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PK11. However, additional causes for a pH-dependent V/ K isotope 
effect exist, whose complexities lie beyond the scope of the present 
discussion. 

A clear distinction between protonating mechanisms is estab
lished if isotopic discrimination is dependent upon the concen
tration of substrates. What remains is whether one can identify 
the nature of the participating group. In the presence of shielding, 
what portion of the commitment factors suppresses the intra
molecular component of isotopic discrimination at high concen
trations of substrate will be uncertain. Maximal values of shielded 
isotopic discrimination may be calculated from eq 18 and 19 after 
first determining the intrinsic isotope effect through a comparison 

of deuterium and tritium isotope effects on VjKP Because the 
commitment factors governing the VjK isotope effect are at least 
as great as those governing intramolecular isotopic discrimination 
(compare eq 22 to eq 20), minimal values may also be calculated, 
by substituting the VjK effect for the intrinsic in eq 18 and 19. 
If isotopic discrimination is less than both minima, the group is 
monoprotic, if less than the triprotic minimum, it is either a 
shielded diprotic or a partially shielded monoprotic, if less than 
the triprotic maximum, all three groups are candidates at various 
levels of shielding, and if greater than the triprotic maximum, then 
proton transfer is mediated by an unknown group which cannot 
be fully shielded from exchange with solvent. 
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The properties of alkenes and arenes containing trigonal silicon 
atoms have attracted the recent attention of both experimentalists' 
and theoreticians.2 This interest derives, in part, from the fact 
that such compounds are not isolable in the ordinary sense. 
1,1-Dimethylsilaethylene (1) is such a compound, and we presently 
wish to report our observation of the first band of its photoelectron 
spectrum. 

The instrument used here was designed3 to allow chemical 
studies on the same samples that give rise to the observed spectra 
and to permit variable distance between generating reaction and 
photoionization [He I, 584 A]. Figure 1 summarizes our transient 
photoelectron (TPE) spectral results on the pyrolysis of 1,1-di-
methylsilacyclobutane (2, Scheme I).4 

The lower trace shows the PE spectrum of the precursor 2. The 
middle trace shows the spectrum observed at a pyrolysis tem
perature of 650 0C and a flight distance from furnace tip to 
photoionization chamber of 30 cm. This spectrum shows the 
presence of ethylene, indicating the cracking reaction has pro
ceeded. The main product, under these conditions, is a polymeric 
oil4 which coats the 40-cm zone between furnace and cold trap 
(10 cm downstream from photoionization chamber). The upper 
trace of Figure 1 shows the spectrum obtained with the furnace 
(720 0C) tip located 5 mm from the center of the photoionization 
chamber. The new band at 8.3 eV can be assigned to the first 
ionization state of I.5 

The mass spectrum of the volatile fraction of material collected 
on the cold (liquid N2) trap, while the middle spectrum was 
recorded, showed the presence of the symmetrical dimer (3, m/z 
144, 129). When water was injected into the photoionization 
chamber, immediately downstream from the furnace, the 8.3-eV 
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photoelectron band disappeared. The mass spectrum of the volatile 
fraction of material collected on the cold trap when water was 
present showed new peaks, indicating the formation of ether (4) 
\mjz 147; 4 - CH3)/ The result strongly supports the assignment 
of the 8.3-eV band as the first ionization of 1. 

The presently observed lowest vertical ionization potential is 
not in very good agreement with the empirically corrected STO- 3G 
Koopmans theorem7 value (7.53 eV). It is in better agreement 
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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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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 

(4) In addition to toluene (85%), bibenzyl yielded311% of a second product 
which has now been identified (1H, 13C NMR) as 1,2-diphenylbutane. 
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