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Abstract-—It is shown that the isterpretation of the Taft E,® values in terms of predominating inductive, mesomeric,

and steric effects depends strongly upon the sample size. Nevertheless, the resuits obtained indicate that the E°
constants are a function of the steric effects and to a lesser extent of the mesomeric effects of the substitnents.

Within the past 20 years, multiple regression analysis has
been exploited as a powerful statistical tool for the
evaluation of structure-reactivity data. One goal of these
analyses is the derivation of a regression equation which
will provide estimates of some reaction constants for
additional structure-entities within a series. A second
soulismeinmpreuﬁonofpulmem(ﬁha,,:;,&

internal determination By (j=1,2,...,q; q being the
i ined when x; is regres-

the substituents included in the analysis and that the
conclusions drawn by Charton® regarding the com-
position of these constants seem to be not correct. E,°
constants have been defined by Taft using the hydrolysis
of ortho-substituted benzoic esters.’ In 1969, Charton®
has reexamined E, for aliphatic and aromatic systems.
He pointed out that aliphatic E, values are linear func-
tions of the van der Waals radii whereas E,” could be
expressed in terms of inductive (o) and mesomeric (ow)
substituent constants.

In these analyses the o constants required have been
taken from the compilation of Charton® and the om
constants were obtained from the equation

gp™ onton.

It should be emphasized however, that often particular
ortho-substituents, such as H, NO, and Ph have been
deleted from the analyses. Since Charton did not list the
values of the oy and ow constants we were forced to

collect them from the literature. So the oy values have
been taken from Charton* and the o, values from the
excellent tabulation of McDaniel and Brown.® The values
we used in our computations are summarized in Table 1.

Before presenting our results we should emphasize
vmdydntlmﬂshaﬂymxﬂammmeqm-

thing we can state is that in such cases the regressand
approximately may be replaced by the regressors. An
example for this statement is the work of Koppel’ who
was able to show that for twenty primary, secondary,
and tertiary alkyl groups equation

E,=0.88+27.780*- 1.90(n - 3)

holds (with n being the number of a-C-H bonds).
Without further information we may only conclude from
this correlation that there is some parallelity between
inductive and steric effects of alkyl groups.

In order to cvaluate the relative contributions of in-
ductive, mesomeric, and steric effects to the total ortho-
substituent effect we applied the eqn (1) as proposed by
Charton,’ eg.

E.’=bo+b01+bom +byr.. m

Using r, we presumed that r, could really be regarded as
a measure of the intramolecular steric effect. It is
generally assumed that the r, values of OMe and OFt are

groups from the correlation for lack of a suitable van der
Waals parameter. In this case the folowing regression
equation is obtained:

E,° = —1.196 - 0.6800) — 3,088, + 0.469r,
R'=09786 3,,=00965 PF=4581>F;;005=928
ifby) = 2.80 u(b,)a-s.slzq m;b,)-om tosss =3.18
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Table 1. Substituent constants used in the correlations

o B & e e,
©cx, 0,99 0,25 «0,52 0,27 1,52
0 % °.9° ° o.z' -0'51 -0.2‘ 1.52
0,49 0,52 «0,46 0,06 1,47
a 0,18 0,47 0,24 0,23 1,75
Br 0,00 0,45 0,22 0,23 1,85
J =0,20 0,39 =0, 12 o,21* 1,98
o, 0,00 0,05  =0,12  =0,17 1,735°
w0, 0,75 0,76 0,02 0,78 2,18%/2,59%
Oghg -0,90 0,10  =0,11 0,01 2,535%3,3%
®taken from R. A. Robinson and X. P, Ang, J, Chem, Soc,
2314 (1959).
b [ - d
’v,li.n . average van der Waals redius (rv) rv.-‘-

In eqn (2) .R? is the squared multiple correlation
coefficient, s, , is the residual standard deviation, F is the
numerical value of the F test for significance of regres-
sion, F is the tabulated value of the F distribution with q
and N-q—1 degrees of freedom, t is the numerical
value of the t test for significance of a regression
coeflicient, t is the value of the t distribution with N-q -
1 degrees of freedom, and N is the sample size. The
whole analysis was performed using a =0.05 (type I
error = probability for the rejection of a true aull hypo-
thesis). Applying the backward elimination procedure to
eqn (2) gives

E.* = —0.298 - 0.5620, — 2.6210m
R*=09727 3,,=00944 F=71.32>Fs0es=694
i) =279 t(b)=1193 teges=278. "

Since in eqn (3) both the squared multiple correlation
coefficient and the regression coefficients are significant
at a level of 5% (cave: the level of sigaificance has to be
determined before the beginning of the analysis), eqn (3)
is the final subset. It shows that for the given set of
substituents E,° may be accounted for in terms of in-
ductive and mesomeric effects. But the interpretation of
eqn (3) is rendered more difficult if the coeficients of
mternnl determingtion of eqn (2) are regarded. We

B =0.3087 Bp;=0.8450 By =0.8401.

