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Substituent Effects on Gas-Phase Stabilities

of N'-Phenylguanidinium Ions
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Relative gas-phase stabilities of ring-substituted N'-phenylguanidinium ions were theoretically

determined using isodesmic reactions, and the substituent effects were analyzed by the Yukawa-Tsuno

equation: —-AEy = (0’ + r*AGy) . The r' value was —0.15 for planarly fixed N'-phenylguanidinium ions.

A slightly larger 7" value (—0.04) was found for fully optimized N'-phenylguanidinium ions in which the

guanidinium moiety is orthogonal to the benzene ring.

This increase was attributed to the

through-resonance between cationic center and para —R groups which operates through the

hyperconjugation between the benzene mn-electron system and the side chain.

supported by NBO analyses.

This mechanism was

Keywords : Substituent Effect, N'-Phenylguanidinium Ion, Yukawa-Tsuno Equation, DFT Calculation
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Fig. 1. Structures of ring-unsubstituted
N’-phenylguanidinium ions.
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Fig. 2. Relative gas-phase stabilities of
ring-unsubstituted cations.
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BETHDHZ LA RLTWS, B U FBEVEET
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PERE DR E 72 NJRFIZIEB A S IR X » TIERTE
fELTzZ e RERLEEIE LD LTEEE XL
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Table 1. Relative gas-phase stabilities (— AE, )."

Substituents® TSE® CSE!
3¢’ 4cf 3¢t 4c"
p-Me;,N 5.12 4.19 7.13 6.20
p-NH, 3.64 2.42 4.85 3.64
m-Me,N 3.34 3.52 5.48 5.66
p-MeO 2.23 1.41 2.66 1.83
p-OH 1.23 0.33 1.18 0.28
p,m-Me, 2.06 2.23 2.97 3.14
p-MeO-m-Cl 0.77 0.08 -0.24 -0.93
p-t-Bu 1.85 1.89 2.53 2.57
p-Me 1.27 1.17 1.70 1.60
m-MeO 1.45 2.00 2.07 2.62
m-Me 0.91 1.10 1.43 1.62
H 0.00 0.00 0.00 0.00
p-F -1.40 2.12 2.92 3.64
p-Cl -1.66 -1.95 -3.23 3.52
m-F 2.11 -1.84 -3.48 3.21
m-Cl -1.94 -1.84 -3.49 -3.39
m-CF; 3.34 -3.06 -5.54 -5.26
m-CHO 2.41 -0.69 -4.09 237
m-COMe -0.82 1.14 -1.72 0.24
m-CN -4.93 -4.65 -8.09 -7.80
m-NO, -5.33 412 -8.72 -7.51
p-CF; -3.98 -3.73 -5.93 -5.68
p-CHO -4.09 -3.41 -5.48 -4.80
p-COMe 2.57 -1.90 -3.43 2.75
p-CN -5.70 -5.29 -8.34 -7.93
p-NO -5.83 -4.98 -7.67 -6.83
p-NO, -6.64 -6.03 -9.42 -8.81

a) Determined at the B3LYP/6-311+G(2d,p) level in unit
of kcal mol™.

b) Ring substituents (X).

c¢) Total stabilization energy. See text.

d) Cation stabilization energy. See text.

e) Estimated with Eq. (4).

f) Estimated with Eq. (6).

g) Estimated with Eq. (7).

h) Estimated with Eq. (8).
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Table 2. Results of substituent effects analyses.”

equilibria®  p rt R® sp¢ n°
TSE
4 -7.51 0.09 0995 035 27
6 -6.71 -0.06 0977  0.65 27
4f -7.60 0.08 0.995 035 24
6f 711 -0.09 0995 031 24
CSE
7 -11.48 -0.04 1.000 0.12 27
8 -10.68 -0.14 0993 055 27
7" 1146 -0.04 1.000 0.12 24
8t -10.97 -0.15 0.998 031 24

a) By measn of Yukawa-Tsuno Eq. (1).

b) Refer to the number of Eq. in the text.

¢) Correlation coefficient.

d) Standard deviation.

¢) Number of substituents involved in the analysis.

f) The m-CHO, m-COMe, and m-NO, derivatives were
excluded in the analysis.
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Fig. 3. The Y-T plots on -AEx of Eq. (4).
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Fig. 4. The Y-T plots on -AEx of Eq. (6).
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Fig. 5. The Y-T plots on -AEx of Eq. (4).
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Fig. 6. The Y-T plots on -AEx of Eq. (6).
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Fig. 7. The Y-T plots on -AEx of Eq. (7).
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Fig. 8. The Y-T plots on -AEx of Eq. (8).
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Fig. 9. The Y-T plots on -AEx of Eq. (7).
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Fig. 10. The Y-T plots on -AEx of Eq. (8).
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Fig. 12. Continuous spectrum of through resonance.

#) BLV, oTHEERD 21T =1 (FK) 2L
Do MO F A RITENENERIHA 2 v %
T, 3cid, o"EEZD 1 F=0) L by
WSV P E (-0.04) Z/RL7, 72, 4eld3c &
DHEBITNESR T (015 li%E R L7, ZOEE
X, FED 4e ITBWTHT AL E/NT R HK L
ORI EEILIE D TSN & ERT, £,

3¢ BE W 1e I2BWT, b FENTIEH BB
MEALTCWDZLERLTWD, ZOEPELED
VEFRERE 20 & 2529 5 72 8 NBO fi#HT 21T - 7=,

BB RFAGWRA T 4 TEHEWIEE v ¥ —WF3eHE Vol29



20
3.4 NBO f##7
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Fig. 13. Donor-acceptor interactions of NBOs
in N’-phenylguanidinium ion 3c(H).
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