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Effect of the structure of complex-forming additives on radical
exchange between phenyllithium and bromobenzene

A. P. Bataloy

Scientific- Research Institute of Chemistry, N. 1. Lobachevsky Nizhnii Novgorod State University,
23 prosp. Gagarina, 603600 Nizhnii Novgorod, Russian Federation

Analysis of kinetic data of the effect of alkali-metal and tetramethylammonium. halides
on radical exchange between phenyllithium and bromobenzene allows estimation of their
induction and steric constants. The additive character of the effect on kinetic and activation
parameters of the exchange reaction was established. An equation that describes well the
relation between the reaction parameters and the structure constants of metal halides and

ethers was derived.
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The reactivity of organometallic compounds is mainly
determined by their complexing ability.! Earlier it was
shown that alkali-metal halides MX%—5 and tetramethy-
Jammonium halides Me,NXS affect radical exchange
according to the reaction:

, ke .
CoHsli + CgHBr === HCHLi+ CgHBr. (1)

This effect is based on the formation of PhLi- LiX
(1) complexes (see Ref. 7), which differ in their nu-
cleophilicity n (see Refs. 8, 9) from PhLi. The parame-
ter n, which determines the overall effect of MX on the
rate constant k of reaction (1), says nothing about the
role of other possible effects. Nonetheless, & depends on
the structure of complexes 1 (see Refs. 4, 7) and the
methods of their formation.5’

The discussion of the effect of MX on the course of
reaction (1) in the present work is aimed at differen-
tiation and guantitative evaluation of their structural
features.

Experimental

PhLi was synthesized by the known procedure.! The con-
centration of PhLi and PhBr was 0.1 M. Dry MX were
obtained by calcination in a quartz tube in a flow of the
corresponding HX. In all of the cases, the mole ratio MX/PhLi
was 1.5 In the present work 4C4HsBr was used. The exchange
rate was monitored by following the increase in radioactivity of
14phCOOH isolated after treatment of a reaction mixture with
excess CO,. The experimental procedure has been described
earlier.4

Results and Discussion

The experimental results (see Table 1) show that
MX differ significantly in the character of their effect on
the kinetic and activation parameters of reaction (1).
Thus, LiX inhibit the exchange, while other MX catalyze
it. They also are divided into two groups according to
the effect of the halogen on 4.

The effect of Li, Na, and K halides on & decreases in
the following series: MI > MBr > MCL It can be
hypothesized that complex 1 is formed because p-elec-
trons of a halogen atom use vacant or partially filled
2p-orbitals of Li in organolithium compounds
(OLC).18.11 Therefore, the catalytic effect must increase
with the decrease in the halogen ionization potential,
which is the case for NaX and KX. In the case of LiX,
together with the donor-acceptor bond a second coordi-
nation bond is formed with the transfer of charge from
the potential phenyl anion in PhLi to the Li atom in
LiX, resulting in the closed structure of complex 1.37
This fact agrees with the results of electronographic
studies of the (LiX), structure (see Ref. 12) and the
existence of fast exchange of Li atoms between LiX and
OLC! with the retention of configuration of the latter.
Thus, the cyclic structure of PhLi- LiX not only lowers
its n, but also creates steric hindrance to reaction (1).

The catalytic effect of Rb, Cs, and Me,N halides
decreases in the series;: MCl > MBr > MI, and the rate
constant k of reaction (1) is inversely proportional to the
halide-ion X~ radius » (Fig. 1). This indicates that they
include ionic structures. In this case, the ability of
MX with the same charge of X~ to form complexes 1
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Fig 1. Dependence of rate constant of the radical exchange
between PhLi and PhBr in diethyl ether in the presence of MX
at 298 K on halogen ion radius. M = Rb (I); Cs (2);
MeyN (3).

must increase with the decrease in r (see Fig. 1).
For RyN*X™, k is independent of the size of R (see
Ref. 6). The inverse proportionality coefficient increases
in the series RbX < CsX <« MeyNX. This suggests that
RbX and CsX in ethereal solution exist as an equilib-
rium mixture of ionic and covalent structures.

Complex formation finally results in a change in
Li—C bond polarity irrespective of its structure and the
mode of its formation. Also, there is no complete sepa-
ration of charge either in the complex or in the transi-
tion state of reaction (1), and the Li—C bond retains
its covalent nature. Consequently, the transmission of
electron influence during complexing and the course of
reaction (1) proceeds by an inductive mechanism. This
altogether makes it necessary to evaluate the induction
o* and steric £ constants for MX.

Earlier the effect of MX3? and ethers®!5 on the
reaction (1) rate constant k£ was expressed by the param-
eter n. A linear dependence log k£ = f{n) was established
for both kinds of complexing agents. Analysis of
experimental data shows that this dependence is also
observed quite well (» = 0.998) when all of the data
obtained are processed together (Fig. 2). This fact testi-
fies in favor of a single complexation mechanism, allow-
ing one to consider ethers and MX as Lewis bases with
respect to PhLi as a Lewis acid.

