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Abstract-Correlations between subslltuent constanL$ and physical constants have been obtained. The 

correlation between Taft’s a; and the charge-transfer energy of a substituent (E,) has been obtained for 

various substituents. Furthermore. the contribution of the x-bond system to the A-value and the correla- 

tlon between I luheey’s group electronegativity and A, are discussed. 

INTRODUCTION 

HAMMI n’s (T has theoretically been analysed by many authorslm3 in recent years. 
The correlations have been obtained between various substituent constants and 
calculated physical constants. Jaffe’ has obtained the correlation between G and the 
calculated x-electron density for disubstituted aromatic compounds, pyridine, azo- 
substituted hydrocarbons and naphthalene and evaluated the p-values. Sixma has 
obtained the correlation between o and the calculated localization energy for 
x-electrons. Peters3 has analysed the correlation between the substituent constants 
and the calculated physical constants by a simple perturbation method. Taft4 has 
separated (T into cr, and (TV (J* oR are caused by the inductive and the resonance 
effects of a substituent, respectively, in both m- and p-monosubstituted phenylacetic 
acids. Dewar et al.’ have evaluated the o-values separating into two parts (inductive 
and resonance) by the FM method. The magnitude of the field effect has been 
evaluated by F/rij, and the resonance effect by Mqij (or M’lrij). The meaning and 
values of these parameters (F, r, M, q) are described in Ref. 5. 

We consider that the magnitude of the following two substituent effects may be 
proportional to each other. One is the substituent effect on the reaction center in the 
para-substituted phenylacetic acid system, and another on the ring in the para- 
substituted benzene system. We have obtained the correlations between Taft’s G,, 
0;; caused by the former effect and the calculated physical constants A, E, caused by 
the latter effect, and the other correlations. The magnitude of these physical constants 
may be a measure of the substituent effect in the para-substituted benzene system. 
E, is the charge-transfer energy between a substituent and the benzene ring A is the 
calculated charge of a substituent. The method of the evaluation of E, and A will be 
described later. All the data on the correlations between the substituent constants 
and the physical constants have been evaluated by the method of least-squares. 

EVALUATION AND RESULTS 

The correlation between Taji’s ai and the charge-transfer energy (EJ ofa substituent. 
We obtained the correlation of the values between & and the calculated charge- 
transfer energy (E,) of a substituent in the monosubstituted phenylacetic acid system. 
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E, between the substituent and the benzene ring was obtained from Kimura’s’ data 
and taken approximately equal to the stabilization energy of the ground configura- 
tion of the benzene molecule. The stabilization energy is caused by the interaction 
between a substituent and the benzene ring This approximation is the same as 
described in previous papers’ for monosubstituted naphthalenes. Hine’s or6 was 
used for substituents (NH,, NO,) there being no data on ai at the pma-position in 
the monosubstituted phenylacetic acids. The sign of E, is always minus. We obtained 
the correlation between the values of )E,l an 0% The obtained correlations are d 
shown in Fig 1 and the following equation can be obtained: 

o; = -0.095 1 E, 1 + 0.019 

(r = 0.92) 

r is the correlation coefficient. 

(1) 
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FIG 1. The correlations between a;; and 1E,I for donor group in the monosubstituted 
phenylacetic acid system, the o;-values are estimated from the I&(-values for N(Et),, 

NH(Et), N(Me),, NH(Mc) and Et0 

The correlation between Taf’s CT* and the charge of a substituent (A). As is well 
known, the dipole moment (p) of a molecule is 

p = le (2) 

I is a degree of migration of an electron and e the electronic charge. The relation 
p/l gives the charge e from Eq. 2. 

In the present study, the charge of a substituent was evaluated by applying the 
relation p/l for the monosubstituted benzene and naphthalene systems. The charge 
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of a substituent (A) represents a degree of migration of an electron between a sub 
stituent and an aromatic ring: 

cl/l x lo- lo = A(e.s.u.) (3) 

t.t was taken as dipole moment of the substituent, and I taken as the distance between 
the aromatic C atom attached to the substituent and the center of gravity for the 
charge of the substituent. The direction from the aromatic atom toward the sub- 
stituent was taken as plus for the direction of ).L The dipole moment of the sub- 
stituent was evaluated by a vector addition of bond moments for each bond in the 
substituent. 

The method of drawing figures in the evaluation of A is shown in Figs 2 and 3. 

C: 
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FIG 2 The method of drawing tigures in the evaluation of A is shown for the OH and CHO 
groups. C* shows the aromatic carbon atom attached to a substituent 

‘H, 

FIG 3. The method of drawing figure of the spatial model used in the evaluation of A of the 

CH, group 
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FIG 4. The method of drawing ligures for the COCH3 and the H(‘ -CH, groups 

single and double bonds. The intermediate state may be given by the resonance 
between the benzene ring and the substituent. Fig 5 shows the obtained correlation 
of A vs a, (r = 094). The intercepts of the lines a and b are -0.2% and -050 in 
Fig 5, respectively. In order to unify the lines a and b to one straight line, @28 and 

FIG 5. The plot of A vs cr, in the monosubstituted phenylacetic acid system 
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050 were added to the values of A for the substituents 
pectively (N(Me),, COOH are on the line b). The unified 
the equation is 

cr, = 0.368 A + 0.03 

on the lines a and b, res- 
line is shown in Fig 6 and 

(7) 
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FIG 6. The unified straight line for the lines a and b in Fig 5 

The magnitude of the contribution of the resonance effect in the value of A will be 
discussed later. 

