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 Hidrolisis berbagai ester sulfinat dalam larutan berair asid galian telah Aikaji
ecara kinetik. Analisis data kinetik yang diperolehi mengikut kaedah Cunnett
Bunnett-Olsen dan entropi keaktifan menunjukkan bahawa hidrolisis
laku mengikut mekanisma® A—2.

kmetxcally studied. Analysls of the kinetic data by Bunnettand Bunnett-
Isen criteria and by entropy of activation suggest that the hydrolysis proceed
vith an A-2 mechanism.

Introduction

~ Sulphinic acids are comparatively weak ! (pKa = 2) and one might expect
that the hydrolysis of their esters would be different from those of alkyl supho-
Nates, which undergo hydrolysis via C—0 bond fission in both acidic and alka-
media ? . The hydrolysis of methyl p-toluenesulphlnate in acidic H, '®0 —
e proceeds with S—O bond fission >. Bunton and Hendy ** showed
t the perchloric acid catalysed hydrolys1s of methyl p-toluenesulphinate
oceeded with an A—2 reaction mechanism. However, with halogen acids as
ysts, the hydrolysis proceeds concurrently via an A—2 and a hydrogen
on dependent nucleophilic catalysis mechanism.
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The acid<atalysed hydrolysis of diphenylmethyl p-toluenesulphinate on the
other hand shows quite complex kinetic behaviour $. Perchloric acid is a part;.
culary effective catalyst, and based on kinetic studies an A—1 mechanism hag -
been suggested for the perchloric acid-atalysed hydrolysis of diphenylmethy
p-toluenesulphinate. Tracer experiments with H, '®Q, however shows that the
hydrolysis proceeds with 80% C—0 and 20% S—0 bond fission. This indicateg
that concurrent displacement of both carbon and sulphur occurs.

- Kinetic Measurements: The rates of hydrolysis were determined spectro-
metrically by following the decrease in the characteristic absorption of sul-
tes at wavelengths between 235 — 245 nm with a Unicam Sp 800 spec-
ter equipped with a slave recorder and thermostatted cell compartment
05°C). Values of the first-order rate coefficents k) were calculated for
ch run from standard equation and are shown in Tables 1 — 5.

: 5 -4
I now report a kinetic study of acid catalysed hydrolysis of substituted su. The concentration of sulphinate esters used was ca. 107" M.

phinate esters. A number of substituted sulphinate esters (I;

i TABLE I
0] .
- Hydrolysis of Methyl p-toluenesulphinate
Ri— —S — OR » |
a) Effect of added acids at 25.20° C.
: 0.50 1.00 1.00* 1.50 2.00 2.50
where _
Tt 0345 0.742 1.51 1.06 1.65 1.74
R' = CH, ; R=CH,, CHCH, and 1-CH,
3.00 3.50 4.00 4.50 5.00 5.20
and
2113 2.73 3.76 595 745 11.7
R = CH3 R = C1 and H) have been prepared.
6.00 6.50 7.00 7.50
EXPERIMENTAL
™1 142 25.2 348 658
Materials: The sulphinate esters were prepared by the addition of suphinyl
chloride to the appropriate alcohol in pyridine according to the method des- 0.50 1.00 1.50 2.00 2.50 3.00
cribed by Wragg and coworkers ¢ . Methyl p-toluenesulphinate had b.p. 90 — : 248 - b
94° €/0.6 mm (lit® b.p. 129 — 130° C/14 mm). (Found: C, 56.7%: H, 5.8%; 0436 0951 221 ‘ .
S, 189%. Cg H,, SO, required C, 56.5%;H, 5.9%, S, 18.8). NMR"3 (CCl,) 350 4,00 A5 5.00 6.00 7,00
7.25 — 6.80 (2d, 4H), 2.97 (s, 3H) and 1.93 (s,3l'i). Benzyl p-toluenesulphinate
had m.p. 22 — 23° C (Lit ¢ .m.p. 22 — 24 ° C). (Found: C, 68.1%; H, 5.8%, 14.8 o 30.5 435 85.8 208
S, 13.1%, C,; Hy, 8O, required C, 68.3%; H,5.7%; S, 13.0%) NMR i (CCI,)
7.77 — 7.33 (m, 9H), 5.17 — 4.47 (m, 2H) and 2.45 (s, 3H). Isopropyl p-to- 0.50 1.00 150 2.00 2.50 3.00
luenesulphinate had b.p. 84 — 86 ° C/0.25m. (Found: C, 60.6%:; H, 7.2%: S,
15.8%; C1o Hia SO, required C, 60.6%; H,7.1%3S, 16.2%, NMR ) (CCl4) 0910 5.73 14.8 254 449 80.9

