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ABSTRACT. Solvolyses of para-substituted cinnamoyl chlorides in aqueous binary mixtures of acetone,
ethancl, methanol were investigated at 25.0°C. These data were interpreted using the Grunwald-Winstein
relationship, Hammett equation. and quantum mechanical model, Grunwald-Winstein plots of the first-order

rate constants for para-substituted cinnamoy! chlorides with Yo showed marked dispersions into three separate
curves for the three aqueous mixtures with a large m value for aqueous alcohol solvents. This study has shown
that the potential energy surface and quantum mechanical model predict transition state variation correctly for
Sul like Sy2 reaction mechanism of para-substituted cinnamoyl chlorides.
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Table 1. Rate constantsik) solvolyses of para-substituted cinnamoyl chlorides in aqueous binary mixtures of 23 °C
kx 10 sec™
MeOH EtOH Acetone
viv G
H p-Cl p-NO- H p-Cl p-NO- H p-Cl p-NO:
100 0.628 0.364 0.229 0.107 0.0736 0.0692
S0 224 1.05 0491 0.601 0.331 0.193
80 6.31 321 0.820 1.95 1.07 0318 0.148 3.105 (.0490
70 10.9 8.56 1.33 4.11 2.82 0.490 0.704 0.447 0.112
60 204 10.9 236 648 3.38 0.626 3.20 1.78 0.198
50 25.6 27.6 463 12.8 108 1.79 844 6.93 0.584
40 8.48 3.58 9.82 15.2 222
30 12.5 274 6.37
Tuble 2. Rate constants (k) solvolyses of para-substituted cin- 2
namoy! chlorides in trifluoroethanol-water and trifluoroetha-
nol-ethanol binary mixwres of 25 °C LA
kx10sec™ 1 a' o
s
viv % o A :
H p-Cl p-NO. > [
100TFE-0.0H:0 8.40 3.60 0.0570 %, 01 o4 ¢
97TFE-3.0H:0 10.6 3.86 0.0761 = o. n®
90TFE-10H:.0O 16.1 517 0.145
70OTFE-30H:.0 20.3 12.0 0.558 14 -
80TFE-20EtCH 3.34 1.07 0.0432 A
60TFE-40EtOH 1.25 0.545 0.0361
2 -2 T T T T T T
3 2 A 0 1 2 3 4
Yo
Fig. 2. Plot of log(k/k.) for p-chlorocinnamoyl chloride aga-
14 o °» inst Ye(solvent code: @ : methanol, W: ethanol, & acetone,
. 2% 3 TFE.@: TFE-E(OH). & ; TFE-EtOH),
e ©
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Fig. 1. Plot of log(k/k.} for cinnamoyl chloride against Y
(solvent code: @ ; methanol, O ; ethanol, A: acetone, B: TFE,

3. TFE-EtOH).
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Fig. 3. Plot of log{k/k.} for p-nitrocinnamoyl chleride against
Yalselvent code: @ : methanol, M; ethanol, & acetone, v
TFE. @ ; TFE-Ei1OH).
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Fig. 4. Plot of log(k/k.) for p-nitrocinnamoyl chloride against
(0.199Y-1.29{-0.981) (solvent code: @ . metharol, T ;
ethanol. A ; acetone, B ; TFE, O ; TFE-EtOH).
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Fig.5.Plot of log(k/k,) for cinnamoyl chloride against
{0.45Y+0.24N+0.046) (solvent code: @ ; methanol, O ;
ethanol, A ; acetone. W TEF I TFE-EtOH).
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Fig. 6. Plot of log(}/k..) for p-nitrocinnamoy| chloride against
(0.36Y+0.65N+0.21) (solvent code: @ ; methanol, -7 ; ethanol. A
acetone, B; TFE).

Tuble 3. Correlation of specific rates of solvolysis of p-substi-
tutedcinnamoy] chloride in alcohol-water at 25°C

Substituents I { mA T
H 0.45 0.24 1.89 0.946
p-Cl 0.49 0.37 1.32 0.893
p-NO, 0.35 0.63 0.55 0.899
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Tuble 4. Selectivity (kefkr) tor p-substinuted cinnamoyl chioride
solvolyses in TFE-EtOH at 25°C

kefky for Y-cinnamoyl chlonde

Y
TFE (v/v%) H p-Cl p-NO:
0% 1.00 1.00 1.00
60% 1.7 7.40 0.520
80% 312 14.5 0.621
2
1 4.
=
5
g
0 -
- »
-1 T T T T
-3 -2 -1 Q 1 2 3

Fig. 7. Variation in log(kwke) at 257C with Y for salvolysis
of p-substitutedcinnamoyl chlorides.
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Fig. 8. Hammett plots for the solvolysis of p-substituted cin-
namoy! chlorides in ExOH at 25°C.
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Table 5. Hammett ¢ values for the solvolysis of p-substituted cinnamoyl chloride in MeOH, EtOH and acetone at 25°C

MeOH EtOH acetoneee
W%
P r 3 i) T

100 -0.54] 0.928 -0.209 0.673

%0 ~0.802 0947 -0.590 0.930

80 -1.13 .999 -1.00 0.999 -0.61 0,999

70 ~1.23 0.966 -1.22 0985 -1.04 0997

60 -1.20 1.00 -1.307 .999 —1.58 0.992

S0 =115 0.955 -1.56 (.950
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Fig. 9. A More O’Femall plot for a dissociative Sx2 process
in p-substituted cinnamoyl chlorides.
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Tabie 6. The structural effects of the key configurations on the
reaction comple, [N*-*R--+X]

Structural effect

Configuration

N-R R-X
DA loose tight
D’'A” tight loose
DA’ loose loose
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