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EFl'ECTS OF 

It was poetulated by Hine (1) that the linearity of a 

plot between the Harmett urn and up eubstituent constanta 

conafitutes a check of the general applicability of the 

Haamett equation, although, as he pointed out, the eigma 

valuee from the compilation of Hccbanlel and Brown (2) do 

not conform to thle rtatement. Two years later, McDaniel 

demonstrated 3’ that llnearlt~ only exists for groupe 

containing a oom~~on firet atom. In hie review of linear 

free energy relationahipe, Wells ’ remarked that the 

baeic assumptions and physlcal significance of this type 

of analfsis are not yet fully blnderstood. 

In a recent paper of Exner 5 , recognized to be 
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6 extremely important , linearity le shown to apply to +% 

eubetituents (electron-withdrawing by reeonance) and to 

eubstituente of the type -CH2X. The moat important conclualm 

drawn by Exner is that meeomeric effects in mesomerio 

electron-withdrawing eubetituente muet be negligible. 

In t’hie paper we will dlecueo the deviation from 

linearity in the above-mentioned plots of -% aubetituente 

in benzoic acide, and aleo the positions of all the eubsti- 

tuents of similar plots for eyrteme such ae eubatitutea anUinem, 

in which from the mesomeric point of view the reaction centre 

ie electron-donating. 

In FIG. 1 meta- and para-substituent constants taken 

from recent literature data ‘2p7V8’ are plotted egainet 

each other. In thie, plot the eubetituente, electron-with 

drawing b:y reeonance, are linearly related : 

=P 
= 1.142~ m + 0.014 

(correlation coefficient r : 0.993; atandard deviation a : 

0.033). All the -% eubetituente in FIG. 1 are situated 

below the! line. 

A uearly eimilar elope and a deviation for -% aubeti- 

tuente In the eeme direction can ‘bg obtained for equilibrium 

data ig” of eubatitutea phenylboric acfds and eeleninic 

acids. The result can probably be coneidered aa relatively 

general, even when applied to different solvent eyeteme and 

to kinetic data, as demon&rated by the results of Exner ‘(5 

and thoee mentioned in thie paper. It has to be mentioned, 

how ever, that by a eimllar treatment of the equilibrium data 
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FIG. 1 

of pyridinea ?lO) we obtained the following linear relation 

by correlatiug the pKa data of the meta- and para-poeitione 

for the +R eubetituents (C6H5CO-, -CB, -NO*, -COCjMe) and H: 

pKa para = 0.916 PK.S meta + 0.492 

(r = 0.995; 8 = 0.168). 

The value of the slope below unity certainly reeulte 



here from a more effective tranemittance of eubetituent 

effectm from the BetaMPoeition than from the para+oeition. 

flinoe we felt that the deviation6 of the -Ft eubetic 

tuente from linearity have to be a measure of reeonanoe 

effectn, we performed several analyeee, one of which led 

to a very remarkable result. The deviation from linearity 

of the -R substituente in FK. 1, parallel with the axis 

of ordinate8 and expreeeed in Q -unite, can be eymboliced 

by b p. By correlating the ba p-valuea with the %n- 

enhanced reeonanoe parametere" C; of Taft " , perfect 

linearity ie obtained for the subetituente of Table 1, 

(the -H(CE3)2 eubstituent being excepted), according to 

the following equation : 

& 
P 3 0.90oa H - 0.006 

(r = ~0~988; (I = 0.023). 

The equation, after inclusion of the II(CH3)2 eubeti- 

tuent (urn-value of Jaff6 12)) becomes : 

brrp = 1.042 + 0.003 k 
(r = 0.988; (I = 0.02'7). 

The correlation is highly eignifioant (0.1 per cent 

1eve:L according to etudent'a t test). 

The excellent concordance of the two eete of valuea 

t.0 qpparent from Table 1. 

It is obvioue from the identity of tip ana = T values, 

that %ormala resonance eubetituent parametere can be 

obta.ined for all eubetituente of eubetitued beneoic acide. 

For thie purpose the pK2 value8 of these acida (in water 
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TAFGE I 

Resonance parameters 

Snbstituent 

NCH3)* 

==2 

WH3 
F 

NHCCCH) 

SCH) 

Cl 

Br 

I 

'6% 

CH3 
H 

c; (a) 

-0.54 

-0.48 

-0.41 

-0.35 

-0.25 

-0.24 

-0.20 

-0.19 

-0.12 

-0.10 

-c 3 

0.00 

Au p (b) 

-0.60 

-0.49 

-0.41 

-0.34 

-0.25 

-0.19 

-0.21 

-0.23 

-0.14 

-0.09 

-0.10 

-0.01 

on.38 

CR! >ron ref. (11). 
(b) CalculnteA from the equat 

&J 50 
P P 

- up (c&c.) 

