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ABSTRACTS, Kinetic studies on nucleophilic substitution reaction of phenacyl bromide and phenacyl chloride
with pyridines were conducted at 25°C and 35°C in methanol-acetonitrile solvents mixtures. It was shown that
the reaction proceeds via an Sy2 reaction mechanism based on the transition state parameters, AH* and AS™ and
Bronsted B values. Quantum mechanical model predicted a product-like transition state, where bond-formation is
much more progressed than bond breaking, upon changing the leaving group to that with a better leaving ability.
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Table 1. Second-order rate constants(k,x 10°, M 'sec™") for the reaction of ¢COCH,Cl with pyridines in MeOH-MeCN

mixtures
Compound
Hi %
McOH(vY H 2-CH, 3-CH, 4-CH,

25°C 35°C 25°C 35°C 25°C 35C 25°C 35°C
100 2.18 422 2.07 4.32 3.22 6.04 424 7.55
90 3.03 572 235 4.81 4,21 771 522 933
80 3.99 7.38 2.58 5.14 5.31 9.53 6.41 11.2
70 5.07 922 278 5.48 6.58 11.5 7.74 13.2
50 6.21 11.1 299 577 7.82 13.3 923 15.4
30 7.18 13.2 3.16 598 9.27 15.3 10.8 17.5

Table 2. Second-order rate constants(k, X 10*, M 'sec™") for the reaction of $COCH,Br with pyridines in MeOH-MeCN

mixtures
Compound
OH 7
MeOH(vA)% 2-CH, 3-CH, 4-CH,

25°C 35°C 25°C 35°C 25°C 35°C 25°C 35°C
100 3.28 5.83 0.151 0.287 6.34 10.7 9.48 15.5
90 381 6.65 0.200 0.379 7.40 12.3 10.7 17.0
80 497 8.54 0.238 0.471 8.64 14.0 12.0 18.8
70 572 9.60 0.292 0.538 9.98 15.5 135 20.9
50 7.32 122 0379 0.693 11.1 17.1 14.8 22,6
30 8.80 144 0.483 0.859 126 19.1 162 242
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Table 3. Activation parameters for the reaction of phenacyl chloride with pyridines in MeOH-MeCN mixtures at 35°C

H 2-CH; 3-CH, 4-CH,
MeOH(v/v)% AH* _AS* AHY —AS* AN — AS* AH*" _AS*
100 11.0 46 12.8 46 10.8 47 10.3 48
90 11.0 46 125 47 10.4 48 9.5 49
80 10.6 47 120 48 10.0 48 9.5 50
70 103 48 11.8 49 9.5 50 91 51
50 100 48 11.3 50 9.0 51 8.7 52
30 9.6 49 11.0 51 8.5 52 8.2 53

“keal/mol, *e.u.

Table 4. Activation parameters for the reaction of phenacyl bromide with pyridines in MeOH-MeCN mixtures at 35°C

H 2-CH, 3-CH, 4-CH,
MeOH(v/v)% AH™ _AS* AH* _ AS*® AR _AS* AH™ _AS™

100 9.9 41 114 42 89 43 83 44
90 9.6 41 11.1 42 8.6 44 79 45
80 9.3 42 109 43 8.2 45 7.6 46
70 89 43 10.7 43 7.7 46 7.3 47
5¢ 8.7 43 16.3 44 7.4 47 71 47
30 84 44 10.1 44 7.0 48 6.8 48

“keal/mol, "e.u.
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Fig. 1. Bronsted plot for the reaction of C,H;COCH,Br
with pyridines in MeOH-MeCN mixtures at 35°C.
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Fig. 2. Bronsted plot for the reaction of C;H.COCH;Cl
with pyridines in MeOH-MeCN mixtures at 35°C.
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Table 5. Slope(P value) of Bronsted plot for the reaction
of phenacyl halides with pyridines in MeOH-MeCN mix-
tures at 35°C

-Cl -Br
MeOH(v/~)%
eOH(v/v) B r B "
100 024 099 037 0999
90 026 0999 041 0.998
80 028 0999 0.47 0.999
70 031, 0999 0.50 0.999
50 0.35 0.997 0.56 0.998
30 0.39 0.997 0.59 0.998
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logh(X=Br, Y=H)=0.76+0.44n* ~0.540(r=0.980) (2)
logh(X=Br, Y=2-CH,)=—0.16+0.14r* —0.760(=0.998)(3)
logh(X=Br, Y=3-CH;)=048 +0.79%* —0.16a(r=0.992) (4)
logh(X=Br, Y=4-CH;)=0.73 +0.617* —0.130:(r=0.993) (5)
logh(X=Cl, Y=H)=0.57+1.1n* —0.050(r=0.997)  (6)
logh(X=Q1, Y=2-CH,)=-0.26 +0.87n* —0.060(r=0.999)(7)
loghk(X=Cl, Y=3-CH;)=—0.33+ L6m* —0.120(1=0.996) (8)
logh(X=Cl, Y=4-CH,)=0.19 +1.11* —0.230(r=0.993}(9)
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Fig. 3. Potential energy surface for a nucleophilic sub-
stitution of phenacyl halides; N is the nuclephile, and en-
ergy minima and maxima are represented by circles and
asterisk, respectively.

Table 6. The structural effects of the key configurations
on the reaction complex, [N---R---X]

Structural effect

Configuration
N-R R-X
BA loose tight
B'A” tight loose
BA® loose loose
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