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ABSTRACT. The solvolysis of substituted benzyl bromides was studied in binary solvent mix-
tures of acetone-water and ethanol-water at 25°C and 45°C. The rate constants increase with
electron-donating substituents in benzene ring and increasing of water contents in both of solvent
mixtures. The sensitivity parameter (m) of the solvolysis of substituted benzyl bromides to solvent
ionizing power (Y) was decreased in going from the electron-donating group to electron-withdra-
wing one, whereas their nucleophilic sensitivity increased continuously in going to above same
substituents. It was shown that electron-donating (electron-withdrawing) groups make the transi-
tion state looser (tighter).

The above results were consisted with the account for the potential energy surface model and
the quantum mechanical approach.
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Table 1. Rate constants, activation enthalpy and Table 2. Rate constants, activation enthalpy and
ictivation entropy for solvolysis of substituted benzyl activation entropy for solvolysis of substituted benzyl
sromides in ethanol-water bromides in acetone-water
. . Rate Constfnts 4H* . Rate t".?ons_lants 4H*
Substi- | Ethanol 105k (sec™1) (Keal/ — 48+ Substi-  |Acetone 10% (sec™!) (Keal/ —48*
tuent [V/V(%) 25°C  45°C  mole) (e.u.) tuent [V/V(%) 25°C  45°C  mole) {e.u.)
p-CH; 30 82.68 338.4 12.6 30.2 2-CH; 30 29.72 166.5 15.6 22.3
40 40.53 145.4 11. 4 35.7 40 12.71  63.53 14.5 27.6
50 15.59 67.94 13.3 31.5 50 5.086 46.84 20.3 10.1
60 7.522 43.41 15.9 24.1 60 2.619 16.35 16.6 23.7
70 4.283 24.05 15.6 26.1 70 0.9922 5.810 16. ¢ 27.6
80 3.013 13.68 13.5 33.5 80 0.5330 2.548 14.1 35.3
o oo sm a1 sg N | ® 68 @w a2z
40 2.177 13.92 16.9 23.3
H 30 10.36 68.43 17.2 19.2 50 1.079  7.610 17.8 21.6
40 5.225 39.84 18.5 16.1 60 0.6130 6.324 21. 4 7.3
50 2.737 23.81 19.8 13.1 70 0.2852 1.027 11.5 25.4
&0 2.023 15.51 18.6 16.9 80 0.1448 0.8738 16.3 30.5
01075 1035 207 112 »-Cl 30 1.382 10.66 186 18.3

80 0.5462 6.485 22.7 6.5
90 $.3309 3.623 21.9 10.0
100 0.1649 1.098 17.2 27.2

40 0.6982 5.394 186 19.6
50 0.3351 2.590 18.6 21.0
60 0.1684 1.299 18.6 22.5
70
80

»-Cl 30 3.667 1870 147 29.4
40 2216 11.29 147  30.5
50 1.013 5166 147  32.0
60  0.7088 3.614 147 32.7
70 0.539 2.753 14.7  33.2
8  0.3392 1.730 147 34.1
90
00

0.1015 0.7841 18.6 23.4
0.0597 0.4609 18.6 24.5

»-NO, 30 0.3~67 1.442 12.8 40.5
40 0.2191 0.8912 12.6 42.2
50 0.2312 0.5403 8.7 55.4
60 0.1676 0.5042 9.8 52.2
70 0.1212 0.3593 9.6 53.3
80 0.0741 0.1889 8.3 59.0

0.1722 0.8787 14.7 31.7
0.0922 0.4705 14.7 36.7

p-NO, 30 0.5384 1.841 11.0  46.0
40 0.3926 1.499 12.0  43.0

1

50  0.3483 1.166 10.8 47.3

60  0.2673 0.9117 10.9 47.3 RN

70 0 2143 0‘ 7323 11-0 47.7 [ ;Acetone-HZO

m(Ew)=0.32

8  0.1641 0.6745 12.7 42.4 2 |

90  0.1194 0.527F 13.4 40.8

100 0.0573 0.3225 15.7 34.5 s B e s
ol ew, 9 A4 FAE ANA e o | 2
& Acetone-H,0 A&} o] EtOH-H,O0 A4
Hld ofgo] AXPL RAFx glon, o= e S SN
Acetone-H,O Al 9] o] ZF2 AA 5 7Qistez t

BEAe A9 gejel AP} gl 3 Fig.1. The plots of log % for benzyl bromide vs.
W 4L 0|2 & & 4 2ok, E«OH-H,O0 4, Ye, at 25°C.
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Table 3. Results of mYp, correlations for solvolysis
of substituted benzyl bromides at 25°C

mYy
Substituent Solvent
m bl

$-CH, Aws 0.464  0.995
Ew? 0. 380 0. 998

H Aw 0.384 0. 999
Ew 0.321  0.991

»—Cl Aw 0.361  0.991
Ew 0.282  0.993

#-NO, Aw 0.159  0.982
Ew 0.165 0.995

¢ aq. acetone. ® aq. ethanol. ¢ correlation

coefficient.
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Fig.2. Hammett plots for solvolysis of p-substituted
benzyl bromides in aq. ethanol at 25°C.
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Fig.3. Hammett plots for solvolysis of p-substituted
benzyl bromides in aq. acetone at 25°C.
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Fig.4. The plots of benzyl bromide vs. p-methyl
benzyl bromide at 25°C.
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Substituent aq. Ethanol aq. Acetone

»CHy 1. 000 1. 000
H 0.835 0. 824

pCl 0.774 0. 780
p-NO, 0.418 0.338
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N R-X wond formation (N-R) NZR-X™

Fig.5. A More O’Ferral plot for the soivolysis of
substituted benzyl bromides.
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Scheme 1. Ground and Excited Reactant Configura-
tions for the Description of Nucleophilic Attacks®
*8.S. Shaik, J. Am. Chem. Soc., 103, 3692 (1981).

Table 5. Valence bond description of donor-acceptor
configurations and their structural effect on the
reaction Complex*

structural effect on
config- |valence bond description reaction complex
uration

primary secondary N-R R-X

DA N:R- X N:R*:X- loose  tight
D*A- N+*+. .R:X~ N*R:=-X tight loose
DA* N: R*: X~ N: R- ‘X loose loose
*A, Pross and S.S. Shaik, J. Am. Chem. Soc.,
103, 3702 (1981).

F& FAHA HA YA 4832, 29 §
gol F7h3d E¥EoNS Aol FUls o
D*A- WX & =J AL Ao, Table 5
oA N—-RAGL tight 3= R—-X AT loose
Al @ Ade, E3 2E FAAA SN
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Y Zo] B rhs= 2 244 N—RA & tight
32, R-XATL loose §t Ho|Fe) Fx7} o
Aelag o] Afele FAATH HHugol
¥ < ggdAe] vtz A

o] 38 AT E T AFrEiwAL
ZHrl £ ubEe AR A{V0L AAFAR
e AARAZ Z4E dissociative Sy2 oA
associative Sy2 & w7} So] Wk Yz
=,

o 2 2 ¥
*ks: “nucleophilically solvent assisted process”
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kc; “hypothetical limit which is approached when

nucleophilic solvent assistance and anchimeric

assistance approach zero”
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