=P talc. = 1.142 Qm + 0.014 

o- m and u P -values are taken from ref. (?), except 

um-n(CH3)2, taken from ref. (12), and g-1, taken 

from ref. (6). 

at 25O) have to be known (either by direct measurement or 

by calculation)for both the meta - ana the parsccpoeitione. 

Some tip reeonance parameters of substituente not 

mentioned in Table I are given in Table TI. 
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TABLE II 

I 
Subetltuent (a) bp (b) i Substituent (a) dap (h) 

NHOH -0.36 0cHF2 I -0.19 

HFEOC 6H5 -0.18 0CF3 -0.10 

OH -0.52 OCCOH) -0.09 

Oc6'3 -0.33 SE -0.15 

(R) Subetituent constant8 needed for the calculations 

.are taken from ref. (Z), (76 and d) and (12). 

jb) See 'Table I foot note (b). 

In other solvent system l'i.e. 50 % ethanol or 80 $ 

ethylere~lycolmo~o~ethylether (I6ethjlce~o8olve)jthe +Ka 

para values, which are analogoue to the &J 
P valuee, are 

aleo related to the b;I valuee, although not linearly. 

Xn order to evaluate reeonance effects in every type 

of reaction one can plot equilibrium data (log K) or 

kinetic: date (log k) for paracsubetituente egainst the same 

data fsr metaneubetituente. In this analyeie the +B aubeti- 

tuents met be linearly related and the deviation from 

linearity of the -R subatituente must be a measure of 

reeonence effects. 

We ehould like to mention that in the plota of any 

egeteme we investigated, the poeition of the CH3 eubetituent 

is inddcative for a hyperconjugative effect. 

Turning our attention to eyeteme with a meeomeric 



No.52 4747 

electron-donating reaction center, linearity of a meta-para 

plot for -R substituents could be expected. Such a result, 

although only for well defined classes of substituents, haa 

been obtained with respect to fluorine nuclear magnetic 

rpsonerlce shielding in meta- and para-substitued fluoro- 

benzenea 13 A plot of pka-para against pKa-meta values 

for eubstituted aniline6 (7b)(14) is presented in FIG. 2. 

, 

I- 
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I 

pKo -pam 
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I 
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Because linearity could not be observed, we drew a line of 

slope 1.14 through the point for the hydrogen substituent. 

By this procedure the +R substituents (above the line) are 

perfectly separated from the -R substituents (below the line), 
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without any exception, and this also constitutes an extremely 

interesting result. One could suppose that all the points 

should be situated on the line; the +R eubstituents, however, 

deviate because of direct conjugation with the reaction 

centre and the -31 enbstituents as e. result of the well known 

%aturation” or “leveled* effects (15; The same result can 

be obtained by ~aing pKa data Of phenols, thiOphenOl8 and 

even phenylacet ic acids. This supports the suggestion of 

Taft ‘16) that un value% ‘15) for aesoneric electroa- 

donating group8 are too low. The follaillg concluaione can 

be arawn from the studies to which we referred and from 

the result.6 presented in this paper. 

(1) A linear correlation of points in a Qp - mm plot or a 

pKa para-pKa meta plot constitutes a linear free energy 

relationship, in which only polar effects, in the 

sense of a Taft equation (17) , are operative. One of 
the two follalng conditions must be fulfilled for an 

exclusive operation of polar effects : 

a) 

b) 

Somewhere in the molecule conjugative effectsmust be 

blocked : this probably happens in eub6tituents such 

as X4+, X-CO-, X-S02-, X+5-0-, X3C-S-, X3C-S02. 

Both the eubstituent and the reaction centre in the 

C..~ tic system must be electron-rithdr8rring. by 

resonano 0. This according to the results obtained, 

excludea the appearance of mesomeric effects involving 

both groups simultaneously. 

2) The so-called saturation effect is operating in every 

aromatic system containing two -R eubetituente. A 



oonjwative interaction exlate here, due to an uninter- 

rupted w -electron mystem, resulting in the non-applicabi- 

lity of a linear free energy relationehip between mete- 

and pere-data, which must be determined solely by polar 

effects. 

3) For the applicability of the Hammett equation to the 

equilibria or kinetic data of a given aromatic W¶teP, 

a linear mete-para relation muat exiet in the latter 

for +R eubstituents, and the deviation6 from linearity 

of the -% eubstituente murt be of the saz~ importance 

as for eubetituted benroic acids. 

4) A quantitative study of resonance effect8 for +R as 

well aa for -R aubstituente, aunt be po8elble by using 

the method described in this paper. A similar treat- 

ment of data for heterocycllc ayetema that can be 

substituted at two paaitiona with respect to the 
reaction center would also be interesting. 

Further investigation of the principles expoeed here 

ir, in progrelBs. 
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