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Substituent Effects on the Gas Phase Stabilities

of Phenoxide lons
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Relative gas phase stabilities of ring substituted phenoxide ions were theoretically
determined using proton transfer equilibria. Substituent effects of this anionic system were
compared with those of benzylic anions to discuss what kinds of electronic effects are decisive to
the gas phase stabilities. According to statistical analyses, the stabilities of phenoxide ions were
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,
AEy = p(©° +r Aok + sAc_rS), is necessary in order to correlate the substituent effects of phenoxide
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ions as well as other anionic systems.
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=138 OEAMMBEE 52, EHEEZZE Ll

Table 1. Relative stabilities (-AEy) of phenoxide ions.?
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O LV & i L TR IR DL > TV b,
O B iz diffuse B %% & A L 7= B3LYP/
6-31+G(d,p)# £ U B3LYP/6-311+G(2d,p) {1z B3 L 7=
45O LUV, T THBIRE R = 0.998, 12
Hff# SD <0.8 & 52, FEBRMEIZxHT 5 B W B
R LTz, FN5 45O L ~)L O HTlL B3LYP/
6-311+G(2d,p) D K U & 2R FLEE BIE A 8 A L 7 B
UL TTHIBIRER = 0.999, HEYE(R % SD < 0.7 %
Hz, YOBWEHBMEZR L, £, ERT XL
F— (ZPE) X DM EZITIIE I NEVHIMZE
~LT,

Fig. 1 (= B3LYP/6-311+G(2d,p) L~/ T O EAH
(-AEy) OxtIeT 2EBRE (-AGy) ITkT 571
v F&R LTz, 78y MK 30keal molt (27 -
THH X slope = 1.164, HHEEFRE R = 0.999 DE L2 E
WA A R T, ALV OEEITEBOT =4 D
SMHLZEMNEZRBERSHHRL WD VWL D, £z,

Subst” theoretical level® exptl?
A B C D E F G H

p-NMe, 1.23 1.60 1.25 0.54 -1.09 -0.77 -1.24 -0.96 2.1
p-NH; -2.35 -3.29 -4.12 -3.70 -3.98 -4.08 -3.88 -3.99 -3.3
m-NMe;, 0.59 0.48 -0.21 -1.02 -2.11 -2.00 -2.03 -1.98 -1.2
p-MeO 0.28 0.46 -0.36 -0.31 -1.32 -1.07 -1.24 -1.10 -1.2
p,m-Me, -0.90 -0.75 -0.61 -0.62 -2.06 -1.76 -1.90 -1.78 NA
p-MeO-m-Cl 8.98 9.76 9.77 8.56 6.36 6.51 6.46 6.51 NA
p-t-Bu 0.64 1.40 1.35 1.34 -0.11 0.01 -0.06 0.03 0.6
p-Me -0.78 -0.29 -0.24 -0.26 -1.38 -1.27 -1.29 -1.20 -1.1
m-MeO 2.14 1.37 1.13 1.24 0.78 0.81 0.79 0.77 1.1
m-Me -0.10 -0.26 -0.23 -0.26 -0.68 -0.70 -0.58 -0.59 -04
H 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
p-Cl 8.93 8.00 8.44 8.48 6.86 6.69 7.02 6.82 5.9
m-F 7.20 6.21 5.61 5.68 6.30 6.20 6.11 6.00 5.3
m-Cl 9.76 9.36 9.69 9.78 8.30 8.16 8.36 8.22 7.1
m-CF3 10.39 11.15 10.31 10.37 10.82 10.73 10.57 10.45 9.6
m-CHO 9.01 10.32 10.43 10.53 10.00 9.84 9.94 9.72 8.5
m-COMe 6.97 8.20 8.07 8.21 7.53 7.38 7.46 7.30 6.5
m-CN 14.93 15.57 15.32 15.37 14.23 14.00 14.37 14.09 13.0
m-NO, 16.30 16.63 16.42 16.58 15.60 15.43 15.37 15.13 144
p-CF3 14.21 13.79 13.57 13.69 13.94 13.89 13.66 13.59 11.9
p-CHO 18.35 17.49 19.30 19.26 18.29 17.86 18.27 17.79 15.8
p-COMe 15.72 14.94 16.42 16.42 15.22 14.92 15.23 14.87 13.3
p-CN 21.06 19.25 20.59 20.51 18.88 18.47 19.00 18.53 16.6
p-NO 23.31 24.42 26.01 25.89 25.56 24.86 25.30 24.56 20.2
p-NO, 27.12 24.00 26.30 26.32 25.53 25.00 25.05 24.48 20.9

a) In unit of kcal mol™.
b) Ring substituents.
¢) A: RHF/6-31G(d) + ZPE (scaled 0.8929).
B: MP2/6-31G(d)//RHF/6-31G(d) + ZPE (scaled 0.8929).
C: B3LYP/6-31G(d)//RHF/6-31G(d) + ZPE (scaled 0.8929).
D: B3LYP/6-31G(d) + ZPE (scaled 0.9804).
E: B3LYP/6-31+G(d,p)
F: B3LYP/6-31+G(d,p) + ZPE
G: B3LYP/6-311+G(2d,p)
H: B3LYP/6-311+G(2d,p) + ZPE
d) Experimental AG from Ref. 12 and Ref. 24.
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Table 2. Comparison of calculated AEx and experimental AGy®.

