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Experimental and theoretical arguments are presented that the inductive substituent effect is 
transmitted into the para position of the benzene nucleus more effectively than into the met a 
position in the ratio X = 1-13 ± 0-03. This ratio follows immediately f rom the dissociation con-
stants of meta and para substituted benzoic acids (substituents N 0 2 , CN, S 0 2 C H 3 , S 0 2 N H 2 , 
S0 2 F, C O C H 3 ) in three pure solvents; hence the phenomenon is not due to the preferential 
solvation in mixed solvents. Concordant results are obtained by the statistical analysis based on 
Eqs (2a, b). The opposite conclusions claimed in the literature are explained by the flexibility 
of the mathematical model which allows transformations of the obtained parameters without 
affecting the fit. This result implies that the mentioned substituents — and many others — have 

t virtually zero mesomeric effect in substituted benzoic acids. Hence this model is unable to detect 
their conjugation within the limits of the attainable accuracy and a more suitable model is to 
be searched for. 

Benzene meta and para derivatives represent a convenient model for studying substi-
tuent effects since these effects retain, in the first approximation, their relative values 
in various reactions. This is expressed in the Hammett equation by the substituent 
constants crm and <rp which are independent of the reaction within the known range of 
validity: 

log km - log k° = qc7m , (la) 

log kp - log k° = q(tp . (lb) 

Note that in this approximation the reaction constant q is identical for both the meta 
and para positions1 '2; the difference is expressed by the unequal values am and cp. 
Hence no information concerning the transmission of substituent effects across the 
benzene nucleus can be obtained. The second approximation is represented by two 
Taft equations3,4 for the two positions: 

Part VIII in the series Studies on the Inductive Effect; Part VII: This Journal 35, 1371 
(1970). 
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570 Exner, Kalfus: 

l o g k m - l o g k° = q™cx + qIgk , 

log kp - log k° = gfc, + e£<7R . 

(2a) 

(2b) 

The two substituents constants erm, <rp are replaced by new ones, a l and <rR, while the 
number of reaction constants is extended to four for each reaction. Equations (2a, b) 
allow a closer analysis of substituent effects on the one hand, since the constants c l 

and crR may be identified with the classic concepts of the inductive and mesomeric 
effects, respectively. (This interpretation seems to retain its validity although the 
electronic effects are nearly compensated by the effect of solvent5.) On the other hand, 
the constants Q reflect some properties of the model itself, i.e. the transmission of the 
inductive (^j) or mesomeric (^R) effects to the meta (@m) or para (QP) position, respec-
tively. 

In this paper we are dealing with the latter aspect. The main problems are whether 
the ratios — l/A and £R/£R = a are constant for various reactions, or at least 
for some groups of related reactions, further what is their physical meaning. The 
exact value* of X is relevant for the quantitative separation of inductive and mesomeric 
effects according to Eqs (2a, b). There are two essentially different ways of deter-
mining X. The statistical approach 4 ' 6 - 9 is based on Eqs (2a, b) and on experimental 
values of km, kp for several reaction series, the parameters a and q being adjusted in 
agreement with the least-squares criterion. Attention was focused to the values of <rl 
and crR rather than to the coefficient X to which the fit is little sensitive9. The whole 
procedure is rather versatile since the constants <rl and/or crR may be either taken from 
another source or optimized simultaneously; in addition the values obtained are 
not unique. The alternative approach, more direct but less general, makes use of a single 
substi tuent1 0 - 1 2 , or a set of such substituents1 3 - 1 7 , whose mesomeric effects are 
assumed to be negligible. With crR = 0 Eqs (2a, b) become trivial and the ratio 
X = SpiIqT is obtained immediately from the relation14 

The main problem of this approach is the selection of substituents with negligible 
mesomeric effects; this may be done a posteriori according to the fact that Eq. (3) 
is fulfilled14-16. 