The correlation of Yukawa’s 0: vs ) E,I. Yukawa and Tsuno” have evaluated the 
magnitude of the resonance effect on various o-values using the A$ parameter in 
the following way. 

o; = 074 0’ + 041 Aa: (8) 
+ 

(JP 
= 0.71 (T’ + 1.41 A?$ (9) 

=; OP 
+ and d are determined by Taft,” BrownI and Roberts,14 respectively. 

Furthermore, Y ukawa and Tsuno’ ’ unified the above relation at the paru- and the 
meta-positions by cr, and or (oi = 074 o’, ox = 041 AU:). 

We obtained the correlation of cr: us 1 E, 1. ai is taken for the substituent that reacts 
as a donor to the benzene ring The sign ( + ) is taken for the donor. Fig 7 shows the 
correlation between o: and I E,). 

The following equation for the correlation in Fig 7 was obtained. 

0; = - 0066 1 E, ( + 0020 (r = 098) (10) 

The agreement of ) E, I against the parameter of the resonance effect on the a-value 
in Eq 10 is better than that in Eq 1. The resonance effect on the o-value may be sug- 
gested more directly with 0: than with ai. 
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FIG 7. The plot of ) E,I vs 0: for the donor groups in the monosubstituted benzene system 

The correlation between ai and the mesomeric moment p (mes). The mesomeric 
moment (cl (mes)) has been described to evaluate the magnitude of the resonance 
between a substituent and the benzene ring in Ref 15. cc(mes) is given as the difference 
in the dipole moments p(Ph-X) - p(Alk-X). Ph and Alk are the phenol and the alkyl 
molecules, and X is a substituent. The correlation between a: and the experimental 

FIG 8. The plot of o: vs times) for the donor groups in the monosubstiturtd benzene system 
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Ames) was obtained for some substituents in the present study. The obtained correla- 
tion is shown in Fig 8. The following equation was obtained for the straight line. 

o: = 0.422 p(mes) + 0.059 (r = 0.93) (11) 

DISCUSSION 

Contribution of the x-bond system to the A-value. A was evaluated for the a-bond 
system on the substituents treated in Fig. 5. Fig. 9 shows the comparison of the values 
of A for the substituents between for the o-bond system and for the G- and n-bonds 

A _ 

FIG 9. The comparison of the values of A for the substituents marked with a bar and for the 

substituents marked with not a bar in the relation of Fig 5. The former values were calcu- 

lated for the only o-bond system, and the latter values were calculated for both the cr- and 
n-bond system 

system. The numbers (percent) in the following parentheses show the contribution 
of the n-bond system to the value of A. The contributions are CN (94), COMe (80), 
NO2 (78), COH (69), COOH (36). These value-s suggest that the o,-values are affected 
by the It-bond system for the substituents having the n-bond. 

Yukawa’ ’ has suggested that the o,-value includes the x-inductive effect 026 oI 
at least. The above fact may support Yukawa’s suggestion. 

The method of calculation of E,. A more simple method of calculation for E, than 
that treated in this paper was discussed in the previous papers.’ That is, E, may be 
evaluated by the use of the values of H, HA and PAD- These marks and the method 
of evaluation are described in the discussion of the previous papers. This method 
was used to evaluate the values of E, for the molecules of monosubstituted phenyl- 
acetic and naphthoic acids in another paper of this series. 
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FIG 10. The plot of A vs Huheey’s electronegativity xH (in Mulliken unit, vol/electron) 

The correlotiofi af A vs the group electronegatiuity. Huheey16 has evaluated the 
electronegativity of multiply bonded groups such as CN, CO, SO2 and H,C=CH. 
Plot of A us xH (Huheey’s electronegativity) is shown in Fig. 10. There are correlations 
between A and xH. 

The way of taking 1. 1 must be taken as I’ as shown in Fig. 11 (a) originally. We 
compaired the values of (T, with the relativistic values of A in the present study. 

Y 

(a) (b) 

FIG 11. The way of taking of I and I’ in the monosubstituted benzene system. X-Y is a sub 
stituent, and x’ is the center of gravity of the charge of X-Y. Al.5 D) is the dipole moment 

of the phenol molecuk 

3D 
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Therefore, it is enough that we know the relativistic length of I’ for various substitu- 
ents. 1 in Fig. 11 (a) can be taken approximately as the relativistic length of I’. 

When the experimental data on dipole moments are used for the phenol molecule, 
I may be taken as shown in Fig. 11 (b). This method for the evaluation of I must be 
reasonable. However, we cannot know the dipole moment of a substituent only 
using the experimental data, because the data show only a resultant moment as a 
molecule. Furthermore, we cannot know separately the dipole moments for the 
n-bond system and for the o-bond system of a molecule using the experimental 
data. We have not used I as shown in Fig. 11 (b). 
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