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Abstract l,l-Diphenyl-2-methyl-l-propene produces an equimolar mix-
ture of two carbanions in contact with excess potassium-sodium alloy in
tetrahydrofuran. The carbanions can be interpreted as the products of dispro-
portionation reaction between two radical anions produced by one-electron
reduction of the phenylpropene with alkali metal.

1 Introduction
Various carbanions can be pre-

pared from substituted ethylenic
compounds (1) in contact with al-
kali metal in tetrahydrofuran(THF).
In these reactions a radical anion
(2) is formed as shown in Scheme 1

Scheme 1
and its reactivity or stability will
depend on the nature of the sub-
stituents. The three routes of re-
actions can be considered as fol-
lows. (1) If the ethylene has bulky
substituents on both Ci and C2, the
corresponding ethylene dianion is
produced (Scheme l).[l-4] (2) If
the ethylene has no or sterically
small substituent such as only one
methyl group on either Ci or C2, the
corresponding dimer dianion is pro-
duced (Scheme 2).[5-7] (3) In the
present paper, three title phenyl
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Scheme 2
propenes (la-lc, where Ri and R3
are fixed to C6H5 and CH3,
respectively) are used as starting
materials (Table 1). The proposed
reaction scheme for the carbanions
can be represented as given in
Scheme 3. A characteristic point is
that the reduction products are an
equimolar mixture of two

© • .R, R, . 6 R, R. e R,
C,-Cj< 3 > '>C,-CH< 3 + >C,-C2< '

^ R4THF R / V R 4 R / 2 K R 4
2 X

2 5 6
Scheme 3

carbanions, 5 and 6 respectively,
whose structures are confirmed by
!H and 13C NMR spectra. One of
these anions(5) is a phenylalkyl
carbanion and the other is a phenyl-
allyl carbanion (6). Thus the result
may be interpreted as a dispro-
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portionation reaction between two
anion radicals generated first by
one-electron reduction of the
starting phenylpropene with alkali
metal. As far as we know, this type
of simultaneous formation of two
different carbanions has not yet
been reported. The conditions of
these reactions will be discussed in
terms of steric bulkiness of the
substituents.
2 Experimental

The starting materials were pre-
pared from dehydration of the cor-
responding phenylpropanols which
were prepared by Grignard reaction
and followed by dehydration with
anhydrous acetic acid. The starting
materials dissolved in THF or THF-
d8 were kept in contact with
potassium-sodium alloy in vacuum
at room temperature for about 24 h.
The resulting dark red solutions
were filtered, concentrated if nec-
essary, and then sealed into a 5-mm
NMR sample tube. Their concentra-
tions were about 1 M. The *H and

13C NMR measurements were car-
ried out at 22°C using Varian XL-
200 or Unity-400 spectrometer.
The chemical shifts were evaluated
from the upfield peak of THF or
THF-dg, used as an internal refer-
ence. This peak was taken as 1.79
or 1.75 for lH and 26.4 or 26.0 ppm
for 13C resonances, respectively,
from TMS.
3 Results and Discussion
1H NMR Spectra of the Carbanions.

A typical lH NMR spectrum and
chemical shifts are shown in Fig. 1
and Table 1, respectively. In Fig. 1,
there are three signals in the region
from 0 to 3 ppm, which are as-
signed to one methyl and one iso-
propyl groups. There are two
ethylenic signals in the region from
3 to 4 ppm. One problem in the
spectrum is the origin of hydrogen
in the isopropyl group. To clarify
the origin, the experiments using
two different solvents, THF and
THF-d8 were carried out. Since
these two spectra are similar each

Table 1. *H Chemical Shifts of Related Carbanions and Their Precursors.
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a) Trans(R4) and cis(Ra) configurations are defined for
b) They are defined for Ci.
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other, it must be concluded that the
CH hydrogen in the isopropyl group
of 5a is coming from another radi-
cal anion (2), but not from the sol-
vent. This is also supported by an
experimental fact that the product
ratio of 5 and 6 is 1 to 1. Another
point of interest is that two
methylene hydrogens of 5b give
different chemical shifts, 1.467
and 1.628 ppm, respectively. This
is ascribed to the presence of an
asymmetric center on C2.
13C NMR Spectra of the Carbanions.
A typical 13C NMR spectrum and
chemical shifts are shown in Fig. 2
and Table 2, respectively. In Fig. 2,
there are 15 signals for a mixture
of 5a and 6a except for two solvent
peaks. One methyl signal is over-
lapped with a more shielded solvent
peak. The carbon species can be
differentiated by the DEPT tech-
nique. The assignment of each peak
is shown in Fig. 2.
IH and 13C NMR Chemical Shifts.
All the *H and 13C except for C2 and
Cj of the carbanions (5 and 6) show
upfield shifts as compared with
those of the starting materials.(1)
These upfield shifts are mainly
Table 2. 13C Chemical Shifts of Re

ascribed to the extra negative
charges on carbons of the carban-
ions.

Since the carbanions have their
stability due to partial delocaliza-
tion of the extra charge into the
phenyl rings, phenyl rings are
necessary for formation of a stable
carbanion. In fact, tetramethyl-
ethylene does not react with a
potassium-sodium alloy in a
similar condition used for the
present study.

