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ABSTRACT. Solvent effects on nucleophilic substitution reaction of naphthalene sulfonyl chlo-
rides with pyridine in protic and aprotic-solvent have been studied by means of conductometry.
Results showed that the rate constants increased with dielectric constants for protic solvents, while
they decreased with dielectric constants for aprotic solvents, except for acetonitrile which has a
higher dielectric constant but had also greater rate constant. The rate constants were shown to be
more susceptible to polarity-polarizability parameter, z*, than to hydrogen bond donor acidity
parameter, ¢, indicating that the pulling effect of hydrogen bonding solvent.
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Table 1.

The cbserved pseudo-first order rate constants (£, X10%sec™!) and the second order rate constants

(k2X10° !-mol-l-sec’?) for the reaction of 1-, and 2-naphthalene sulfonyl chloride with pyridine in

various - solvents.

i Pyridine 1-NSC 2-NSC
Solvent | Tate | concent-
constant iration(M) | 20°C  25°C . 30°C  35°C | 20°C  25°C  30°C  35°C
| 0.056 | 521 721 9.48 12.6 862 1.3 142 17.0
MeOH ke 0.14 | 10.2 13.9 184 229 | 20.2 25.9 321 37.9
; 0.23 | 14.8 21.2  27.4 322 | 29.1 37.9 486 56.6
| ke 533 7.7 9.9 10.9 | 1.4 148 191 220
' 0.06 | 1.47 210  3.38 531 | 458 570 7.75 9.72
EtOH P ks 0.14 | 313 4.8 714 9.8 | 9.9 122 155 20.0
0.23 { 539 772 1.6 154 | i5.4 185 230 29,4
ke | 218 312 457 56l | 601 7.11 847 10.9
: 0.05 | 1.46 251  3.41 479 | 2.8 559  7.42 822
1-PrOH Lk 0.14 | 243 417 598 823 | 579 0.40 12.8 159
‘ 0.23 | 3.41 576 847 11.8 863 13.3 181 226
ks 1.08  1.81 2.8 3.8 | 322 428 593 7.99
! 0.06 | 829  9.48 1.3 13.0 | 20.8 245 27.3  30.0
MeCN kw014 | 174 199 231 2.2 | 38.0 44.8 528 616
. 0.23 | 262 299 340 380 | 554 6.7 7.9 90.1
L ks 9.95 1.3 126 13.9 | 19.2 229 281 33.4
b
0.06 | 0.473 0.654 0.911 1.24 | 1.21  1.82 248 3.19
(Me)2CO Ve | 0.14 0.498 0.692 0.969 1.31 1.28 1.88 2.58 3.28
| 0.23 | 0.501 0.731 1.03 1.39 | 1.33 1.95 262 3.37
s 0.0156 0.0428 0.0661 0.0833 0.0667 0.0722 0.C778 0.100
i 0.14 0.600 0.92 18 | 1.3 23 3 % 511
Dk 0.23 | 0.547 0.625 0.9 . . ) .61 5.17
Acstophencne - b 0.33 | 0.581 0.672 1.04 2.03 | 1.49 248  3.69 527
| & 0.0258 0.0381 0.0517 0°0841 0.0736 0.0740 0.0790 0.0845
| 0.14 0121 0101 0.314| 0.923 L4g 1 & Lo
.. Ens 0.23 0.134 0. . . . 1.71 1.96
Nitrobenzene l " 0.33 | 0.109 0.151 0.223 0.375| 0.941 150 1.75 2.03
| ks 0.0158 0.0168 0.0323] 0.0095 0.0369 0.0421 0.0526

A5 AHEshgie 2
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Table 2. Activation parameters for the reaction

of 1-, and 2-naphthalene sulfonyl chloride with
pyridine in various solvents.
1-NSC 2-NSC
Solvent 4dH® _ o 4G | AHF 4G*
(keal/ ( eAE) (kcal/| (keal/ '(_eAuS; (kcal/
mol) >~/ mol) mol) *~/ mol)
MeOH 8.0 41.3 20.3| 80 40.1 19.9
EtOH 9.4 38.6 22.5| 6.7 46.0 20.4
1-PrOH 11.9 31.1 23.9( 9.1 39.0 21.9
IieCN 4.4 52.9 20.1| 6.7 43.6 19.1
(Me)CO 13.4 33.5 23.4| 2.7 68.5 23.1
Acetophenone| 6.5 57.1 23.5| 0.5 75.6 23.1
Nitrobenzene ! 8.6 51.6 24.0|13.3 26.2 21.1
o, oj=) NSC& w27 FEE 4.74X107M
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Fig.1. Plot of the observed pseudo-first order rate
constants against the pyridine concentration for
the reaction of 1-naphthalene sulfonyl chloride
with pyridine in various solvents at 25°C.
(a) MeCN (b) MeOH (c) EtOH (d) 1-PrCH
(e) Acetone (f) Acetophenone
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Table 3. Second order rate constants (k;), dielcctric
constants, electrophilicity, =* and « for the reac-
tion of 1-naphthalene sulfonyl chloride with pyri-
dine in various solvents at 25°C.

. l | Dielectric [Electrop-

Solvent ) i’:c_], l { constant |hilicity = a
MeOH 7.77 | 32.65 | 14.94 [0.600.98
EtOH 312 | 24.30 | 11.57 {0.54/0.85
1-PrOH 1.81 | 20.10 10. 58 |0.53|0.76
MeCN 11.3 | 37.50 5.21 0.76/0. 22

Acetophenone | 0.0381| 17.39 073, — —

(Me),CO 0.0428 20.74 2.13 |0.68/0.10

Nitrobenzene | 0.0158 34.82 0.30f — —
logk;=A-+sz*-taa @)

714 A, s b ads dadekq an,

logk,=—11.63+11.037*+3.50a  (5)
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Tchle 4. Second order rate constants (k;) for the
reaction of 1-naphthalene sulfonyl chloride with
pyridine in various solvent mixtures at 25°C.

1-NSC (kb % 10%)

MeOH
Solvent | content|pyridine concentration (M) kX 10°
~/v%)
0.05 0.14 0.23
{eOH- 95 10.0 21.4 29.4 | 10.8
MeCN 85 10.9 25.5 35.2 | 13.5
75 9.28 15.0 27.4 | 10.1
MeOH-~ 95 | 7.26 14.9 232 | 837

(Me)CO 85 7.16 14.8 21.1 7.30
75 6.16 14.5 19.1 | 6.74

MeOH- | 95 | 561 125  20.2 | 7.70
st 8 | 4.06 1.5 159 | 6.18
75 | 3.24 850 127 | 4.95
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Fig. 4. Dependence of logk; on mole fraction of
methano! in MeOH-MeCN, MeOH-(Me)2CO and
MeOH-C¢H; binary solvent mixtures for the eactionr
of 1-naphthalene sulfonyl chloride with pyridine.
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