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Primary and secondary kinetic hydrogen isotope effects (k.i.e.s) in the elimination of toluene from the alkoxide of 
I ,2,3-triphenyIpropan-2-01 have been determined and are consistent with rate limiting proton transfer in gas phase 
reaction and with rate limiting carbon-carbon bond cleavage in reaction in dimethyl sulphoxide (DMSO) solution. 

t-Alkoxides may decompose to one or more enolates by net 
elimination of hydrocarbon in both solution and gas phases.1.2 
An ionic mechanism is believed to operate in both cases, 
initiated by collapse of alkoxide to a ketone and carbanion. In 
the gas phase, subsequent proton transfer occurs within the 
ketone-carbanion complex to yield products, while solvent 
has been implicated in the proton transfer events133 in the 
solution reactions. Such fragmentations are important, not 
least, in providing an entry to the branch point for the 
deprotonation and nucleophilic addition pathways in reactions 
of carbanion with ketones, and allow examination of the 
effects of structural and solvent variation. We have recently 
shown that, in dimethyl sulphoxide (DMSO) solution, the 

alkoxide of 1,2,3-triphenylpropan-2-01, ( la) ,  decomposes 
yielding toluene and the enolate of 1,2-diphenylethanone 
(deoxybenzoin) as sole products,3 and we report here a direct 
comparison of its gas phase and solution decompositions using 
the deuteriated derivatives ( lb) ,  (lc), and (Id). As a 
framework for discussion, we adopt the outline mechanism of 
Scheme 1 which recognises our current inability to separate 
proton transfer steps and dissociation of any intermediate 
complexes. 

Reactions in DMSO solution (K+ salts) were conducted 
under reduced pressure and the toluene collected in a cold 
trap. Enolates were converted to methyl ethers by addition of 
dimethyl sulphate to the DMSO solution at completion of the 
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reaction. Products were then analysed for deuterium content 
by mass spectrometry. The data are collected in Table 1. 

The experiments with (la) and (lb) provide a control for 
analytical methods, and confirm that the benzyl anion is not 
protonated by the deoxybenzoin, but by solvent. A similar 
conclusion follows from the formation of [dl]-toluene only 
from reaction of the symmetrically deuteriated (lc). 

Within our mechanistic framework, the ratio of [d+ and 
[do]-enolates from (lc) measures the primary hydrogen kinetic 
isotope affect (k.i.e.) on the deprotonation of the deoxyben- 
zoin, complicated by a (probably small) secondary a-D k.i.e. 
on the proton transfer. The ratio, 2.87, is consistent with the 
unsymmetrical transition structure expected for exothermic 
transfer (21.4 kcal mol-1)4 of proton to dimsyl anion. With the 
unsymmetrically deuteriated (la),  the simplest situation arises 
if k,[SR] >> kc-; then the ratio of [dJ- to [do]-enolates should 
correspond to a secondary a-D k.i.e. on that step, as should 
the ratio of [do]- and [d2]-toluenes. The observed ratios, 1.53 
and 1.39, respectively, overlap within uncertainties associated 
with incomplete deuteriation of substrate and, at 1.23 or 1.18 
per D, are in the range expected for sp3 -+ sp2 rehybridisations 
at a benzylic carbon. Comparison may be made with 
experimental measurements for proton transfer between 
fluorenide anions where the a-D kinetic and equilibrium i.e.s 
are 1.11 and 1.19, respectively.6 Our measurements thus 
support classification of elimination of toluene from the 
alkoxide as a formal El process. 

Deprotonation of (la) by Bu*O- in the source of a mass 
spectrometer7 yielded negative ions at mlz 287 ( M  - 1) and 
195 corresponding to the alkoxide itself and the anticipated 
deoxybenzoin enolate. From available thermochemical data8 
heats of deprotonation from oxygen, benzylic, or aromatic 
carbon in (1) are approximately -4, +4, and +25 kcal mol-1, 
respectively, excluding possible proton abstraction from 
aromatic methine. With (lb), the ions are observed at 291, 
corresponding to the [d4]-alkoxide, and at 196 for the [dJ- 
enolate, showing that the benzylic hydrogens are not lost or 
exchanged in formation of the M-1 anion. 

