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The large ring compound [2,]paracyclophane-
tetraene, 1, has recently been synthesized in
our laboratory.! Since it contains a conjugated
perimeter of 24 = electrons, it can formally be
regarded as a derivative of [24]annulene,
although it does not show a large paramagnetic
ring current.®

lectrochemical reductions of smaller 4n
n-electron systems have been carried out by
other workers. A recent, careful study of
cyclooctatetraene * has shown that consecutive
one-electron transfers lead to the radical anion
and the dianion.

The stepwise reduction of [12]annulene *
and of [l6]lannulene® to the corresponding
dianions is also known. In either case, two
separate one-electron transfers are observed.

We now report a simple and completely
reversible two-electron reduction of [2,]-
paracyclophanetetraene, 1, to its dianion which
can be quenched by acetic acid to give [2,]-
paracyclophanetriene, 2 (Scheme 1).

A cyclic voltamnmogram of I, obtained at
a hanging mercury drop electrode in DMF con-
taining  tetraethylammonium  perchlorate
(TEAP), is shown in Fig. 1. The separation
between the cathodic and the anodic potentials
is 30 mV, which is essentially the theoretical
value for a reversible two-electron transfer.®

* To whom correspondence should be directed.
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Fig. 1. Cyclic voltammogram of [2,]Jparacyclo-
phanetetraene. Hanging Hg drop, DMF solvent,
0.1 M tetraethylammonium perchlorate. Pot.
vs. SCE. Scan rate 0.1 V g1,

The cathodic peak potential was —1.70 V ws.
SCE. The scan rate was 0.1 V s~1. The anodic
peak successively decreased in the presence
of increasing amounts of phenol and disap-
peared when the sixfold molar amount of
phenol had been added. A conventional DC
polarogram was also recorded giving K, ,=
—1.69 V vs. SCE. A plot of log 2/(zq—1) vs.
E—E,, had a slope of —0.030, indicating
a reversible two-electron process.’

A situation superficially similar to that shown
in Fig. 1 has been observed for the reduction of
tetraphenylethylene to its dianion.® A platinum
electrode was used, and the solvent/supporting
electrolyte system was tetrahydrofuran con-
taining tetrabutylammonium perchlorate. Cyclic
voltammograms were recorded at scan rates
between 0.06 and 0.6 V s, The separation of
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the cathodic and the anodic peak potentials,
extrapolated to zero current, was found to be
60 mV. It was independently shown that a
two-electron process was at hand.® The peak
separation ruled out a Nernstian simple two-
electron transfer. Two successive, reversible
electron transfers at potentials separated by
less than 100 mV were postulated.

One factor which could determine the
potential separation between two consecutive
one-electron transfer steps in the reduction of
aromatic hydrocarbons is the coulombic
repulsion between the two entering electrons.®
Other factors such as conformational changes,
ion-pairing, and solvent reorganization should
also be considered.’® Conformational changes
occur during the reduction of cycloocta-
tetraene * and tetraphenylethylene.’® How-
ever, the cyclophane 1 is rather planar !1,!¢ and
not expected to become more planar on reduc-
tion because the steric interaction between the
internal hydrogen atoms should prevent this.
Ion-pairing is usually not important in polar
solvents but could well be an important factor
in ethereal solvents. The data obtained in this
work for the reduction of cyclophane 1
demonstrate that the electronic repulsion in
the dianion is unimportant, at least in a polar
solvent such as DMF, probably due to the size
of the molecule.

A preparative electrolysis of [2,]paracyclo-
phanetetraene, 1, was performed in the same
medium and supporting electrolyte and with
the same reference electrode as in the analytical
experiment (DMF, 0.1 M TEAP). A cell divided
by a glass frit and with a mercury cathode
surface of 12 cm?® was used. To the catholyte
(50 ml) was added glacial acetic acid (0.3 ml)
and the mixture was pre-electrolysed at —1.80
V. After addition of [2,]paracyclophanetetraene,
1 (200 mg), the electrolysis was performed at
—1.70 V. The current was allowed to decrease
to its background level. The charge consumption
was 1.93 F mol-1. Water (100 ml) was added to
the  catholyte, and the mixture extracted with
diethyl ether several times. The ether fractions
were washed with water, dried over sodium
sulfate and the solvent evaporated. Re-
crystallisation of the residue from ethanol gave
[2,]Jparacyclophanetriene, 2 (124 mg, 62 9,
m.p. 168—170°C). IR (KBr): 3015 (m), 2935
(m), 2860 (m), 1605 (m), 1510 (s), 1425 (s),
1268 (m), 1187 (m), 1105 (s), 895 (s), 835 (s),
and 745 (m) em™. UV (ethanol): 4., 283 nm
(¢ 25000) and 225 nm (36500). 'H NMR
(270 MHz, CDCl,):  7.18 (4 H, d), 7.12 (4 H,
d, J 8.5 Hz), 7.09 (4 H, d), and 6.79 (4¢ H, d,
J 8.5 Hz), aromatic protons, 6.52 (6 H, broad
8), olefinic protons, and 2.88 (4 H, s), benzylic
protons. MS (65 eV): m/e 410 (100 9%, m¥),
205 (34, M2+), 204 (6), 203 (6), 202 (9), 193 (7),
191 (7), 115 (9), and 91 (8). Abs. mass 410.2036 +
0.003; cale. for Cy;,H,, 410.2035.
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