Thus oy and ox do not only explain about 97% of the
vambﬂnyd&’lgtndwmathevmbilnyofr.

Omitting Me gives

E,* = 5.639 - 224001 + 081910 — 2.430r,
R2=09918 s, =0.06M4 P-ms>rw-l9ls
D) =273 t(b) =040 ©(by)=158 traes=4.30

By =058823 Bp=09922 Bp=0.9906. ®

Theeompumofeqn(l)wlheqna)showsmme
and contributions

than his data are able to answer. Backward elimination
gives
E.° = 4,209 - 1.9340, - 1.819r,

R?=09911 3,,=00589 F=167.68>Fysnes=955
t(b) =782 (b)) =1395 ts0es™3.18.

E,’ = 1.61~0.1%001 — 1.6020% - 1.0231,
R*=0.9656 8,,=0.1533 P-ww,,,m,-su
i) =074 t(bs) =352 t(by) =401 ts0es=2.57 °

Bu=00334 Bp=06370 By =0.6318. ©
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pretation is facilitated. Backward climination leads to

E.° = 1.486 ~ 16630 — 0.996r,
R*=0.9619 s,.=0.1474 ?=7566>Fm-514
i(b) =386 t(bs) =411 tenes=2.4S. [v)]

Equation (7) indicates that E,° should be a function of
both the resonance and the steric effects of the sub-
stituents. In spite of the high multicollinearities involved
in eqn (2) we may regard the positive sign of b, as
further support for the assumption that eqn (6) is more
reliable. The same assertion holds then for eqn (7) when
compared with eqn (3). This statement is in clear con-
tradiction to that made by Charton,? who concluded that
E,° does not in any way represent a steric effect. Eli-
mination of oy (although significant) gives

E,°=3.266- 1.73r,
R*=0.8671 s,,=02548 F=45.68>F, 095=5.59.

Thus nearly 87% of the variability of E.° may be
accounted for by r,. If the nitro and the phenyl groups
are coplanar with the benzene ring to which they are
attached, the r, ... value is the required van der Waals
radius. In such a case the maximization of resonance
interaction supplies a driving force for coplanarity al-
though-generally groups will preferentiaRy take positions
which will minimise the degree of steric interaction. The
application of r, ... for the nitro and the phenyl groups
confirms eqn (7), e.g. that E,° may be approximately
replaced by a linear combination of ox and r,. However,
it should be emphasized that the sample size is still too
small to derive to ultimate conclusions. Besides that the
aptitude of r, as a measure for the intramolecular steric
effect has not been demonstrated up to now.

Since the r, values for OMe and OEt have been
regarded as a possible source of error we omitted these
groups from the correlation. The corresponding regres-
sion equation is (using T, for NO; and Ph)

E,” = 1.845 - 0.0990, - 0.9050% ~ 1.110r,
R*=09737 s,,=0.1142 F=3701>Fs3005=928
i) =057 tb)=2.04 i(bs)=575 tiges=3.18

B, =0015 Br=05146 Bp=05194.

1955.

Eliminstion of the variable with the smallest non-
significant t value gives

E.° = 1.784 — 0.9120% — 1.099r,
R*=09709 s,,=0.104 P-66.63>Fm=694
t(b2) =225 () =628 tiaes=2.78.

After backward elimination we have

E.’=2.490-1.381r,
R*=09339 3,,=0.1401 F=70.69>F,.s00s=66l.

In the present case E.° correlates significantly with r,
alone. After replacement of f.(NO,) and F.(Ph) by
Tvmax(NO2) and f,_u.(Ph) we obtained the following
subset

E.° =0.771 - 1.2640% — 0.556¢.,
R*=09907 s,,=00587 P-213m>p,,w-a94
(b)) =6.19 t(bs)=11.51 tenes=2.78.

The most important results of the correlation analyses
have been summarized in Table 2.

By inspection of Table 2 the following conclusions
may be drawn.

(i) most of the results provide examples which indicate
that E.° is not appreciably affected by inductive effects
(o).

(ii) quantitative evidence is provided that E.° are ap-
proximately a linear combination of o and r..

(iii) in nearly all cases the simple correlation coefficient
(R) between E,” and r, is greater or at least equal 0.90.
Thus E,° may indeed be regarded as a measure of some
steric effect although some influence of the mesomeric
properties of the substituents seems to be present.

Our interpretation of the results does not support the
conclusions of Charton® that B.” is only dependent upon
inductive and mesomeric effects and independent of the
size of the substituents.
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Omitted significant R most significant -
Substituents regressors regressor
in the subset
§0,, Ph 9, 9, 0,9786 %G 0,9990
KOy, Ph, Ne O x, 0,9911 r, 0,9003
none® c., r, 0,9619 Ty, 0,9312
aone® Ogs 0,9694 < 0,9245 (0,88
Cie, OEt® r, 0,9339 r, 0,9667
e, 0Bt 9, 0,9907 r, 0,9498

Saverage van der Waals redius used for XU, and Ph,

b
rv,m used for R, and Ph,

for the correlation between B and r,.
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