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Eliminations Promoted by Thiolate Ions. Part 111.l Reactions of t-Butyl 
Chloride and t-Butyldimethylsulphonium Iodide 

By D. J. McLennan 

The effect of the leaving group on the relative reactivities of benzenethiolate and alkoxide ions in bimolecular 
eliminations from t-butyl compounds i s  investigated. The substrates studied are t-butyl chloride and t-butyldi- 
methylsulphonium iodide. There is a correlation between the relative reactivities of these bases and Bronsted p 
coefficients, obtained by using substituted benzenethiolates as bases, for the two reaction series. The variation 
of the rate ratio with the change in leaving group is explained in terms of alterations in the nature of the €2 transi- 
tion states. 

INVESTIGATIONS of the relative reactivities of benzene- 
thiolate and alkoxide ions in effecting bimolecular 
elimination reactions with cyclohexyl halides and cyclo- 
hex yl t oluene-p-sulphonat e , a a-dimet h ylphene t h yl 
chloride and the corresponding dimethylsulphonium 
salt and methyl sulphone,2 and DDT have shown that 
the thiolate-alkoxide rate ratio is sensitive to the nature 
of the E2 transition state.4 Results of a similar in- 
vestigation on the t-butyl system reported in this Paper 
are not fundamentally different from those of Bunnett 
and Baciocchi, who studied the related aa-dimethyl- 
phenethyl system.2 

t-Butyl chloride is dehydrochlorinated by benzene- 
thiolate in ethanol 10 times faster that it undergoes a 
second-order reaction with ethoxide in this solvent .5 
However, no olefin proportion was obtained for the latter 
reaction, so this reactivity ratio of 10 is not necessarily 
the ratio for E2 reaction. We now extend the work 
of de la Mare and Vernon and obtain a more accurate 
value of this E2 rate ratio. The reactions of the t- 
butyldimethylsulphonium ion are similarly investigated. 
We diagnose the nature of the E2 transition states by 
using, as before, the Bronsted catalysis law. 

RESULTS 

A lkoxide-promoted Eliminations.-(a) t-Butyl chloride. 
Even in strongly alkaline solution i t  is difficult to isolate a 
clean second-order mode of decomposition of tertiary alkyl 
halides because of the incursion of relatively fast uni- 
molecular (El and S N ~ )  reactions.s Accordingly, we have 
measured the pseudo-first-order rate coefficients of the 
decomposition of t-butyl chloride in alkaline ethanol, and 
have corrected for the concomitant unimolecular reactions 
by using the specific rate of solvolysis of the halide in neutral 
ethanol, which is assumed to be a purely unimolecular 
reaction. Olefin proportions have been similarly corrected. 
In order to extract second-order rate constants for the E 2  
reaction we have followed the assumptions of Bunnett 
et aZ.7 and have used their general method. 

The raw, first-order, rate constants and olefin proportions 
are shown in Table 1. Specific rates derived from these 
quantities are presented in Table 2 .  

Part 11, D. J. RlcLennan, preceding Paper. 
J. F. Bunnett and E. Baciocchi, Proc. Chem. SOC., 1963, 238. 

a B. D. England and D. J. McLennan, J .  Chem. SOC. (B) ,  1966, 

J. F. Bunnett, Angew. Chem. Internat. Edn., 1962, 1, 225. 
5 P. B. D. de la Mare and C. A. Vernon, J .  Chem. SOC. , 1956, 

M. L. Dhar, E. D. Hughes, and C. K. Ingold, J .  Chem. Soc., 

696. 

41. 

1948, 3065. 

The small overall decrease in k(E1)  and h ( S ~ 1 )  with in- 
creasing alkali concentration may be an example of lyate 
ion retardation.8 The specific rate of the bimolecular 
elimination is effectively constant over the range of alkali 
concentration. 

