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ABSTRACT. The second-order rate constants for the nucleophilic substitution reactions of para-su-
bstituted benzyl nitrates with para-substituted anilines in acetonitrile were conductometrically determi-
ned. Hammett px and py values and Brénsted B values were obtained from these kinetic data. The
reactions of Benzyl nitrates with the series of anilines showed linear Hammett plots with negative slo-
pes. For the change of substituents in the benzy! nitrates, nonlinear Hammett plots with a concave up-
wards curve were obtained. We applied the potential energy surface and the quantum mechanical mo-
dels in order to examine the transition state variations caused by changes in substituents on the nuc-
leophile and the substrate. The results showed that the reaction was proceeded via the S\x2-type reac-
tion mechanism in which the extent of bond-formation was greatly changed depending on the property

of the substituents in substrate.

N B o] w2e HoldHd FZEIAE 23]

' f3td HZ PES(potential energy surface) 23°

HAFEH Y AYA PurLe §7)1279) 7} QM(quantum mechanica) 2d’0] dz &
et E AT AlA wle FaFH g Ha o

AzA ®ol A7=HY o AN@{AY £ ¥ AT AL SEAE WAl oldd

-31-



32

£ - $REE

Table 1. Observed pseudo-first order rate constants for the reactions of benzyl nitrates with substituted ani-

lines in acetonitrile

Sub. p-Chlorobenzyl nitrate Benzylnitrate p-Methyl-Benzylnitrate
10%:(sec?) 10°%(sec’) 10%:(sec?)
Temp.(C)
55 60 65 55 60 65 60 65
Anilines \_(mol/l)
0.6 - - - - - - 3.9 42.4
0.5 14.4 20.3 27.5 10.0 12.9 16.8 29.5 35.6
$-OCH;s 0.4 11.0 16.3 22.0 8.48 10.8 14.0 24,7 29.3
0.3 893 12.6 16.8 6.82 870 111 - -
0.2 5.46 800 11.8 5.28 6.40 8.10 - -
0.6 - - - - - - 19.6 27.0
0.5 6.40 9.22 13.0 4.30 6.35 9.56 16.3 20.9
p-CHa 0.4 4.98 7.37  10.7 3.30. 4.86 7.10 12.1 15. 4
0.3 3.41 5.54 7.87 2.10 3.26 4.86 - -
0.2 2.30 3.60 5.15 1.00 1.81 2.85 - -
0.6 - - - - - - 12.2 16.9
0.5 2.71 4.38 7.91 2.45 3.86 5.84 9.75 11.8
p»-H 0.4 1.88 3.22 6. 25 1.66 2.88 4.32 6.25 8.59
0.3 0.97 2.18 4,63 0.89 1.84 2.81 - -
0.2 0.13 0.96 3.00 0.10 0.87 1.32 - -
0.6 0.75 1.25 2.46 1.45 2,25 3.72 9.93 12.8
0.5 0.27 0.65 1.67 0.97 1.51 2.66 6.11 7.31
»-Cl 0.4 - 0.14 0.94 0.50 0.79 1.62 2.50 3.45
0.3 - - - - - 0.51 - -
0.2 - - - - - - - -
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Table 2. Second order rate constants for the reac-
tions of benzylnitrates with substituted anilines in
acetonitrile(k; X 105M'1S %)

Nucleophiles

Substrates [Temperaturel—
(C)  p-OCHyp-CH;| H | p-CI

bp-ClI 65 52.3 | 26.4 | 16.2 7.62
60 41.0 | 18.7 |11.4 5.55
55 29.8 | 13.9 | 8.60| 348

p-H 65 29.0 | 22.4 |15.1 |10.7
60 21.6 { 15.1 | 9.96} 7.14
55 15.8 | 11.1 | 7.83| 4.70

p-CH; 65.5 | 580|416 |312

65
60 51.0 | 42.5 |129.8 | 248
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Fig. 1. Hammett plots for three substituted
benzylnitrates at 65C.
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Fig. 2. Bronsted plots for the reactions of
benzylnitrates with anilines at 65°C._
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Fig. 3. Hammett plots for four substituted
anilines at 65C; values increase in the or-
der X=0CH;? CHs> H) CL

AN AgPAHol o ol AAYL @
t}.
Fig 32 7149 X@r) Wgd wg ofdd
AgA o) g Hammett TAS Uehd Ao
. X7t AARALHE AASA U Bt
H A% Hammett SAE Bolx 9},
Young®} Jenckst® o3 wofo] ujhHNEY =
Aol HeldeolN ZEINDY AR Ay
HQ ol Wsstmad AAcn Busgl.
X=Cl Z$E AYstn Y7} A=A
py <001 Y7} AApdpdwe pyd 02 A
Hole AL Y71 AARAAA Azt
o Holdeiol A WMAGL P Asir}
N (-)2 Hge g, gutyez
Ao AEsH+)A Ae 71As olgy] 7
GdGol NAA e} 7 Aze AYFYR}

A

+

ot rlr N

+
5 @

olo
ofN

[+)

°{N4°Lr$A}nJ
(-]
L]

AT e doldn 2o S4olw, wg
Ao Ak () Ae AYWAY Feot
SHS BYY Holgu Tze B4,
Y7h dAZAdunE sd-dwriny @g

Ado] dold Fxroh W e Axzy
Z1A—obddztel AgP Aol dojuin oo @
2 A A g ggge] (+)Ass A
2o ol X7t AAFAN Ad$E |yl ge
stz oldye AgYo] Frig4E WA
gadAe] (+)AsFel i, & sA-og
7179 AgAdol ddiHes idn &

N+ RY 4/ N—R+ 277
on
B D
1\ A G2
Sy2 B
Z 4 D "
-4 D
Nox F. s
i e
2
« 5
cl
E'
N+R~-2 N — R bond ™N-R-2Z

—

formation

Fig. 4. A More OFerrall plot for a nucleophilic
substitution of benzylnitrates(RZ) with anilines(N).
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Table 3. Actvation parameters for the reactions of
benzylnitrates with substituted anilines in acetonit-

rile
AH* —AS*
Y X
(kcal/mol) (en)
OCH, 1.7 39.2
CHs 13.8 34.4
Cl
H 15.3 311
Cl 16.6 29.4
OCH; 13.0 36.5
CH, 14.8 31.7
H
H 16.9 26.4
Cl 17.4 25.5
OCH; 10.3 42.9
' CH, CH; 13.0 35.2
H 14.1 32.6
Cl 15.2 30.7
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