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Substituent Effects on the Gas-Phase Acidities

of Phenylacetic Acids
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Relative gas-phase acidities of ring-substituted phenylacetic acids were theoretically
determined using proton transfer equilibria. Substituent effects of this system were compared
with those on the gas-phase acidities of benzoic acids. It was shown that the gas-phase acidities
of phenylacetic acids are governed by three kinds of electronic effects: the inductive, resonance,
and saturation effects, and the through-conjugation in phenylacetate anions is slightly larger than
that in benzoate anions. Following substituent effect analysis with an extended Yukawa-Tsuno
equation, AE =p(a°+r'Ac_r;e+sAc_rS), confirms the above results giving an excellent linear
correlation. Conformational analyses show that the slightly larger through-conjugation in
phenylacetate anions can be attributed to the hyperconjugation between acetate moiety and

benzene m-electron system.
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Table 1. Relative acidities (- AE, ) of phenylacetic acid.”

Substituents’ 1° 2¢
»NMe, 281 281
»-NH, 246 243
m-NMe, -1.40 -1.18
»-MeO -1.10 075
p,m-Me, -1.26 -1.17
p-MeO-m-Cl 2.30 2.73
p-t-Bu 0.44 041
p-Me 081 0.77
m-MeO 1.17 1.50
m-Me -0.50 -0.39
H 0.00 0.00
p-Cl 4.08 4.08
m-F 3.17 3.10
m-Cl 4.11 4.17
m-CF; 6.24 6.18
m-CHO 6.70 6.58
m-COMe 6.08 6.21
m-CN 8.70 8.64
m-NO, 9.64 9.60
p-CF, 6.95 6.51
»-CHO 8.11 728
»-COMe 6.32 570
p-CN 9.79 9.09
»-NO 11.39 9.53
p-NO, 11.83 10.36

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

b) Ring substituents (X).

¢) Fully optimized phenylacetate anions.

d) Phenylacetate anions of which £CC,C,C, =0.0°.
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Fig. 2. Plots of -AEx of phenylacetic acids against
those of phenoxide anions.
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Fig. 3. Plots of -AEx of phenylacetic acids against
those of benzoate anions.
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Fig. 4. Extended Y-T plots of -AEx of
phenylacetic acids.

033 OF - EHFMBERG T,

Bonfr BB IOsEICONTE L5 L, Fig.
50Xk b, T, HBOESNERT FEIZ
026 NMEbHh, 7=/FV R7 =40 1 (EFE)
BLUORVy Y= rT7=FrD 0 (EFE) OHD
EazloTWnWb, 72XV RT7=F1%, 7T=%
YHLEMIZET AT, T4 Hibd p-x-
R MEERENEEIE TS Z LN ARETH D,
—F, XV 2= T =AU TIE, T=4rF0L%
BALWZET B, 7=k p- n-ER3IME
BEHENEELER T Z RN TE R, A, B
HENR AR LT 2=V T BT — T =40,
T=F UL EyMNIZET S0, XYy Z— T
=F LR, T A i d p- o - RG IR E R
EPESEREZ T8 TEP, r T 0N FHES
Nz, L L7256, Fig. 5 IRTERY, 7=
NT BT — b7 =4O r X020 NELN, T
MICESEERIC X DL EMRTE L TWND Z L &R
BLCTW5, £72, sfili 046 NEHN, r AL (A
B, 7= /X RT7=A4rn 1 (FF) BLO~v
VI —RT =40 0 (EFRK) OFHOMEE L - T
WA, ZOZEE, Tx=ATETF— K NT =42 T
%, RV = T =F U HEBRLT, T4
DN B VBN LG RIEITE LTV D

BB WA T 1 T HEIE o 7 —WHJElE Vol.27



83

S
Q Ne
o 0% %o & S
~c” o) 0
N
= = =z
NS
\\I N\ \\I \\I
X 0°-fixéd X X
____ 2 1
r=0.00 r=0.26
|
0.5 1
s=0.46| {s=0.53
\ |
0 0.5 1

Fig. 5. Continuous spectrum of the resonance
and saturation effects.

CHEb BT, T=A ALY B
5FAwﬂk%m LERLTWVD,
T2 VT T — T = F BT AT =4
e p-r-BRGIMEE I E OB OB K E
@%Tét@,T?T%FﬂH%A/?/%kiI
EICHETE L CRBL L2 2= AT 8T — 7 =4
YIIZOWTHRMLEEMICKIT T B R %
R7E L (Table 1), $RIEG & EMENT 21T > 72, #&
F% Fig. 6 12”7, Fig. 6 ([ZB W, p-z-BEFRK5I
PEEHIE (p-NO, p-NO,, p-CN, p-CHO, p-COMe, 5 &
W p-CF,) ICBLTIROBWHIBZEX 20 TES
NlzHNFTO o 7ry M, @D o’ D EIZE/R->T
%D MERIL D EEE-> TS, £z, Bt
B>\ TIT, Dfﬁéht#b&@a7
DyFi.@okO@G%O% 0.47 2N
Bl HGEIck b BOHHBRE 52 T\Wd, Mﬁ@ﬁ
%,p=wi4,r=00ms=0511ﬁ%ﬁ@&R=09%,
FEVE(R 22 SD = 0.40 O3 V- EARHB S B iv7e,
ZOXHICETHATIE, r=000%5%z, XV
T— T =AU LEEE, T oA UL E R B
EDOMICHEBEIENGFEE LW EURET, L
72N oT, BeREbLE7 2= VT T — T =
T THEOr 5 (026) ZR9TOE, 7T —F
BN B VBN OND ER oG E L o TE
O, 78T —MBLERN Yo o BTFRVBELEE
BIhoTwalzbtEzoh5,

(ZPBE 59

Copyright © 2013 Hosei University

10 |- Cu

-AE, / keal mol”!

p=13.14 -
¥~=0.00
§=0.53
R =0.998
SD=040 —

r p-MeO-m-Cl

-0.5 0 05 1 15

Fig. 6. Extended Y-T plots of -AEx of
0°-fixed phenylacetic acids.
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Fig. 7. Optimized structures of Fig. 9. Optimized structures of
0°-fixed phenylacetate anions.

phenylacetic acids.
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Fig. 8. Optimized structures of Fig. 10. Optimized structures of
phenylacetate anions. p- and m-Me;N-phenylacetate anions.
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