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with the estimate (8.6 eV) yielded by perturbation of isobutylene 
using the procedure reported in studies of silabenzene8 and 1-
silatoluene.9 

The adiabatic ionization potential, reported recently by Gu-
sel'nikov and Nanetkin10 (7.5 ± 0.3 eV), lies below the onset of 
the band in our observed spectra (8.0 eV). Their value could be 
correct if the Frank-Condon factors for formation of the adiabatic 
ionic state are of negligible intensity. Such could be the case if 
the ionic ground state has a perpendicular geometry. The broad 
gross shape of the presently observed photoelectron band is not 
inconsistent with such a geometrical change, but the lack of 
vibrational resolution prevents any definite predictions of the 
nature of the geometric change accompanying ionization. We 
hope the present results may stimulate examination of the ionic 
states of 1 by reliable theoretical methods. 
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organic reactants with solvent.4 Remarkably, diphenylmethane 
under the same conditions yields toluene3 (43%) and another 
product (33%) which we have now definitely identified by inde­
pendent synthesis as 3-benzylbiphenyl5 (eq 1). Phenyl-/?-tolyl-
methane undergoes a completely analogous reaction to yield p-
xylene and 4-methylbenzylbiphenyl. In neither of the latter two 
reaction products could we find a trace of benzene, even with 
14C-ring-labeled diphenylmethane as the starting material (the 
carbon-14 provides a sensitive method for the detection of benzene, 
if it were present). This observation rules out a mechanism 
involving direct fragmentation of the sp3-sp2 bond such as shown 
in eq 3 or 4 followed by attack of Ph- or Ph on diphenylmethane 

Ph,CH, — PhCH7Ph" PhCH,- + Ph-

Ph2CH2 — PhCH2Ph"- — PhCH2- + Ph" 

(3) 

(4) 

to produce 3-benzylbiphenyl, since it would be expected that either 
phenyl radical6 or phenyl anion should react with solvent to 
produce benzene. Further, the highly selective formation of 3-
benzylbiphenyl provides another argument against attack of Ph-
on diphenylmethane, since such attack should produce a mixture 
of the o, m-, and p-biphenyls.7 The mechanism shown in eq 5-8 
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We report here two examples of ipso-aromatic substitution when 
diphenylmethane alone, eq 1, or diphenylmethane plus benzene, 

Ph2CH2 PhCH, ^hCH2-O (D 
Ph 

eq 2, are treated with NaK at O 0C for 3 h in a mixture of glyme 
C6H6 + Ph2CH2 — 

PhCH3 + PhPh + hydrogenated biphenyls (2) 

and triglyme. That the latter reaction is indeed an ipso reaction 
between benzene and diphenylmethane and the biphenyl and 
hydrogenated biphenyls are not produced through dimerization 
of benzene2 was shown by labeling the diphenylmethane with 
carbon-14 (in the phenyl) and demonstrating that the Q 2 products 
obtained from the labeled reactant contain carbon-14. The bi­
phenyl was also labeled when the reaction was carried out with 
benzene-14C and diphenylmethane. 

We demonstrated earlier3 that NaK in glyme-triglyme for 3 
h at O 0C cleaves bibenzyl (water quench) to yield toluene. 
Similarly, 1,2-diphenylpropane yields toluene and ethylbenzene. 
There are other minor products formed by interaction of the 
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.CH2Ph CH2 + 
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PhCH, + H,0 — PhCH, + OH 

PhCH2 (6) 

(7) 

is consistent with all of the facts.8 Another possibility, suggested 
by Professor E. Grovenstein, is dimerization of two radical anions, 
which for convenience can be written in their resonance forms 
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B and C, to yield the dianion E (eq 9), which then loses a benzyl 

9 
CH, 

9 
CH; 

K* 

6 P h &r Ph 

(8) 

B + C 

PhCH PhCH, 

PhCH2 + H- -H 
* PhCH2^Q) (9) 

M P h 

anion to produce the anion F; on loss of a hydride anion F yields 
3-benzylbiphenyl. In both mechanisms the reaction is an ipso-
aromatic substitution, and the leaving group is a benzyl anion.9 

Gerson and Martin10 showed that the diphenylmethane radical 
anion (-70 0C) possesses predominant and equal charges in the 
ortho and meta positions. If we assume a steric effect at the ortho 
position for attack by the radical anion, then the predominant meta 
attack, eq 1 and 6, appears reasonable. 

In order to determine whether we were dealing with an isolated 
case, we repeated the reaction of diphenylmethane with NaK in 
glyme-triglyme (0 0C, 3 h) in the presence of 1.1 molar equiv 
of benzene. We reasoned that the benzene radical anion should 
undergo the ipso reaction with diphenylmethane to yield toluene 
and biphenyl. After being quenched with water, the reaction 
mixture was subjected to GC (and GC/MS) analysis. The molar 
percentages of products for a typical run were toluene 56, biphenyl 
plus the hydrogenated biphenyls" 38, 3-benzylbiphenyl 2, and 
dihydro-3-benzylbiphenyl 6. Forty-eight percent of the di­
phenylmethane was recovered unchanged. The reaction between 
benzene and diphenylmethane can be formulated as an ipso nu-
cleophilic substitution reaction which proceeds through the benzene 
radical anion as shown in eq 10-14. If the initial attack of the 

-CH2Ph [OJ + CH2 ^ H-

H H 

SOLVENT 
1 

• H * 

BIRCH 
REDUCTION 

K* 
+ KH (13) 

PhCH2- + H2O (or solvent) — PhCH3 + "OS (14) 

benzene radical anion on diphenylmethane (eq 10) to form G is 
reversible,12 then the driving force for the reaction could be the 
production of the stable benzyl anion and the phenylcyclo-
hexadienyl radical13 H by fragmentation of G. The Grovenstein 
mechanism2,9 may also be written for the reaction of benzene with 
diphenylmethane and involves the formation of I through the 
intermediates J and K as shown in eq 15; I then follows the same 

\Q}~ + CH2 F* HJLCH2Ph 

6 & 
(15) 

reaction scheme14 (eq 12 and 13) previously postulated for the 
mechanism involving nucleophilic aromatic substitution.15 

In summary, we have observed two cases of ipso-aromatic 
substitution. A choice between alternative mechanisms (e.g., eq 
10 and 11 or eq 15) must await further evidence. 
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The enzymic decarboxylation of pyruvate has been proposed 
to proceed via the enzyme-bound adduct of the substrate with the 
coenzyme thiamin diphosphate (TDP, I) .2"4 This adduct, a-
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