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Recently Eberson'. has come to the conclusion that reactions between a 
(4n+l)fl-elsctror aromatic radical cation (ARC) and halide ions X- are rest- 
rioted only to electron transfer and that nucleo hllic attack of X- upon ARC 

should be forbidden by the Dewar-Zimmerman rules 8 . 
This conclusion seems to be controversial, and therefore let us ersmine 

Eberson's argument. The attack of the nucleophile is assumed to occur perpen- 
dicular to the ring plane at the midpoint of a C-C bond along the periphsryl. 
There are two types (Fig.1,s.b) of interaction, a suprafacisl attack (the or- 
bital of X- interacting rithF-system is symmetrical) and an snts??sfaCisl st- 
tack (the orbital of X- is anti-symmetrical). The transition states will be 
equivalent to a '7-centre Huckel system (a) and an anti-Eluekel system (b). The 
odd-electron system should be treated as that with one more electron added, 
following the recommendation of Zimmerman3 snd Woodwsrd and Hoffmsnn4. Aceor- 

dinsly the transition state (b) is aromatic end corresponds to s favoursble 
process and the transition state (a) is anti-aromatic and oorresponds t0 sn 
unfavourable pathway and should be forbidden by the Dewar-Zimmerman mles. 

(8) (b) 
Figure I. Orbital representation for transition state of the reaction between 
a benzene radical cation and a nuoleophile (8) interacting suprafacislly 

or (b) antarafacially. 
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The weak point of this argument consists in the selection of the nucleo- 

phile orbitale interacting with ARC. For example Eberson has took into account 

only the p, -orbitala of the halide ions (Fig.2). Nevertheless the evaluation 

of overlap integrals (S,,S,)5 ahoaa that the interactions of the pa- and p,-or- 

bitals of X- with a pa-orbital of a carbon atom are comparable in value (Table 

I). Thus, in Spite of the prohibition of the suprafacial interaction the nut- 

leophilic attack of X- may take place as a result of the antarafacial interac- 

tion of the p,-orbital of X- with the??-system of the ring. 

Table I. Overlap Integrals (5) 

of 2p,-orbital of carbon atom 

and p-orbital8 of halide ion 

*,,z F Cl 

1 % % sx % 

1.49 0.169 0.232 - 
& 

1.76 - 0.179 0.306 Figure 2. Representation of 

2.00 0.053 0.118 0.126 0.262 p-orbit&e of halide ion and 

carbon atoms of ARC. 

Consequently the c~ncluaion~ that halide ion should not undergo nucleophi- 

lit reaction with radical cations derived from 4n+2 parent syatem seems to be 

wrong. 

Indeed it haas been shown earlier 6-14 that fluoride ion is capable of nut- 

lsophilic attack on an ARC with the formation of a C-F bond. The anodic oxida- 

tion of aromatic compounds in the presence of gfl$ride ion have led to the flu- 

orine containing producta tiie intermediate ARC - . Nucleophilio attack on an 

ARC by F- haa been proposed in the reactio;; F;tween aromatic compounds and 

XeF212-13 and high valency metal fluorides - . 

Now ne present ecm additional evidence for the nucleophilic reaction bet- 

ween fluoride ion and an ARC generated by anodic oxidation. It is known16 that 

Slectro-oxidation On Pt Of 9,10-diphSWl&hreCenS (DPA) in Cg3Cn CCnteiniw 

tetra-alkylammonium parchlorate involves two discrete steps. The transfer cf 

the firat electron producea a rather stable radical cation CRC) end trS.nSfSr 

of the second electron generates the dication. Accordingly the CyCliC VOltaIn- 

nogram contains the first oxidation peak (Ox,) at 0.92~ (vs. Ag/Ag+ O.lMa) and 

the second peak (Ox,) at 1.32~. On raveming the direction of the scan at 1.1~~ 

the cathodic peak (Rl) ia observed at 0.8;;: which is due to reduction of the 

RC formed at the first oxidation peak 0x1 . We have reproduced them results 

under the following conditions: Pt-anode l.7m2, Pt-cathode 400nm2, reference 
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electrode - an Ag wire diameter 5nm; The electrolyte contains 5,4x&3 DPA. 69% 
AgC104'&Xi3CB, 0.22g Et4NBF4, 1 ml C6Hs and 20 ml CH3CB. Under these conditi- 

0718 the correlation of cathodic end anodic peak currents I 
P.+J 

depends on 

the sweep rate and approaches i at high sweep rates (Table 2, a . 

The addition of 19% Et42SF'3HF to the electrolyte leads to very signifi- 

Cative changes in the cyclic voltamaograms of DPA (Table 2,b). The anodic peak 

potential us* p,a) ia slightly displaced and anod5.c peak current (I&) increases 

markedly and becomes to correspond to a two electron transfer p~ocees. The ele- 

ctro-oxidation of I)PA in the presence of fluoride ion become8 an irrevereible 

prooeee and no cathodic peak is detected at 25O on reversing the direction of 

the ecea. At a lower temperature (-30") the oxidation proceee is only partly 

irreversible and a cathodic peek current can be detected. 

Table 2. Cyclic voltaimnetry of DPA in acetonitrile 

containing (a) Et4NBF4 and (b) Et4NF.3HF 

The reeulte collected in Table 2 support unequivocally the nu~leophlli~ 

attack of fluoride ion upon the DPA radical cation (I). The adduct of I and 

F- (the intermediate radical II) is oxidized mole aaaily than the ori&% 

hydrocarbon. Thus, the primary one-electron transfer is followed by the ahemf- 
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Cal reaction with fluoride and a second electron transfer occurs at the same 
electrode potential. The generated benzenium ion (III) reacts further with 
the second fluoride ion producing 9,10-dif1uoro-9,10-dipheny1-9,10-dihydroen- 
tracene (Iv). Controlled potential electrolysis (at 0.95V) was conducted on a 
solution of DPA (1.15 g) in aoetonitrile (74 ml) containing 8 S Et4NF*3BF and 
1 ml C6H6 in the cell =. After passing ZF/mol of electricity the electrolyte 
was added to 50 ml H20 and filtered. The precipitate wae recrystallized 

(viz* C6H6) and 75Omg of DPA6,Ed 334mg of IV (m.p.227O with decomposition) 
were obtained. Earlier9 IV hadVobtained by elaotro-oxidation of DPA at the 
potential of the second oxidation peak (Ox,). 

It should be noted that the very high oxidation potential of F- (2.5~ ~8 
Ag/Ag+ O.lM ) excludes the possibility of the formation of IV &z the radical 
fluorination of DPA. Neither could a disproportion mechanism of the DPA radi- 
cal cation preeent a satisfactory explanation for the formation IV. In this 
case one would expect an extremely quick reaction between P- and the DPA di- 
cation. Moreover the kinetics of the anodic pyridimtion of DPA also excludes 
the disproportionation of radical cation17v18. 
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