7.31 — 6.81 (2d, 4H), 435 — 3.95 (m, 1H), 195 5, 3H) and 0.98 — 0.70 (24, |
6H). Methyl benzenesulphinate had bp. 60 — 62° C/0.3 mm (it © b.p. 76 — Qe <% DCL0 /=D O
81 C/045 mm). (Found: C,53.8%;H, 5.0%; 8,20.5%; C,H S0, required C, (1

53.9%; H.5.1%, S,20.5%). NMR . (CCl,)7.12 (m, SH) and 2.90 (s, 3H) and

methyl p<hlorobenzenesulphinate had bp. 91 — 92° C/0.5 mm. (Found: 252 30.2 35.0 394 443
C,4_3.9%, H, 3.7%; S, 16.8% C7H7CISO2 required C, 44.1%; H, 3.7%; S,
16.8%). NMR " (CCly ) 7.45 — 7.10 (2d, 4H) and 3.13 (s, 3H). 100k gy/sec ™' 165 236 432 7.10 12.0
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(c) Effect of perchloric acid (7.00M) at different temperatures.

T/°C 204 25.2 30.2 35.0 394
10%ky/sec! 232 348 69.6 120 190
(d) Effect of sulphuric acid (2.00M) at different temperatures.

T/oC 252 302 35.0 394 443
10%kp/sec™” 342 6.16 11.9 16.2 242

| TABLE 2

Hydrolysis of Benzyl p-toluenesulphinate

(a) Effect of added acids at 25.10°C.

(HC10, )M 0.50 1.00 1.50  2.00 2.50 3.00
10%k y /sec™ 0.420 0.733 167, 2.8 292 4.05
(HC10, yM 3.50 4.00 450 500 6.00 1.00*
10 *kyfsec’ 543 7.21 967, 132 22.0 1.44
(H2 SO M 0.50 1.00 150 200 2.50 3.00
10%.y /sec™  0.644 1.58 306 498 9205y 1821
(H2804)/M 3.50 4.00 450 500 6.00

10% Y /sec™! 189 343 488 788 165

* In99.8% DC10s — D,0
(b) Effect of perchloric acid (2.00M) at different temperatures
T/ 204 25.1 29.7 34.1 386

10 %y /sec ! 127 2.18 3.40 5.54 9.04

(c) Effect of sulphuric acid (2.00M) at different temperatures.

7 i 204 25.1 29.7 34.1 386
10%ky/sec™! 292 4.98 9.30 12.5 19.4
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1) Effect of sulphuric acid (5.00M) at different temperatures

204 25.1 29.7 34.1 386
' kylsec  49.0 79.0 124 186 266
) I‘ Effect of perchloric acid (6.00M) at different temperatures
204 25.1 29.7 34.1 386
e i 220 374 60.1 102
TABLE 3
ydrolysis of Isopropyl p-toluenesulphinate
) Effect of added acids at 25.30° C.
0.50 1.00 1.50 2.00 250 3.0
r 0.150 0.308 0.502 0.959 1.15 1.48
3.50 4.00 4.50 5.00 550  6.00
o 1.82 2.29 2.75 3.29 5.59 6.35
6.50 7.00 7.50 8.00
108 144 34.0 384
SO )M 0.50 1.00 1.00* 1.50 200 250
= 0.262 0.566 1.26 1.15 2.11 3.97
,S0, /M 3.00 3.50 4.00 4.50 500  6.00
0 % /sec™ 5.87 10.2 145 16.8 205 457
'~ InD,SO, + D,0
-, Effect of perchloric acid (2.00M) at different temperatures
20.3 253 29.1 33.9 386
0" Ky /sec™ 0.526 0.96 1.28 2.24 3.64
39
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(c) Effect of sulphuric acid (2.00M) at different temperatures. ) Effect of sulphuric acid (5.00M) at different temperatures.

T/C 203 253 29.1 339 38.6 : 204 253 293 3338 384
10°kyfsec™ 126 2.12 296 5.23 8.23 0 .“kq,/sec =} A8 254 35.7 56.0 88.0
TABLE 4
TABLE 5

Hydrolysis of Methyl benzenesulphinate
(a) Effect of added acids at 25.30°C.

