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ABSTRACT. Kinetic studies on solvolytic reactions of 1- and 2-naphthalene sulfonyl chlorides in
ethanol-water mixtures have been carried out by means of conductometry at several temperatures.

The rate constant for 2-naphthyl compound was larger than that for 1-naphthyl compound. This
was contrary to the prediction of MO theory and could be rationalized as due to the peri~hydrogen
effect in the transition state for 1-naphthyl compound.

Based on m values of Winstein plots and z values of Kivinen plots it was concluded that the
solvolytic displacement of the two naphthalene sulfonyl chlorides in ethanol-water mixtures proceed

via Sy2 proecss.
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Table 1. The solvolysis of 2-naphthalenesulfonyl chloride in 80% aqueous ethanol at 25°C: [2—ArSO.Cl) =
1.96x 1073 M.

(smins. ) (5. eme) gar (1. em™) A=A log(X'—2)

20 33.1 245 150. 8 117.7 2. 0708

25 39.2 250 151.8 1i2.6 2. 0515

30 45.0 255 152.7 107.7 2.0222

35 50.6 260 153.6 103.0 2. 0128

40 56. 0 265 154.5 98.5 1.9934

45 61.1 270 155. 3 94.2 1.9741

50 66. 0 275 156. 2 90. 2 1. 9552

55 70.5 280 157.0 86.5 1.9370

60 74. 8 285 157.7 82.9 1.9186
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Fig. 1. Plot of log(2’—2) vs. time for slvolysis of
‘9-naphthalenesulfonyl chloriode in 80% aqueous
.ethancl at 25°C.
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Table 2. Pseudo-first order rate constants () and activation parameters for solvolysis of 1- and 2-naphthalene

sulfonyl chlorides in aqueous ethanol.

Water Rate constant 105% (sec™!) AH=* — AS5*
ArSO.Cl content
(v/v%) 25°C 35°C 45°C (Kcal - mol-1) (e.u.)
1-naphthyl 0 — 3.84 8.53 15.9 25.5
10 3.70 9.28 21.9 16.2 23.5
20 5.28 13.7 32.6 16.5 22.8
30 7.87 20.6 49.3 16.6 21.6
40 10.5 29.0 68.2 16.9 19.9
50 15.0 40.9 101 17.2 18.4
2-Naphthyl 0 — 8.51 16.7 13.1 33.1
10 10.2 23.7 47.9 13.8 30.4
20 14.7 33.9 74.0 14.0 29.1
30 20.8 49.7 108 14.2 27.8
40 26.7 65. 0 145 14.6 25.8
50 38.4 101 212 14.8 24.4

* Calculated values at 25 °C.

Table 3. Ratio of the rate constants (ky-y/k;-y) for the solvoysis of 2-naphthyl (2-N) and 1-naphthyl(1-N)

compounds at 25°C (Ref. 8).

Reaction
Rate I 1 11 v | VI vII
—_—— . /e e — e e |
constant ArCHCl  ArCHOTs ArCHCH;Cl  ArCH,Cl  ArCH,Cl | ArC(CHp)e  ArSOCI
80 %aq. 80 % aq.** ‘ Cl 80% aq.*t
HCOOH* CH3;COOH acetone EtOH KI, acetonet “ EtOH®** EtOH
1
ka-n 2.63xX1076  2.34Xx10"* 4.79x10°¢ 4.27x107% 1.38x10°3 ‘ 1.24X107% 1.47x10™¢
ki-n 4.37X107% 1.66x10"3 1.17X1075 9.34x10°6 2.29x10°3 6.76X1075 5 28x1075
ko-n/k1-n 0. 060 0.14 0.41 0.46 0. 60 | 1.9 2.8
Syle— no peri-hydrogen effect —>Sy2 1 Peri-hydrogen effect in

ko n/ki- <1
*40 OC’ **50 OC’ ***0 Oc
+2nd-order rate constant (/-mol-!-sec™1)
++present data

the transition state
ko-n/kp-N>1
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Fig. 2. Grunwald-Winstein plot for solvolysis of 1-
naphthalene sulfonyl chloride in aqueous ethanol.
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Fig. 3. Plots of log £ ws. log[HzO] for solvolysis
1- and 2-naphthyl compounds in aqueous ethanol.
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