theoretical level® ac RY SD® n’
A 1.194 0.994 1.38 23
B 1.163 0.995 1.18 23
C 1.222 0.996 1.16 23
D 1.224 0.997 1.01 23
E 1.173 0.998 0.72 23
F 1.150 0.998 0.69 23
G 1.164 0.999 0.66 23
H 1.138 0.999 0.63 23

a) Ref. 12 and Ref. 24. b) See footnote in Table 1. c)
Comparisons were made by a linear regression of -AE,calc = a
X -AGyexptl. d) Correlation coefficients. e) Standard deviation.
f) Numbers of substituents included in the analyses.
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Fig. 1. Comparison of calculated and experimental
stabilities of phenoxide ions.
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Table 1 |\ZRL7=7 =/ %L FA 4D B3LYP/
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b ORI, FhZ 4 Fig. 2 B8 XL UVFig. 31275
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Tx /) FYRAFT D -AEy Do,a-T T )R
INT =F D -AELITH T H 7y b (Fig. 2) T
%, p-NO K225 p-NH, (& £ TDHJ 30kcal mol {2
Too THHE 1.288 OEAMMBEN RO 525, fHBEfR
BT R=0.985 & EAMEITR S 20, FEACRFTT 2
& . @ T/r L72H, m-F, m-Cl, m-COMe, m-CHO, m-CF,;,
m-CN, L O m-NO, D 8 {f§ D [EHLIARIZ D\ T fH &=
1.357. fHBEER%L R=0.999 DL 7= EARFAR 23S ARE L
TWo, oA ZEBENG OFEZRIT. LV
REERT = )XY RALT L OFRa,a-Y T /X
VUNT =AU LU TR 14 FRERE VLD
2%, OCTHRLTE pn-E T RKGIMEELREK (p-NO,
p-NO,, p-CN, p-CHO, p-COMe, 5 X U p-CF,{K) O~
2y ME, ZOAZHBEBRLOL DTN T H~THF
DaRLTWD, TDOKRKE IT p-NO K THJ 1.5kcal
mol' Th b, a,0-T T I RUUNT =F BN
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X Z X p-Me,N (K TH 6kcal mol' TH 5.
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D -AEx \ZxtT %57 vy b (Fig.3) Tl&, p-NO {£2)»
b p-NH, K E TDH) 25kcal mol' (27> TE =
0.784 OEARFHBI 2N 50 25 A, FEIR ST R=0.992
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L m-NO, D 8 HDEHIRIZHOWT, HE 0.952,
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Fig. 2. Plots of -AE, of phenoxide ions against those
of a,o-dicyanobenzyl anions.
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Fig. 3. Plots of -AE, of phenoxide ions against those
of benzyl anions.
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BB TR FAHRETH 0 EMRatT 5,
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SBFHE

7z )XY R A DOFEBROILIGE 5 DR E
X & 5729, Fig. 2—Fig. 3 7@ TR L7 H,
m-F, m-Cl, m-COMe, m-CHO, m-CF;, m-CN, B8 X
m-NO, O A X @ #afk IO, OTxRLEZ p-NO,
p-NO,, p-CN, p-CHO, p-COMe, 35 X U p-CF,; (ko /<
7 B kK 51 M E B MK IZ o W T
[~AEy /510P€ 14 Janions) = [=DEx Irira-cn.cny & 7H 5 L
720 R, R,=CN,CN |Z0,0-V ¥ T /) R PN T =F
BRT ., slope,,, VL7 =AU ROZMLZEMHEIC KT
TEHAIL R % R,R, = CN,CN (2% L THuf L72BR
DA ZHEBROBEETH D, Z OHITAELRIKD L
R DK E IMRR, = CN,CN (2T ENET
REwnwnrz x4, o0k @Ex .
[-AEy /slope o Jr1.k2=11.11) = [=BEx I g1 R2=CN.CN) \© xf
L<C”rm> hLFig. 412~ L7%, R,R,=HHIZEW\
TUBRE AL O 22 E (L BEIE p-NO, p-COMe, p-NO,
BELW p-CHO TKREW, £/, p-CN B LV p-CF,
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[14-1517 = / ¥ A A oHEghHE & R, R,=HH
O R A L7-7 2 v b (Fig.4) TiE, X
slope = -0.082 ., HEYE(R 7% SD = 0.57 D EARFE N R &
N, ZOFEFEIL, 7=/ FV FAA U BLORY
CINLT = VR D —AEG 3595 BN R AN,
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Fig. 4. Additive effects of +R groups.
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Fig. 5. Bond lengths vs. resonance degree (r”).
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. . . 0 0.5 1
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