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The linear free-energy relationships have been examined for 35 SN2 reaction series, including 4 

series of the SN2 reactions of alkyl bromides which rates were measured in these laboratories.

These results have then been treated using the equation,10g(k/k0)=rα, where α is a structural con-

stant for methyl, ethyl, n-propyl, n-butyl, i-propyl, i-butyl, and neopentyl groups and where r is

areaction constant. The α values have been estimated as the arithmetic means of the log kSN2

values of the reaction series examined for each alkyl. The correlation coefricients for is are greater

than 0.960 for all of the reaction series except two. The inapplicability of Taft's polar and

steric substituent constants (σ* and Es)to the SN2 reactivity of these alkyl groups has been

discussed.

Although it is well established1) that the order 
of SN2 reactivity is fairly constant for different 
alkyl-substrates, to our knowledge there have been 
few relevant studies,2) aimed at establishing the 
quantitative correlation of the relative reactivity 
of the alkyl group; Streitwieser2) gave a semi-

quatitative measure of the SN2 reactivity for sev-
eral alkyl derivatives, while Hine3a) and Taft3b) 
have proposed Eq. (1):

(1)

to correlate the SN2 reactivity, where a is a struc-

tural constant dependent on the nature of the 
alkyl group and where r is a reaction constant.
However, the details of the data of the latter two 
authors have not yet been disclosed. 

In this paper the applicability and accuracy 
of linear free-energy relationships have been eval-
uated for a series of alkyl-substrates, i. e., methyl, 
ethyl, n-propyl, n-butyl, i-propyl, i-butyl, and neo-

pentyl derivatives, using Eq. (1). As the structural
constants, corresponding to α in Eq.(1), we chose

the arithmetic means of the logarithms of the rates 

of the alkyl-substrates relative to ethyl, with the 

rate of the latter taken as unity.

TABLE 1. VALUES OF THE REACTION CONSTANT, r, IN THE LINEAR FREE-ENERGY 

RELATIONSHIPS FOR THE STRUCTURAL VARIATION OF ALKYL GROUPS

(log kRX-log kEtx)=r×(log kRX-log kEtx)av.=r× α

*1 Part I: K . Okamoto, H. Kushiro, I. Nitta and
H. Shingu, This Bulletin, 40, 1900 (1967). 

1) L. P. Hammett, "Physical Organic Chemistry,"
McGraw-Hill Co., New York (1940), p. 154.

2) A. Streitwieser, Jr., Chem. Revs., 56, 571 (1956). 
3) a) J. Hine, "Physical Organic Chemistry," 

McGraw-Hill Co., New York (1956), p. 158; b) R. W. 
Taft, Jr., cited in Ref. 2.
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Linear Free-Eaergy Relationships for the

Structural Variation of the Alkyl Groups.

Table 1 presents the results of the estimation of r

values for 35 SN2 reaction series, along with the

correlation coefficients.4) Of the 35 reaction 

series, four reaction series of alkyl bromides, i. e.,

4) H. H. Jaffe, Chem. Revs., 53, 234, 253 (1953).
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the SN2 reactions with sodium methoxide, sodium

phenoxide, dimethylaniline, and pyridine, have 
been measured in these laboratories. The results 
are tabulated in Table 3 (see Experimental Sec-
tion). The γ values listed in Table 1 vary over

the range from 0.4 to 1.5;23 reaction series

among the 35 give γ values greater than 0.9.

The correlation coefficients have been used as a 
measure of the precision of these linear free-energy 
relationships. All of the reaction series except 
two have been found to have correlation coefficients 
greater than 0.960. These findings show that such 
a linear free-energy approximation gives a much
more satisfactory agreement than had been ex-

pected.3) 
The structural constants, calculated using the 

35 reaction series, are shown in Table 2 along with 
the average relative rates of the alkyl system, as 
calculated from 21 reaction series by Streitwieser.2) 
The two series of structural constants show a fairly 
good parallelism. 