(HC10 M 050 1.00 1.00*  1.50 200 250 ) Effect of added acids at 25.30° C_

10%y/sec” 0227 0312 0615 0629 0976 12 HC10,)M ‘ 0.50 1.00 150  2.00 250 3.00
(HC10 )M 3.00 350 400 4.50 5.00 5.50 "ktb fsec = 0.122 0.249 0367 0.506 0.586  0.954
10y /sec™ 145 1.74 216 321 407 561 HC10s )M 3.50 4.00 450  5.00 550 6.00
(HC10, yM g0 630 W, 159 0'kyfsec! 108 121 174 215 304 341
10Ky /sec”! 6.28 9.92 113 16.2 HC10, M 6.50 7.00 750  8.00

(H,S0,)/M 0.50 1.00 1.50  2.00 250 3.0 “kgjsec™ 538 6.70 9.02 100

10°kpfsec™ 0318 0933 146 246 457 629 2508)M 050 1.00 150 2.00 250  3.00
®,50 yM 3.50 4.00 430 5.00 550 ., 699 , ?w [sec? 0231 0571 109 166 225"+ 1v333
10°ky/sec™ 9.9 13.1 199 254 384 535 SOM 350 4.00 450 5.0 600  7.00
(b) Effect of perchloric acid (2.00M) at different temperatures. “kh') e 7.00 9.30 16.7 199 34.2 63.5
T/°C 204 253 293 33.8 384 :

10%y/sec™ 0464 0976 168 222 4.54 b) Effect of perchloric acid (2.00M) at different temperatures.

(c) Effect of perchloric acid (5.00M) at different temperatures. C . 207 253 299 343 g

T/°C 204 253 293 33.8 384 Jsee™! 0298  0.506  0.840 133 A
10%y /sec ™! . 2,04 4.07 6.20 9.40 152 A

(d) Effect of sulphuric acid (2.00M) at different temperatures. €) Effect of sulphuric acid (2.00M) at different temperatures.

T/ C 204 253 293 338 384 AL, B3 R S -
10%ky/sec ! 153 246 368 6.36 10.5 0k plsec ™t 0950 1.66 Ride = %
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Intivence of Temperature: The entropy ( AS # ) and enthalpy of activatj

(AH#) were calculated from the equation k = (KT/h) exp (AS#/ l[gn)

f:rxgl(%ﬂ# /RT) by a least-squares procedure. The calculated values are shown in"
able 6.

TABLE 6

Values of AH# and A ,S + for the hydrolysis of substituted sulphinate esters 3¢

25:0°C: 10-11

e Dependence on Acidity : The rates of hydrolysis of all sulphinate esters
at first, increase linearly with acid concentration, but above ca. 2.00M
e increases more rapidly than the increase in acid concentration (Table
). This is probably due to a positive salt effect superimposed on a linear
dence of rate on stiochiometric acid concentration. Such behaviour is
teristic of many reactions which hydrolyse by an A—2 mechanism, ¢.g. the
talysed hydrolysis of ethyl acetate® , methyl phosphate® and dialkylsul-

‘Table 7 summarises the analysis of the hydrolysis rate of sulphinate esters
and Bunnett-Olsen linear free energy
for the classification of reactions in
verses log a4, 0. Such

flog ki —log [H™ ] against log

¢ Value
0.44 (0.9995)

0.57 (0.996)

0.40 (0.998)

0.47 (0.993)

0.28 (0.996)

