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Substituent Effects on the Gas Phase Stabilities

of Benzylic Anions
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Relative gas phase stabilities of ring substituted benzylic anions were theoretically
determined using proton transfer equilibria. Substituent effects of these benzylic anions were
compared with one another to discuss what kind of electronic effects are important to determine
the gas phase stabilities. According to statistical analyses, saturation effect was found to be
The third term shuold be added to the

conventional Yukawa-Tsuno equation in order to correlate the stabilities of benzylic anions.

influential in addition to inductive and resonance effects.
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Table 1. AEx’s® in kcal mol™.

Table 1. Continued.

Subst. Rl, R2 Subst. Rl, Rz

HH NH,,OH MeMe NH,H H,Cl CF3,H CF;,Me H,CN
p-NMe, -2.63 -3.54 -2.66 -3.07 p-NMe, -4.55 -4.35 -3.99 -4.29
p-NH, -5.75 -6.12 -5.71 -6.08 p-NH, -7.06 -6.33 -5.99 -6.12
m-NMe, -1.25 -1.29 -1.22 -1.42 m-NMe, -1.71 -2.12 -1.86 -2.61
p-MeO -3.02 -3.10 -2.93 -3.28 p-MeO -3.87 -3.56 -3.24 -3.47
p-OH -4.22 -3.77 -4.08 -4.43 p-OH -4.72 -3.65 -3.25 -3.38
p,m-Me, -2.14 -2.20 -2.07 -2.24 p,m-Me, -2.56 -2.36 -2.12 -2.32
p-MeO-m-Cl1 4.68 4.08 4.55 4.61 p-MeO-m-Cl1 3.50 2.96 3.24 2.74
p-t-Bu -0.07 -0.32 -0.07 -0.12 p-t-Bu -0.57 -0.79 -0.44 -0.77
p-Me -1.78 -1.64 -1.64 -1.79 p-Me -1.99 -1.77 -1.50 -1.68
m-MeO 0.97 1.16 1.03 0.93 m-MeO 1.14 0.89 0.99 0.57
m-Me -0.09 -0.18 -0.04 -0.07 m-Me -0.36 -0.62 -0.46 -0.62
H 0.00 0.00 0.00 0.00 H 0.00 0.00 0.00 0.00
p-F 0.94 1.53 1.12 0.93 p-F 1.11 1.55 1.79 1.74
p-Cl 6.76 6.41 6.71 6.80 p-Cl 6.48 5.72 5.89 5.65
m-F 6.27 6.00 6.11 6.55 m-F 6.40 542 5.55 5.23
m-Cl 8.44 7.85 8.16 8.56 m-Cl 8.21 6.97 7.09 6.74
m-CF; 11.10 10.67 10.77 11.11 m-CF3 11.10 9.66 9.53 9.27
m-CHO 11.11 11.50 11.16 11.67 m-CHO 11.14 9.46 9.59 9.01
m-COMe 8.08 8.35 7.86 8.33 m-COMe 7.86 7.06 7.33 6.61
m-CN 14.92 14.42 14.57 15.09 m-CN 14.92 13.01 12.99 12.68
m-NO, 16.04 1598 15.61 16.49 m-NO, 16.15 14.10 13.95 13.62
p-CF; 16.67 16.70 16.22 16.86 p-CF; 16.24 13.17 13.13 12.64
p-CHO 25.04 26.25 24.57 25.40 p-CHO 24.19 19.20 18.78 18.08
p-COMe 21.67 22.72 21.27 21.78 p-COMe 20.60 15.97 15.77 14.98
p-CN 23.36 23.82 22.89 23.59 p-CN 22.77 18.81 18.66 18.08
p-NO 35.19 37.70 35.04 35.99 p-NO 34.06 27.33 27.03 25.90
p-NO, 33.75 35.88 33.59 34.23 p-NO, 32.42 26.03 25.89 24.90
a) Calculated at the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d).
Table 1. Continued. Table 1. Continued.
Subst. Rl, R2 Subst. Rl, Rz

