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The rates of exchange of several deuterated hydrocarbons with lithium cyclohexylamide in cyclohexylamine a t 49.9° give 
the following relative rates: toluene-a-i, 1.00; m-xylene-a-d, 0.60; p-xylene-a-d, 0.29; ethylbenzene-a-<2, 0.116; cutnene-
a-d, 0.0079. Because of the electron-donating character of methyl substituents, these results indicate a highly carbanionic 
transition state and provide evidence that such exchange rates are valid measures of the relative acidities of hydrocarbons. 

In the first paper of this series,4 we presented data 
on the kinetics of the proton exchange reaction of 
toluene-a-d with lithium cyclohexylamide in cyclo
hexylamine and showed that the experimental 
techniques developed would give reproducible and 
meaningful rate constants. This system was stud
ied with the hope that the relative rates of the 
exchange reaction for different deuterated hydro
carbons would reflect the relative acidities of these 
compounds. In this paper we test this presump
tion by an examination of the effect of methyl 
groups on the rate of exchange. Methyl groups are 
known to be electron-donating in general and anion-
destabilizing in particular; for example, m- and p-
cresol are 0.81 and 0.54, respectively, as acidic as 
phenol.6 If our exchange rates are measures of 
acidity, we expect methyl substitution to result in 
lower rates; if this general pattern is followed the 
details may then contribute to our understanding of 
carbanions. 

Experimental 
Deuterated Hydrocarbons.—m-Xylene-a-i and ^-xylene-

a-d were prepared from the Grignard reagents of the cor
responding halides and DjO. In such preparations we have 
found that the use of a small amount of EtBr prior to the 
addition of the desired halide removes any residual water and 
gives product of high deuterium content. For example, 
the m-xylene-a-rf prepared in this manner showed 0.96 ± 
0.12 methyl deuterium in the n.m.r. (determination by Mr . 
R. Lawler using a Varian A60 n.m.r. instrument), m-
Methylbenzyl chloride was prepared from m-xylene and sul-
furyl chloride using the procedure of Kharasch and Brown.6 

^-Methylbenzyl bromide was Eastman Kodak Co. white 
label recrystallized from pentane. m-Xylene-a-d had b. 
138°, M25-6D 1.4941 and a C-D stretching band at 4.66 M-
p-Xylent-a-d had b. 137-138°, K235D 1.4932, and a C-D 
stretching band at 4.53 M-

Ethylbenzene-oi-d was prepared by the reduction of a-
phenethyl chloride with lithium aluminum deuteride and 
lithium deuteride as described by Eliel,7-8 b . 135-136°, 
M21D 1.4939, C-D stretching band at 4.57 u with small 
shoulders at 4.45 and 4.65 M-

2-Methoxy-2-phenylpropane was converted to cumyl-
potassium according to Brown, Mighton and Senkus.9 
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Treatment with D2O gave cumene-a-rf, b . 150-152°, 
»M- 6D 1.4882, C-D stretching band at 4.74 ^ with strong 
shoulders at 4.60 and 4.86 M- Extensive deuteration was 
established in the infrared by the virtual absence of intense 
bands at 7.8, 7.9, 9.6 and 10.9 /J. present in cumene. 

The infrared spectra were taken as carbon tetrachloride 
solutions on a Baird double-beam infrared spectrophotom
eter. In all cases, known mixtures were made up with the 
corresponding undeuterated hydrocarbons; Beer's law was 
followed for the C-D stretching intensities. 

Exchange Rates.—The kinetics of the proton exchange 
reactions of the deuterated hydrocarbons with lithium 
cyclohexylamide in cyclohexylamine were conducted in the 
manner of procedure (A) of the preceding paper.4 Semi
log plots of %(D — De) generally gave excellent straight lines. 
An example for ethylbenzene-a-d is given in Fig. 1. The ex
perimental pseudo-first order-rate constants, ktxp, derived 
from such plots are summarized in Table I . 

TABLE I 

PROTON EXCHANGE RATES OP DEUTERATED HYDROCARBONS 

WITH LITHIUM CYCLOHEXYLAMIDE IN CYCLOHEXYLAMINE AT 

49.9° 

I 

Hydrocarbon 

m-Xylene-a-<2 
m-Xylene-a-d 
p-X.ylene.-a-d 
p-Xy\ene-a-d 
Ethylbenzene-a-rf 
Ethylbenzene-a-d 
Ethylbenzene-a-d 
Ethylbenzene-a-ff 
Cumene-a-rf 

Concn. of 
hydro
carbon, 

a, 
mole/1. 

0.48 
.48 
.49 
.48 
.47 
.48 
.69 
.71 
.47 

Formal 
concn. 

of lithium 
cyclohexyl

amide, C, 
mole/1. 

0.044 
.056 
.057 
.042 
.062 
.067 
.055 
.049 
.061 

10» 
&exp, 

sec. ~l 

6.7 
7.4 
3.35 
3.2 
1.21 
1.29 
1.26 
1.20 
0.080 

10'* , 
sec. ~l 

5.2 
5.7 
2.57 
2.46 
1.17 
1.18 
1.12 
1.07 
0.078 

10* kl, 
l./m.-
sec. 

