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Recently Eberson1 has come to the conclusion that reactions between a

(4n+1) 77 -~electrom aromatic radical cation (ARC) and halide ions X~ are rest-
ricted only to electron transfer and that nucleoghilic attack of X~ upon ARC
should be forbidden by the Dewar-Zimmerman rules”.

This conclusion seems to be controversial, and therefore let ue examine
Eberson’s argument, The attack of the nucleophile is assumed to occur perpen-
dicular to the ring plsne at the midpoint of a C-C bond along the peripheryl.
There are two types (Fig.I,a,b) of interaction, a suprafacial attack (the or-
bital of X" interscting with# -system is symmetrical) and an antarafaciel at-
tack (the orbital of X” is anti-symmetrical). The transition atates will be
equivalent to a 7-centre Huckel system (a) and sn anti-Huckel system (b)., The
odd-electron syatem should be treated as that with one more electiron added,
following the recommendation of ZimmermanB and Woodward and Hoffmann4. Accor~
dingly the transition stete (b) is aromatic end corresponds to a favourable
process and the transition state (a) is anti-aromatic and corresponda to an
unfavourable pathway and should be forbidden by the Dewar-Zimmermsn rules.

Figure I. Orbital representation for transition state of the reaction between
a benzene radical cation and & nucleophile {a) interacting suprafacially
or (b) antarafacially.
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The weak point of this argument consisis inm the gelection of the nucleo-
phile orbitals interacting with ARC. For example Eberson has took into account
only the P, -orbitels of the halide ions (Fig.2). Nevertheleas the evaluation
of overlap integrals (Sx,S ) shows that the interactions of the p,.- and pyror-
bitals of X~ with a pz—orbital of a carbon astom are comparable in value {Table
I}. Thus, in spite of the prohibition of the suprafacial interaction the nuc-
leophilic attack of X~ may take place ss a result of the antarafacial interac-
tion of the py~orbital of X~ with the# ~system of the ring.

Table I. Overlap Integrals (3)
of sz*orbital of carbon atom
and p-orbitals of halide ion

R~ F c1

i Se 5, Sx S,

1.49 | 0.169 | 0.232 - -

1.76 - - 0.179 0.306 Pigure 2. Representation of

2.00 | 0.053 | 0.118 0.126 0.262 ‘p-orbitals of halide ion and
earbon atoms of ARC.

Consequently the conclusionl that halide ion should not undergo nucleophi-
lic reaction with radical cations derived from 4n+2 parent system seems to be
wrong.

Indeed it haa been shown earlier6"14 that fluoride ion is capable of nuc-
leophilic attack on an ARC with the formation of & C~F bond. The anodic oxida-
tion of arometic compounds in the presence of fluoride ion have led to the flu-
orine containing products Via intermediate ARqull. ¥ucleophilic attack on an
ARC by F~ has been proposed in the reactions between aromatic compounds and
XeF 212 13 and high valency metal fluoridesl4

Now we present some additional evidence for the nucleophilic reaction bet-
ween Tluoride ion snd an ARC generated by snodic oxidation. It is known16 that
electro-oxidation on Pt of 9,10-diphenylanthracene (DFA) in CHBCN containing
tetra~alkylammonium perchlorate involves two discrete gteps. The transfer of
the first electron produces a rather stable radical cation (RC) and transfer
of the second electron generates the dication. Accordingly the cyclie voltam-
mogram containg the firast oxidation peak (Oxl) at 0.92v {(vs. Ag/Ag+ 0.14) and
the second peak (Oxz) at 1.32v, On reversing the direction of the scan at l.lv,
the cathedic peak (R;) is observed at 0.85v which is due to reduction of the
RC formed at the first oxidation peak Oxlle. We have reproduced these results
under the following conditions: Pt-anode 1. 7mm y Pt=cathode 400mm + reference
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electrode -~ an Ag wire diameter Smm; The electrolyte conteins 5.4mg DPA, 69mg
AgClo ‘30H3CH, 0.22g Et NBF4. 1m CGHG and 20 ml CH3CN Under these conditiw
ons the correlation of cathodic and anodic peak currents I ,8 depends on
the aweep rate and spproasches 1 at high sweep rates (Table 2, a?

The addition of 19mg Et4NF 3HF to the elesctrolyte leads to very signifi-
cative changes in the cyclic voltemmograms of DPA (Table 2,1). The anodic peak
potential (Ep } is alightly displaced and anodic peak current (I ) incresses
markedly and becomea to correspond to & two electron transfer proceea. The ele~-
ctro-oxidation of IDPA in the presence of fluoride ion becomes an irreversible
process and no cathodic peak is detected st 25° on reversing the direction of
the scan, 41 a lower temperature (-30°) the oxidation process is only partly
irreversible and & cathodic peak current can be detected.

Table 2. Cyclic voltammetry of DPA in acetonitrile
containing (&) Et,NBF, and (b) Et,NP-3HF

1 b
* * ¥*
v , 0x, ?l;p,st Ry Ip,c 0xy Ip.a Ip,a
vegec {mv) (mal {mv) Ip'g {mv) { &) Ip'a
0.04 905 4.27 830 0.60 859 8.0 1.87
0.08 308 5.66 830 C.70 8712 11.0 1.93
0.16 914 8.50 | 83¢ 0.76 | 878 5.4 { 1,82
0.25 915 10.10 830 0,82 883 17.4 1.72
0.50 921 14,55 814 0.81 903 23.8 1.64
1 920 21.30 812 0.81 903 34.5 1.62
2 920 30.29 808 0.83 905 42.5 1.41
4 937 1 42 800 0.87 | 905 59,7 | 1.42
8 943 | 61.5 800 0.88 | 907 76 1.24
16 943 | 91 i 798 1 0.93 | 907 | 107.5 | 1.18

The resuits collected in Table 2 support unsquivocally the nuclesophilic
attack of fluoride ion upon the DPA redical cation (I). The adduct of I and
F7 (the intermediate radical II) is oxidized more easily than the original
hydrocarbon. Thusg, the pr*mary one-electron tranafer is followed by the chami-
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cal reaction with fluoride and a second electron transfer occurs at the game
electrode potential. The generated benzenium ion (III) reacts further with
the second fluoride ion producing 9,10~difluore~9,10-diphenyl-9,10-dihydroan-
tracene (IV). Controlled potential electrolysis (at C.95v) was conducted on a
solution of DPA (1.15 g) in acetonitrile (74 ml) containing 8 g Et4NF-3HF and
iml GBHS in the cellll. After passing 2F/mol of electricity the electrolyte
wag added to 50 ml H20 and filtered. The precipitate was recrystallized
(05312’ CgHe) and 750mg of DPA&gfd 334mg of IV (m.p.227° with decompoasition)
were obtained. Barlier’ IV hadvobtained by electro~oxidation of DPA at the
potential of the second oxidation pesk (Oxa}.

It should be noted that the very high oxidation potential of ¥ (2.5v va
Ag/Ag® 0.1 ) excludes the possibiiity of the formation of IV via the radical
fluorination of DPA. Neither could a disproportion mechanism of the DPA radi-
ca)l cation present 8 satiafactory explanation for the formation IV. In this
cage one would expect an extremely quick reaction between F and the DPA di-
cation. Moreover the kinetics of the anocdic pyridination of DPA also excludes
the diasproportionation of radieal cationl7’18.
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