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Substituent Effects on Gas-Phase Stabilities 

of Phenylaminomethyl Cations 
 
 

 

Kazuhide Nakata, Hans-Ullrich Siehl, Mizue Fujio 
 

  
  

  
 

     Relative gas-phase stabilities of ring-substituted phenylaminomethyl cations were theoretically 
determined using isodesmic reactions, and the substituent effects were analyzed by the Yukawa-Tsuno 
equation: −ΔEX = ρ(σ

0 + r+Δσ R
+ ) .  A substantial r+ value of 0.36 was observed for the fully-optimized 

cation which has a planar structure.  On the other hand, a negligible r+ value of –0.03 was found for the 
cation in which the side chain plane was fixed orthogonal to the benzene ring plane.  This decrease in the 
r+ value was attributed to the through-resonance effect between the cationic center and the para –R groups, 
which operates through a non-classical orbital interactions between the benzene p-electron system and the 
side chain.  This mechanism was investigated in detail by means of NBO analyses.   
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22..  方方法法  
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33..  結結果果おおよよびび考考察察  

 
33..11  構構造造とと安安定定性性  
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図 2. 4c(H, φ) の二面角 φにともなう安定性の変化 .

Fig. 2. Change in stability of 4c(H, φ)

with the dihedral angle φ.
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1.  (–DEX).a 
Table 1. Relative gas-phase stabilities (–DEX).a 

–––––––––––––––––––––––––––––––––––––––––––––– 
Substituentsb              1cc      2cc      4cd 
–––––––––––––––––––––––––––––––––––––––––––––– 
p-Me2N   9.47 26.21 17.39 
p-NH2   6.18 20.62 13.11 
m-Me2N   6.94 7.58 8.43 
p-MeO   3.36 12.93 8.18 
p-OH   1.56 9.66 5.72 
p,m-Me2   3.83 7.56 5.83 
p-MeO-m-Cl   -0.23 8.36 4.13 
p-t-Bu   3.24 7.27 5.07 
p-Me   2.21 5.63 3.85 
m-MeO   2.45 2.16 2.67 
m-Me   1.94 2.51 2.38 
H   0.00 0.00 0.00 
  (0)e (20.11)e (26.57)e 
p-F   -3.40 -0.57 -2.02 
p-Cl   -3.73 -0.94 -3.04 
m-F   -4.45 -5.57 -5.19 
m-Cl   -4.28 -5.40 -5.03 
m-CF3   -6.97 -8.43 -8.20 
m-CHO   -4.81 -6.91 -6.27 
m-COMe   -1.98 -3.38 -2.75 
m-CN   -9.88 -12.21 -11.63 
m-NO2   -10.67 -13.00 -12.49 
p-CF3   -7.28 -9.52 -9.68 
p-CHO   -6.71 -8.63 -10.00 
p-COMe   -4.03 -5.05 -6.50 
p-CN   -10.10 -11.69 -13.01 
p-NO   -9.48 -12.56 -14.66 
p-NO2   -11.35 -15.21 -16.08 
–––––––––––––––––––––––––––––––––––––––––––––– 
a) Determined at the B3LYP/6-311+G(2d,p) level in unit 
of kcal mol-1. 
b) Ring substituents (X). 
c) Data taken from Ref. 7. 
d) Estimated with Eq. (4). 
e) Stabilities of ring unsubstituted cation relative to 
1c(H).   

 
(4) 4c –

DEX 1c 2c Table 1
 

p-Me2N 17 kcal mol-1

p-NO2 16 kcal mol-1

f

 
 
33..22  置置換換基基効効果果のの比比較較  
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33..33  湯湯川川-都都野野式式にによよるる置置換換基基効効果果解解析析  

4c –DEX

(1) Table 2
Fig. 6 9  

 
2. a 

Table 2. Results of substituent effects analyses.a 
–––––––––––––––––––––––––––––––––––––––––––––– 
  f /˚b        r       r +      Rc     SDd     ne 
–––––––––––––––––––––––––––––––––––––––––––––– 
 0.1 (opt)f -15.04 0.36 0.999 0.35 27 
 0 -15.04 0.36 0.999 0.35 27 
 10 -15.01 0.36 0.999 0.35 27 
 20 -14.91 0.33 0.999 0.32 27 
 30 -14.78 0.30 0.999 0.28 27 
 40 -14.63 0.25 0.999 0.25 27 
 50 -14.48 0.19 0.999 0.23 27 
 60 -14.32 0.12 0.999 0.23 27 
 70 -14.17 0.05 0.999 0.23 27 
 80 -14.05 -0.01 0.999 0.23 27 
 90 -14.00 -0.03 0.999 0.21 27 
–––––––––––––––––––––––––––––––––––––––––––––– 
a) By measn of Yukawa-Tsuno Eq. (1). 
b) Dihedral angle f between the benzene ring and the 
side chain planes. 
c) Correlation coefficient. 
d) Standard deviation. 
e) Number of substituents involved in the analysis. 
f) Fully optimized cation. 
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Fig. 4. Comparison of substituent effect between 4 and 1.
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図 6. 4cの -ΔEx に関する湯川−都野プロット .

Fig. 6. The Y-T plots on -ΔEx of 4c.
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Fig. 7. The Y-T plots on -ΔEx of 4c(φ=30˚).
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Fig. 8. The Y-T plots on -ΔEx of 4c(φ=60˚).
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Fig. 9. The Y-T plots on -ΔEx of 4c(φ=90˚).
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33..44  NNBBOO 解解析析  
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Fig. 10. NBO interactions in 4c.
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44..  ままととめめ  
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