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ABSTRACT

Kinetic studies of nucleophilic substitution reactions of dansyl, bansyl, dabsyl chlorides with pyridines

have been investigated at 0°C in a range of methanol-acetonitrile binary solvent mixtures,

The order of magnitude for reactivity of substrates with pyridines in the same reaction condition is

dabsyl chloride >dansyl chloride>bansyl chloride.

The value of pn(—2.29~ —4.66) and B(0.537~0.901) associated with a change substituent in the
nucleophile are large and indicate a relatively advanced bond formation in the transition state.

Solvatochromic correlations were predicted the increase of bond formation transition state according to

the increasing MeCN contents, showing the greater contribution of polarity polarizability (

gen bond donar acidity(a).

#*) than hydro-

We conclude that the reactions of dansyl, bansyl, dabsyl chlorides with pyridines proceed via associat-

ive Sy2 type reaction mechanism,
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Table 1. Observed pseudo first order rate constants(ksx10‘sec”!) and second order rate constants
(k2 10°L. M sec ™) for the reaction of dansyl chloride with pyridines in MeOH-MeCN binary
solvent mixtures at 0°C

MeOH Py-H 3-CHspy 4-CHs-py 3-NHq-py
content (Nu]x10*M [Nu)x102M [(Nu)x10*M (Nu]) x102M
(%, v/v) 9.05 130 166 474 905 130 474 694 9.05 243 474 6.94
100 ks 283 429 619 203 436 756 297 68 760 650 1.9 17.10
ks 4.4 6.68 10.80 23.4
80 Kos 463 7.6 944 486 862 1210 7.49 11.20 1590 14.00 24.6 36.80
ko 6.37 8.76 19.40 50.5
50 Kos 914 13.80 17.80 10.90 17.00 25.60 16.00 23.60 3540 30.50 50.0 8.17
ks 11.50 17.70 44.80 113.0
30 Ko 1830 25.20 3170 13.10 2550 37.80 23.80 43.60 6150 46.80 85.2 143.00
ke 17.70 30.70 85.70 213.0
10 Kobs 2530 39.30 52.20 25.90 49.30 74.20 43.80 81.60 121.00
ks 35.80 58.40 179.00
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Table 2. Observed pseudo first order rate constants(kq.x10'sec”!) and second order rate constants
(k2 < 10°L M sec ') for the reaction of bansyl chloride with pyridines in MeOH-MeCN binary
solvent mixtures at 0°C

MeOH Py-H 3-CHypy 4-CHspy 3-NHa-py
content [Nu)x 10*M (Nu)x 102M [Nu)x 102M [Nu]x10°M
(%, v/v) 474 9.05 13.0 474 905 13.0 474 905 13.0 243 474 6.9
100 kes 117 237 337 203 310 519 338 499 59 522 968 135
ks 2.67 3.81 5.99 18.40
80 kews 238 418 630 463 7.66 10.90 697 981 1260 10.80 2210 31.8
ke 4.7 7.58 13.10 46.50
50 Kes 459 826 1200 912 1500 19.80 14.20 20.30 2580 22.90 44.50 64.9
ke 8.96 12.90 25.80 93.10
30 kews  5.61 1200 1820 14.40 27.30 38.00 38.30 5550 69.90 43.50 80.20 121.0
ks 15.20 28.60 73.40 172.00
10 kens  7.65 17.60 27.20 28.20 52.30 75.40 58.50 96.70 134.00
ks 23.70 57.10 175.00

Table 3. Observed pseudo first order rate constants(ku.x10‘sec”’) and second order rate constants
(kzx10°L M sec™!) for the reaction of dabsyl chloride with pyridines in MeOH-MeCN binary
solvent mixtures at 0°C

MeOH Py-H 3-CHspy 4-CHypy
content [Nu]x10*M [Nu)x10°M (Nu) x10*°M
(%, v/v) 4.74 9.05 13.0 4.74 9.05 13.0 4.74 6.94 9,05
100 Kobs 2.25 5.01 9.81 5.53 12.1 16.6 6.34 11.5 16.3
k, 9.14 13.4 23.1
80 Kabs 6.13  13.40 19.20  11.70 23.1 33.7 12.1 27.8 42.7
k, 15.80 26.6 71.0
50 Kabs 11.90 2170 3160 2510 45.1 63.2 31.7 66.2 99.5
k, 23.80 46.6 157.0
30 Kobs 18.10 3290 4970  38.90 72.1 98.0 - - -
k, 38.20 76.6 -
10 Kabs 22,30 4450  66.10  63.60 1150 161.0 - - -
k» 53.00 118.0 -
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Fig 1. Hammett plots for the reaction of dansyl chloride with pyridines in
MeOH-MeCN binary solvent mixutres at 0°C
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Fig 2. Bronsted plots for the reaction of dansyl chloride with pyridines in
MeOH-MeCN binary solvent mixtures at at 0°C
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Fig 3. Hammett plots for the reaction of bansyl chloride with pyridines in
MeOH-MeCN binary solvent mixtures at 0°C
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Fig 4. Bronsted plots for the reaction of bansyl chloride with pyridines in
MeOH-MeCN binary solvent mixtures at 0°C
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Table 4. Bronsted § and Hammett pn values for the reaction of dansyl chloride and bansyl chloride
with pyridines in MeOH-MeCX binary solvent mixtures at 0°C

MeOH Dansyl chloride Bansyl chloride
contents
(%,v /v) PN B PN B
100 —2.29 0.537 —-3.72 0.725
80 —2.72 0.553 —4.00 0.794
50 —3.45 0.696 —4.01 0.847
30 —3.52 0.708 —4.49 0.871
10 —4.04 0.846 —4.66 0.901

(correlation coefficient ; r=0.950~0.999)
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