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Abstract: Correlation of eight sets of rate constants for base-catalyzed hydrolysis of XCO,R, where X is alkyl with the equa-
tion, log kx = agix + Borx + Yvx + A, shows that electrical effects of alkyl groups are unimportant in this reaction, Corre-
lation of 13 sets of rate constants for XCO3R, where R is alkyl with the equation, log kx = ysvx + k, gave excellent results.
Comparison of the ¥ values with the Y4 values previously obtained shows that the basic assumption of Taft in his separation
of polar and steric effects is unwarranted; it is at best an approximation. It has also been shown that the o* values for alkyl
groups are actually related to the v steric parameters by the equation, c*x = mvx + ¢, and that the electrical effects of alkyl
groups certainly with respect to base-catalyzed ester hydrolysis are essentially constant.

In his separation of polar and steric effects, Taft! makes
the assumption that the steric effect upon the esterification
of carboxylic acids or the acid-catalyzed hydrolysis of their
esters is of the same magnitude as the steric effect upon the
base-catalyzed hydrolysis of the esters. This assumption is
basic to the Taft separation of electrical and steric effects.
Its verification is of the greatest significance. Previous ef-
forts at solving this problem have been reviewed in detail by
Shorter.2 We may represent the acid-catalyzed hydrolysis
or esterification of carboxylic acids which has been shown
to depend only upon the steric effect of substituents? as

log kx = Yavx + ha (H
The effect of substituents on the base-catalyzed hydrolysis
of esters can be represented by eq 2. In these equations, v is
a steric parameter related to the Van der Waals radius of
X, while | and or are measures of the localized and delo-
calized electrical effects of the group X. What we wish to
determine then, is whether ¥4 is equal to ¥ . If they are not
significantly different, the Taft assumption is justified

Table 1. Data used in Correlations

whereas, if they are significantly different, the Taft as-
sumption must be in error. To test the assumption, it is nec-
essary to determine values of YA and ¥g. Values of 4 are
available from our previous work;? values of yp are deter-
mined here. We first examine the application of eq 2 to var-
ious sets of base-catalyzed hydrolysis of esters. In the sets
studied, which are reported in Table I, only alkyl substitu-
ents are present. Results of the correlations with eq 2 are set
forth in Table II. Values of o) are taken from our collec-
tion.* Values of or were obtained from eq 3. The necessary
ap values are from McDaniel and Brown.> Values of v are
from our previous work. The Et;CH substituents in sets 1-3
and 6-8 were excluded from the correlations with eq 2 as a;
and or constants were not available for this substituent.
Lack of availability of substituent constants also prevented
the correlation of sets 9-13 with eq 2.

log kx = agix + Borx + Ypvx + kB 2)
OR = 0p— g1 3)

Inspection of the results in Table II reveals that « and 8

1 10%, XCO,Et + OH~ in 70% v/v MeAc—H,0 at 24,8°@
Me, 4.65; Et, 2.20; Pr, 0.881; Bu, 0.659; BuCH,CH,, 0.608;
i-Pr, 0.550; i-PrCH,, 0.218; t-Bu, 0.0223; Et,CH, 0.0083
2 10%, XCO,Et + OH™ in 70% v/v MeAc—H,0 at 35°2
Me, 8.22; Et, 4.06; Pr, 1.68; Bu, 1.33; BuCH,CH,, 1.19; i-Pr,
1.03; i-PrCH,, 0.450; 1-Bu, 0.0456; Et,CH, 0.0184
3 10%, XCO,Et + OH™ in 70% v/v MeAc—H,0 at 44.7°4
Me, 13.5; Et, 6.83; Pr, 2.99; Bu, 2.45; BuCH,CH,, 2.21; /-Pr,
1.80; i-PrCH,, 0.863; t-Bu, 0.0874; Et,CH, 0.0371
4 k, XCO,CH,Ph+ OH™in 56% w/w MeAc—H,0 at 25°b
H, 25.83; Me, 0.06960; Et, 0.03428; Pr, 0.01774; Bu, 0.01370;
iPrCH,, 0.004457; BuCH,, 0.01143; BuCH,CH,CH,,
0.01125
5 k,XCO,Me + OH™ in 40% dioxane—water at 35°¢
Me, 19.3; Et, 14.7; Pr, 7.44; i-Pr, 5.23; Bu, 5.96; i-PrCH,, 2.12;
s-Bu, 1.49; t-Bu, 0.676
6 10%, XCO,Et + OH™ in 85% w/w EtOH-H,0 at 25°¢
Me, 6.21; Et, 3.63; Pr, 1.72; i-Pr, 0.801; Bu, 1.92; /-PrCH,,
0.427; s-Bu, 0.308; ¢-Bu, 0.0254; BuCH,, 2.07; Et,CH,
0.0157; BuCH,CH,, 1.79; BuCH,CH,CH,, 1.84
7 10%, XCO,Et + OH~ in 85% w/w EtOH—H,0 at 35°¢
Me, 13.6; Et, 8.31; Pr, 3.94; i-Pr, 1.84; Bu, 4.42; i-PrCH,, 1.02;
s-Bu, 0.735; #-Bu, 0.0635; BuCH,, 4.81; Et,CH, 0.0409;
BuCH,CH,, 4.06; BuCH,CH,CH,, 4.30