Measurements were of relative abundances of daughter ions 
from alkoxide parents using BIE linked scans. Those quoted 
and discussed below were of unimolecular metastable 
processes in which the energy of parent ions was minimal.9 

Preliminary investigations of collision induced dissociation of 
the same parents showed no difference in the kinetic isotope 
effects observed. For this reaction, on the instrument used 
(Concept 1s mass spectrometer, Kratos Analytical Ltd.) 
parent ion resolution was sufficient to allow observation of 
daughters from a single isotopomeric parent. The data are also 
collected in Table 1. 

The alkoxide of (lc) yielded fragments at both mlz 195 and 
196. As with the solution experiments, the ratio of these [dl]- 
and [do]-enolates measures the primary hydrogen k.i.e. on the 
proton transfer step. The value obtained, 2.30, is for transfer 
of proton from deoxybenzoin to benzyl anion rather than 
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Scheme 1. Elimination of toluene from 1,2,3-triphenylpropoxide 
(R1, R2 = H or D). 

Table 1. Deuterium incorporation in alkoxides and products from fragmentation in DMSO solution and in the gas phase. 

Solution reaction“ 
D-Label Initial \ Gas reaction 

Reaction content alcohol/% Enolates (dl/do) Toluenes (ddd,) enolates (dl/do) 
100 
91.8 
8.2 

94.5 
4.3 
1.2 
91.1 
4.1 
4.8 

100.0 100.0 100.0 

94.2 100.0 
95.7 5 .O 
4.3 0.8 

72.26 (2.87) 98.6 69.7 (2.30) 
27.74 1.4 30.3 

38.1 
57.2(1.53) 0.9 (1.39) 40.6 (0.68) 
42.8 61 .O 59.4 

a For solution reactions, the k.i.e.s on enolate production are calculated assuming that do-alkoxide yields only do-product, and 
d,-alkoxide yields equal amounts of dl- and do-product. The extreme case ratios, i.e., if the d,-alkoxide yields exclusively do- or 
dl-product are 2.55 and 3.24 for enolates from (lc),  and 1.40 and 1.69 for enolates from (Id). For the toluenes from (Id), we again assume 
that do-alkoxide yields only do-product, and that d,-alkoxide yields either d,- or do-product. 
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OH 

Rl, R2, R3, R4 = H 
Rl, R2, R3, R4 = D 
RI, R3 = H ;  R2, R4 = D 
R1, R2 = H; R3 , R4 = D 

dimsyl and is consistent with the more exothermic (37 kcal 
mol-I) process and fits the pattern of k.i.e.s of 6.0, 2.5, and 
1.6 which have been reported for gas phase transfers of proton 
from acetone to CF3-, Ph-, and CH3- with exothermicities of 
7, 28, and 48 kcal mol-I, respectively.2.10 The behaviour of 
(Id) reveals a dramatic difference between gas and solution 
mechanisms. The observed effect, 0.68, is inverse, and cannot 
be reconciled simply with a secondary a -D k.i.e. on benzyl 
anion formation. If, however, proton transfer is rate limiting, 
and the primary k.i.e. operates against an equilibrium 
secondary a-D i.e. on C - - - C bond cleavage (ca. 1.2 per D 
based on the solution data), ratios close to the observed value 
are to be expected. An intrinsic barrier of -12 kcal mol-1 has 
been suggested” for proton transfer between delocalised 
carbanions. Application of an appropriate version of the 
Marcus relationship12 yields a barrier of -7 kcallmol-l for 
proton transfer within the deoxybenzoin-benzyl anion com- 
plex which sets an upper limit to the barrier to carbon-carbon 
bond formation. The complex itself could be stabilisedl3 by as 
much as 15 kcal mol-I, so that its formation from alkoxide 
may be close to thermoneutral. Data on such negative 
ion-dipole complexes are rare,2 most work having been 
carried out on the positively charged species.13 

Finally, we note that similar measurements on the gas phase 
fragmentation of deuteriated t-butoxide to methane and 
acetone enolate indicate rate limiting C. - -C  bond cleavage.10 
We believe that the change in rate limiting step is associated 

with a higher barrier to proton transfers occurring between 
delocalized carbanionsll in the reaction of (1). 
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