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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, =*, than to hydrogen bond donor acidity
parameter, «, indicating that the pulling effect of hydrogen bonding solvent.
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Table 1.

The observed pseudo-first order rate constants (%o X10%ec-!) and the second order rate constants

(k2X10% I-mol--sec?) for the reaction of 1~, and 2-naphthalene sulfonyl chloride with pyridine in

various solvents.

| Late | Pyridine 1-NSC 2-NSC
Solvent | rate concent-
fonstant ration(M) | 20°C  25°C . 30°C  35°C | 20°C  25°C  30°C  35°C
! 0.05 | 521 - 7.21  9.48 12.6 862 1.3 142 17.0
MeOH 'k 0.14 | 10.2 139 184 229 | 20.2 259 321 37.9
i 0.23 | 148 21.2 27.4 322 | 281 37.9 486 56.6
i b 533 777 9.9 10.9 | 1.4 148 191 22.0
: 0.05 | 147 210 3.38 531 | 4.5 57 7.75 9.72
EtOH i ko 0.14 { 313 48 714 987 | 99 122 155 2.0
0.23 ¢ 539 7.72 11.6 154 | i54 185 230 29.4
ko i 218 312 457 561 | 60 711 847 10.9
005 | 1.46 251 341 479 | 2.8 5.5 7.42 822
1-PrOH I 0.4 | 243 417 598 823 | 579 940 128 159
: 0.23 | 341 576 847 11.8 863 133 181 226
w3 .08  1.81 2.8t 3.8 | 3.22 428 593 7.9
' 0.65 | 829 948 1.3 13.0 | 20.8 24.5  27.3  30.0
MeCN D ke 1o 014 1174 199 231 26.2 | 30 448 528 6L6
: . 0.23 {262 2.9 340 380 | 554 6.7 7.9  90.1
- 9.95 1.3 126 139 | 192 2.9 281 33.4
: 0.05 | 0.473 0.65¢ 0.911 1.24 | 1.21 182 248 3.19
Me)CO kg, 0-14 | 0.498 0.692 0.969 131 | 1.28 1.88 2.58 3.28
i 0.23 | 0.500 0.731 1.03 1.39 | 1.33 1.95 2.62 3.37
(kb 0.0156 0.0428 0.0661 0.0833 0.0667 0.0722 0.0778 ©.100
PR con oo 1Em | Lm 2 gy s
Acetophe L ks 0.23 | 0.547 0. . . . .61 5.17
ceiophenane - B 0.33 | 0.581 0.672 1.04 203 | 149 248 369 527
| & 0.0258 0.0381 0.0517 0°0841 0.0736 0.0740 0.0790 0.0845
] 0.14 0.121 g. %3;1; 3.%§ g.% 143 1.7 19t
Nitrobe Ees 0.23 0.134 Q. . . 146 L71 1.9
robenzene | " 0.3 | 0209 0.151 0.223 0.375| 0.841 150 175 2.01
| & 0.0158 0.0168 0.0323 0.0095 0.0369 0.0421 0.05%
A& ALa . Table 2. Activation parameters for the reaction
e o 5 of 1~, and 2-naphthalene sulfonyl chloride with
@) dsszueel 2 pyridine in various solvents.
kA A Lol ik ArA el el 2zt el
el 4 NSCot 2l Awpeg A= e S
olvent = ek 40 4G
9 ZEE 0. 05~0.33 M7= WASAA FHEA (kcal/ (edg) (keal/| (kcal/ (eAuS)- (kcal/
20~35°Ce LEdAMe)A A% Qe & mob) "~ mol) tmol) =™ mob)
AL gz A=A HEE AWA bon | o4 o ol &0 o
t . : 0 2.
Ao dggs BIYAIPAS 84 1-PrOH | 1.9 381.1 23.9( 9.1 39.0 21:
Aok AR AJEFL oG] FFE 75~9H LieCN 4.4 529 20.1| 67 43.6 19.1
%2 AN FA6 AP F2E 0.06~ (Me)o,CO | 13.4 33.5 23.4{ 2.7 68.5 23.1
0.23 M2 HaA 754 25°Cell A wtgs AP A Acetophenonel 6.5 57.1 23.5| 0.5 75.6 23.1
2k Nitrobenzene | 8.6 51.6 24.0113.3 26.2 21.1
A e s WU AY Y
o ] $ A fFAGAges AYABe o, ojH NSCY w2/ FEE 4.74X107M

o MEEEATE GuggenheimX ol 4 T34
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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 (¢} EtOH (d) 1-PrOH
{e) Acetone (f) Acetophenone
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Tatle 3. Second order rate constants (k;), dielectric
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k2> 10° Dielectric [Electro,
w - P
Solvent H i?c(i]‘ " | constant hilicity =]«
MeOH 7.77 | 32.65 | 14.94 }0.60/0.98
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Tehle 4. Second order rate constants (k) for the
reaction of 1-nmaphthalene sulfonyl chloride with
pyridine in various solvent mixtures at 25°C.

! 1-NSC(kqps % 10%)
MeOH
content |pyridine concentration (M )i 22X 103
/vy)

Solvent

0.0 0614 0.23

1eOH-~ 95 | 10.0 21.4 29.4 | 10.8
MeCN 85 | 10,9 255 352 [13.5
75 9.28 15.0 27.4 110.1

MeOH- 9% ! 7.26 14.9 23.2 . ST
(Me) g -CO i 8 7.16 14.8 21.1 7.30
75 6.16 14.5 19.1 6.74

MeOH- | 95 | 561 123  20.2 | 7.70
Cd: i 8 4.06 11.5 15.9 | 6.18
I 75| 224 850 127 | 4.95
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Fig. 4. Dependence of log #; on mole fraction of
methano! in MeOH-MeCN, MeOH-(Me);CO and
MeOH-CgHy binary solvent mixtures for the eactionr
of 1-naphthzlene sulfonyl chloride with pyridine.
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