Me,H F,F HF CL,Cl1 CF;,CN CF;CF; CN,CN
p-NMe, -2.63 -4.96 -3.90 -5.30 p-NMe, -5.39 -5.30 -5.54
p-NH, -5.74 -6.51 -6.77 -5.99 p-NH, -5.61 -5.35 -5.54
m-NMe, -1.24 -2.26 -1.71 -2.50 m-NMe, -3.09 -2.78 -3.62
p-MeO -2.98 -3.55 -3.53 -3.71 p-MeO -3.42 -3.22 -3.33
p-OH -4.19 -2.95 -4.71 -3.10 p-OH -2.76 -2.54 -2.62
p,m-Me, -2.06 -2.51 -2.57 -2.40 p,m-Me, 241 -2.35 -2.55
p-MeO-m-Cl1 4.72 2.92 4.22 2.44 p-MeO-m-Cl1 1.34 1.71 1.17
p-t-Bu 0.03 -0.99 -0.34 -0.85 p-t-Bu -1.08 -0.98 -1.22
p-Me -1.69 -1.75 -2.00 -1.66 p-Me -1.66 -1.63 -1.68
m-MeO 1.09 0.58 1.00 0.21 m-MeO 0.16 0.22 -0.06
m-Me -0.03 -0.59 -0.22 -0.70 m-Me -0.83 -0.82 -0.92
H 0.00 0.00 0.00 0.00 H 0.00 0.00 0.00
p-F 0.99 2.09 091 1.93 p-F 2.04 2.14 2.21
p-Cl 6.77 5.76 6.85 5.66 p-Cl 4.99 5.01 4.97
m-F 6.37 5.50 6.58 5.30 m-F 4.75 4.64 4.65
m-Cl 8.39 7.06 8.62 6.74 m-Cl 5.65 5.75 542
m-CF; 11.13 9.73 11.53 9.13 m-CF3 7.91 8.09 7.73
m-CHO 11.60 10.04 11.45 9.21 m-CHO 8.03 8.26 7.68
m-COMe 8.32 7.42 7.83 6.75 m-COMe 6.01 6.40 5.71
m-CN 14.94 13.29 15.40 12.70 m-CN 11.10 11.12 10.72
m-NO, 16.40 14.37 16.69 13.44 m-NO, 11.66 11.80 11.18
p-CF; 16.61 13.92 17.44 13.52 p-CF; 10.64 10.63 10.40
p-CHO 25.21 22.89 26.27 20.59 p-CHO 14.08 14.22 13.52
p-COMe 21.73 19.06 22.67 17.10 p-COMe 11.26 11.35 10.64
p-CN 23.30 20.78 24.37 19.85 p-CN 15.16 15.21 14.84
p-NO 35.55 34.15 36.94 29.83 p-NO 20.31 20.55 19.52
p-NO, 33.88 32.36 35.24 28.68 p-NO, 19.86 20.03 19.21
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Table 3. Comparison of calculated AEy’s® and experimental®.

R, R, a R¢ n°

R, R, a R¢ n°

2 TOEBKZMHEICEDT-HE

allf 1.125 0.999 35
H,H 1.172 0.999 12
H, CN 1.121 0.988 15
CN, CN 1.144 0.989 8

Ry, R=H, CN ® m-F R\ /=4

allf 1.131 0.999 34
H, CN 1.120 0.996 14

ETOEBKZMHEICEDT-HE

allf 1.187 0.999 35
H,H 1.212 0.999 12
H, CN 1.146 0.991 15
CN, CN 1.179 0.993 8

Ry, R=H, CN ® m-F R\ /=4

allf 1.194 0.999 34
H, CN 1.146 0.998 12

a) Calculated at the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d)
level. b) Ref. 25 and Ref. 26. ¢) Comparisons were made by a
linear regression of AE,calc = a X AGyexptl. d) Correlation
coefficients. e) Numbers of substituents included in the
analyses. f) Determined by the proton transfer reaction of
C¢Hs-C(-)(CN), + X-C¢H4-C-RiIR,H 2 C¢Hs-C(CN),H +
X-CeH4-C(-)R|R;.
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_80 7\ Ll ‘ Ll ‘ Ll \‘ L1 ‘ Ll ‘ L1 ‘ Ll ‘ L1 ‘ Ll \\7