TABLE 1 
Specific rates and olefin proportions of the reactions of 

t-butyl chloride in initially neutral and in alkaline 
ethanol at  45.0" 
[ButC1] [NaOEt] 10%, (sec.-l) % Olefin 
0.1011 - 1-35 22-8 
0.0501 0-3502 3-03 92-6 

3-83 93.9 0.0524 
0.067 1 0.7347 4.99 96.3 

0.4926 

TABLE 2 
Specific rates derived from data in Table 1 

10% (E2) i08k ( ~ i )  1 0 7 ~  (sNi) 
[NaOEt] (1. mole-' sec.-l) (sec. -l) (sec.-l) 
0.3502 4.45 2.2 6.7 
0.4926 4.53 2.3 6-9 
0.7347 4-69 1.9 5.4 

(b) t-Butyldimethylsulphonium iodide. Solvolytic re- 
actions do not sensibly interfere with the measurement of 
second-order specific rates of decomposition of this substrate 
in alkaline solution.9 All reactions have been assumed to 
be 100% elimination, on the basis of a previous report.1° 

TABLE 3 
The reaction of t-butyldimethylsulphonium iodide 

(ca. 0.02~) and alkoxide ions (ca. 0.08~) in ethanol and 
methanol 

(a) Solvent EtOH: 
Temp. ("c) 25.0 35.0 45.0 ..................... 
lo%, (1. mole-' sec.-l) ...... 247 1020 3260 

(b)  Solvent MeOH: 
Temp. ("c) ..................... 25.0 45.0 
105R2 (1. mole-' sec.-l) .: .... 37.2 498 

The activation parameters of the OEt-/EtOH reaction are : 
AH*, 23-9 kcal. mole-1; AS*, 7-8 cal. deg.-l mole-l and of 
the OMe-/MeOH reaction are: AH*, 23.6 kcal. mole-l; 
AS*, 2.9 cal. deg.-l mole.-l. 

chloride. The reactions between t-butyl chloride and sub- 
stituted benzenethiolates (fi-RC6H4S-) were approximately 

J. F. Bunnett, G. T. Davis, and H. Tanida, J .  Amsr. Chem. 
SOC., 1962, 84, 1606. 

0. T. Benfey, E. D. Hughes, and C. K. Ingold, J .  Chem. 
SOC., 1952, 2494. 

* E. D. Hughes, C. K. Ingold. and L. I. Woolf, J .  Chem. SOC., 
1948, 2084. 

lo K. A. Cooper, E. D. Hughes, C. K. Ingold, G. A. Maw, and 
B. J. MacNulty, J .  Chem. SOL,  1948, 2049. 

Benzenethiolate-promoted Eliminations.- (a) t-ButyZ 
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second-order except for R = NO,; then there was a small 
upward drift in the observed rate constants as a result of 
the solvolytic reactions. The individual observed specific 
rates of this reaction were corrected using the formula: 

k, = k, (obs.) - k,/Pase] 

in which li, is the true second-order specific rate of base 
attack and kl is the rate coefficient of the solvolytic reaction 
in neutral ethanol. The mean k, values in the other runs 
were likewise corrected (Table 4). Values of the dissected 
E2 rate constants are shown in Table 5. 

TABLE 4 
Specific rates (in 1. mole-l sec.-l) and olefin proportions of 

the reactions between t-butyl chloride (ca. 0 . 0 8 ~ )  and 
benzenethiolates ($-RC,H,S-) in ethanol a t  45.0" 

R [Base] lo%, (obs.) lo%, yo Olefin 
Me ......... 0.2029 6-96 5.30 95.0 
H ......... 0.2065 4-51 4-06 93.4 
Br ......... 0-2426 3-73 3-18 92.1 
NO, ...... 0.1737 2.08-2.46 1.30 89.1 

TABLE 5 
Rate constants derived from data in Table 4 

R Me H Br NO, 
10SR (E2) (1. mole-l sec.-l) ... 5.03 3-79 2.93 1-16 

(b)  t-Butyldimethylsulphonium iodide. It was not neces- 
sary to correct for solvolysis. Olefin proportions as deter- 
mined during the course of kinetic runs were effectively 
constant. However, the large error inherent in determin- 
ing small quantities of olefin under the concentration condi- 
tions of the kinetic runs necessitated separate product- 
determining experiments, in which reactant concentr- 
ations were chosen so as to minimise experimental error. 
Total salt concentrations in these experiments were adjusted 
to those used in the kinetic runs by the addition of inert 
salt. The resulting olefin proportions agreed closely with 
those obtained from kinetic runs, but, in Table 6, only the 
former are reported. 