8 10%, XCO,Et+ OH™ in 85% w/w EtOH-H,0 at 50°¢
Me, 38.7; Et, 24.7; Pr, 12.2; i-Pr, 5.72; Bu, 13.3; i-PrCH,, 3.34;
s-Bu, 2.36; t-Bu, 0.241; BuCH,, 14.5; Et,CH, 0.154;
BuCH,CH,, 12.7; BuCH,CH,CH,, 13.3
9 10%, XCO,Et + OH™ in 85% w/w EtOH—H,0 at 25°¢
Ph(CH,),, 2.69; Ph(CH,),, 2.28; ¢-C,H,,CH,, 0.509; i-PrCH -
CH,, 1.86;s-BuCH,, 0.411; Et,CH, 0.0154; Pr,CH, 0.0106;
Bu,CH, 0.0100; Me, 6.92; Et, 3.55; Pr, 1.83; ¢-CH,,, 0.360
10 10%, XCO,Et + OH™ in 85% w/w EtOH-H,0 at 35°¢
Ph(CH,),, 6.19; Ph(CH),, 5.21; ¢-C,H, ,CH,, 1.20; i-PrCH,CH,,
4.31; s-BuCH,, 0.963; Et,CH, 0.0384; Pr,CH, 0.0282;
Bu,CH, 0.0255; Pr, 4.25; ¢-C,H,,, 0.848
11 10%, XCO,Et + OH™ in 85% w/w EtOH—H,0 at 45°¢
Ph(CH,),, 13.2; Ph(CH,),, 11.3; c-C,H,,CH,, 2.66; i-PrCH,CH,,
9.04; s-BuCH,, 2.20; Et,CH, 0.0968; Pr,CH, 0.0656; Bu,CH,
0.0635; Pr, 9.18; ¢-C.H, ,, 1.92
12 10%, XCO,Et + OH™ in 85% w/w EtOH-H,0 at 55°¢
Ph(CH,),, 26.8; Ph(CH,),, 21.9; ¢-C,H,,CH,, 5.65; -PrCH,CH,,
18.9; s-BuCH,, 4.65; Et,CH, 0.215; Pr,CH, 0.154; Bu,CH,
0.153; Pr, 19.0; c-C,H, , 4.03
13k, XCO,Et+ OH™ in 87.8% w/w EtOH—H,0 at 30°F
Bu(CH,),, 0.134; i-Pr, 0.0483; t-Bu, 0.00505; Me, 0.481; Et,
0.226; Pr, 0.132; Bu, 0.126; BuCH,, 0.131

a@G. Davies and D. P. Evans, J. Chem. Soc., 339 (1940). bE. Tommila, Ann. Acad. Sci. Fenn. Ser. A, 59, 3-22 (1942). <C. K. Hancock, E.
A. Meyers, and B. J. Yager, J. Am. Chem. Soc., 83, 4211 (1961). 4D. P. Evans, 1. J. Gordon, and H. B. Watson, J. Chem. Soc., 1439 (1938).
€¢H. A. Smith and R. Myers, J. Am. Chem. Soc., 64,2362 (1942); H. S. Levenson and H. A. Smith, ibid., 62, 1556, 2324 (1940); H. A. Smith
and H. S. Levenson, ibid., 61, 1172 (1939); 62, 2733 (1940). K. Kindler, Ber., 69B, 2792 (1936); Ann., 452,90 (1927).
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Table 11. Results of Correlations with Equation 2

