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TheJ3C NMR spectrum of tetraphenylethylene (rp2C:CI/>2), of its dilithium salt (1/>2C.CI/>2' 2Li+),
and of their mixtures in C6D6 were recorded. The spectra of the mixture consist of two sets of the
hydrocarbon and the lithium salt lines each. This domestrates that the exchange.

rp2C:C1/>2 + 1/>2C.r 1/>2, 2Li+ +exchange
is veryslow, even on NMR scale, and its bimolecular rate constant has, therefore, to be smaller than
100M-·l sec-l .

INTRODUCTION

One-electron transfer processes involving organic or
'inorganic substrates have been extensivelyinvestigated [1,i].
When a process involves ionic aggregates the electron
transfer is accompanied by a counter-ion transfer, e.g.,

and at least one example is known [3] where the trans-
fer of electron is associated with a transfer of two counter-
ions, namely,

Q-e- , 2Na+ + Q -+ Q + Q....•, 2Na+

Where Q denotes duroquinone. Investigation of organic
systems undergoing a simultaneous two-electron transfer
has not been reported so far in the literature, although
there are claims that such reactions have been observed in
some inorganic systems[4] .

In the course of our studies of tetraphenylethylene
dianions [5] we attempted to investigate the feasibility of
a two-electron transfer process, namely,

Where T denotes tetraphenylethylene and T2- its dianion.
'The lithium salt was chosen for this study since its solubi-
lity in solvents used in our investigation is relatively high.
In order to eliminate the two one-electron transfer steps,
viz..

(2)

(3)

Where T' denotes the radical anion of T, we had to use
solvents in which the disproportionation constant of equi-
librium

(4)

.is very large. Benzene and diethylether fulfill these require-
ments. In neither of them was it possible to detect the
presence of tetraphenylethylene radical anion by ESR
technique when the concentrations of T and of T2-,2Li
were in the range 5 x 10-2 to 2 x IO-IM. These obser-
vations imply that the concentration of 1, u" in those
solutions is smaller than 10-7 M, although it could be
perhaps as high as 1O-6M because the exchange of radical
anions with the parent hydrocarbon broadens the ESR
lines and, therefore; reduces the sensitivity of the ESR
detection.

RESULTSANDDISCUSSION

The results of our studies transpire from the 13C
NMR spectra of the parent hydrocarbon, 1/>2C:CI/>2, its
dilithium salt, Li+I/>:iC.CI/>2,Li+and their mixtures in deute-
rated benzene (Fig.1) and diethyl ether [5]. The concen-
trations of the reagents in the investigated solutions are
givenin the captions under the appropriate fig.

The 13e NMR spectrum of 1/>2C :C1/>2 consists of 5
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lines corresponding to the quartenary carbons of the
phenyl groups (1), the ehtylenic carbons (2), and the meta,
ortho and para carbons (3, 4, and 5, respectively). The
assignment of the lines to the pertinent carbon atoms is
discussed . in [5]. The observed pattern is virtually
independent of solvent, being the same in THF5, benzene
and diethyl ether{5] although the position of its center
depends on the solvent's nature.

The spectrum of the dilithium salt consists again of
5 lines, their assignment has been also discussed by Lund-
gren and others [5]. The line of the quaternary carbons of
the phenyl groups (1) is slightly shifted downfield, while
the line corresponding to the ethylenic carbons [2] is subs-
tantially shifted upfield (Fig.I). The chemical shift of the
meta carbons (3) in the salt is essentially the same as in the
hydrocarbon, while the lines pertaining to the ortho and
meta carbons (4 and 5) are shifted slightly upfield.

Both sets of lines appear in the spectra of mixtures of
rp2C :Crp2 + rp2 C:C rp2 2Li+ and this proves that the
exchange,

is very slow even on NMR scale. The lines of the salt remain
as sharp in the spectrum of the mixture as in the spectrum
of the pure salt solution, with less than 10 Hertz width.
Hence, the bimolecular rate constant of two-electron ex-
change in those solvents has to be smaller than IOOM-1

see-1 because the concentration of the hydrocarbon was
about 10-1 M.

Interestingly, the lines of the hydrocarbon, excluding
those of the salt, are substantially broader in the mixture
than in the pure solution of rp2C:Crp2' We, therefore, con-
clude, that the radical anions, rp2C :Crp2 ,Li+, present in a
concentration too low to be detected by the ESR technique,
exchange with the hydrocarbon causing broadening of its
NMR lines, whereas the exchange,

apparently is substantially slower than

rp2C:Crp2 7,Li+ + rp2C:Crp2 ~ exchange (7)

A I: 1 mixture of rp2C :Crp2 and rp2C.Crp2,2Na+ in THF
contains about 5% of rp2C :Crp2-r- ,Na+ radical anions as the
disproportionation constant is only 400[6] intluit solvent.

The 13<;: NMR spectrum of such a solution shows only the
greatly broadened lines of the salt (Fig.2). The lines of the
hydrocarbon could not be recorded, presumably because

5

their degree of broadening is too great. TIlls observation
confirms again the slowness of the exchange (Eq[6]) bet-
ween the radical anion and the dianion when compared
with exchange (Eq[7]).
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Fig. 1. The 13C NMR spectra of rfJ2C:CrfJ2(0.14 M), of a mix-
ture of rfJ2C:CrfJ2(0.14 M) and its dilithium .salt, rfJ2C.c5rfJ2,2Li+
(0.04 M), and of the dilithium salt only (0.04M) in deuterated ben-
zene.

The long arrows point to the hydrocarbon lines and the short
ones to the lines of the salt.

The numbers refer to the quaternary carbons of phyenyl
groups (1), the ethylenic carbons (2), and the :meta, ortho and para
carbons (3, 4, and 5, respectively). The triplet of the deuterated
benzene coincides with the meta carbons and is deleted in the
drawing for the sake of clarity.

THF

Fig. 2. The 13C NMR spectru~ ~f a 1:1 mixture of rfJ2C:C¢2
(0.05M) and its disodium salt, rfJ2C.CrfJ2,2Na+ (0.05M) in THF.
The solution contains the radical anions, rfJ2C:C</>"-t- , Na+, at their
equilibrium concentration (N 0.025 M).

The broadened lines correspond to those observed in the
solution of the disodium salt only (ref.5) as marked by the arrows.

The hydrocarbon lines could not be detected, presumably
their broadening caused by the radical anions is too large to allow
their detection. The numbers refer again to the respective carbon
toms in which the sharp spectrum ·of </>,.·C:CrM,-,2Na+ in THF

is depicted.
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The slowness of the exchange between the radical
anion and the dianion seems to be caused by the different
geometry of these species. While the C=C structure of the
former is planar, like that of the parent hydrcocarbon,
the rotation around the central C-C bond becomes possible
in the dianion. The latter, therefore, acquires an allenic
type of twisted configuration [5] .

Finally, the broad NMR lines of the hydrocarbon,
(Fig.1) allow us to calculate the rate of exchange,
cfJ2C:Cifh + cf>2C:Ccf>2 -;- ,Li+ --+ exchange. Assuming that the
concentration of radical anions is ~1O-7 M, we deduce
that the bimolecular rate constant of the above exchange is
~108M-l sec.r". This high value is rather surprising.
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