EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-08-03

a, - AFIRYIINAFAVICVERT S
BEEHXESHRO —_mAKEYE

B, ik / FUJIO, Mizue / NAKATA, Kazuhide / #RH, #0
7

FEBRZIRERAT 1 THEHRREV Y —
EBRARZRHRA T 1 THERREY I —HREBS
34

36

45

2019-07-18

https://doi.org/10.15002/00022802



36
BRI A 71 THBEWIE X >~ ¥ — W72 Vol.34 (2019)

a,a-IAFIWINONVAFFNERT S
EEHEISIREO _EBKTFYE

Dihedral-Angle Dependency of the Through-Resonance Effect Operating

on a, a-Dimethylbenzyl Cations
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Kazuhide Nakata and Mizue Fujio
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Substituent effects on gas-phase stabilities of a, a-dimethylbenzyl cations having fixed dihedral angle ¢ between the
benzene ring and the side chain planes that was varied from 0° to 90° by steps of 10° were determined by computational
chemistry together with that of fully optimized cations, and were analyzed by means of Yukawa-Tsuno equation.
Comparison of obtained 7" values with geometrical indices such as bond distances and angles gave support to the
operation of the through-resonance effect even in the 90°-fixed cation. To examine the inducement mechanism of
the through-resonance effect in this cationic framework, natural bond orbital (NBO) analyses were performed. NBO
interactions that correspond to electron donation from the z orbital of the benzene z-electron system to the z* orbital of
the side chain operate at the maximum efficiency in the planer structure and those that correspond to electron donation
from the z orbital of the benzene z-electron system to the o* orbital of the side chain operate at the maximum efficiency

in the orthogonal structure. Sum of these orbital interactions were found to determine the through-resonence effect of

this cationic system at any ¢.

Keywords : Substituent effect, a, a-dimethylbenzyl cation, Yukawa-Tsuno equation, DFT calculation
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Figure 1 Structural formula of 1¢(X) and 1¢(¢p=90°,X)
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R®1 1eX) DM STAHLENE (- AEy)

Table 1 Relative gas-phase stabilities (— AEy) of 1e(X)*
Substituents (X)° opt®  ¢=30"°  ¢=60"° ¢=90°"°
p-Me;N 2572 2370 1791 8.98
p-NH, 20.09 1834  13.25 5.65
m-Me;N 7.43 7.40 7.36 6.79
p-MeO 1257 1136 7.77 3.00
p-OH 9.28 8.21 5.16 1.18
p.m-Me, 7.45 6.99 5.53 3.72
p-MeO-m-Cl 8.27 7.14 393 -0.31
p-t-Bu 7.24 6.67 5.01 3.20
p-Me 5.50 5.01 3.64 2.09
m-MeO 2.25 222 2.41 2.54
m-Me 2.46 2.43 2.20 1.90
H 0.00 0.00 0.00 0.00
(0)* (-1.90)* (-10.58)* (-20.11)"
p-F 073 -1.1 2.2 -3.56
p-Cl -0.84  -126 233  -3.64
m-F -5.21 510 -4.66  -4.09
m-Cl 5507 -491 445 2396
m-CF; 797 782 727 -6.52
m-CHO 650 629  -551  -4.40
m-COMe 305 293 247 -1.66
m-CN -11.71 -11.41  -10.48  -9.38
m-NO, -1231 -12.08  -11.19  -9.97
p-CF, 895 869  -7.77  -6.70
p-CHO 790  -7.64 685  -598
p-COMe 448 440 399 346
p-CN -10.97  -10.79  -10.10  -9.37
p-NO -11.53  -11.11 983  -845
p-NO, -1429 21378 -1220  -10.42

a) Determined with Eq. 2 at the B3LYP/6-311+G(2d,p)
level of theory in unit of kcal mol™.
b) Ring substituents (X).
¢) opt : 1e¢(X)

$=30": 1¢(¢=30°,X)

$=60°": 1¢(¢=60°,X)

$=90°": 1¢(¢=90°,X)
d) Stabilities of ring unsubstituted cation 1¢(¢,H) relative
to 1c(H).
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Table 2 Results of substituent effects analyses®

L T T TTT I T T T T T T 1777 I T T T T T T T1TT i
cation 0 re R* SD° nf C Me & Me 1
C ¢ ]
20 F Ny
1¢(X) -16.72  1.08 0999 0.45 27 - |// .
1¢(¢6=0°,X) -16.73  1.08 0999 0.45 27 - X .
1c(¢=10X) -16.69 1.07 0.999 0.44 27 - T 1e(¢9=30"X) -
1e(¢p=20°X) -16.55 1.05 0999 043 27 g - .
1e($=30°,X) -16.30 0.97 0.999 0.40 27 =10 L p-MeO ]
1c(¢=40°X) -1595 087 0.999 036 27 g VN ]
1¢(¢=50°,X) -1549 0.76 0.999 033 27 @ r r MeO-m-Cl i
1c(¢=60°,X) -14.92 062 0.999 0.30 27 o T ’ ]
1c(¢=70°X) -14.28 045 0.999 0.29 27 E - p=-1630 ]
1c(¢=80°,X) -13.61 023  0.999 0.28 27 SoL rr=097 ]
1e(¢=90°,X) -13.10 -0.01  0.999 0.19 27 & [ R=099 ]
<  SD=040 ]
a) Analyzed by measn of Yukawa-Tsuno Eq. 1. C ]
b) Correlation coefficient. T O:o .
¢) Standard deviation. C o:o* ]
d) Number of substituents involved in the analysis. -10 |- ..o b 7
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R3 1c(H)B X Ule(gp, H) DAL, E D F 5

Table 3 Contributions of resonance structures in 1¢(H)

and le(@, H)*
cation RS1 RS2 RS3 RS4 RS5
1c(H) 9.36 9.31 9.31 8.59 8.59
1c(¢p=0°,H) 9.19 9.04 9.10 8.63 8.64
1c(9=10°,H) 9.72 9.68 9.03 8.51 8.51
lc(9=20°,H) 8.92 8.95 6.34 9.80 9.80
1¢(¢=30°,H) 9.56 9.56 5.82 9.08 9.09
1c(¢=40°,H) 9.74 10.54 10.52 417 9.83
le(9=50°,H) 12.53 12.67 3.56 6.86  6.87
le(9=60°,H) 15.38 15.53 3.45 5.57 5.58
1c(¢=70°H) 17.25 16.85 2.00 442 443
1c(¢=80°,H) 21.22 21.23 0.20 2.53 253
1c(9=90°,H) 23.80 23.79 0.00 0.61  0.80

a) Determined by natural resonance theory (NRT)
analyses. In unit of %.
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