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Kinetic Evidence for Direct Electron Transfer between Tris(4-bromophenyl)-
ammoniumyl and the Acetate Anion in Acetonitrile Solution

Richard G. Compton and Mark E. Laing

Physical Chemistry Laboratory, South Parks Road, Oxford OX1 3QZ, U.K.

The reaction between tris(4-bromophenyi)ammoniumy!, electrogenerated from the parent amine, and the acetate
anion has been studied in acetonitrile solution using rotating disc voltammetry and shown to involve a direct
electron transfer reaction, resulting in an EC’ mechanism, in contrast to a previously reported suggestion that
acylation of the radical cation was the dominant reaction pathway under these conditions.

The uses of the cation radical (1+*) of tris(4-bromophenylam-
ine)(1) for diverse homogeneous oxidations are well known. 1.2
The cation radical (1**) has been shown to oxidise carboxylate
anions? and Steckhan3 proposed an electron transfer reac-
tion (1). This was strongly disputed by Eberson* who, for the
case R = Me, considered acyloxylation of the aryl groups to be
the reaction mode and showed, via product analysis, that the
reaction carried out homogeneously produced the 2-acetoxy
compound [reaction (2)]. When this reaction was initiated via
electrochemical oxidation of (1) the process seemed to
proceed via an ECE type pathway* in contrast to the EC’
scheme required by Steckhan’s proposal. The observations of
Steckhan and Eberson are contradictory although a significant
difference may be that Eberson* used the complex
(MeCO,),H~ rather than acetate anions.
RCO,- - R + CO, + e~ 1)
We have re-investigated the mechanism of the reaction
between acetate and (1+°) using rotating disc voltammetry.
Experiments were conducted in dried, distilled acetonitrile.
Tetrabutylammonium perchlorate (recrystallised) served as
background electrolyte (0.1 mol dm-3). Tetrabutylammo-
nium acetate (>95%) and (1) (>98%) were used as received
from Aldrich. Acetic acid was AnalaR grade. All measure-
ments were made at a rotating platinum disc electrode
(diameter ca. 7 mm) supplied, along with a supporting motor,

motor-controller, and potentiostat, by Oxford Electrodes.
Solutions were outgassed with dry argon prior to use.

The cation radical (1+-) was generated electrochemically
from (1) and the transport-limited current vs. rotation speed
behaviour analysed. Figure 1 shows a plot of the transport-
limited current as a function of the square root of the disc
rotation speed (w/Hz) for various ratios of acetate:acetic acid
obtained by adding different amounts of acetic acid and
tetrabutylammonium acetate to a 2.4 X 10-3 m solution of (1)
in acetonitrile. In the absence of acetate ‘Levich’ type
behaviour characteristic of a simple one electron oxidation [of
(1) to (1+)] is seen.> A diffusion coefficient of (1) of 1.9 X
10-5 cm? s—! was deduced.

Addition of acetate to (1) produces behaviour typical of an
EC’ process® in which currents larger than expected for a

Br

Se]

Br
(1)



J. CHEM. SOC., CHEM. COMMUN., 1988

2Mecoz’ + 2AnN +°

MeCOZH + Ar3N + ArZN©Br (2)
AcO
r (b)
24 F
20

o
| tel Neg=2
A
V6
A
- o
12K Jal

(d)
44”’—‘
Negs=1
4 fa)

i ImA

~
wm

2
Vo /s?

Figure 1. Transport-limited current vs. the square root of the disc
rotation speed for a 2.4 X 10-3 mol dm~3 solution of (1), containing
(a) no added MeCO,~ or MeCO,H; (b) 2.3 x 102 mol dm~3
MeCO,~; (¢) 2.3 x 10-2 mol dm~-3 MeCO,~ and 2.65 x 10-2
mol dm-3 MeCO,H; (d) 2.3 x 10-2 mol dm~3 MeCO," and 2.65 X
10" mol dm~* MeCO-H.

simple one-electron process occur and the ‘effective’ number
of electrons, N, transferred increases as the rotation speed s
lowered. We show elsewhere? that these data quantitatively
analyse as an EC' mechanism of the ‘pre-equilibrium’ type
[reactions (3)—(5)].7#

Ar;N — e~ — ArN+* 3)
AF3N+' + MeC027 = AT3N + MeCOz‘ (4)
MeCO;* — Me* + CO, (5)

The addition of increasing amounts of acetic acid to the
solution of acetate + (1) results in a progressive lowering of
the current and at a concentration of acetic acid of 1.59
mol dm~-3 the behaviour was again that of a simple one-
electron process. This suggests, given the known reaction (6),

MCCOZ- + MeC02H = (MeCOZ)2H7 (())

that whereas the acetate anion can undergo electron transfer
with (1*+*) on the rotating disc timescale, the dimeric species
cannot. The latter must evidently react slowly but
homogeneously with the radical cation, presumably forming
the products observed by Eberson. For intermediate concen-
trations of acetic acid the equilibrium is balanced so that some
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of the dimer can dissociate and thus react via the acetate
anion: an ECC’ process. Under these conditions the current-
rotation speed data in Figure 1 are not dissimilar from that of
an ECE process,® namely an approximate transition in Neg
from one to two as the rotation speed is reduced. This then
resembles Eberson’s observations.

