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Substituent Effects on the Gas-Phase Acidities

of Benzoic Acids

HE B R WY A HBY W% Ml 2
Kazuhide Nakata, Mizue Fujio, Kichisuke Nishimoto, Yuho Tsuno
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Relative gas-phase acidities of ring-substituted benzoic acids were theoretically determined
using proton transfer equilibria.  Substituent effects of this system were compared with those on
the gas-phase stabilities of anionic systems to confirm that the gas-phase acidities of benzoic acids
are governed by three kinds of electronic effects: inductive, resonance, and saturation effects.
Following substituent effect analysis with an extended Yukawa-Tsuno equation,
AEy =p©+r Aok +sAES), gave an excellent linear correlation. The present system in gas
phase is concluded to be essentially anionic and different from that in solution which is the
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standard system of Hammett’s ¢ constants.
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Table 1. Relative acidities (-AEy) of benzoic acid.?

Substituents” Theoretical® Experimental”

-AEx -AGy
p-NMe; -5.30 NA
p-NH; -4.38 -2.5
m-NMe, -2.49 NA
p-MeO -2.16 -0.7
p,m-Me, -2.02 NA
p-MeO-m-Cl 2.36 NA
p-t-Bu -0.96 NA
p-Me -1.30 -1.1
m-MeO 0.39 0.5
m-Me -0.78 -0.7
H 0.00 0.0
p-F 3.00 2.9
p-Cl 4.74 4.3
m-F 4.21 3.8
m-Cl 5.42 4.7
m-CF; 7.53 7.3
m-CHO 8.15 NA
m-COMe 6.63 NA
m-CN 10.47 10.2
m-NO, 11.20 10.8
p-CF; 8.26 7.7
p-CHO 8.67 7.1
p-COMe 6.54 5.6
p-CN 11.28 10.8
p-NO 11.67 NA
p-NO, 12.92 11.7

a) In unit of kcal mol™.

b) Ring substituents (X).

c) Determined at the B3LYP/6-311+G(2d,p) level.
d) Experimental AGyx from Ref. 23.
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Fig. 1. Comparison of calculated and experimental
acidities of benzoic acids.
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Fig. 2. Plots of -AE, of benzoic acids against those
of a,a.-dicyanobenzyl anions.
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Fig. 3. Plots of -AE, of benzoic acids against those
of benzyl anions.
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Fig. 4. Extended Y-T plots of -AE, of benzoic acids.
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Fig. 5. Continuous spectrum of the resonance
and saturation effects.
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Fig. 6. Optimized structures of para- and meta-
dimethylamino benzoate anions.
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