The value of X is certainly near to unit8 '9 but there is no agreement as to its exact 
value. From the statistical procedures mostly values lower than unit4 '6 , 7 were ob-
tained (from 0-78 to 0-966) which complied with the concept of c-inductive effect, 
or perhaps even with the field effect. On the contrary, correlations with selected 
weakly conjugated substituents (essentially those bearing no lone electron pair in the 

* The symbol X is also in use with a different meaning4. We believe that the best way how 
to restrict the confusion is to retain our original denotation1 4 . 

log fcp - log k" = Zflog km - log k"). 
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a-position) yielded values greater than unit, most f r equen t ly 1 4 - 1 7 1-12—1-13, which 
must be explained in terms of the 7r-inductive effect14 . To explain this discrepancy, 
attention has been drawn 4 to the fact that most of the latter determinations had been 
carried out in mixed solvents1 4 '1 7 and preferential hydration of the reaction centre was 
considered responsible4 for the values A > 1. In this paper we firstly bring some new 
and refer to some previous da ta 5 ' 1 8 confirming that Eq. (3) holds with A greater than 
unit even in pure solvents. Further it will be shown that the discrepancy between the 
statistical and the direct approach is only apparent since the former may be modified 
by transformation of parameters without affecting the overall fit. 

EXPERIMENTAL 

Substances used: The substituted benzoic acids were the same as previously described1 7 . 
Dimethyl sulphoxide was purified as previously1 8 ; methanol was dried by anhydrous copper 
sulphate and rectified; ethylene glycol was dried with calcium oxide and rectified. 

The measurement of dissociation constants'. Measurement in dimethyl sulphoxide was des-
cribed18 , in the remaining solvents the same apparatus was used (a glass electrode Radiometer G 
2000B and a calomel reference electrode, a bridge filled with saturated lithium chloride 
solution in methanol). Solutions were titrated with 01M te t ramethylammonium hydroxide in 
methanol or ethylene glycol, respectively. The values read off on the mV scale were converted to 
p# ' s using the known values for benzoic acid. The results are listed in Table I. 

The reexamination of Eq. (3) has been based on apparent dissociation constants of 
meta and para substituted benzoic acids in dimethyl sulphoxide, glycol and methanol. 
Five substituents were chosen, assumed 1 4 ' 1 7 to have negligible mesomeric effects 

RESULTS 

The Mutual Dependence of Relative Dis-
sociation Constants of meta and para 
Substituted Benzoic Acids in Pure Solvents 

o Dimethyl sulphoxide; © methanol; 
© ethylene glycol; the substituents are 
S 0 2 N H 2 , CN, S 0 2 C H 3 , N 0 2 , S 0 2 F , and 
COCHj, the line has a slope of 110. 

FIG. 1 

Ap/Cp 

2 

0 Ap K, 
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in this system: N 0 2 , CN, S 0 2 C H 3 , S 0 2 N H 2 , S 0 2 F ; the assumption is confirmed 
just by the validity of Eq. (3). The sixth substituent, COCH3 , has been found to have 
a small but finite electron attracting mesomeric effect in the para position1 4 , 1 7 ; it was, 
nevertheless, included for comparison. The relative dissociation constants are plotted 
in Fig. 1. It is evident that the scatter is greater than in water or in mixed aqueous 
solvents since the data are certainly less precise. However, some deviations may be 
real; in particular the deviation upwards is evident at least at one of the points perti-
nent to the substituent COCH 3 . The best line going through the origin has the slope X 
c. 1-10. The recently published dissociation constants in the gas phase 5 are theoreti-
cally still more important, the substituent effects being ten times larger than in water. 
The two substituents available (CN, N 0 2 ) allow to estimate X = 1-15 ± 0-08. In our 
opinion the value X greater than unit is established beyond any doubt. An additional 
proof based on few substituents but on a great variety of reactions was given previ-
ously14. 

