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Ham&t wsubstituent constant is a measure of the effect of the substi- 

tuent on the activation energy of the reaction of the unsubstituted cowpo- 

undw or it "measures the effect of the substituent on the electron density 

at the reaction site".' The change in halogenobenzenes nuclear quadrupole 

resonance (N&R) frequency according to the sort of substituent introduced 

into a benzene ring shows an effect of the latter on the anisotropy of the 

halogen atom's electron environment. A correlation between these two func- 

tions of electron distribution in the side chain of aromatic nucleus is, 

undoubtedly, of certain interest. 

The connection between the NQR frequencies of substituted halogenoben- 
2-4 zenes and the G Hammett constants of substituents was reported . The main 

drawback of the correlations suggested is a significant standard deviation 

from a linear relationship. Even by the most satisfactory Bray and Barnes' 

correlation, the c constants can be calculated only to f 0.50 accuracy* 

We made an attempt to find more precise correlations, suitable for cal- 

culating G constants by using the NQR frequencies values available. As the 

previous works show, it appears to be impossible to obtain such a correlati- 

on by a direot comparison of the N&R frequencies with $ values. Earlier we 

have pointed out', that the NQR frequencies have rather poor sensitivity to 

the double-bond character of the C-Cl bond; hence it follows that within a 

first approximation, the influence of the substituents upon the WQR frequen- 

cies is governed by their inductive effect. Therefore it might be supposed 
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that, the Gconstant values are linearly dependent on the values of Cl35 NQR 

frequencies only for meta-substituted chlorobensenes. A comparison between 

those two series of values gave a fairly 

them (Fig-l): 

Gm = (-26.71 + 0.7735&) 

?* = ( 34.55 + 1.223 Gm) 

strict linear relationship between 

f 0.07; r=o*973 (1) 

f 0.09; eo.973 (2) 

Fig.1. A correlation of C135 NQR frequencies for meta- 
-substituted chlorobenzenes with the Csm constants 
of the substituents. 

The values of Gm constants for IO substituents (mainly from McDaniel 

ana Brown data6) and the averaged values of NQ,R frequencies (at 77°K) for 

the corresponding substituted chlorobenzenes (Tabl.1) have been used at dedu- 

cing the equation (I) and (2). The values of Gm constant, calculated by the 

equation (1) are given in Table I. The standard deviation of G $6 within the 

usual limits of accuracy (from 0.02 to 0.1)lP6 . Only one significant devia- 

tion (0.17) is observed in the case of m -HOOC group, the latter not having 

been used at the calculation of the parameters of the equations (1) and (2). 

No general linear relationship between the N&R frequencies of para-sub- 

stituted chlorobensenes and the Gconstants has been obtained. The points, 

corresponding to either non-conjugated substituents or weakly-conjugated 

ones with lone-pair electrons (Cl, Br, I, 0COCH3, i.e. substituents with 
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GR r~ -0.2, or less) satisfy the abovementioned relationship. The G, con- 

stants of those groups can be calculated by the equation (1) to a fairly 

high accuracy (Tab-I, No. 12-18), although the deviations exceeding 0.1 

(points No.117 and 18) have been observed. The points conformable to both the 

strongly conjugated substituents of the first type and to all the second 

type substituents do not satisfy the equation (I). The points corresponding 

to the electron-accepter groups lie above and those corresponding to the 

electron-donor groups lie below the line obtained (Fig.?). It might be 

accounted for the fact, that theG Hammett constants are affected by both 

the inductive and the resonance influence of the substituents, while the N&R 

frequencies values depend mainly on the inductive effect. A comparison of 

the deviations from the ordinate-axis (AGc c- G cal ) with the Taft reso- 

nance parameters G, 7 brings us to the linear relationship (Fig.2) 

AC= (0.12 + 1495 GR> + 0.06; r=O.990 

Fig.2. A correlation of G, of substituents with deviations 
AG from the linear dependence Gm ( 3,) (Fig-l) for 

the para-substituted chlorobenzenes with the strongly 
conjugated substituents of the first type and for the 
second type substituents. 

An analogous equation gives the deviations from the abscissa 

o\l = (0.15 + 1.466 C,) + 0.07; r=O.990 
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: 
The above relationships for calculating the corrections ~Gand A 

:' 3 

together with the equations (1) and (2) enable us to determine the Gp con- 

stants as well as the NQR frequencies values of the corresponding substitu- 

ted chlorobenzenes for the second group para-substituents (Tab1.2). 