-60 -40 -20 0 20

Fig. 1. Comparison of calculated AE, and experimental.
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a) Calculated at the B3LYP/6-31G(d) + ZPE level. b) Ref. 25
and Ref. 26. ¢) Comparisons were made by a linear regression
of AE.calc = a X AGexptl. d) Correlation coefficients. e)
Numbers of substituents included in the analyses. f)
Determined by the proton transfer reaction of C¢Hs-C(-)(CN),
+ X-C¢Hs-C-RiR;H 2 C4Hs5-C(CN),H + X-C¢H4-C(-)R R,
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Fig. 2. Substituent effect of benzyl anions. Fig. 4. Substituent effect of a,0.-di-Me,-benzyl anions.
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Fig. 10. Substituent effect of a-Cl-benzyl anions. Fig. 12. Substituent effect of a-CF;-a-Me-benzyl anions.
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Fig. 11. Substituent effect of a-CF;-benzyl anions. Fig. 13. Substituent effect of a-CN-benzyl anions.
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Table 4. Comparison of AEx’s® of R;,R; systems with CN,CN.

Rla Rz slopeaub RC slopemmd Rc
HH 1.628 0.984 1.428 1.000
NH,,0H 1.690 0.982 1.407 0.999
Me,Me 1.606 0.983 1.396 1.000
NH,,H 1.658 0.984 1.461 0.999
Me,H 1.638 0.984 1.450 0.999
F,F 1.514 0.987 1.270 1.000
HF 1.703 0.986 1.472 0.999
CLCI 1.380 0.992 1.193 1.000
H,Cl1 1.597 0.990 1.427 1.000
CF;,H 1.312 0.994 1.238 1.000
CF;,Me 1.299 0.994 1.241 1.000
H,CN 1.254 0.996 1.193 1.000
CF;,CN 1.033 1.000 1.038 1.000
CF;,CF; 1.040 0.999 1.055 1.000
CN,CN 1 1 1 1

a) Calculated at the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d).
b) Determined by a linear regression of AEx(R;,R,) = slope,y
X AEx(CN,CN) for all derivatives. c) Correlation coefficient.
d) Determined by a linear regression of AEx(R,Ry) = slopepeta
X AEx(CN,CN) for H, m-F, m-Cl, m-COMe, m-CHO, m-CF;,
m-CN, and m-NO, derivatives.
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T, @T/RLA 5%1@%@7 7y b O X
1.038, FHBIFREL R=1.000 DEL 7= BB 2 R LT,
AR R E R IZ D72 > CTRS O BERFBER S L
7o aE#io CN K& CF M & BNR%OE - 2h
ERETAHTOMBOKIMEEEREFELL R, F%E
OB E R LIZEEZOND, 0D, O
TR L p-rn-BErREIMEEREO TR Y FHOT
RLUTZE G EERAO T 7 v N b A X FHEIRR
IZHE- TS,

CF,,CF;52® CN,CN R&IZxtd 57 7 v b % Fig. 15
IR, _@m_ob\f% CF;CN % L RO 7 1
> MR ST,

33 RUDINWEHF A VOSHERERZXRT

SBRFHER

INFE THERORMEENE B LS %
CN.CN %l ﬁbfm&bféto_hgmw%ﬁe
NUVNALT =AU RORALENEE BT D E
EOBFHRITIT, (DEERENFT OFHFEDR,
Q)p- 7 -FE R MEEHEL DO ILGZH R | 3)E 1k 5%
BN B DD N 722 B R0 FF 3 T
TFHETDZ ENEMERIZH L NI > 72, LLFTIX