Set o 8 ¥ h ra Fb iy i€ rys€
1 -2.29 4.70 -2.89 2.41 0.985 43418 0.495 0.367 0.158
2 -1.79 4.72 -2.80 2.65 0.986 46.378 0.495 0.367 0.158
3 -1.09 4.52 -2.70 2.83 0.986 46.678 0.495 0.367 0.158
4 -1.34 10.7 -2.98 1.38 0.993 96.201 0.897¢ 0.581 0.762!
5 4.50 -4.22 -1.93 1.94 0.983 49.15f 0.287 0.228 0.0845
6 2.03 3.55 -2.96 2.80 0.982 62.82f 0.578 0.166 0.054
7 1.75 3.76 -2.90 3.14 0.982 61.53/ 0.578 0.166 0.054
8 1.43 3.53 -2.76 3.48 0.981 60.52f 0.578 0.166 0.054

Set Sestd 54 sgd sy4 spd ne

1 0.158 5.27p 4.580 0.273f 0.482~ 8

2 0.149 4.97p 4310 0.2577 0.454h 8

3 0.144 4.804 4.170 0.2497 0.439h 8

4 0.183 9.134 5.26n 0.409% 0.180% 8

5 0.122 1.52% 2.52n 0.187 0.336n 9

6 0.148 4.37p 3.960 0.2257 0.422f 11

7 0.146 4.320 3.910 0.222f 0.4177 11

8 0.140 4.15p 3.750 0.2137 0.400/ 11

aMultiple correlation coefficient. DF test for significance of regression. Superscripts indicate confidence levels, ¢Partial correlation coeffi-
cient of of.on oR, 0] on v, o on v. dStandard errors of the estimate, «, 8, ¢, and /. Superscripts indicate confidence level of “‘Student t”
test. €Number of points in the set. /99.9% confidence level (CL). £99.5% CL.799.0% CL.?98.0% CL./97.5% CL. ¥95.0% CL.?90.0% CL.
m<90% CL. #80.0% CL.950% CL. P20% CL. 9 <20.0% CL. The confidence level of the partial correlation coefficients is less than 90% un-
less otherwise indicated.

Table 111. Results of Correlation with Equation 4

Set v h ra Fb SestC s\pC Sh¢ nd
1 -2.65 1.80 0.987 262.3¢ 0.153 0.164¢ 0.149¢ 9

2 -2.57 2.03 0.987 262.6¢€ 0.149 0.159¢ 0.144€ 9

3 -2.50 2.22 0.987 264.5¢ 0.144 0.154¢ 0.139¢ 9

4 -4.10 1.09 0.968 90.64¢€ 0.319 0.430¢ 0.283f 8

5 -1.98 2.23 0.992 387.9¢ 0.0666 0.100¢ 0.0842¢ 8

6 -2.72 2.15 0.982 271.7¢ 0.161 0.165¢ 0.146¢ 12

7 -2.66 2.46 0.981 261.1¢ 0.160 0.164¢ 0.145¢ 12

8 -2.53 2.86 0.982 266.5¢ 0.151 0.155¢ 0.137¢ 12

9 -2.63 2.13 0.993 692.6¢ 0.129 0.0999¢ 0.101e 12
10 -2.58 245 0.992 477.7¢ 0.133 0.118¢ 0.127¢ 10
11 -2.51 2.74 0.991 463.4¢ 0.131 0.117¢ 0.126¢ 10
12 —2.44 2.99 0.992 466.6¢ 0.127 0.113¢ 0.122¢ 10
13 -2.61 0.880 0.984 178.0¢ 0.115 0.196¢ 0.148¢ 8

aCorrelation coefficient. & F test for significance of the correlation. ¢ Standard errors of the estimate, y, and 4. d Number of points in the
set. €99.9% CL (confidence level). £ 99.0% CL.

