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Relative gas phase stabilities of ring substituted phenylamino anions were theoretically 

determined using proton transfer equilibria.  Substituent effects of these anions were compared 

with one another to discuss what kinds of electronic effects are important to determine the gas 

phase stabilities.  According to statistical analyses, the stabilities of phenylamino anions are 

found to be governed by three kinds of electronic effects: inductive, resonance, and saturation 

effects.  It has become apparent that an extended Yukawa-Tsuno equation, 

EX = ( 0
+ r R + s S ) , is necessary in order to correlate the substituent effects of 

phenylamino anions as well as benzylic anions. 
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Table 1. - EX
a
 in kcal mol

-1
.   

___________________________________________________ 
Subst.                            R  
           ________________________________________ 
                  H        NH2      OH      Me  
___________________________________________________ 
p-NMe2  -0.79 -0.97 -1.71 -0.58 
p-NH2  -3.70 -3.82 -4.38 -3.42 
m-NMe2  -1.26 -1.50 -1.89 -1.14 
p-MeO  -1.31 -1.46 -1.99 -1.15 
p-OH  -2.63 -2.57 -2.98 -2.00 
p,m-Me2  -1.67 -1.74 -1.82 -1.48 
p-MeO-m-Cl  6.21 6.22 5.35 6.21 
p-t-Bu  0.23 0.23 -0.01 0.28 
p-Me  -1.26 -1.16 -1.30 -1.01 
m-MeO  1.05 0.67 0.83 0.54 
m-Me  -0.28 -0.25 -0.30 -0.25 
H  0.00 0.00 0.00 0.00 
p-F  2.31 2.44 2.05 2.60 
p-Cl  6.73 6.89 6.39 6.54 
m-F  5.77 5.97 5.75 5.57 
m-Cl  8.03 8.01 7.65 7.64 
m-CF3  10.39 10.50 9.82 9.85 
m-CHO  10.13 10.64 11.45 9.93 
m-COMe  7.64 7.84 7.28 7.54 
m-CN  14.07 14.08 13.41 13.25 
m-NO2  15.13 15.20 14.27 14.22 
p-CF3  14.14 14.45 13.73 13.12 
p-CHO  19.91 20.68 19.62 18.36 
p-COMe  17.12 17.65 16.57 15.54 
p-CN  19.66 20.11 19.14 18.31 
p-NO  27.56 28.91 27.67 25.53 
p-NO2  27.08 28.24 26.62 25.18 
___________________________________________________ 
a) Calculated at the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d). 

6

B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d)

EX Table 1  

R=H B3LYP/6-311+G 

(2d,p)//B3LYP/6-31G(d) B3LYP/6-31G 

(d) + ZPE (scaled 0.9804)

[21] Fig. 1 Table 2

B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d)

Fig. 1

30kcal mol
-1

1.166 R=0.999

B3LYP/6-31G(d) + ZPE (scaled 

0.9804) Table 2

B3LYP/6-311+G(2d,p)// 

B3LYP/6-31G(d)

 

 

Table 1. Continued.   
___________________________________________________ 
Subst.                  R  
           ________________________________________ 
                  CN      CF3   
___________________________________________________ 
p-NMe2  -2.89 -2.94 
p-NH2  -3.95 -3.94 
m-NMe2  -3.26 -2.67 
p-MeO  -2.03 -1.99 
p-OH  -1.41 -1.38 
p,m-Me2  -2.04 -1.86 
p-MeO-m-Cl  3.67 3.81 
p-t-Bu  -0.58 -0.48 
p-Me  -1.25 -1.20 
m-MeO  0.30 0.42 
m-Me  -0.83 -0.76 
H  0.00 0.00 
p-F  2.94 2.91 
p-Cl  5.66 5.60 
m-F  4.86 4.65 
m-Cl  6.19 6.17 
m-CF3  8.64 8.59 
m-CHO  8.20 8.31 
m-COMe  6.06 6.23 
m-CN  11.83 11.75 
m-NO2  12.60 12.53 
p-CF3  10.68 10.54 
p-CHO  13.84 13.72 
p-COMe  11.14 11.04 
p-CN  15.09 14.90 
p-NO  19.59 19.38 
p-NO2  19.52 19.27 
___________________________________________________ 
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Table 2. Comparison of calculated EX and experimental GX
a
.  

___________________________________________________ 
level               a

b
            R

c
           n

d
 

___________________________________________________ 
 
B3LYP/6-31G(d)+ZPE(scaled 0.9804) 
  1.216 0.997 19 
B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d) 
  1.166 0.999 19 
___________________________________________________ 
a) For phenylamino anions (R=H). Ref. 21. b) Comparisons 
were made by a linear regression of - Excalc = a - Gxexptl. 
c) Correlation coefficients. d) Numbers of substituents included 
in the analyses.  
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R                slopeall
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     R

c
     slopemeta
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     R
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___________________________________________________ 
H  1.327 0.993 1.213 1.000 
NH2  1.369 0.993 1.228 0.999 
OH  1.306 0.994 1.180 0.997 
Me  1.238 0.994 1.154 0.999 
CN  1 1 1 1 
CF3  0.990 1.000 0.997 1.000 
___________________________________________________ 
a) Calculated at the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d). 
b) Determined by a linear regression of - EX(R) = slopeall  
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___________________________________________________ 
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a
      SD

b
       s 

c
      SD

b
  

___________________________________________________ 
H  1 0 1 0 
NH2  1.187 0.171 0.926 0.090 
OH  1.092 0.236 0.710 0.267 
Me  0.797 0.069 1.012 0.220 
CN  0 0 0 0 
CF3  -0.048 0.062 0.101 0.141 
___________________________________________________ 
a) Determined by a linear regression of [- EX/slopemeta](R) – 
[- EX/slopemeta](R=CN) = r’  {[- EX/slopemeta] (R=H) – [- EX/ 
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