4.0 
4.0 
1.79 
1.90 
0.80 

.78 

.79 

.79 

.053 

Discussion 
The kinetics of each of the present exchanges is 

pseudo-first order. As in the comparable reaction 
with toluene-a-d studied in the preceding paper, 
the rate constants obtained from plots of the ex
perimental data, kexV, must be corrected for the 
back reaction and for the increasing probability 
during reaction that a reacting system can en
counter a deuterium in solvent and end with no net 
reaction. These complications were treated in the 
same manner as with toluene-a-d by a correction 
factor (eq. 8 in ref. 4). The k's so derived are the 
true pseudo-first-order rate constants for the for
ward reaction and are summarized in Table I. 

The kinetics of the exchange of toluene-a-^ with 
lithium cyclohexylamide in cyclohexylamine was 
interpreted with a scheme in which the reactive 
catalyst, monomeric lithium cyclohexylamide, is in 
equilibrium with relatively inert dimer, trimer and 

(9) W. G. Brown, C. J. Mighton and N. Senkus, J. Org. Chem.. S, 
62 (1939). 

p-X.ylene.-a-d
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Fig. l.-
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-Typical kinetic run with [C6H5CHDCH3] = 0.5 M, 
c = 0.063 M. 

higher aggregates.4 The kinetic development gives 
the actual concentration of monomeric lithium 
cyclohexylamide from the formal concentration, 
c, and allows the calculation of second-order rate 
constants, k2 (eq. 16 in ref. 4). We assume the 
correctness of this t reatment and summarize the 
corresponding ^2-values in Table I for the present 
set of compounds. The discussion that follows is 
actually not dependent on this assumption since all 
of the present kinetics were done at similar catalyst 
concentrations. Nevertheless, we find tha t the k-i-
values so derived are highly reproducible. 

The relative rates of the present set of hydrocar
bons are compared with toluene-a-<i in Table I I . 
The effect of methyl substi tuents is clearly to retard 
the reaction, as expected if negative charge is de
veloped at the benzylic position a t the transition 
state. A methyl group is more rate-retarding in the 
^-position than in the m-position, indicating sub
stantial transmission of negative charge in the ring. 
The three points, H, w-methyl and ^-methyl , 
give an excellent Hammet t crp-line with p = 3.2, a 
rather large value substantially in excess of t ha t 
given by phenol dissociations in water, 2.II,1 0 and 

(10) H. H. Taffe, Chem. Revs., 53, 191 (1953). 

indicates further the carbanionic character of the 
transition state. 

The closer proximity of a methyl group a t the 
reacting center would be expected to exert a con
siderably greater electronic effect than a t the p-
position. Yet, ethylbenzene-a-rf is hardly less 
than half as reactive as p -xylene- a-d. Certainly, 
most, if not all, of this diminished reactivity must 
be associated with the increased effectiveness of 
the electron-donating power of the at tached methyl 
group in ethylbenzene-a-rf; we are left, then, with 
ra ther little rate-retardation to be ascribed to any 
steric hindrance to approach of the at tacking 
catalyst a t a secondary ra ther than a primary hy
drogen. We must conclude t ha t methyl groups 

RD1 R 

C6H5CH2 
TO-CH3C6H4CH2 

^ - C H 3 C 6x14 CH2 
C6H6CH(CH3) 

C6H6C(CHs)2 

" Reference 4. 

TABLE II 

10» *2, 
I./m.-sec. 

6.7" 
4.0 
1.85 
0.79 
0.053 

Relative 
rate 

1.00 
0.60 

.29 

.116 

.0079 

ReI. rate 
RH + KND 1 

10° 
(ref. 11) 

1.0 

0.1 
0.03 

attached to the reactive center provide no effective 
steric hindrance in the reaction; the relatively low 
reaction rate of cumene-a-rf with two methyls a t 
the reacting center must then also be largely elec
tronic in origin. Similarly, the small magnitude 
of any remaining effect means t ha t steric inhibition 
of resonance cannot be a ma t t e r of large impor
tance. 

I t is of value to compare these results with those 
of Shatenshtein and Izraelevich11 who examined 
the rate of introduction of deuterium into several 
hydrocarbons with potassium deuterioamide in 
liquid ND 3 . Their relative rates for toluene, 
ethylbenzene and cumene are summarized in 
Table I I ; these values have rather large probable 
errors bu t compare qualitatively with our results. 
This comparison gains added significance from 
Shatenshtein's investigation of comparable ex
change reactions of far more acidic hydrocarbons 
(e.g., fluorene, tr iphenylmethane, etc.) in liquid 
N D 3 without added catalyst.12 The rates of such 
exchanges were found to correlate well with the pK 
values assigned by McEwen 1 3 to these hydrocar
bons. 

We conclude tha t the exchange rates with lith
ium cyclohexylamide in cyclohexylamine provide 
meaningful measures of hydrocarbon acidities. 
We are currently applying the method to a variety 
of additional compounds and hope to report on 
these studies in subsequent publications. 
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