TABLE 6 
Specific rates and olefin proportions of the reactions between 

t-butyldimethylsulphonium iodide (ca. 0 . 0 2 ~ )  and 
benzenethiolates (P-RC6H4S-) (ca. 0.06~) in ethanol 
and methanol 

Solvent R Temp. (1. mole-' sec.-l) (f0.3) 
EtOH Me 25.0' 933 10.7 

8 ,  H 25.0 65 1 10.0 
I ,  Br 25-0 459 7-0 f 0-2 
J ,  NO, 25-0 124 2-9 f 0.1 
I ,  H 35.0 2460 10.6 
# *  H 45-0 8440 10.9 

MeOH H 25-0 65.0 10.1 
9 1  H 35-0 256 10-5 

1 0 ~ ~ ~  % Olefin 

J J  H 45.0 964 11-1 

TABLE 7 
E2 and S N ~  rate constants dissected from data in Table 6 

on reactions of p-substituted benzenethiolates in 
ethanol a t  25.0" 

R Me H Br NO, 
10% (E2) (1. mole-l sec.-l) ... 99.8 65.1 32.1 3-80 
10% (&2) (1. mole-1 sec.-l) ... 833 586 427 120 

TABLE 8 
Variation of E2 and s N 2  specific rates of benzenethiolate- 

promoted reactions (R = H) with temperature, taken 
from data in Table 6 

Solvent EtOH : 
Temp. ("c) ........................... 25-0 35.0 45-0 

10% (&2) (1. mole-l sec.-l) ...... 586 2200 7480 

Temp. ("c) ........................... 25.0 35-0 45-0 
10% (E2) (1. mole-1 sec.-l) ...... 6-65 26.9 107 

10% (E2) (1. rnole-lsec.-l) ...... 65.1 261 962 

Solvent MeOH : 

10% (&2) (1. mole-1 sec.-l) ...... 58.4 229 857 

Activation parameters of the E2 and S N ~  components of 
the sulphonium ion-benzenethiolate reaction, calculated 
from data in Table 8, are shown in Table 9. 

TABLE 9 

Acitvation parameters of the t-butyldimethylsul- 
phonium iodide-benzenethiolate reactions. 

Solvent Reaction AH* (kcal. mole-1) AS* (cal. deg.-l mole-l) 
EtOH E2 24-1 5.9 

SN2 24-0 10.2 
MLOH E2 26.3 4.2 

D ,  SN2 24.5 6.8 

Primary Salt Effects on Rates of Reaction of the Sulphonium 
Salt.-The possibility that the alkoxide- and benzenethiol- 
ate-promoted reactions would exhibit different ionic 
strength effects was investigated. Ionic strengths were 
varied by the addition of sodium iodide. Results are pre- 
sented in Table 10. 

TABLE 10 
Effect of ionic strength on specific rates of reaction of 

t-butyldimethylsulphonium iodide with ethoxide and 
benzenethiolate in ethanol a t  25.0" 

1O6k, 
Base [ButSMe,+] [Base] [NaI] (1. mole-l sec.-l) yo Olefin 
OEt- 0-0128 0.0326 0.0200 323 100 * 
,, 0.0119 0.0778 - 247 100 * 
,, 0-00996 0-0304 0.0600 208 100 * 

65 1 10.0 
,, 0.0107 0-0317 0.0408 549 9.8 
,, 0.0109 0.0326 0.0591 438 10-3 

* Assumed (ref. 10). 

PhS- 0.0183 0.0587 - 

,, 0-0109 0-0327 0.0814 336 10.1 

Plots of log k, against 41 for the reactions of both bases 
are linear. The olefin proportion is apparently constant 
over the range of ionic strengths used in the beiizenethiolate- 
promoted reactions. A similar situation has been reported 
for E 2 / . 5 ~ 2  reactions of other 'onium salts with anionic 
bases.11 On extrapolating the rate data in Table 10 to 
zero ionic strength and assuming a constant 10.0% propor- 
tion of olefin in the benzenethiolate-promoted reaction, we 
obtain the following rate constants for bimolecular elimin- 
ation a t  I = 0: 

Ethoxide : 105k(E2) = 161 1. mole-l sec.-l a t  25-0" 
Benzenethiolate: 10bk(E2) = 46-8 1. mole-' sec.-l a t  25.0" 