Gp = Gcal + ar or 

Gp = (-26.59 + 0.7735y, + 1.195 GR) f o-06; r=0*990 (3) 

3, = (34.40 + 1.223Gp - 1.466GR) + 0.07; r=0.990 (4) 

In that case the exceptions are the p-amino and p-dimethylamino group6 

( ‘J = 34.15~ and 33.94*) megacycles per sec.). The Gp constants calculated 

from the equation (3), have the excessive absolute values (-1.08 and -1.45 

respectively). If both the Gp value and the N&R frequency for the given 

parasubstitued chlorobenzene are available , the relationship obtained can be 

used to determine the resonance parameter GR (Tabl.2) 

G, = (21.80 + 0.820Gp - 0.6342vp) 2 0.05: rz0.990 (5) 

Similar relationships can be obtained if the Taft constants Goand ~~8sg 

are used instead of theC Hammett constants and the GR constants respecti- 

vely and in that case, both the correlation coefficient and the standard 

deviation have the values close to those obtained above. 

It is of interest that there is a difference between the influence of a 

substituent up on F 19 NbfR resonance frequency and its influence upon Cl35 

N&R resonance frequency in the corresponding aromatic compounds. Taft" has 

shown that the chemical shifts of F1' resonance signals for fluorobenzene 

meta-derivatives are linearly related with the values of the cI constants 

of the substituenta, while the chemical shifts for para-derivatives are 

affected by both the inductive effect of the substituents and its resonance 

influence; the contribution of the latter being three times as large as that 

of the inductive effect. 

l ) Authors data. 



~0.26 2525 

men trying to establish a correlation of meta-substituted chlorobenze- 

nest NQR frequencies with the GI constants we 've obtained rather rough 

linear relationship (rx0.928); hydrogen and carboxylic group deviating 

considerably from the line obtained ( AG ~0.23 and 0.25 respectively). 

Para-isomers, in fact, do satisty the very same relationship, in contrast 

to what has been observed for F 19 chemical shifts. This confirms the conclu- 

sion, that the inductive influence of substituents is predominant; although 

the relationship being not a strict one. 
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Table I. Correlations of Cl35 NQR frequencies for meta- and 

para-substituted chlorobenzenes RC6H4Cl with the 6 

constants of the substituents 

NO. R 
MS ’ . vcalc. Y-Xalc. G6) Gcalc GCFalc. 

I. 

2. 

3. 

4. 

5* 

6. 

7. 

8. 

9* 

10. 

11. 

12. 

13* 

14. 

15. 

16. 

17. 

18. 

m-NO2 

m-CF 
3 

m-Br 

m-C1 

m-F 

m-CR CONH 
3 

m-OH 

H 

mm2 
m-(CH3)$ 

m-HOOC 

p-Cl 

p-Br 

P-I 

p-CH3coo 

P-cH2(-3 

p-CH2Cl 
+ 

P--(C'H~)~N 

35.Mi2) 35.42 0.04 

35*072) 35.08 -0.01 

34.92a) 35.03 -0.11 

34.942) 35-01 -0.07 

35.01a) 34.96 0.05 

34.744) 34.81 -0.07 

34.804) 34*70 0.10 

34.622) 34.55 0.07 

34.434) 34.35 0.08 

34.16a) 34.29 -0.13 

35~23~) 35.00 Oe23 

346772) 34.83 -0.06 

34.80a) 34*83 -0.03 

34*77a) 34.77 o&o 

34*93a) 34.93 0.00 

34.61') 34.56 0*05 

34.572) 34.77 -0.20 

35.418) 35.55 -0.14 

0.710 0.72 0.01 

0.43 0.41 0.02 

0.391 0.30 0.09 

0*373 0.32 0.05 

0.337 0.37 -0.03 

0.21 0.16 0*05 

0*121 0.21 -0.09 

0.000 0.08 -0.08 

-0.16 -0.08 -0.08 

-0.211') -0.29 0.08 

O-37 0.54 -0*17 

0.227 0.18 0.05 

0.232 0.21 0.02 

0.18 Or18 O&O 

0.31 0.31 0.00 

0.007') 0.06 -0.05 

0.184') 0.03 0.15 

0.82 0.68 0.14 

a) The authors data. 
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