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Abstract

The nucleophilic substitution reactions of p-substituted benzyl bromide with p-substituted N,N-dimethylan-
ilines in methanol and acetonitrile binary solvent mixture which is known to an isodielectric solvent system
kinetically and the results are as follows. The positive charge is developed on the reaction center of the sub-
strate and it means that the bond cleavage is preceded more than bond formation in the transition state on
the analogy of Hammett py values, The bond formation is not progressed in the case of electron donating
substituent of substrate. However, the bond formation is much developed in the case of electron withdraw-
ing substituent of substrate on the analogy of Hammett py values. The nucleophilic attacking ability is
shown a highest at 80%(V/V) methanol content and the bond formation is well progressed at the same met-
hanol composition on the result of a cross interaction coefficient, pxy. The result of transition state struc-
ture that is applicated to the potential energy surface model is in accord with the result that is applicated
to the reaction susceptibilities, The reaction is subject to the polarity-polarizability term more than the hy-
drogen bond donor acidity term by application to the solvatochromic parameter equation.
Key words : maximum rate phenomenon
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Table 1. Second order rate constants(kzx10~L - mol-! - sec™!) for the Reaction of X-Substituted Ben-
zyl Bromides with Y-Substituted N, N-Dimethylanilines in MeOH-MeCN Solvent Mixtures at 45¢C

MeOH Y
content p-OCH; p-CH; p-H p-F p-NO,
(v/v)% X
p-OCH;, 43.3 30.7 18.4 4.08 7.45
100 p-H 24.7 18.3 12.5 1.89 3.82
p-NO, 6.18 2.14 1.91 0.987 3.74
p-OCH, 49.1 38.6 22.6 10.2 12.7
90 pH 39.6 31.4 26.5 2.09 3.84
p-NO, 7.24 3.78 2.49 1.24 3.81
p-OCH, 50.6 49.4 29.1 14.4 18.8
80 p-H 47.4 43.7 374 3.10 3.87
pNO, 10.3 5.14 3.82 2.26 3.83
p-OCH, 47.2 34.3 24.2 12.9 21.4
70 p-H 41.4 32.5 27.8 2.67 3.91
p-NO, 9.16 4.83 3.14 2.10 3.85
p-OCH,4 40.6 32.7 22.7 9.71 24.3
60 p-H 38.4 26.2 21.8 2.12 4.13
»-NO, 8.34 4.04 2.97 1.84 3.90
p-OCH; 38.7 29.9 18.4 7.83 28.7
50 p-H 29.7 21.0 12.2 2.04 4.56
p-NO, 7.25 3.83 2.74 1.43 4.14
p-OCH, 32.1 21.4 14.4 6.28 31.3
40 p-H 27.5 16.7 11.9 1.96 6.77
p-NO 6.18 2.49 1.87 1.06 5.26
p-OCH, 30.8 19.1 12.8 5.49 38.9
30 p-H 21.9 13.5 10.9 1.63 7.29
p-NO, 3.97 2.23 1.42 0.943 6.22
p-OCH,, 24.6 17.6 10.7 4.18 45.6
20 p-H 15.2 10.7 8.98 1.56 10.19
p-NO, 1.39 2.14 1.39 0.878 8.37
p-OCHj; 20.3 13.2 8.94 3.49 -
10 p-H 11.6 9.11 8.48 1.44 14.5
p-NO, 4.14 1.94 1.23 0.794 10.1
p-OCH; 18.7 11.6 8.22 2.04 -
0 p-H 10.2 8.57 7.37 1.15 20.9
p-NO, 3.89 1.26 0.946 0.431 12.7
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Table 2. Hammett py* and bronsted v values for the reaction of X-substituted benzyl bromides with
Y-substituted NV, N-dimethyl anilines in MeOH-MeCN solvent mixtures at 45°C