The slopes of the log k ,  against 41 plots are - 2.8 and - 3-4 
for the ethoxide- and benzenethiolate-promoted reactions, 
respectively. The theoretical Debye-Huckel-Bj erum slope 
for reactions of this type ( - 2 A  where A is the Debye- 
Huckel coefficient) is -5-92 for ethanol a t  25". The 
discrepancy between theory and experiment has been re- 
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Phys. Org. 711 
ported in other investigations of reactions of 'onium salts 
with anionic bases.11.1a 

Solvent Eflects on Rates of Reaction of the Sulphonium Salt. 
-Specific rates of the reaction between benzenethiolate and 
the sulphonium salt in ethanolic and methanoIic media 
decreased as water was added to the solvents (Table 11). 
There was a similar decrease in the rates of the alkoxide- 
promoted reactions as water was added to alkaline ethanolic 
and methanolic solvents (Table 12) 

TABLE 11 
Specific rates and olefin proportions of the reaction between 

benzenethiolate (ca. 0.06~) and t-butyldimethyl- 
sulphonium iodide (ca. 0 . 0 2 ~ )  in alcoholic and aqueous- 
alcoholic solvents 

Vol. % of H,O 0 10 20 

IO%, (1. mole-l sec.-l) ............... 651 194 30.4 
yo Olefin ................................. 10-0 9.9 9.1 

EtOH/H,O a t  25.0" 

MeOH/H20 a t  45.0" 
105R, (1. mole-' sec.-l) ............... 964 197 44.9 
yo Olefin ................................. 11-1 10.4 10.4 

TABLE 12 

Specific rates of the elimination reaction between the lyate 
ions of the solvent (ca. 0.08~) and t-butyldimethyl- 
sulphonium iodide (ca. 0 . 0 2 ~ )  in alcoholic and aqueous- 
alcoholic solvents a t  45.0" 

Vol. % of H20 0 10 20 
EtOH-H,O: 10%,, (1. mole-1 sec .-l)... 3260 404 63-2 
MeOH-H,O: 105k, ( ,, )... 498 84-0 11.4 

Reactions of t-Butyl Methyl Sulphone.--It was hoped that 
an examination of the reactions of this substrate would 
provide a comparison with the results obtained from re- 
actions of cta-dimethylphenethyl methyl sulphone by 
Bunnett and Baciocchi.2 t-Butyl methyl sulphone under- 
went a slow reaction predominantly elimination, with 
ethoxide in ethanol a t  96" (k2 = ca. lo-' 1. mole-l sec.-l) but 
no reaction with benzenethiolate could be detected a t  this 
temperature. The low reactivity of the substrate caused 
the investigation to be discontinued. 

DISCUSSION 
The Bronsted Relationshi9 and Transition State 

Character.-On employing the previously determined 
basicity constants of the benzenethi~lates~a we find that 
the rate data in Tables 5 and 7 obey the Bronsted 
catalysis law. As before, we interpret the Bronsted 
slopes (p) as being measures of the degree of proton 
transfer from the substrate to the base in E2 transition 
states or as measures of the degree of bond-making in 
SN2 transition states. The relevant parameters are 
given in Table 13. 

We see that increasing the electronegativity and the 
tightness of binding of the leaving group results in a shift 
of E2 transition state character from the El-type 
(chloride) to a central type (sulphonium salt). The p 

11 D. V. Banthorpe, E. D. Hughes, and C. K. Ingold, J .  Chem. 

l a  P. Mamalis and H. N. Rydon, J .  Chem. SOL, 1955, 1049. 
13 R. F. Hudson and G. Klopman, J .  Chem. SOL, 1964, 5. 
14 S. Winstein, D. Darwish, and N. J. Holness, J .  Amer. Cham. 

SOL, 1960, 4066. 

SOC., 1966, 78, 2916. 

TABLE 13 
Bronsted parameters for the reactions of t-butyl chloride 

and t-butyldimethylsulphonium iodide with benzene- 
thiolate in ethanol 
Substrate Temp. Reaction P log G 

,, ...... 25-0 SN2 0.27 0.62 

BUT1 ............ 46.0" E2 0.17 -2.63 
ButSMe,+ ...... 25.0 E2 0.48 1.41 

parameter of the S N ~  reaction of the sulphonium salt 
with benzenethiolate (displacement of t-butyl methyl 
sulphide from a methyl group-see Experimental section) 
is lower than that of the E2 reaction as is the case in 
other E2/&2 reactions.l,13 The fact that elimination 
and substitution reactions occur in the t-butyl and 
methyl moieties of the substrate, respectively, is good 
evidence against the operation of a I' merged " substitu- 
tion-elimination mechanism 14 which has been suggested 
as an explanation of the previously regarded anomalous 
reactivity of benzenethiolate towards t-butyl 
chloride.ls. l6 

