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The energies required for deprotonation of the substituted benzenes XC6H5 
have been calculated by an ab initio method. The results show that substituent 
effects in base cieavage of XC&t&Me3 compounds (and possibly those in base- 
catalysed hydrogen exchange in substituted benzenes) are consistent with forma- 
tion of the aryl carbanion XC6H.+F in the rate-determining step. 

Studies of solvent isotope effects for cleavages of ary-MMe3 bonds in 
MeOH-MeONa have shown that for M = Sn there is proton transfer Tom 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 [I]. They do not, however, completely rule out the possibility of 
a small degree of electrophilic ksistance even for silicon compounds, and for 
cleavages of XC&&Me, compounds in H,O-Me,SO-KOH [2,3] the effects of 
the substituents X seemed to be more compatible with such assistance [ 33. To 
throw light on this problem, we have carried out ab initio calculation of the 
energy change, Ex - E, on going from XC&H, (Energy = Ex) to XC&&- 
(Energy = Eg). (The energies were derived by minimum basis set (STO-3G) 
ab initio calculations using the Gaussian 70 package 143 and standard geometries 
CSI- 

The results of the calklations are shown in Table I, which includes the values 
of the quantity AK& given by [(EX - Ex) - (EH - ER)],._which is the differ- 
ace between t-he energy of proton abstraction from XC&H5 and that from 
benzene (X = H). The outstanding feature in the present context is the smallness 
of the effects of-p-OMe andp-NH, groups on the deprotonation energy, since it 

*No repxints available. 
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TABLE 1 

CALCULATZD ENERGIES (Ex - EX) (ii a-u) REQU&D FOR CONVERSION OF X&i, &TO -XCiH;- 

X EX-EX -1o’AEcp X E;;-EX -lo3 aE;;= 

o-NO, 0.776 48 K 0.824 0 
m-NO, 0.5 89 35 o-Me Q-824 0 
*NO: 0.7 82 42 m-Me 0.826 -1 
O-Cl O-i95 29. P-Me 0.326 -2 
m-Cl O.EOl 23 o-OMe 0.818 6 

p-cl 0.304 20 m-oMe 0.813 5 
0-F 0.811 13 p-o?& 0.826 -2 

m-F 0.814 10 o-NH, 0.828 4 

XJ-F 0.82C a m-B-H, 0.827 -3 
P-NH, 0.838 -14 

a Vabe of (.Ex - Ex> - (Es - EH ). where EH refers to C, H, . 

was previously argued that these groups, which release electrons strongly by 
resonance effects, would be expected to cause large destabilization of the anions. 
There is in fact, a good linear correlation (corr. co&., 0.978, for 13 points) 
between the values of AEG (the values for m- and p-NH, being assumed to be 
approximately applicable to the corresponding NMe, groups) and those of 
log i&l (kd is the rate constant for XC6H’,SiMeS relative to that for C,H&iMeJ) 
for cleavage of XC6E&SiMe3 compounds in 9/l H,O-Me$O, for which the most 
extensive set of data is available 12-j. We conclude that the substituent effects are 
consist&t 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 AIZ;; do not give a linear correlation with the very rough values 
of log Fzd for hydrogen-exchange of X&H5 compounds in liquid ammonia [6], 
and this is consistent with a mechanism involving electrophilic assistance IS], 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, andp-OMe groups relative to those of other substituents (cf. ref. 3), is 
now compatible with the formation of free carbanions. The substituent effects in 
cleavages of XC&&Me, compounds in MeOH-MeONa [7], in which the. 
p-OMe and p-NMe, groups raise-the reactivity, are fully consistent with the 
mechanism involving &ctrophilic assistance, though with considerable aryl 
anion character in the rate-determining trzgxsition state 133; 

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

C. Eahom zmd G. &con& J. Chem. Sot. Perldn II. (1976) 925. 
J. Cretney zfnd G.J. Wright. J. Organometal. Chem., 28 (1971) 49. 
A.X. Basindale, C. Eabpm, R Taylor. A.R. Thorq+n, J. Cretney and G-J. Wright, J. Chem. Sot. B. 
(1971) 1155: 
W.J. Hehre. W.A. L&ham. R. DitcbfieId. M.D_ Newton axid J-A. PopIe. Program 236. Quantum chemistry 
Program Exchange; Indiana usa.-.. 197i.. 
J.A. Pople and M. Gordon. J. Amer. Chem. Sot.. 89 (1967) 4253. 
A-1..Shatenshtek. Tetrahedron, 13 (1962) 95;G.E. Hall. R. Hixolini z&d J.D. Roberts, J; Amer. &em. 
Sot.. 77 (1953) 4540; G.E. HalI, E.&f. Libby and E-L. Ja&s. J; Org. Chem.; 28 (1963) 311; 
A .Cfr&+d,-& m A f%+icc~ll- RG- T&wler and G-R. Zie@er% J. Amer. Chem. Sot.. &7 (1965) 5399. . __-_..--, __=_a ________ -_. .._ _ 
C. Eabom, H-L. Homfeld and D.R.M. Walton. J. Chem. Sot. B, (1967) 1036. 


