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In an earlier paper of this series, we presented clear evidence for methyl 

participation in acetolysis of neopentyl p-nitrobenzenesulfonate (1).2 

(CH3)3CCH20S02C6H4N02-p 1 

The positive carbon-14 kinetic isotope effect observed for the methyl labeled 

compound l-y- 14C confirmed that the bonding of this carbon is changing at the 

transition state of the rate-determining ionization of the reaction. As the 

observation seemed important for the future application of the carbon isotope 

effect to the u-participation problem, we decided to explore the accuracy and 

the nature of this isotope effect. 

First, the measurement of the carbon-14 isotope effect in acetolysis of 

l-y- "C at 100 'C was thoroughly repeated by another person using another lot 

of the ester in freshly purified acetic acid. The result, k"/k14=1 041tO 006 

was in fair agreement with the original value, k'2/k14=1.050f0.003. 3' . ' 

In calculation of these isotope effects, the linear regression method 

using Eq. 1 was applied, in which x is the fraction of reaction, and A 
0 
and 

log Ax = log A0 -1/3[1- (k'4/k12)]log(1-~:) (1) 

AX 
are the specific activities of the recovered esters at I= 0 and x=x, 

respectively. The factor, l/3, corresponds to the assumption that only one of 

the three methyl groups has an isotope effect and the other two have no effect. 

It is apparent that errors inherent in the isotope effects calculated 

by use of Eq. 1 are three times as large as those in the usual cases when 

one particular carbon is labeled with carbon-14 and Eq. 2 is applied. 

log Ax = log A0 - [l- (k"/k12)llog(1-x) (2) 

Furthermore, the correlation of the changes in the observed radioactivity to 

the isotope effect of only one methyl group is not self-evident. Although 
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secondary isotope effects of significant magnitude by carbon have been rarely 

reported, 
4 

there is a fair chance that the overlapping of secondary effects 

by three methyl groups may cause the observed isotope effects. Mathematically, 

a 1% effect each by three methyl groups or a 1.5% effect each by two non- 

migrating methyls could make a 3% kinetic isotope effect as well. 

In order to explore the uncertainties mentioned above, it is desirable 

to investigate the angular dependence of the isotope effect in a system in 

which only one particular methyl group can migrate. 2-Methyl-2-adamantylmethyl 

system (2) seemed a good candidate for the purpose. 
5 

R 2a : R=CH3, L=H 

CL20S02C6H4Br-p b : R= 14CH3, L=H 

c: R=CD3, L=H 

d: R=CH3, L=D 

Unbuffered acetolysis of 2a at 100 OC gave almost exclusively an olefin 

(a 92+2% yield) contaminated with a small amount of an acetate (ea. 2%) after 

eight half-lives. Elemental analysis, and carbon and. proton NMR, IR, and Mass 

spectroscopic analyses confirmed the structure of the olefin as ethylidene- 

adamantane (3).6 The acetate was also identified as 1-(2-adamantyljethyl 

acetate (4). A control experiment showed that 3 afforded 4 gradually under 

the reaction conditions. No other product with the original neopentyl moiety 

nor with rearranged homoadamantyl structure was detected. Addition of sodium 

acetate did not alter the mode of the reaction. The course of the reaction 

is as shown below. Thus the reaction is an ideal model of the neopentyl 

solvolysis in which only a particular methyl group can migrate and the other 

two are inhibited from migration. 

+ CH2CH3 m 

CH(OAc)CH3 
H 

4 

Kinetics and radioassays for acetolysis of 2 were carried out according 

to the procedures described before. 
7 The carbon-14 isotope effect for 2b was 

calculated by use of Eq. 2. Results are summarized in Table 1. Data on 

acetolysis of 1 are included also for comparison. The y-deuterium effect (dg) 
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than hydrogen. 
9 

However, the distinct angular dependence of both the carbon 

and deuterium effects indicates the operation of other mechanisms. This 

angular dependence is in accord with the nature of hyperconjugation. Although 

the operation of C-C hyperconjugation can not be denied, theoretical estimation 

of secondary isotope effects shows that the decrease of a C-C stretching force 

constant by a factor of two, which seems too large a variation for hyperconju- 

qation, can only produce 2.3% of the carbon-14 isotope effect. 
10 

Bridging 

of a particular methyl group is the only factor in accordance with both the 

angular dependence of the carbon and deuterium effects and the considerable 

magnitude (cu. 4%) of the carbon effect. Bridging and hyperconjugation are 

not necessarily alternative, but may cooperate together as the driving force 

of the reaction. 
11 

In conclusion, C-C o-participation in the neopentyl solvolysis must 

involve a bridged structure in its transition state. Furthermore, the carbon 

isotope effect is verified to be an excellent tool to explore the a-partici- 

pation, as it is insensitive to the inductive effect. 
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