Table 1V. Solvents and Temperatures for the Comparison of y 5 and ¥ g?

Acidic Hydrolysis Basic Hydrolysis
System Solvent T Solvent T Set
A 70% v/v MeAc—H,0 24.8 70% v/v MeAc—H,0 24.8 1
B 70% v/v MeAc—H,0 35 70% v/v MeAc—H,0 35 2
C 70% v/v MeAc—H,0 44.7 70% v/v MeAc—H,0 44.7 3
D 70% v/v MeAc-H,0 25 70% v/v MeAc—H,0 24.8 1
E 60% MeAc-H,0 25 56% w/w MeAc—H,0 25 4
F, EtOH 25 85% w/w EtOH-H,,0 25 6
F, EtOH 25 85% w/w EtOH-H,0 25 9
G, 60% v/v EtOH-H,0 24.86 85% w/w EtOH-H,0 25 6
G, 60% v/v EtOH-H,0 24.86 85% w/w EtOH-H,0 25 9

2 The substrate is XCO,Et unless otherwise noted. 1n system E, in basic hydrolysis, the substrate is XCO,CH,Ph and, in systems F, F,,
in acidic hydrolysis, the substrate is XCO,H.

Table V. Comparison of y 5 and y g

System YA SN U Syp Ay A g na ng
A -2.06 0.0784 -2.65 0.164 -0.59 7.5264 3.5980 9 9
B -1.98 0.0770 -2.57 0.159 -0.59 7.6624 3.711% 9 9
C -1.82 0.0743 -2.50 0.154 —-0.68 9.1524 4.416b 9 9
D -2.49 0.112 ~-2.65 0.164 -0.16 1.429¢ 0.9764 11 9
E -2.36 0.0522 -4.10 0.430 -1.74 33.33a 4.0470 4 8
F, —2.48 0.0705 -2.72 0.165 -0.24 3.404c¢ 1.455¢ 3 12
F, -2.48 0.0705 -2.63 0.0999 -0.15 2.1284 1.502¢ 3 12
G, -1.12 0.155 -2.72 0.165 -1.60 10.32¢ 9.6974 3 12
G, -1.12 0.155 -2.63 0.0999 -1.351 9.742¢ 15.114 3 12

a Superscripts indicate confidence levels of “‘Student t” tests for the significance of the difference between ¥ 5 and yg. 299.9% CL.
b99.0% CL. € 80% CL. 950% CL. € 90.0% CL.
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are generally not significant for these sets. We have there-
fore correlated the data with the modified Taft equation (eq
4). Results for these correlations are given in Table III. All
of the sets studied gave excellent results; correlations were
significant at the 99.9% confidence level. Best results were
obtained for sets 1-3 and 6-12 when the value? 1.51 was
used for v for Et2CH.

log kx = Ypux + hp 4)

The Taft assumption may now be tested. Table IV con-
tains the substrates, solvents, and temperatures for acidic
and basic hydrolysis of esters under comparable conditions.
In Table V are values of Ay and 74 and zg, the latter of
which are “Student t” tests for the significance of the dif-
ference between Ya and yp. Inspection of the results in
Table V shows that, in most of the systems studied, Yy and
Yp are significantly different from each other. We are
forced to the conclusion that the Taft assumption is incor-
rect. Supporting this conclusion is the fact that all of the Ay
values have the same sign. Had the differences in Ay been
due to experimental error, we would have expected that
there would be as many positive Ay values as there were
negative Ay values. There are two possible explanations for
the difference between ¥ and ¢g. In the first of these, we
note that all of the Ay values are negative which suggests
that the steric effect is greater in the case of the base-cata-
lyzed hydrolyses than it is in the case of the acid-catalyzed
hydrolyses. This is particularly interesting in view of the
point made by Taft that the intermediate in acid-catalyzed
hydrolysis differed from that in base-catalyzed hydrolysis
by the presence of two additional protons. If both transition
states were equally close to the intermediate (which is more
hindered than the reactant), then the acid-catalyzed reac-
tion should be somewhat more sterically hindered than the
base-catalyzed reaction. Since this is not the case, it may be
that the transition state in the base-catalyzed reaction is
closer to the intermediate than is the transition state in the
acid-catalyzed reaction.

