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Summary

The energies required for deprotonation of the substituted benzenes XC¢Hs
have been calculated by an ab initio method. The results show that substituent
effects in base cleavage of XCsH,SiMe; compounds (and possibly those in base-
catalysed hydrogen exchange in substituted benzenes) are consistent with forma-
tion of the aryl carbanion XCgHy ™ in the rate-determining step.

Studies of solvent isotope effects for cleavages of aryl—MMe; bonds in
MeOH—MeONa have shown that for M = Sn there is proton transfer from the
solvent to the aryl group (*‘electrophilic assistance’’) as it separates, while for
M = Si the results are most simply interpreted as involving separation of a free
aryl carbanion [1]. They do not, however, completely rule out the possibility of
a small degree of electrophilic assistance even for silicon compounds, and for
cleavages of XCsH,SiMe; compounds in H,0—Me,SO—KOH [2, 3] the effects of
the substituents X seemed to be more compatible with such assistance [3]. To
throw light on this problem, we have carried out ab initio calculation of the
energy change, Ex — Ey on going from XC¢H; (Energy = Ex) to XCeH,y ™
(Energy = Ex). (The energles were derived by minimum basis set (STO-3G)
ab initio calculatlons using the Gaussian 70 package [4] and standard geometries
[51.

The results of the calculatxons are shown in Table 1, which includes the values
of the quantxty AEY, given by [(EZ x—Ex)-(Fqy 'H — Eg)1, which is the differ-
ence between inhe energy of proton abstraction from XC¢Hs and that from
benzene (X = H). The outstanding feature in the present context is the smallness
of the effects of p-OMe and p-NH, groups on the deprotonation energy, since it

*No reprints available.
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TABLE 1
CALCULAT:ED ENERGIES (E3 — Ex) (in 2.u.) REQUIRED FOR CONVERSION OF XC,H, INTO XC, H,™

x Ex—-Ex  -10°AEx? b4 Ex-Eyx  -10°AELS
o-NO, 0.776 48 H 0.824 o -
m-NO, 0.789- 35 o-Me 0.824 0
p-NO; 0.782 42 m-Me  0.825 -1
o-Cl 0.785 29 p-Me 0.826 -z
m-Cl 0.£01 23 . - 0-OMe -0.818 6
p-Cl 0.804 20 . m-OMe 0.813 5
o-F 0.811 13 p-OMe  0.826 -2
m-F 0.814 10 o-NH, 0.828 -4
p-F 0.82¢° 4 m-NH, 0.827 -3
p-NH, 0.838 ~14

2 value of (E% — Ex) — (Ef — Eg), where Ey refers to C,H,.

was previously argued that these groups, which release electrons strongiy by
resonance effects, would ba expected to cause large destabilization of the anions.
There is in fact, a good linear correlation (corr. coeff., 0.978, for 13 points)
between the values of AEy (the values for m- and p-NH, being assumed to be
approximately applicable to the corresponding NMe, groups) and those of

log Rrel (Brat is the rate constant for XCcH,SiMe; relative to that for CsHgSiMe;)
for cleavage of XCsH,SiMe; compounds in 9/1 H,0—Me,SO, for which the most
extensive set of data is available [2]. We conclude that the substituent effects are
consistent with separation of the free aryl anions, and that there is now no basis
on which to doubt that the cleavages of arylsilicon compounds in MeOH—MeONa
do, indeed, involve free carbanions.

The values of AEy do not give a linear correlation with the very rough values
of log k,q for hydrogen-exchange of XCgH; compounds in liquid ammonia {6],
and this is consistent with a mechanism involving electrophilic assistance [3], but
the uncertainties in the rate data preclude a firm decision; it is noteworthy, how-
ever, that the outstanding feature, viz. the smallness of the deactivating effects of
p-NMe, and p-OMe groups relative to those of other substituents (cf. ref. 3), is
now compatible with the formation of free carbanions. The substituent effectsin
cleavages of XC¢H;SnMe; compounds in MeOH—MeONa [7], in which the.
p-OMe and p-NMe, groups raise the reactivity, are fully consistent with the
mechanism involving electrophilic assistance, though with considerable aryl
anion character in the rate-determining transition state [3]:

A full analysis of the significance of the calculations will be published later. .
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