In order to explain the results of the statistical treatment in agreement with the 
above finding a closer analysis of Eqs (2a, b) is appropriate. Let us assume that the 
values of log km, log kp and log k° are given for a set consisting of p reactions with q 
substituents (not including hydrogen); hence the number of all entries ( N ) equals 
2pq if the data matrix is full. The constants on the right-hand side of Eqs (2a, b) 
are to be determined according to the least-squares criterion, i.e. to minimize the 

TABLE I 

Apparent Dissociation Constants of Some Substituted Benzoic Acids in Non-Aqueous Solvents 

Substituent Dimethyl Methanol Ethylene 
sulphoxide glycol 

H 11-02" 9-41 (9-416) 7-65 (7-647b) 
3-COCH3 10-22" 8-87 7-15 
4-COCH3 9-77° 8-72 7-10 
3-CN 9.44a 8-53 6-84 (5-31c) 
4-CN 9-27" 8-34 6-63 (6-59c) 
3 - N 0 2 9-20" 8-42 (8-366b) 6-73 (6-716b) 
3 - N 0 2 9 07" 8-41 (8-349b) 6-59 (6-682b) 
4 - S 0 2 C H 3 9-41 8-37 6-75 
4 - S 0 2 C H 3 9-25 8-33 6-79 
3 - S 0 2 N H 2 9-81" 8-59 701 
4 - S 0 2 N H 2 9-71" 8-49 6-88 
3 -S0 2 F 9-08 8-31 6-51 
4 - S 0 2 F 8-91 8-18 6-33 

" Our previous measurements, ref.18; b ref.32; c ref.33. 
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sum of squared differences between the left-hand and right-hand sides. The various 
mathematical procedures differ in the additional constraints which may mean either 
giving some constants particular values or assuming some relations between them. 
The following models have some physical meaning and have been actually used 
(Table II): 

T A B L E I I 

Models for Calculating Parameters of the Taft Equations (2a, b) 

Model Parameters 
to determine 

M A FB Possible transformations of parameters0 

1 

0-,0-R 
4 p + 2q 4 GJ = A(G\ cos (p -f- BG'K sin (p) 

cR = C(<tr cos <p — G\ sin <p/B) 
QX = (QI c o s <p + QR s i n <p/B)/A 

£>R = (gR cos (p — BQ\ sin <p)/C 

2 oM«X 

<7jCTr 

2p + 2q + 2 4 as ad 1. 

3 

AR 

4p + q 2 G \ = A'I> °R = C ( A R — B A I ) 

= 0 1 + BQR> QR = QRI C 

4 Q\QI<X.X 2p + q + 2 2 as ad 3. 

5 

K 

QI Q\QRQR 4p + q 3 GY = AG[, CTr = C(erR — BG'{) 
QI = (E[ + BQ'R)/A, QR = QQC 

6 

(To 

2p + q + 2 3 as ad 5. 

7 
R 

Q\QR6I 0R 4p 0 -

" Number of all constants to determine by the least-squares procedure; b degrees of freedom extant 
in the model; c the symbols ^I(^R) may designate either gf1 or ^((PR1 or 

J) All the constants, i.e. oY and <xR for each substituent and Q , and gg for each reaction 
are adjusted without any constraint in order to reach the best fit6. This model is apparently simple 
but mathematically complex and too flexible. 

2) The constants <R1 and erR are adjusted for each substituent but for the Q constants the con-
straints of constant a and X are imposed6: OR = and QF = Q^/A. Hence, there are only two 
constants at disposal for each reaction, in addition it is necessary to find optimum values of a 
and X. 

3) All the constants Gj are taken from an idependent source ' ; essential for their determination 
are derivatives of bicyclo[2,2,2]octane-l-carboxylic acid. The goal is to optimize crR for each 
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574 Exner, Kalfus: 

substituent and gj1, £ r , q £ for each reaction. Since erR can be determined from Eq. (2b) more 
precisely than from Eq. (2a), the procedure was so modified that only the former was exploited 
to this aim4 . The experimental data for meta derivatives were used only additionally to determine 
q™ and eg? from erR already known. This model was applied more extensively and at a later date 
than the others. Hence, we must conclude that it is held by its authors4 to be the best one. 