The equilibrium constant for reaction (6) is given by
equation (7). Analogous equilibrium constants for many
other carboxylic acids have all been found to lie within the
range'® 103—104 mol dm~-3. Eberson’s experiments used 103
mol dm—3 of the dimer. Calculation suggests, assuming K in
the above range, that the ‘ECE’ behaviour in Figure 1 might
have been expected in his electrochemical experiments. Why
his product analysis of the homogeneously conducted reaction
showed acetoxylation as the main reaction pathway may be
rationalised in terms of reactions (8)—(11), in which the first
two reactions are reversible and MeCO,~ may, or may not, be
derived from the dimer. It is apparent that acetoxylation will
occur with high levels of (1+); electron transfer products
will be formed with low concentrations. In Eberson’s homo-
geneous experiments the concentration is much higher than
when (1+) is generated electrochemically. The apparent
contradictions in the literature may thus be reconciled.

K = [(MCCOZ)zH']/[MCC02—][MCC02H] (7)
AN+ + MeCO,~ = ArNAr(H)OAc (8)
ArN+ + MeCO,~ = AN + MeCOy 9)

ArNAr(H)OAc + ArsN+* — ArNArOAc +
H+ + AN (10)

MeCO,* — Me* + CO, (11)

We conclude that simple electron transfer between tris(4-
bromo-phenyl)ammoniumyl and acetate may indeed occur.

Received, 4th March 1988; Com. 8/00855H

References

1 W. Schmidt and E. Steckhan, Angew. Chem., 1978.90, 717; 1979,
91, 850, 851; J. Electroanal. Chem., 1979, 101, 123; Chem. Ber.,
1980, 113, 577; C. R. Jones, J. Org. Chem., 1981, 46, 3370; M.
Ploten and E. Steckhan, Tetrahedron Lett., 1980, 21, 511; S.
Dapperfield and E. Steckhan, Angew. Chem., 1982, 94,785, D. J.
Bellvilie, D. D. Wirth, and N. L. Bauld, J. Am. Chem. Soc., 1981,
103, 718; V. Yu. Atamayuk, V. G. Koshenko, and V. D.
Pokhodenko, J. Electroanal. Chem., 1980, 111, 133; K. Hando
and S. K. Handoo, Indian J. Chem., Sect, B, 1982, 21, 270.

2 J. C. Moutet, J. Electroanal. Chem., 1984, 161, 181; R. G.
Compton, M. J. Day, A. Ledwith, and 1. 1. Abu-Abdoun,
J. Chem. Soc., Chem. Commun., 1986, 328.

3 W. Schmidt and E. Steckhan, J. Electroanal. Chem., 1978, 89,
215.

4 L. Eberson and B. Larsson, Acta Chem. Scand., Ser. B, 1986, 40,
210; L. Eberson, ‘Electron Transfer Reactions in Organic Che-
mistry,” Springer-Verlag, Berlin, 1987, p. 127.

S W. J. Albery, ‘Electrode Kinetics,” Oxford University Press,
Oxford, 1975, p. 57.

6 Yu. V. Pleskov and V. Yu. Filinovskii, ‘The Rotating Disc
Electrode,’ Consultants Bureau, New York, 1976, p. 227.

7 R. G. Compton, M. J. Day, M. E. Laing, R. J. Northing, J. L.
Penman, and A. M. Waller, J. Chem. Soc. Faraday Trans. 1, 1988
84, 2013.

8 R. G. Compton, M. E. Laing, D. Mason, R. J. Northing, and
P. R. Unwin, Proc. Roy. Soc. Lond., Ser. A, 1988, 418, 113.

9 R. G. Compton, R. G. Harland, P. R. Unwin, and A. M. Waller,
J. Chem. Soc., Faraday Trans. 1, 1987, 83, 1261.

10 1. M. Kolthoff and M. K. Chantooni, J. Am. Chem. Soc., 1963, 85,
426; M. K. Chantooni and 1. M. Kolthoff, ibid., 1974, 92, 7025.