That the SN2 reaction of the sulphonium salt is (1) 
and not (2) shows that the polar and steric factors which 

PhS- + ButSMe,+ P h S M e  + B u t S M e  ( 1 )  

PhS-  + ButSMe,+----t P h S B u t  + S M e ,  (2) 

cause benzenethiolate to be ineffective in the substitution 
reaction with t-butyl chloride are also operative in re- 
tarding substitution in the t-butyl group of the sul- 
phonium salt, diverting it to the more accessible methyl 
groups. In its substitution reaction with ethanethiolate, 
the 1 1-dimethyl-2-phenet hyldimethylsulphonium ion 
behaves similarly.2 

Relative Reactivities of Benzenethiolate and A1koxide.- 
Benzenethiolate is 8.3 times more reactive than ethoxide 
in dehydrochlorinating t-butyl chloride. When the 
leaving group is changed from chloride to dimethyl 
sulphide, the reactivity order of the two nucleophiles is 
reversed and the benzenethiolate : ethoxide rate ratio 
for E2 reaction at zero ionic strength becomes 0.31 : 1. 
The decrease in the ratio and the reversal in the reactivity 
order is similar to that reported by Bunnett and 
Baciocchi.8 It is explicable in terms of the shift in E2 
transition state character from an El-type transition 
state for which rates are relatively insensitive to the 
basic strengths of nucleophiles but may be sensitive to 
other factors if they are sufficiently prominent (such as 
the polarisability of thiolate ions) to a central or ElcB- 
type transition state for which the sensitivity of rate 
to basic strength apparently outweighs other factors 
determining nucleophilic reactivity. 

Solvents E$ects.-The Hughes-Ingold theory of solvent 
action predicts that reactions of charge-type 3 (positive 
substrate, negative reagent) should be retarded as solvent 
polarity is increased.17 This is qualitatively verified 
for the benzenethiolate-sulphonium salt reaction. The 

l5 E. L. Eliel and R. G. Haber, J .  Amer. Chem. SOL, 1959, 81, 

D. N. Kevill and N. H. Cromwell, J .  Amer. Chem. Soc., 1961, 
1249. 

83, 3815. 
l7 E. D. Hughes and C. K. Ingold, J .  Chem. SOC., 1935, 252. 
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reactions of benzenethiolate with neutral substrates in 
E2 3318 and SN2 lD processes are not in accordance with 
the predictions of the Hughes-Ingold theory, but it is 
clear that solvation effects are dominant when the sub- 
strate is an ionic species, for there is a greater amount of 
charge separation on going from the initial to the transi- 
tion states. 

The large rate decrease observed when water is added 
to alkaline ethanolic and methanolic solvents may also 
be largely attributed to  stabilisation of the initial state 
by increasing solvation. Shifts in alkoxide-hydroxide 
equilibria (3) may also contribute to the rate decrease 

OR- + HzO ROH + OH- (3) 

but unlike the situation met with in SN2 19n20 and 
E2 21 reactions of neutral substrates in alkaline alcoholic 
media where effects due to this equilibrium are thought 
to dominate rate changes, solvation effects appear to be 
more important when ionic substrates are used, for the 
rate decreases of the latter reactions on adding water 
to alkaline alcoholic solvents are much larger than those 
observed for the reactions of neutral substrates. How- 
ever, shifts in alkoxide-hydroxide equilibria appear to 
reinforce the rate changes as water is added to alcohol. 
The rate decrease associated with ethanol-water solvents 
is greater than that observed in the corresponding 
methanol-water solvents. In media of low water 
content , ethoxide is more extensively hydrolysed to the 
less reactive hydroxide ion than is methoxide hydrolysed 
to 1iydr0xide.l~ Hence the reinforcing effect should be 
greater in ethanol-water mixtures and this is observed. 