B RFAGEWA T « TEHEWIL ' X —IEHE 1ol22



86

EHEDORE R ESE DR~ BERN T2 2
LxikA, EEMICINOOEB RTINS Z &
MTE L ERET 5,

BN DNANLT =T DA ERR O LG F 5 DK
T X &I 5729, Fig. 2~Fig. 15 Y@ TR L7z
H, m-F, m-Cl, m-COMe, m-CHO, m-CF;, m-CN, ¥ &
UM'm-NO, D A Z @E#afk, BIL O, OTHRLT p-NO,
p-NO,, p-CN, p-CHO, p-COMe, ¥ & O p-CF; A p-
r - & F K Bl HEEBEKIZOWT
[AEy /510p€,er \ir1.z2) = [AEx /510P€,era S p1R2-cn o) &
FHE LT2.  slope,, (35 57 OKF L EMEIC FIE T (&
W R %2 CN,CN RIS L CHE L72BR oD A Z 41
BIfR OB (Table 4) Th D, Z OHIIKEHIED
IR OKE EH CNCN (KIZHARTENTZITK
T VW E XK T, OB LN MEE.
[AEy /slope e Jiri r2= 11,11y = LAEx /510p€,y014 I R1 R2=CN N
WL T e v b L Fig. 16 lZR Lz, £70. s
F% Table 5128 L7z, HH RICE VT, BEHLO
g 722 AL BE 1L p-NO, p-COMe, p-NO,, & L O
p-CHO TR &\, £72, p-CN B LV p-CF, [T M
(I LEALREE AT D, A X EBRIEOT B NI

z N
87\\5\‘\\\\\\\\\\\\‘\\\\‘\\\\?:\\\\7
L7 |
-
A
7,g ,OH
= ]
|
6 o
L&
E = le
5;><
-2 PF
40 o
s
r s
- Q
— g
304 .
NS
L=
2 -
r2
1;m—C
[ m-C
0
e
_17\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

-1 0 1 2 3 4 5 6

[AE, / SIOpemeta](RI Ro=n1) [AE, /S10p€ ety ] (R1,R2=CN,CN)
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Fig. 17. Optimized structures of unsubstituted,
p-NO,, and p-CHO-benzyl anions.
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Fig. 19. Optimized structures of p-Me,N-benzyl
anions.

Table 5. Analyses of additive effects for +R and -R groups.?

R, R, slope(tR)®  R®  slope(-R)® R°
HH 1 1 1 1
NH,,0H 1.344 0.994 0.847 0.980
Me,Me 1.059 0.998 0.976 0.998
NH,,H 0.966 0.998 0.955 0.997
Me,H 0.961 0.998 1.007 0.998
FF 1.261 0.974 0.481 0.935
HF 1.075 0.999 0.853 0.989
C1,Cl 0.989 0.989 0.385 0.944
H,Cl 0.836 0.999 0.739 0.967
CF3,H 0.482 0.984 0.589 0.969
CF3;,Me 0.423 0.978 0.639 0.978
H,CN 0.418 0.985 0.514 0.978
CF;,CN 0.014 0.252 0.134 0.836
CF;,CF; 0.008 0.079 0.205 0.813
CN,CN 0 0

a) Calculated at the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d).
b) Determined by a linear regression of [AEx/slopemea]ri,r2) —
[AEx/slopemeta]®i,r2-cneny = slope(+R) X {[AEx/slopemeta]
®LR2=HH) — [AEx/slopemcal®ire=cnony).  ©)  Correlation
coefficient. d) Determined by a linear regression of
[AEx/slopemeta]r1,r2) — [AEx/slopemetal(r1,r2-cn,ony = slope(-R)
X {[AEx/ SIOPemeta](Rl,Rz:H,H) — [AEx/slopemeta] (RI,RZZCN,CN)} .
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