length of 2 m. The apparatus 
for  e lec t ro lys is  at a controlled potential, and the method used to plot the I vs. V curves, were analogous 
to those descr ibed in [2]. 

Elec t ro lys is  of (C2Hs)4NF'3HF in Acetonitri le.  A solution of 5.0 g of (C2Hs)4NF.3HF in 30 ml of 
acetoni tr i le  was oxidized at a controlled potential of 2.9 V (s.c.e.). The initial value of the current  was 
250 mA, af ter  l h  it was 35, and af ter  5h it was 12 mA. The total amount of current  passed through was 0.3 
A-h. Analy,,~is of the gaseous products  during the e lec t ro lys is  p rocess  failed to disclose the presence  of 
CF 4 and CHF3; the formation of t a r  on the anode surface  was not observed.  

Elec t ro lys is  in the P re sence  of Benzene. To the above obtained support electrolyte was added 1.0 
g of benzene, af ter  which a controlled potential of 2.4 V (s.c.e.) was applied to the anode. After the pas -  
sage of 81% of the amount of e lec t r ic i ty  (when calculated on the basis of a 2-e lec t ron  process)  the e lec-  
t rolyte  was t rea ted  with 50 ml of water  and the react ion products were extracted with CHCI 3, The obtained 
solution was analyzed by GLC on Porapak Q, by the igF NMR method with accumulation, and m a s s - s p e c -  
t romet r ica l ly .  The yield of fluorobenzene (based on the GLC data) was 36%, and that of 1, 4-difluorobenzene 
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was 4.7% when based  on reac ted  benzene,  i9F NMR spec t rum:  two s ignals  at 36.7 and 42.9 ppm re la t ive  
to CF3COOH. The m a s s  spec t rum disc losed the ions m / e  96 and 114. The e lec t ro lys i s  in the p r e sen ce  
of f luorobenzene and the 1, 2- and 1, 4-dif luorobenzenes  was run in a s i m i l a r  manner .  In the  case  o f f l uo ro -  
benzene the pa s s age  of 90% of the amount of e lec t r ic i ty  gave 1, 4-dif luorobenzene in 21% yield; igF NMR 
spec t rum:  6.3 ppm re la t ive  to f luorobenzene;  the m a s s  spec t rum disc losed  the ion m / e  114. In the case  
of the dif luorobenzenes the above enumera ted  analysis  methods fai led to d isc lose  the format ion  of fu r the r  
f luorinat ion products .  

The authors  exp re s s  the i r  deep grat i tude to E. M. Mysov for  the m a s s - s p e c t r o m e t r i c  analysis  of 
the products ,  and to V. I. Dostovalova fo r  studying the products  by the igF NM_R method. 

C O N C L U S I O N S  

i .  A study was made of the poss ib i l i ty  of f luorinat ion at high values  of the anode potential .  

2. Benzene under  these  conditions is f luor inated to f luorobenzene and difluorobenzene.  F luoro-  
benzene f o r m s  difluorobenzene, and fu r the r  f luorinat ion fai ls  to occur .  
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