Table 1. Kinetic and activation parameters of the radical exchange reaction between PhLi and PhBr in ethers in the presence of

MX at 298 K
Solvent MX k+103/L- (mol - s)~! n AG*/kJ - mol™! AAG /K] - mol™! —g* —EJ
t+~-BME — 0.1 —1.621 102.3 -9.3 0.278 3.738
PT — 1.9 —-1.190 99.8 —6.8 —0.040 2.130
AS — 3.0 —0.990 98.6 -5.6 —0.110 1.700
DBE — 9.3 —0.496 95.8 -2.8 0.250 2.794
DPE — 204 -0.157 939 -0.9 0.241 2.507
DO — 334.0 1.058 89.0 . 4.0 0.150 1.200
THF — 1603.0 1.738 83.1 99 0.194 0.915
DEE — 29.3 0.000 93.0 0.0 0.237 2.375
The same LiCl 25.7 —0.057 933 —0.3 0.239 2.423
» LiBr 16.0 —-0.263 94.5 -1.5 0.244 2.596
» Lil 134 —0.340 95.0 2.0 0.246 2.660
» NaCl 35.8 0.087 92.5 0.5 0.235 2.302
» NaBr 40.8 0.144 92.2 0.8 0.234 2.254
» Nal 51.0 0.240 91.6 1.4 0.231 2.173
» KCi 39.0 0.133 92.2 0.8 0.234 2.263
» KBr 50.9 0.240 91.6 1.4 0.231 2.173
» KI 54.7 0.266 91.5 1.5 0.230 2.149
» RbCi 75.5 0.411 90.7 2.3 0.227 2.030
» RbBr 62.8 0.331 91.1 1.9 0.229 2.097
» Rbl 50.1 0.233 91.7 1.3 0.231 2.180
» CsCl 95.8 0.513 90.1 2.9 0.224 1.943
» CsBr 81.3 0.443 90.5 2.5 0.226 2.003
» Csl 60.3 0.314 91.2 1.8 0.230 2.112
» Me,4NC1 431.0 1.168 86.3 6.7 0.208 1.394
» MeyNBr 162.5 0.744 88.8 4.2 0.219 1.750
» MeyNI1 35.1 0.079 92.5 0.5 0.235 2.309

Note. -BME, tert-butyl methyl ether; PT, phenetole; AS, anisole; DBE, dibutyl ether; DPE, dipropyl ether; DO, dioxane;

THF, tetrahydrofuran; DEE, diethyl ether.
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Fig. 2. Dependence of the logarithm of rate constant of the
radical exchange between PhLi and PhBr at 298 K on the
nucleophilicity of ethers (I) and MX (2).

It follows from Table 1 and Fig. 2 that the interval
of variation of k and » for ethers is sufficiently large. The
values of £k and »n for MX fall inside this interval. The
effect of the structure of ethers on the parameters of
reaction (1) has been established before.15 Analysis of
experimental data reveals that for some of the ethers
monoparametric dependences are observed, which can
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Fig. 3. Dependence of log k—ayc* (I) and n—a;c* (1I) for the
radical exchange reaction between PhLi and PhBr at 298 K on
EJS-constants of ethers (/) and MX (2).

be described by the equations

5953 + 39.974c* )

0
= —0.707 + 1.19E, 3)
r=0.999.

logk =

A single mechanism of interaction of ethers and MX
with PhLi, together with the existence of a linear de-
pendence for all the experimental data (see Fig. 2)
makes it possible to calculate the values of * and EJ for
MX using Egs. (2) and (3) respectively (see Table 1).

The donor-acceptor nature of the bond in complexes
1 implies that the donor ability of MX must increase as
—c* increases, thus providing the increase in &.
However, it follows from the table that the LiX with the
highest —o* constants have the lowest observed k values
for all of the MX. This is associated with the steric
effects in PhLi - LiX caused by their cyclic structure. For
NaX and KX, the o* values are virtually unchanged. The
decrease in EJ caused by the open structure of com-
plexes 1 results in an increase in k on going from
chlorides to iodides.

The values of * for RbX, CsX, and MeyNX have a
tendency to increase on going from chlorides to iodides,
which had to be accompanied by an increase in k.
Nonetheless, the presence in their structure of the ionic
component, whose donor ability depends on the radius
of X~ (see Fig. 1), stresses the role of steric effects in
the formation of complex 1 and in its reactivity. It is
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Fig. 4. Dependence of AG*—a,E® (I) and AAGK——azES‘) (11)
for the radical exchange reaction between PhLi and PhBr at
298 K on o¢*-constants of ethers (1) and MX (2).
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especially typical of Me,N*X~ , which exist in ethereal
solutions as ion pairs. The slight increase in ¢* on going
from chlorides to iodides is accompanied by a 1.7-fold
increase of EQ, thus resulting in the decrease in k by
more than an order of magnitude.

Multiple correlation analysis!® of the complete set of
data (see Table 1) showed that the cooperative effect of
steric and induction factors on the course of reaction (1)
is described by equation

f=ag + a* + ayEP “)

with the parameters shown below

f ay  Sg a Say a Say R
log k —1.637 0.01 —5.481 0.026 1.346 0.006 0.999
n 1.896 0.01 —5.484 0.025 1.346 0.006 0.999
AG* 82.8 0.44 31.21 1.098-7.413 0.267 0.9%4
/kJ - mol™!

AAG, —10.17 044 3121 1.098—-7.413 0.267 0.994
/k3 - mol™!

The coefficients a; practically do not differ from the
respective values for ethers,!5 once more confirming the
assumption that type (1) reactions in the presence of the
ethers investigated and MX salts constitute a single
reaction series.

The separate influence of the induction and steric
effects of ethers and MX is clearly shown in Figs. 3
and 4. A monoparametric dependence of f—a;c* and
f—a,E® on o* is observed. The pairwise correlation
parameters have the same values as in the case of
multiple correlation, thus confirming the additive nature
of the effect of steric and induction factors on the course
of reaction (1).

Thus the set of ethers and alkaline metal and
tetramethylammonium halides made it possible to iden-
tify and quantitatively characterize the effect of their
structural factors on the reactivity of phenyllithium in its
radical exchange reaction with bromobenzene.
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