MeOH Bx
content Y= p-CHs p-H p-F p-NO2
(v/v)% px prOCH:
100 Px —2.74 —2.84 —3.10 -3.13 2.68
Bx 1.25 1.27 1.37 1.39 1.28
90 px —2.89 —2.90 —3.12 —3.17 2.75
Bx 1.28 1.29 1.38 1.41 1.36
80 px —2.91 —2.93 —3.19 —3.22 2.91
Bx 1.30 1.32 1.40 1.42 1.38
70 px —2.83 —2.91 —3.06 ~3.18 2.84
Bx 1.32 1.34 1.41 1.43 1.39
60 Px —2.74 —2.89 —3.01 —3.09 2.82
Bx 1.33 1.36 1.42 1.45 1.40
50 px —2.72 —2.83 ~2.97 —3.01 2.80
Bx 1.36 1.37 1.43 1.45 1.41
40 px —2.70 —2.79 —2.91 —2.96 2.77
Bx 1.37 1.38 1.44 1.47 1.42
30 px —2.68 —2.73 —2.88 -2.92 2.76
Bx —1.40 1.41 1.45 1.49 1.43
20 x —2.65 —2.70 —2.84 ~2.90 2.74
Bx —1.41 1.43 1.47 1.50 1.45
10 px —2.62 —2.68 —2.80 —2.87 2.73
Bx —1.43 1.44 1.48 1.51 1.47
0 px —2.61 —2.67 —2.79 —2.85 2.7
Bx —1.44 1.45 1.49 1.50 1.49

a) and b) : Correlation coefficient : y > 0.990
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Table 3. Hammett pv* and Bronsted py® val-
ues for the reaction of X-substituted benzyl brom-
ides with Y-substituted N,N-dimethyl anilines in
MeOH-MeCN solvent mixtures at 45C

MeOH By
content X=p-OCHs p-H p-NO2
(V/ V)% pv
100 p 0960 123 -l
By 1.78 1.83 1.89
90 ( Py —1.36 -139 —141
By 1.81 1.85 1.93
80 Py —1.38 —143 —1.56
By 1.84 1.88 1.88
70 Py —1.35 —-1.38 —148
B 1.79 1.82 1.87
60 pv -1.33 -137 —1.39
By 1.74 1.80 1.83
50 Py -1.27 —-131 —137
By 1.69 1.78 1.80
40 Py -1.14 -1.28 -—135
By 1.63 1.74 1.79
30 Py —0.987 =110 —1.29
By 1.61 1.72 1.75
20 Py —0.914 —=0.994 —1.35
By 1.59 1.69 1.68
10 pv —0.837 —0.932 —1.09
By 1.57 1.68 1.67
0 Py —0.415 —0.487 —0.578
By 1.48 1.53 1.52

a) and b) : Correlation coefficient : 3 > 0.990
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Fig. 2(a). Hammett p, plots for the reactions

between p-subtituted benzyl bromides and p-sub-
stituted N,N-dimethyl anilines in 100% MeOH at
45C.
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Fig. 2(c). Hammett p, plots for the reactions

between p-subtituted benzyl bromides and p-sub-
stituted N,N-dimethyl anilines in 60%(V/V) Me-
OH-MeCN mixtures at 45°C.
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Table 4. Hammett type cross interaction coffic-
ients for the reactions between p-substituted ben-
zyl bromides and p-substituted N,N-dimethyl
anilines in MeOH-MeCN solvent mixtures at 45

ZolA Hvl&xdA 3 Hammett 4334 181

Table 5. Solvatochromic coefficients a, s and
a/s for the reaction of X-substituted benzyl bro-
mide with N, N-dimethylanilines in MeOH-MeCN
solvent mixtures at 45

MeOH .
content(V /V)% o 4
100 —0.64 0.978
90 —0.71 0.982
80 —0.78 0.999
70 —0.69 0.998
60 —0.54 0.932
50 —(.48 0.948
40 —0.42 0.995
30 —0.38 0.987
20 —0.27 0.943
10 —=0.21 0.975
0 —0.114 0.994

a) Correlation coefficients at 99%+0.5 confidence level
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9} #2473 WA (hydrogen bond acceptor
HBA)SY 7= % =A3-H =4 (polarity-polarizabil-
ity) & Jebdl Z1glir s, a 2 beE 242t o 2
g =5 vepdch B ubgol A ek 23 g4
T at2 MeOH-MeCN o] Al & £gH-g vl A 2
Zt 240 dFsts a8t oS (9) 4o g 3 ot
f%} 39 #4¥ (multiple regression analysis) 2.2

t% sghs Fate] Table 59 vebd o). Me-
OH-MeCN%ﬁ Lol Al A Bare A< 0o 7Hh$
22 FAleeh®

Table 5914 ®W afsgte 1.008v 22 e

X Coeff. Y=
p-OCH;

p-CH; p-H p-F  p-NO,

a 305 311 329 314 3.03
pOCH, s 457 502 531 545 597
a/s 067 062 062 058 051
a 249 297 288 285 277
pH s 417 474 48 475 439
a/s 060 063 0.60 060 0.63
a 346 323 319 343 3.24
pNO, s 623 618 607 624 6.19
a/s 056 052 053 055 0.52
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