4) The constants o*j are taken from an independent source as ad 3 and the constraints are 
imposed6 as ad 2. Hence it is to determine crR for each' substituent, q ^ and Cr for each reaction, 
and in addition a and X. 

5) The most difficult step in estimation of al is their scalling; it means that all the constants 
may be in error by the same factor although their relative values are correct. Hence we suggest 
an improvement of model 3 requiring that the constants crl are not equal to the prefixed values 
but only proportional to them. Other features of model 3 are retained. 

6) The same improvement as ad 5 may be applied to model 4. 

7) Not only the constants but also erR may be taken from an independent source, the cal-
culation being reduced to two multiple regressions with variables <Tj, crR, log km and <7,, crR, 
log kp, respectively7. 

In addition the various procedures differ in the selection of experimental data 
(log k)r These data may be restricted to dissociation of substituted benzoic acids and 
to related reactions (the <rBA reactivity4), or, on the contrary, to non-conjugated 
functional groups (the cr° reactivity3'4), or even relate separately to reactions with 
donor and acceptor functional groups (the a + and a~ reactivities). Further consi-
deration will be confined to erBA and <r° reactivities which yield concordant results, 
in particular if attention is focused to non-conjugated substituents. 

The salient feature of all the models are the excessive degrees of freedom. It means 
that the solution obtained is never unique and from a given optimalized set of para-
meters (crj, cR, etc) other sets of new constants (a[, <rR, etc.) may be derived by simple 
algebraic operations, the new set yielding exactly the same predicted values for each 
combination of substituent and reaction14 '19. The possible transformations are listed 
in Table II, last column. Let us consider e.g. model 1. One can easily realize that for 
any values of the four constants A, B, C, (p the expression (^o^ + £?RcR) is invariant 
so that the fit by Eqs (2a, b) is not affected. The number of these constants (four) is 
equal to the excessive degrees of freedom (F); for various models this number is 
listed in Table II, column 4, in addition to the number of all parameters (M) in 
column 3. The actual degrees of freedom ( / ) for a concrete example are given as 

f = N — M + F . (4) 

Some of the excessive degrees of freedom are commonly used to give certain con-
stants for standard reactions the normalized values, e.g. = 1 and q I = 1 for disso-
ciation of benzoic acids in water. However, the remaining degrees of freedom were 
not exploited in the previous calculations and gave the results some flexibility. This 
does not impair the predicting power of Eqs (2a, b), however, any discussion of the 
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Transmission of Substituent Effects 575 

values of parameters is invalidated unless the consequences of t ransformat ions 
are examined in detail. Clearly some transformations are less relevant than the others, 
e.g. the constants A and C in Table II, model 1, are pure scaling factors and cannot 
influence the values of X or a. O n the contrary, the constants B and cp change comple-
tely the physical meaning of the parameters; as an extreme they may convert o-j 
into crR and vice versa. In the following we shall examine the results of previous cal-
culations and show how they can be affected by allowed t ransformat ions and made 
finally compatible with the results of the direct method. 

TABLE I I I 

Some Selected Substituent Constants and <rR According to Different Calculations 

Substituent 
ref .4 ' " corrected6 re f . 6 ' c ref . 4 ' d corrected6 ref . 6 ' c corrected-^ 

N(CH3)2 006 0-07 — -0 -83 -0-84 — — 

NH2 012 0-14 — -0 -82 -0-85 — — 

OCH3 0-27 0-33 0-27 -0 -61 -0 -67 -0 -43 -0 -60 
CH3 - 0 0 4 - 0 0 5 003 - 0 1 1 - 0 1 0 - 0 1 8 -0 -22 
C6H5 010 0-12 — - 0 1 1 - 0 1 3 — — 