The alternative explanation is that the difference be-
tween Y4 and yp is caused by a difference in the extent to
which the two transition states are solvated. As the acid-
catalyzed hydrolysis transition state bears a positive charge,
and the base-catalyzed transition state bears a negative
charge, and the reactions have been studied in polar sol-
vents, this would not be at all surprising.6

We believe we have also shown in this work that the elec-
trical effects of alkyl groups are essentially constant. This is
in agreement with the observed gy and or values of simple
alkyl groups which are constant within experimental error.
It seems to us that the existence of different values of o* for
alkyl groups is probably an artifact.” We believe that the
existence of different o* values for alkyl groups can be ex-
plained, at least in part, as follows. From eq 4 we may write
for alkyl substituents the following relationships for basic
hydrolysis of esters

log kxs = YBvx + k3 (5)
log kmeB = ¥BUMe + hB (6)
while for acidic hydrolysis, we may write the equations
log kxa = yavx + ha (1)
log kmea = YavMme + ha (N
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According to Taft!
o*x = (1/248)[log (kx/kme)n — log (kx/kme)a]l  (8)
From equations !, 3, 4, and S, we obtain

o*x = (1/2.48)(Ysvx + hp — ¥BUM: — kB
—yavx — ha + YavMme + Ra)  (9)

= (1/2.48)[ypux — Yavx — (¥BvMe — YAUMe)] (10)

= (1/2.48)(AYvx — AYvme) (11)

= (1/2.48) AY{vx — Ume) (12)
Then

o*x = mux + ¢ (13)

We have taken o* constants from the compilation of
Taft! and correlated them with eq 13. The v constants are
from our collection.? The o* constants used were Me, 0; Et,
—0.10; Pr, —=0.115; i-Bu, —0.125; Bu, —0.13; ¢-BuCH,,
—-0.165; i-Pr, —0.19; Et,CH, —0.225; ¢t-Bu, —0.30; s-Bu,
—0.21; ¢-C¢H |1 CH3, —0.06; c-C¢H, |, —0.15; t-BuMeCH,
—0.28. The results of the correlation with eq 13 are m,
—0.139; ¢, —0.164; correlation coefficient, 0.732; F test for
significance of regression, 12.68 (confidence level 99.5%);
standard errors of the estimate, m, and ¢ (CL in parenthe-
ses) 0.0599; 0.0390 (99.0%), and 0.0430 (20.0%); number
of points in data set, 13. The results are obviously signifi-
cant, and eq 13 is validated. It must be noted, however, that
the correlation coefficient squared, which measures that
fraction of the data accounted for by the correlation equa-
tion is 0.5358. Thus, about 46% of the data is unaccounted
for. A possible explanation of this is as follows. In the calcu-
lation of o* constants from eq 8, Taft made use of average
values of log (kx/kme)s and log (kx/kme)a. As not all the
substituents studied were present in all the data sets used as
sources of k values, the composition of the average values of
log (kx/kme.) used varies with substituents. Since Ay de-
pends on the particular system chosen, the o* values re-
ported by Taft will include varying values of Ay.

In conclusion, we feel that we have established two vital
points regarding the Taft separation of electrical and steric
effects. (1) The Taft assumption that steric effects are iden-
tical in esterification and acid catalyzed ester hydrolysis
and in base-catalyzed ester hydrolysis is at best an approxi-
mation and is frequently false. (2) Alkyl groups do not dif-
fer significantly in their electrical effects, certainly in base
catalyzed ester hydrolysis and probably in general. The o*
values of alkyl groups do not reflect differences in electrical
effects but rather involve steric factors.
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