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In a recent publication2 the mechanism of the reaction of i-arylethyltrimethylammonium ions 

with ethoxide ion in ethanol at 70° was shown to be E2. The transition state for this process 

involved extensive proton transfer to base as exhibited by the observed trend in hydrogen- 

deuterium isotope effects 394,s with variation in para-substituent as well as the observation of 

a positive Hamrnett e value of iC.95. 

In order to gain an insight into the effect of base and solvent on the nature of the trans- 

ition state for an E2 process, we have determined the hydrogen-deuterium isotope effects as well 

as the Hammett rho for reaction of the l-arylethyl salts with t-butoxide in t-butanol at 30" and 

ethoxide ion in EtOH-DMSO mixtures at 70°. These results are shown in the Table along with the 

results obtained previously2 for reaction with ethoxide ion. The effect of a structural change 

on the nature of the transition state was investigated by studying the reaction of 2_substitu- 

ted 9-methylfluorene-9-trimethylammonium ions with ethoxide6 at &Co and the results are shown 

in the Table. 

The effect of solvent in determining the nature of the transition state for the reaction of 

the charged substrate with ethoxide was determined by varying the solvent composition from 100 

vol. $ EtOH to 4Cl vol. $ EtOH-DMSO. It is seen from the results in the Table that, whereas toe 
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rate constant is increased by a factor of 18 for the unsubstituted compound when DMSO is added7, 

the value for kH/kD and h remain essentially constant. The transition state must therefore not 

be appreciably affected by a change in solvent composition or the values of kH/kD and rho are 

insensitive under our particular conditions. It is of interest to note that for reaction of a 

neutral substrate, benzyl nitrate with ethoxide ion in EtOH-DMSO mixtures 
8 
, it was also concluded 

that the transition state geometry was insensitive to changes in solvent composition. 

Substrate x Base/Solvent 

H 

CF3 

H 

H 

CF3 

Br 

EtO-/EtOH 

EtO-/50 vol. $ 
EtOH-DMSO 

Eta-I40 vol. I 
EtOH-DMSO 

t-BuO-/t-BuOH 

EtO-/EtOH 

k,xlO" 

2.14 

2.59 

9.51 

24.8 

109. 

46.1 

30.4 

100. 

14.9 

28.5 

33.5 

us!Y!.z) b 
TOC rho- - 

70 4.353.10 

4.46~.04 + 0.95 

4.843.13 

70 4.22+0.12 
+ 1.03 

4.72+0.14 

70 4.27+0.11 

30 5.68+0.04(4.63)' 

6.39+0.26(5.15p 
+ 0.98 

40 4.21+o.10(3.71)c 

5.66+0.21(4.86)~ + 0.86 

6.17+0.25(5.26)' 

$n 1. mole-' sec.-' %he rho value was obtained by measuring the rate constants for at least 
four substituted compounds.CH D -k /k at 70° talc. from the value obtained at the lower temperature. 

The hydrogen-deuterium isotope effect and rho was determined for the reaction of two 

l-arylethyl ions with t-butoxide in t-butanol at 30". This increase in the strength of the 

abstracting base when one goes from ethoxide ion in ethanol to t-butoxide in t-butanol 9 is reflect- 

ed in the magnitude of the respective rate constants. It is reasonable to conclude that the small 

but significant increase in the magnitude of kH/kD when one changes the abstracting base from 

ethoxide to t-butoxide is a result of a more reactant-like transition state as predicted by Thorn- 

ton 
4 
with the proton more than one-half transferred to base'. However, it is noteworthy that the 

increase in rate 10 when the abstracting base is made stronger has only a minor effect on the magni- 

tude of the isotope effect; i.e. 4.46 (talc.) and 4.63 at 70° for ethoxide and t-butoxide, 
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respectively, for the unsubstituted compound. A similar trend is also observed for the E&F, sub- 

strate. Consequently, it appears that for'this system, the transition state geometry is very 

little affected by a change in the bascity of the reaction medium. Further evidence to support 

this conclusion is that the value for & remains constant for reaction in the two solvent systems. 

The insensitivity of the H/D effect to strength of the abstracting base is particularly signi- 

ficant when it is noted that kH/kD varies to a much greater extent when the para-substituent is 

varied, see Table for results in the two base/solvent systems, although the rate constant is not 

affected to nearly the same degree. For our system, therefore, it appears a change in electron- 

withdrawing or donating ability of the para-substituent of the substrate is much more important in 

determining the structure of the transition state than variation in the strength of the abstracting 

base. 

The effect of a change in structure of the reactant was examined by studying the reaction of 

several 2-substituted 9-methylfluorene-9-trimethylammonium ions with ethoxide in ethanol at &Co. 

The rate constant results, as shown in the Table, show that this reaction is considerably more fac- 

ile than that of the l-arylethyl salts which suggests that the transition state for reaction of the 

fluorenyl compounds has considerably more double-bond character 
11 

since the acidity of the 

e-hydrogen in the two systems is expected to be similar. The value of a, however, remains 

essentially unchanged, The proton is more than one-half transferred to base at the transitionstate 

since the variation in the magnitude of the isotope effects with the Hammett u value of the substi- 

tuents is in accord with prediction 1193 . 

A plot of log (kH/kD)12 at 70" versus the Hammett (7 constants is shown in the Figure for the 

ethoxide promoted reaction of several ring substituted compounds derived from the two substrates 

under discussion. It is noted from the slope of the plots that the effect of substituent on the 

variation in the magnitude of kH/kD is markedly less for reaction of the larylethyl salts than 

for the 9-methylfluorene-9-trimethylammonium ions even though the Hammett r& values are very simi- 

lar. It appears, therefore, that a comparison of hydrogen-deuterium isotope effects in terms of 

the degree of C-H bond weakening is valid only within a particular reaction series 13 . We plan to 

determine the nitrogen isotope effects associated with reaction of the two substrates in various 

base/solvent conditions since the interpretation of this isotope effect is considered to be more 

straightforward than that of the H/D effect, 
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