F 0-50 0-61 0-46 -0 -45 -0 -56 -0 -29 -0-48 
CI 0-46 0-56 0-46 -0 -23 -0 -33 - 0 1 8 -0 -35 
Si(CH3)3 - 010 - 0 1 2 — 006 008 - -

SOCH3 0-50 0-61 — 000 - 0 1 1 — — 

SCF3 0-42 0-51 — 0-04 - 0 0 5 — — 

SOCF3 0-64 0-77 — 008 - 0 0 6 — — 

SF5 0-57 0-69 — 006 - 0 0 6 — — 

CF3 0-45 0-54 — 008 - 0 0 1 — — 

SO2CH3 0-59 0-71 — 012 - 0 0 1 — — 

CN 0-56 0-68 — 0-13 001 — — 

N0 2 0-65 0-79 0-65 015 001 016 0-00 
COCH3 0-28 0-34 — 016 010 — — 

COOR 0-30 0-36 — 014 008 — — 

" Revised values listed in ref.4; b only the scaling corrected according to Eq. (5); 0 calculated6 by 
free fitting, model 1 (Table II); d calculated4 using model 3; e recalculated by us using model 5; 
* recalculated by us using model 1. 

Most extensive calculations available were done 4 using the model 3. They were 
based on an improved set of ax constants, specified in detail4 ; some typical values 
thereof are reproduced in Table III. The most important results were: a) the set of a R 

constants, which were positive for assumed acceptors and negative for donors , see 
Table III; b) the following values of X for six basic set reactions: 1-00, 1-05, 1-04, 
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1-04, 0-91, 1-07, and the following ones for six other reactions: 0-95, 1-03, 1-07, 0-92, 
1-05, 1-18; c) values of a f rom 0 2 5 to 0-76 (average 0-49) for the same reactions*. 
These results differ f rom those of this paper (Fig. 1) and of previous similar treat-
m e n t s 1 4 - 1 7 in two points: The / ' s are lower and crR for acceptors have non-zero posi-
tive values. The modification of the above result is possible according to the equations 
in Table II, model 3; two degrees of freedom are available, corresponding to the ar-
bitrary constants B and C. In the original calculation4 these degrees of freedom were 
used to normalize the constants = ({?£)t = 1 for dissociation of benzoic acids 
in water. In this way B and C are determined and no further transformation is possible. 
However, while C is only a normalization factor not affecting the physical results, 
B is not. The constraint = 1 attributed B a definite value and hence determined X. 
This is caused by the rigorous presumption that o l constants are exactly on the same 
scale as ap . If this is not valid, the determined X lacks any physical meaning. 

Let us drop the above presumption, i.e. to proceed to model 5 (Table II) with one 
constant more (.4) representing the scaling factor of <r,. It is evident that A as well 
as C are now pure normalization factors which may be disposed of by the conditions 
(^i)i = (QR)I = 1- The constant B remains and may be used to modify the physical 
meaning of the results. We suggest the following transformations replacing the cal-
culated constants cR, qr and the separately determined Cj by new constants a[, 
°r> 6i> 6R' 

a[ = 1-210(7! Q\ = 0-826^! 4- 0-177^R, 

<TR = 0-997(7R - 0-214(7! q'k = l-003gR . (5) 

The equations are valid for £R and qy, as well. The new values of <rR are listed 
in Table III. Four acceptor substituents, believed to be almost non-conjugated14, 
have now zero values, three others slightly conjugated (SF5 , SOCF 3 , SCF3) got less 
precise values near to zero. Also the negative <rR for SCF 3 seems more reasonable 
than the previous positive one, while the crR constants for donor groups are not appre-
ciably affected. The scaling of a l has to be modified in such a manner that all the values 
must be multiplied with 1-210 to be comparable with ap . Previously we derived14 

this factor to be 1-25. The values of A have now changed to 1-12, 1-13, 1-10, 1-11, 
0-95, 1-15 for the basic set and 1-02, 1-12, 1-14, 1-02, 1-20, 1-20 for other reactions; 
the average is 1-11. The values of a are unaltered. Hence all the results are now in 
complete agreement with our present and previous1 4 conclusions reached by the 
direct approach. 