Sulphinate esters Catalyst AH# — AS# f Bu dw*
KJ mol -} JK-! -1 use o nnett w and w* parametgrs
( ) ( L onship. Bunnett’s earlier proposaltf2
Methyl p-toluene- ~ 2.00M—HC10s  81.5 + 4.6 517 + i medla jnvolyes 8 plat of Jog. KX, 4P
sulphinate 7.00M—HC104 844+ 34 32; + }g; ‘of the hydrolysis of sulphinate esters studied give a good linear correlation
2 00M_H S(i‘ 80.6 + 45 478 + 143 th values of w (1.45 — 2.40) which fall into the range associated with water
2 5 - sy = ting as a nucleophile. Bunnett w* plot o
Rikibsl vchidois- 2 00M—HC10.  £13 % 09 619 + 3.1 1 also gives a good straight line with values of w* (-2.10 > —4.18)in the
benzenesulphinate  2.00M—H SO’ 772+ 18 65.7 B 6.0 associated with water acting as nucleophile. The Bunnett—Olsen linear free
i ) il rgy relationship approach’ * involves a plot of (log ki + Ho) against (H, +log
Methyl benzene-  2.00M—HC10, 899 % 6.5 278 + 214 ] togive a slope parameter, ¢ Such plots again give a good stralght ine o7
sulp hinate 5.00M-HC10, 808+ 3.5 5 4'2 B 11'7 ydrolysis of sulphinate esters with values that lie in the range 0.28 — 0.47
200M—H,SQ, 798+ 28 53:3 ; 9'5 teristic of reaction proceeds with an A—2 mechanism with water acting as
5.00M-H,S0, 72.2% 13 676 + 44 gpeile.
Isopropyl p-toluene- 2.00M--HC10, 779+ 20 682 £ 6.5 s
sulphinate 2.00M—H,S80, 76.7+ 2.2
2544 63.2 fy ot s of the Bunnett and Bunnett—Olsen Parameters for the hydrolysis of sul-
Bezyl ptoluene-  2.00M—HC10, 793+ 14 563 + 46 Qe e
sulphinate 6.00M—HC10, 84.7+ 0.8 276 + 26 .
2.00M-H,80, 77.0% 13 568 + 42 ate Ester W W Ny
500M-H, SO, 689+ 13 686 + 42
274 lethyl p-toluene- 1.71 (0.9995) —2.61(0998)
DISCUSSION inate
The kinetic behaviour observed for the acid<atalysed hydrolysis of sulphi- 3 2.40 (0.9997) —2.70(0.998)
nate esters of methyl p-toluene-, methyl pchlorobenzene-, methyl benzene-, benzenesulphinate
lsoproPyl ;_)-tolugne- and benzyl p-toluenesulphinates is so similar that the
- following discussion could be taken from the data of cither compound. i ol = 27040851
) The Proton Transfer: The values obtained for the deuterium kinetic solvent
isotope effect (k_l)zo /kH »0) for the perchloric and sulphuric acid catalysed hy- opropyl p-toluene- 1.45 (0.997) —2.42(0.998)
drolysns of su_lphmate esters lie in the range 1.96 — 2.23 and are characteristic o+
react.ons which proceed by preequilibrium proton transfer, i.e. specific hydro-
gen ion catalysis occurs. - Ben yl p-toluene- 1.45 (0.995) —4.18(0992)

nate

1 * 1 +
R—< : }—SO:RA + HiO Eﬁ R—@—SozH R + Hy0
p
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Another criterion of mechanism which can be used to differentiate betweg,
an A—1 and A-2 pathways is the value of entropy of activation. Typicauy N
rather more positive entropy of activation would be expected for a unimolecy,,
reaction, whereas the corresponding bimolecular reaction will show a relativg] :
large negative entroPX because of the loss of transitional and rotational freedop.
of water molecules "*. All values of AS# listed in Table 6 for the hydrolysis of -
sulphinate esters show a relatively large negative whick can be associated wity
an A—2 type of mechanism.

1 4
SOOR + H;O+ fast R-@—SOO HR *t H,0

- T

SQsH Ry .8 ¢ A0 SO Rl—®—SOOH2+ + ROH

Cl (slow)
H:20 (fast)'
SOCI

1 D
R
fast

Scheme I1

Nucleophililic catalysis: The order of effectiveness of catalysing acids
HCI>H,S04>HC10, for the hydrolysis of methyl p-toluenesulphinate (Table
1) and the magnitude of the relative effects suggests the occurance of nucleophj.
lic catalysis. Bunton and Hendy * observed that added salts increase the rate of
acid catalysis, sodium chloride being much more effective than sodium perchlo.
riate. This suggests that the observed rate coefficient for the hydrolysis of sul-
phinate esters consists of two terms which in an A—2 reaction and a hydrogen
ion dependent nucleophilic catalysis respectively as represented in equation.

R ¥ L SR A O Y

A general scheme for the hydrolysis of sulphinate esters study therefore'mzi'y
be represented as scheme 1.

S + H0" = sH* + H,0  (fast)

SH* H,0 Products

—ow >

x'(slow\ / H ,0 (fast)

(Intermediate)

Scheme |

The overall possible mechanism for the hydrolysis of sulphinate esters with
halogen acids which proceed concurrently via an A—2 and hydrogen ion depen-
dent nucleophilic catalysis can be represented as in scheme 11,

IL.3 JUN 83
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