The extent of charge delocaliza-
tion can be thus estimated by com-
parison of the *H or 13C NMR chemi-
cal shifts. The *H and 13C chemical
shifts of Hp and Cp of 6a are less
shielded than those of 5a, by about
0.361 and 5.49 ppm, respectively.
These shift differences divided
by 10.7 and 160 ppm, respectively,
gave about 0.034 unit of extra
charge difference on Cp. [8]
Therefore, the chemical shift
difference between Hp or Cp of 6a
and 5a is explained in terms of
their localized excess charges. The
same is true for 6b and 6c in
comparison with 5b and 5c, re-
spectively. The especially large

lated Carbanions and Their Precursors.
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CH3 89.61 147.54
C2H5 88.65 156.93
CH3 80.24 144.30

144.28 118.75 128.90 107.91 —
145.02 118.77 128.81 107.80 14.19 29.45
135.54 105.30 130.75 88.50 12.09

105.47 130.25
93.16 148.38 124.86 128.61 113.40 24.76
97.66 148.25 123.21 128.61 112.11 15.87 29.94
76.36 146.24 118.64 128.59 107.46 19.39

27.07
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difference between 6c and 5c, is
ascribed to the delocalized capacity
for excess charge consisting of only
one phenyl ring. Therefore, Ci of 5c
is more shielded by about 10 ppm
than that of 5a or 5b. The same is
true for Ci and C3 in 6c; they are
more shielded than those in 6a or
6b. Thus the p-orbital of Ci can
conjugate with those in both phenyl
and allyl groups in 6., while that of
5 can only conjugate with phenyl
rings.

For the allyl anions the average
shift of the outer carbons (Ci and
C3) is shielded by about 60 ppm
than that of the center carbon (C2),
as shown in Table 2. This is a char-
acteristic nature of the allyl an-
ions.[12]

Dunkelbium and Brenner reported
on the same carbanion (6a) with
lithium as a counterion.[13]
Although their chemical shifts of
6a were deshielded by about 0.1
ppm, their *H NMR data are consis-
tent with ours in consideration of
different counterion.
Internal Rotations. Three internal
rotations can be considered around
the bonds of Ci to Ci, Ci to C2, and
C2 to C3 for 5 and 6 (these will
hereafter be referred to as rota-
tions A, B, and C). In the *H and 13C
NMR spectra of 5c, two signals for
Ho, Co, Cm, Hm were observed and
their chemical shifts are given in
Tables 1 and 2, respectively. This
is interpreted as a restricted rota-
tion A for the phenyl ring of 5c
even at room temperature. A simi-
lar observation was presented ear-
lier in a methylbenzyl anion.[14] A
chemical shift difference of 0.284
ppm for Ho of 5c is smaller than
that of 0.43 ppm for Ho of methyl-

benzyl anion. The cause of the
shifts cannot be clarified yet; the
shift differences for Ho, Co, Cm,
and Hm changed to 0.284, 0.17,
0.50, and 0.032 ppm. These four
sites are adjacent to each other.
But the values change alternatively.
Therefore the origin of the shift
may not be explained simply. On the
other hand, the internal rotations A
of the phenyl groups of 5a and 5b
were not restricted at room tem-
perature. At lower temperature,
however, the rotation B was inhib-
ited at -60°C for 5b. For 5a the
aromatic carbon signals were sig-
nificantly broadened at -80°C but
were not split. In comparison with
this behavior, however, those aro-
matic carbon signals of 6a and 6b
were observed sharply even at
-80°C. Further study is necessary.

Two Ho signals of 5c at 5.084 and
5.368 ppm were correlated with
two Co signals at 105.30 and
105.47 ppm, respectively, in a 2D
CH COSY spectrum for their assign-
ment purpose. [15] Similarly, two
Hm signals (6.044 and 6.076 ppm)
are correlated with two Cm signals
(130.25 and 130.75 ppm, respec-
tively). Which one of the two Ho's
locates near to methyl or isopropyl
group? NOE of the methyl signal
(1.287 ppm) was observed on the
more shielded Ho signal (ca. 20 %).
Therefore the methyl group on Ci is
nearer to Ho than Ho'. NOE of an-
other methyl signal (0.875 ppm)
was observed on the less shielded
Ho" signal (ca. 10 %).
Condition of Disproportionation
Reaction. The condition can be
discussed in terms of bulkiness of
the substituents. Four groups are
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used as stubstituents on Ci and C2;
namely H, CH3, C2H5, and CeHs. They
are differentiated to have approxi-
mately 1, 2, 3, and 5 A in their di-
ameters as spherical models. For
simplified discussion, we consider
that 2 has bulkier substituents on
Ci than on C2. Thus the C2 site will
be more reactive than the Ci site
for dimerization. In this occasion
discussion will be rather limited to
the bulkiness of substituents on C2.
In cases where substituents are
two C6H5 or one CgHs and one H,
monomer dianions are formed
(Scheme 1). Dimerization of the
radical anion occurs in cases where
the substituents are two hydrogens
or one H and one CH3 (Scheme 2). In
cases where the substituents are
two CH3, disproportionate occurs
(Scheme 3). Therefore bulkiness of
the substituents may control the
progress of the reaction. Two alkyl
groups are large in size for dimer-
ization, and small for dianion for-
mation, and may be suitable for
disproportionation. For dispropor-
tionation reaction, the substituent
must have a hydrogen to be ab-
stracted. One CH3 on C2 of la is
substituted by C2H5 in order to in-
vestigate which hydrogen in two
substituents, either CH3 or C2H5, is
easily abstracted. From analyses of
a mixture of the products, it is
concluded that the hydrogen-leaving
power is about ten times stronger
in CH3 than in C2H5.
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