Models 1 or 2 are apparently simpler and avoid the problem of obtaining and scaling 
o-,'s since these are determined by free fitting. On the other hand, there are less degrees 

* For two reactions the constants £>R and hence also a are given quite differently in Tables XI 
and XXVII, respectively, of ref.4 . This discrepancy does not affect further conclusions. 
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of freedom and a greater variety of possible transformations (Table II). The calcu-
lations according to model 1 were based6 on 12 reaction series of the <j° type'and on 
5 substituents. The number of entries actually available was not given but if the data 
matrix were complete, there would be 120 entries to determine 54 independent para-
meters. The following results were obtained6: a) the sets of constant tx, and cR listed 
in Table III, columns 4 and 7, respectively; b) values of k from 0-86 to 1-27 (average 
1-02), excluding one reaction appertaining virtually to the a~ type; c) values of a from 
0-36 to 0-86 (average 0-60). Again the <rR constant for the nitro group is positive and 
the values of k somewhat low. The allowed transformation of parameters (Table II) 
involve four arbitrary constants. Of these A and C are simply normalization factors 
and do not influence the main results. The task to choose B and cp in order to get phy-
sically meaningful results is rather difficult but for our purpose a partial solution 
is sufficient. We accepted the condition <TR(N02) = 0 and attributed the normaliza-
tion factors A and C some reasonable values to get o\ and a'R approximately on their 
usual scale. The transformation equations obtained have the form: 

a[ = <TJ + DOK Q[ = 4-05(0, + 0-246gR)/(Z) + 4-05), 

o'R = 1-20(<jr - 0-246(7,) eh = 3-37(2R - Dq$(D + 4-05). (6) 

and contain still one undetermined constant (D). This is probably small since the c, 
values (Table III) are reasonable. Fortunately both <rR ^nd k are independent of D 
and can be directly evaluated. The g'k values obtained are listed in Table III, last co-
lumn and agree reasonably with the previous ones. The constants k obtained for 11 
reactions (excluding one reaction of the a~ type) were from 0-96 to 1-21 with the ave-
rage of 1-10 in good agreement with our findings, taking into account few degrees of 
freedom and complex calculations. The values of a remained undetermined since 
they depend on D; for small D they would not change appreciably. 

The calculations according to the model 2 were carried ou t 6 on the same experimental basis as 
above and differed only in introducing the constraints of constant X and a for all reaction series. 
Hence there are only 32 independent parameters to determine. The results6 were similar: a) the 
constants cr, and aK were identical as above; b) the common value of X and a were determined to 
0-939 and 0-563, respectively. The accuracy dropped about twice compared to model 1. These 
results may be modified using again Eqs (5); one get erR's as above and the values of X = 1 -04 ± 
± 0 02. The somewhat worse agreement with previous results may be connected with the men-
tioned presence of one reaction of the a~ type which influences strongly the average value of X. 

Thus only the calculations7 according to model 7 cannot be brought to accord with our findings 
but they are probably the least reliable. They were based on eight donor substituents and the 
constants a* were substituted for cr,; hence the equations are valid neither for hydrogen nor for 
roethyl since er*(CH3) = 0. Omitting of acceptor substituents is certainly important , too, so 
that the value of X = 0-77 ± 0 - 1 0 cannot be given much credit. 
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DISCUSSION 