The Separation of the Alkyl Reactivity 
Scale into Polar and Steric Parts. We ex-
amined the separation of the alkyl reactivity scale by 
applying Taft's treatment.5) In Fig. 1 the alkyl 
reactivity constants, (log kRx-log kEtx)av. (Table 
2), are plotted against Taft's polar substituent
constant,σ*;5)the gap between the curved line

so obtained and a tangent line, drawn at the point 
representing the methyl group, is treated as the 
steric retardation by these alkyl groups. The plot 
of this steric part, as estimated from the gap in 
Fig. 1, against Taft's steric substituent constant, 
Es,6) gives a curved line (the dotted line A in

Fig.1. Comparison of alkyl reactivity constants

and Taft's σ* values.

Fig. 2. Comparison of alkyl reactivity constants 
and Taft's Es values. 

TABLE 2. ALKYL REACTIVITY CONSTANTS* IN THE 

SN2 reactions

* (log kRX-log kEtBr)av. 
** A. Streitwieser, Jr.2) 

Fig. 2). This indicates that Taft's treatment is 
not satisfactory for the SN2 reactivity scale of the 
alkyl groups. Even if most of the alkyl reactivity 
was only a reflection of the steric factor in SN2 
reactions, the Es value approximation still agrees 

poorly with the observed average reactivity. This 
is shown by the curved line B in Fig. 2. 

Thus, for bimolecular nucleophilic substitution
on a saturated carbon atom, we have need of a 
polar and steric substituent other than Taft's
σ* and Es scales, which were estimated from the

reaction series of an unsaturated carbon system. 
Investigations are under way in search of new 

polar and steric substituent constants applicable 
to the SN2 reactions on a saturated carbon. 

Experimental 

Materials. The reagent-grade alkyl bromides 
(methyl, ethyl, n-propyl, n-butyl, and i-butyl bromide), 
dimethylaniline, and pyridine were purified by frac-
tional distillation. Methanolic sodium methoxide was 
prepared by dissolving metallic sodium into methanol, 
which had been purified by fractional distillation. 
Sodium phenoxide was prepared from sodium ethoxide 
and phenol. The ethanolic solution of the slight excess 
of phenol was mixed with the ethanolic sodium ethoxide.

5) R. W. Taft, Jr., J. Am. Chem. Soc., 75,4231 (1953). 
6) R. W. Taft, Jr., in "Steric Effects in Organic 

Chemistry," ed. by M. S. Newman, John Wiley and
Sons, New York (1956), Chapter 13.



1908 [Vol. 40, No. 8

TABLE 3. SECOND-ORDER RATE CONSTANTS (sec-1 M-1) OF SN2 REACTIONS OF VARIOUS ALKYL BROMIDES
WITH SODIUM METHOXIDE, SODIUM PHENOXIDE, DIMETHYLANILINE AND PYRIDINE

IN METHANOL AT 80.0±0.1℃**

* Extrapolated from the data at lower temperatures 3 .18×10-4 at 24.7℃,4.69×10-3 at

50.05℃,and 2.03×10-2 at 65.0℃ for sodium methoxide;1.44×10-3 at 50.05℃ and

1.76×10-2 at 75.0℃ for sodium phenoxide.

** Initial concentrations were 0 .100m for alkyl bromides, sodium methoxide and sodium 

phenoxide. Initial concentrations for dimethylaniline and pyridine were 0.200 M, except 
the reactions with methyl bromide. In the latter cases the concentrations were 0.100 M.

The sodium phenoxide was filtered, washed with ether, 
and then dried in vacuo to a constant weight at 100-

110℃.

Kinetic Measurements. All the kinetics were

measured at 80.0±0.1℃, except fbr the reactions of

methyl bromide with sodium methoxide and sodium
phenoxide (see Table 3). The sealed ampoule technique 
was used. Each ampoule contained 1.000 cc of an

aliquot of the reaction mixture. The reactions were 
followed by the titration of bromide ions, using the 
Volhard method. The rate data were treated gra-
phically, and a smooth linear relationship was obtained 
for each run. The reactions were followed to at least 
70% completion. Infinity titers, as determined at 
least ninety half-lives, gave reproducible results. The 
results are tabulated in Table 3.