EXPERIMENTAL 

Materials.-t-Butyl chloride (B.D.H.) was dried and care- 
fully fractionated. Equimolar quantities of methyl iodide 
and t-butyl methyl sulphide were mixed in nitromethane in 
the preparation of the sulphonium salt. After 12 hr. in the 
dark, the product crystals were collected and washed with 
dry ether. They were then dissolved in the minimum 
quantity of cold ethanol and reprecipitated by the addition 
of dry ether several times, and had m. p. 159.5-160" 
(decomp.) (lit.,za m. p. 159-5-160-2"). The t-butyl methyl 
sulphide was prepared from 2-methylpropane-2-thiol and 
dimethyl sulphate by the method of Vogel and C o ~ a n . ~ ~  
Oxidation of t-butyl methyl sulphide with excess of hydrogen 
peroxide in glacial acetic acid afforded t-butyl methyl 
sulphone, which, on recrystallisation from benzene-ether 
(50 : 50),  had m. p. 83-5-84" (lit.,*4 84-3-84.5"). 

Thiophenols were prepared and purified as previously 
described.3 Methanol and ethanol were dried in the usual 
way and substrate and base solutions were made up for 
kinetic runs as b e f ~ r e . ~  

Reaction Products.-de la Mare and Vernon have de- 
E. L. Eliel and R. S. Ro, J .  Amer. Chem. SOC., 1957, 79, 

5995. 
18 R. G. Burns and B. D. England, Tetrahedron Letters, 1960, 

No. 24, 1. 
20 J. Murto, Ann. Acad. Sci. Fennicae, Series A 11, Chemica, 

1962, 117. 
21 W. Taylor, J .  Chem. SOC., 1935, 1514; P. D. Buckley, M.Sc. 

Thesis, Victoria University, New Zealand, 1962; D. J. McLennan, 
M.Sc. Thesis, Victoria University, New Zealand 1963. 

z2 J. B. Hyne and R. Wolfgang, J .  Phys. Chem., 1960, 64, 699. 

scribed the isolation and characterisation of 2-methyl- 
propene as principal product of the t-butyl chloride- 
benzenethiolate reaction. In an apparatus continually 
swept with nitrogen and protected from contamination by 
carbon dioxide, 24 g. of the sulphonium salt and benzene- 
thiolate (from 22 g. of benzenethiol) in a litre of ethanol were 
allowed to react a t  0" and, during 24 hr., 0.5 g. of volatile 
product was collected in a cold-trap. This product was 
allowed to evaporate into a solution of bromine in carbon 
tetrachloride and, after removal of the residual bromine, 
1,2-dibromo-2-methylpropane (2.0 g.) was obtained, b. p. 
149-151"/758 mm.; nDZ5 1.5066 (lit.,6 b. p., 148-150"/ 
766 mm.; nDz5 1.5070). The weight of dibromide corre- 
sponded to an olefin yield of a t  least 8.8%. The reaction 
mixture was then concentrated by distilling most of 
the solvent and was taken up in ether. After being 
washed with dilute aqueous sodium hydroxide to remove 
benzenethiol, and with water, the extract was dried and the 
ether removed. The liquid residue was fractionated and 
there were obtained (9 g. 86.5%) t-butyl methyl sulphide, 
b. p. 101-102"/759 mm.; nD25 1.4454 (lit.,23 b. p. 101"; 
nD20 1.4402) and thioanisole (10-5 g., 850/0), b. p. 187- 
188"/759 mm.; nD25 1.5822 (lit.,25 b. p. 187-188"; nDa5 
1.5832). No attempt was made to isolate the small amount 
of dimethyl sulphide which should have been present. 

A similar procedure was followed for the sulphonium 
salt-P-nitrobenzenethiolate reaction except that no attempt 
was made to isolate and characterise the olefin. The 
products were t-butyl methyl sulphide and p-nitrothio- 
anisole, m. p. 71-72" (lit.,86 m. p. 71.5-72-5"). 

Kinetics.-The solvolysis of t-butyl chloride in neutral 
ethanol was followed by titrating for liberated acid after 
quenching portions in cold, dry ethanol. When ethoxide 
was present, reactions were followed by potentiometric 
titration for halide ions after quenching in dilute, alcoholic 
nitric acid. The previously described extraction pr~cedure,~ 
followed by argentometric titration of the aqueous extract, 
was used for runs in which benzenethiolates were the bases. 
Check experiments showed that unchanged t-butyl chloride 
was not solvolysed during extraction. 