The experimental results of this and some previous s t u d i e s 1 4 - 1 7 , 2 0 ' 2 1 may be summa-
rized as follows: There is a group of substituents ( N 0 2 , CN, S 0 2 X , CHal 3 , CH2X, 
C = C X , N = N A r , SCF 3 , SOCF 3 , SF 5 , only approximately also C O X and COOR, 
mostly potential acceptors without an a electron pair) whose effects f rom the meta 
and para positions, respectively, are propor t ional with a good precision. This pro-
portionality holds only unless another substituent (or reaction centre) of the donor 
type is present in a conjugated position. The proport ional i ty constant X = 1-13 + 0-03 
express the greater effect in the para position. Its value is fairly constant as far as 
various reactions are concerned but may be somewhat solvent dependent 1 4 ' 1 7 . In any 
case it is not caused only by preferential solvation in mixed solvents. Recent investi-
ga t ions 5 ' 2 2 of the gas phase acidities and reactivities revealed close parallelism to 
water solutions and mixed solvents and it is rather the behaviour in pure aprotic 
solvents which shows some anomalies. (Note also some anomalous values of a, e.g. 
in benzene solution4 .) 

The above facts must be taken into account in any interpretat ion of substituent 
effects in benzene derivatives. The simplest explanat ion 1 4 , which still seems preferable 
to us, assumes that the mesomeric effects of the mentioned substituents are very small 
and may be even neglected in compounds like substituted benzoic acids. The constant X 
then represents the relative intensity of the inductive effect in the para and meta 
positions, respectively, and ,may be explained in terms of the 7i-inductive effect14. 
This interpretation is supported by several recent findings23-28 concerning the small 
up to negligible conjugation of some of the mentioned substituents; it also complies 
with Mulliken's theory of conjugat ion 2 9 and may be brought into accord with Taft's 
separat ion of inductive and mesomeric effects 3 ' 4 ' 6 as shown above. New problems 
arise particularly with the nitro group whose conjugation seemed to be proved by the 
arguments concerning the steric inhibition but even in this case the observed facts 
allow another interpretat ion 2 8 . 

The alternative explana t ion 3 0 ' 3 1 assumes that the mesomeric (including hyper-
conjugative) effects of the mentioned substituents are perceptible but approximately 
proport ional to their inductive effects. This is difficult to understand with substituents 
of so different structures but partly only a terminology problem is involved: If two 
effects are proport ional for a half of possible substituents, they may be more reason-
able named by a common term, say general inductive effect, and the term mesomeric 
should be reserved for the remaining substituents. 

In our opinion, we must accept that the constants aR for almost all acceptor groups 
are virtually zero if determined f r o m substituted benzoic acids and similar derivatives. 
Let us stress that this does not mean that these substituents are not capable of con- ? 

jugat ion at all, but only that the conjugation is too small in the given compounds 
to be detected by the experimental approach used. The task is thus to search for a more 

Collection Czechoslov. Chem. Commun. [Vol. 41] [ 1976J 



Transmission of Substituent Effects 579 

efficient model. The simplest possibility seems to be introducing of donor groups into 
the para position; in this way the a~ and a^ constants are defined4, of course, only 
for acceptor substituents. In addition, the charge in the a-position in substituted 
anilinium ions represent a theoretical imperfection of this model. 

Another consequence of the above findings concerns the conventional <r, constants 
whose scaling is not exact. According to Eq. (5) their values should be multiplied 
by 1-210, or by 1-09 to be comparable with ap or am , respectively. This correction does 
not affect the separate applicability of <rl constants in various correlations. Conclu-
ding, we may confirm once more the statement that the inductive effect retains its 
relative magnitude in various systems, while for the mesomeric effect several scales 
are necessary and even these are applicable only to particular compounds. This is 
manifested also in the values of a which are much more variable than X from one re-
action to the other. 

