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£ 9 25°C ol EFA WizdsEs AejdFole] AP 4AANee S224dow o 73
Ak, Aol g sAr|H ps, on, FTLE Kol YAEL B AoJAUE Z%E synchronous Sy
k3o A &S o] 4% 4 319ivh, Potential Energy Surface 23 024 Sy2 kL7l E9 3
& 7ot Afg 4ol ol A= 29 A= ¥ AAH YA B o AE Aol Ay
W3k ol &3t o] &5E F7HCI<CNT)ol 2= Aol Ay #3le) oS 7% ek, Quan-
tum Mechanical 2.8 2] A &02 o] & uh&o] Holg 944 Y4 L& B F2IL ¢+ U=
CN=o] CI" ¥} o]&5Ho] £Z& A& 4 et

ABSTRACT. Kinetic studies of nucleophilic substitution reaction of substituted benzoyl cyanides
and benzoyl chlorides with pyridines were conducted at 25°C in pure acetone solvent. Results
showed that (i) magnitudes of ps, py and § associated with a change of substituent in the

(=2
iy

nucleophile indicate relatively advanced bond-formation in the transition state, (ii) the potential
energy surface model is able to predict the reaction mechanism, but it is unable to predict the
transition state variation to a more product-like transition state, where bond-formation is much
more progressed than bond breaking, upon changing the leaving group to that with better leaving
ability (iii) the quantum mechanical model predicted the product-like transition state and slightly
better leaving ability of CN~ as compared with CI-.
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Table 1. The observed first-order rate constants %;
for the reaction of para-substituted benzoyl cyanide

Heba % M 2Y TS S 18P AR AP S22 AF

with pyridines in acetone at 25°C

— -1

Z-CHN Y-CHCOCN (X 10%sec’)
(conc: M) pCH:  pH  pC
a-CHz (0. 046) 2.70 (a) .64  6.07
{0.067) 2,95 (b) 6.81 826

(0. 087) 3.19 © 87  10.6

pyH (0. 046) 3,04 (a) 6.84 7.63
(0. 067) 3.36 b) 9.56  10.2

(0. 087) 3.75 {©) 128  13.0

B-CH, (0. 046) 3.50 (@ 7.76  9.18
(6. 067) 4.07 () 1.3 13.0

{0. 087) 4.44 © 151  16.7
7-CHa (0. 046) 3.89 (a) 8.26 15.8
0. 067) 4.66 (b) 14.4 22.9

(0. 087) 5.38 © 2.5 311

(a): 0.087M (b): 0.161M (c) : 0.222M

Table 2. The observed first-order rate constants ki
for the reaction of para-substituted benzoyl chloride

with Pyridines in

acetone at 25°C

Z—C5I'I4N Y—CGH4C0C1 (k] X 104560-1)
(conc: M) | o cHO  p-H  p-Cl p-NO,
a-CH3 (0. 087) 0. 303 0. 350 2.33 4.66
(0. 161) 0. 448 0. 524 3.01 6.82
(0. 222) 0.811 0.701 3.73 3.9
pyH (0.087) 0.384 0. 442 3.42 35.78
(0.161) (. 556 0. 638 4. 40 8.25
0. 222) 0.718 0. 837 5.59 10.8
B-CHg (0.087) 0.549 0. 640 4.64 7.18
(0.161) 0.738 0. 801 6.08 10. 2
(0. 222) 0.937 1.12 7.55 13.8
7¥CHz (0.046) 0.532 0.576 4.89 5.38
(0. 087) 0.774 0. 852 6.39 9.67
(0.161) 1.05 1.14 7.95 14.1

5 Fig. 1¢] =A% %, = dd A0 o
Fo] w2 Hammett 348 23L Fig. 2, 39
zA&ge}, o 29 LN RRE 78 oy}
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Table 3. The second-order rate constants &, (I/

mol-sec~!) for the reaction of

para-substituted

benzoyl cyanides and para-substituted benzoyl

chlorides with pyridines in acetone at 25°C

- COCl
$-CHy p-H p-Clip-CHO p-H p-Cl p-NO,
a-CH; [1.20 3.07 11.3 205 259 10.3 31.3
pyH 1.74 4.40 13.1| 2.44 2.92 16.0 37.1
FCH; 12.30 5.34 18.7 2.8 3.57 21.5 48. g
7-CH; [3.66 9.75 37.1) 4.37 4.7¢ 259 74.1

Table 4. py values for the “reaction of pyridines

with para-substituted benzoyl chlorides and cyanides

in acetons at 25°C

Y-
gcocy| M T

Y-
¢COCN| M 7

pCHi O —1.51 0.983 | p-CHs ~1.90 0.999
p-H —-1.21 160 | p-H —-2.07 0.982
2l —1.20 0.976 | p-Cl —2.69 0.997
$-NO; ~1.77 1.60 | — — —
r: correlation coefficient,
sop
=X—: p-wehyl pyridine
—~A—i /
254 °
e
>
20 -~
' 5 ?-Cl

1.0+

Fig. 1. Hammett plot for the reactions of para—
substituted benzoyl -cyanides with pyridines in

acetone at 25°C.
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Fig. 2. Hammett plot for the reaction of pyridines
with para-substituted benzoyl chlorides in acetone
at 25°C.
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Fig. 3. Hammett plot for the reactions of pyridines
with para-substituted benzoyl cyanides in acetone
at 25°C.
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Table 5. ps values for the reaction of para-
substituted benzoyl chlorides and cyanides with
pyridines in acetone at 25°C

Y-¢COCl1 Y-$COCN
Z-CsHyN
os r os r
a-CH; 1.3  0.971 2.43 100
pyH .21 0.942 2.18  0.991
£-CHjy 1.26 0.938 228 0.998
r-CHs .27  0.949 252 100

r: correlation coefficient.

Table 6. 8 Values for the reaction of pyridines
with para-substituted benzoyl
chlorides in acetone 25°C

chiorides and

Y- Y-
scocl F 7T igcocn| B 7

p-CHO| 0.30 0.937 | p-CHs | 0.39 0.973
p-H 0.25 0.983 |p-H 0.41  0.987
»-Cl 0.26 0.999 {p-Cl 0.54 0.963
p-NO; | 0.36 0.977

7: correlation coefficient.
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Fig. 4. Bronsted plot for the reaction of pyridines
with para-substituted ibenzoy! chlorides in acetone
at 25°C.
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Fig. 5. Br¢nsted plot for the reaction of pyridines

with parg-substituted benzoyl cyanides in acetone
at 25°C,
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Fig. 6. PES diagram for an Sy2 process in which
N-R bond formation precedes R-X bond cleavage.
Energy minima and maxima are shown as open
circles and star marks, respectively.
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Table 7. The struciural effects of the key con-
figurations on the reaction complex, N—R—X

Structural Effect
Configuration
N—R R-X
DA loose tight
DtA- tight loose
DA* loose loose
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