The reactions of the sulphonium salt were followed by 
acid-base titration in aqueous solution (Bromothymol 
Blue) when alkoxides were the bases, and in alcoholic 
solution (Bromocresol Green) when benzenethiolates were 
used. In the faster reactions, a rapid mixing technique 
based on the use of tubes shaped in the form of an inverted 
Y was employed. 

Olefin Proportions.-In the t-butyl chloride ethanolyses, 
the extraction-bromination method 27 was used. Tempera- 
tures were kept below 0". and the usual blank determin- 
ations were carried out. Olefin proportions were deter- 
mined as a function of time in the neutral solvolysis so that 
acid-catalysed hydration of the olefin 28 could be accounted 
for. The recorded figure is the mean of four measurements 
made during the first half-life of the reaction. 

a3 A. I. Vogel and D. M. Cowan, J .  Chem. SOC., 1943, 16. 
24 W. K. Busfield, H. Mackle, and P. A. G. O'Hare, Trans. 

25 C. M. Suter and H. L. Hansen, J .  Amer. Chem. SOC., 1932, 

28 W. R. Waldron and E. E. Reid, J .  Amer. Chem. SOC., 1923, 

2' E. D. Hughes, C. K. Ingold, S. Masterman, and B. J. 

28 E. D. Hughes and B. J. MacNulty, J .  Chem. SOC., 1937, 

Faraday SOC., 1961, 57, 1054. 

54, 4100. 

45, 2399. 

MacNulty, J .  Chem. SOC., 1940, 899. 
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In the benzenethiolate-promoted reactions of both t-butyl 
chloride and the sulphonium salt, titration for benzenethiol 
with methanolic iodine was used to estimate the extent of 
the elimination reaction. Olefin proportions in the former 
reaction were constant during a run,5 so that only infinity 
analyses were performed. In the latter reaction, olefin 
proportions were measured as a function of time in a few 
runs and were found to be constant. 

However, large experimental errors were involved in 
determining small amounts of olefin under the concentration 
conditions of the sulphonium salt-benzenethiolate kinetic 
runs. Hence reactions of the salt (ca. 0.02~) and benzene- 
thiolate (ca. 0.03~) in the relevant solvent containing sodium 
iodide (ca. 0.04~) were run to infinity ” at  the required 
temperature. Analyses of benzenethiol and benzenethio- 
late allowed the olefin proportion to be calculated in the 
usual w a . ~ . ~ ~  

In all runs in which p-nitrobenzenethiolate was the base, 
samples were treated with an excess of methanolic iodine 
solution and this was followed by back-titration with a 
standard aqueous solution of sodium thiosulphate. 

Details of a representative kinetic run are shown in Table 
14. 

Check Experiments.-t-Butyl methyl sulphide was stable 
in the presence of benzenethiolate and benzenethiol under 
the conditions of the kinetic experiments. t-Butyl phenyl 
sulphide has been shown to be likewise stable.5 The 
presence of the alkyl and alkaryl sulphides did not interfere 
with the iodide determination of benzenethiol in the sul- 
phonium salt reactions. 

TABLE 14 
t-Butyldimethylsulphonium iodide (0.01 83~) and sodium 

benzenethiolate ( 0 . 0 5 8 7 ~ )  in ethanol at 25.0’ in the 
presence of 0.0007~-benzenethiol. 10 ml. portions 
were quenched in alcoholic hydrochloric acid (0.9916~) 
and titrated with sodium methoxide in methanol 
(0.02421~) or quenched in glacial acetic acid and 
titrated with methanolic iodine (0.05498~) 

Time NaOMe 12. 1O8k, % Olefin 
(min.) (ml.) (ml.) (1. mole-l sec.-l) (i. 1.3) 

11 15.52 - 6-68 - 
20 19-45 - 6.38 - 
27 20-44 9.33 6.58 10.1 
50 2 1.55 - 6-42 - 

8-65 6-43 10.3 65 
90 22.97 - 6-65 - 

122 23.49 8.12 6.56 9.8 
I ‘  Infinity ” 24-26 7-82 - 10.0 

I ,  10.0 24.24 7-52 - 

- - - 0 16-87 

22-18 

Mean k, = 6.51 x 1. mole-1 sec.-l, mean olefin = loso./:, 
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