REFERENCES 

1. Exner O. in the book: Advances in Linear JFree Energy Relationships (N. B. Chapman, J. Shorter, 
Eds), p.l. Plenum Press, London 1972. ' 

2. Jaffe H. H.: J. Amer. Chem. Soc. 81, 3020 (19591. 
3. Taft R. W.: J. Phys. Chem. 64, 1805 (1960). 
4. Ehrenson S., Brownlee R. T. C., Taft R. W.: Progr. Phys. Org. Chem. 10, 1 (1973). 
5. Yamdagni R., McMahon T. B., Kebarle P.: J. Amer. Chem. Soc. 96, 4035 (1974). 
6. Ehrenson S.: Tetrahedron Lett. 1964, 351. 
7. Palm V. A., Tuulmets A. V.: Reakts. Sposobnost Org. Soedin. 1, No. 1, 33 (1964). 
8. Roberts J. L., Jaffe H. H.: J. Amer. Chem. Soc. 81, 1635 (1959). 
9. Wells P. R.: Chem. Rev. 62, 171 (1962). 

10. Roberts J. D., Webb R. L., McElhill E. A.: J. Amer. Chem. Soc. 72, 408 (1950). 
11. Roberts J. D., Clement R. A., Drysdale J. J.: J. Amer. Chem. Soc. 73, 2181 (1951). 
12. Rooda R. W., Verkade P. E., Wepster B. M.: Rec. Trav. Chim. 73, 849 (1954). 
13. Ritchie C. D., Sager W. F.: Progr. Phys. Org. Chem. 2, 323 (1964). 
14. Exner O.: This Journal 31, 65 (1966); Tetrahedron Lett. 1963, 815. 
15. Bowden K.: Can. J. Chem. 41, 2781 (1963). 
16. Pollet R., Van Poucke R.: Tetrahedron Lett. 1965, 4741. 
17. Kalfus K., Vecera M., Exner O.: This Journal 35, 1195 (1970). 
18. Kalfus K., Vecera M.: This Journal 37, 3607 (1972). 
19. Exner O.: This Journal, in press. 
20. Exner O., Lakomy J.: This Journal 35, 1371 (1970). 
21. Exner O., Svdtek E.: This Journal 36, 534 (1971). 
22. Smith G. G., Jones D. A. K.: J. Org. Chem. 28, 3496 (1963). 
23. Trotter J.: Tetrahedron 8, 13 (1960). 
24. Yarwood J., Orville-Thomas W. J.: J. Chem. Soc. 1963, 5991. 
25. Lindberg B. J., Hamrin K.: Acta Chem. Scand. 24, 3661 (1970). 
26. Holtz D.: Chem. Rev. 71, 139 (1971). 
27. Hepworth J. D., Hudson J. A., Ibbitson D. A., Hallas G.: J. Chem. Soc. Perkin II 1972, 

1905. 

Collection Czechoslov. Chem. Commun. [Vol. 41] [1976] 



580 Exner, Kalfus 

28. Vsete£ka V., Exner O.: This Journal 39, 1140 (1974). 
29. Mulliken R. S.: Tetrahedron 5, 253 (1959). 
30. Palm V. A.: Osnovy Kolichestvennoi Teorii Organicheskikh Reaktsii. Chapter IX, 2. Khimiya, 

Leningrad 1967. 
31. Adcock W., Dewar M. J. S., Gupta B. D.: J. Amer. Chem. Soc. 95, 7353 (1973). 
32. Elliot J. H., Kilpatrick M.: J. Phys. Chem. 45, 454, 472 (1941), 
33. Kilpatrick M., Eanes R. D.: J. Amer. Chem. Soc. 65, 589 (1943). 

Translated by the author (O. E.). 

Collect ion Czechoslov. Chem. Commun. [Vol. 41] [1976] 


	19760569_Page_01.pdf
	19760569_Page_02.pdf
	19760569_Page_03.pdf
	19760569_Page_04.pdf
	19760569_Page_05.pdf
	19760569_Page_06.pdf
	19760569_Page_07.pdf
	19760569_Page_08.pdf
	19760569_Page_09.pdf
	19760569_Page_10.pdf
	19760569_Page_11.pdf
	19760569_Page_12.pdf

