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Ethanolysis of (4,4'4"-trimethoxytriphenyl)methyl ethyl sulfide ( I )  was carried out under basic conditions in ab- 
solute ethanol at  100, 110, and 120 "C. Evidence is consistent with an S N ~  mechanism. Extrapolation to 25 "C gave 
a rai;e constant of about 2.6 X s-I, Comparison with an estimated value derived from literature data indicates 
that the thioethoxy group undergoes ionization at a rate about that of chloride. Therefore, a general basis is 
pro\rided for comparison of' related solvolyses involving highly stabilized carbonium ion intermediates. This report 
comprises the first quantitative investigation of sulfide solvolysis in a nonacidic medium. 

Although acidic solvolyses of thioethers and ethers are 
well known,:) thioalkoxide and alkoxide anions are poor leaving 
groups in elimination or SN reactions. There are a few litera- 
tu re  examples' of cleavage or decomposition processes in 
sulfide chemistry, but  as far as we are aware, no s N 1  solvolysis 
has been reported in which thioalkoxide is a leaving group. In 
connection with other work,5 we have been interested in sol- 
volytic displacement reactions of substrates which should 
form highly stabilized carbonium ions by departure of a rel- 
atively poor leaving group. This  report comprises a study of 
the ethanolysis of (4,4',4"-trimethoxytripheny1)methyl ethyl 
sulfide (1) and a comparison of its rate with tha t  of the  cor- 
responding chloride 6. 

(4-CH:jOCsH4):jC-X 
1, X = SCzHs 

3, X = OC2HS 
4, X = SC.3H-i 
5 , X = H  
6, X = c1 

2 , X = O H  

Results and Discussion 
T h e  substrate 1 was prepared by acid-catalyzed reaction 

of the corresponding triarylcarbinol (2) with ethanethiol and 
was characterized by spectroscopic and elemental analysis. 
Solvolysis in absolute ethanol could be monitored by inte- 
gration of the  methylene resonances in the  NMR spectrum 
of ether-thioether mixtures isolated from reaction aliquots. 

Early studies indicated the likelihood of complications 
arising from catalysis by traces of acid under the rather severe 
reaction conditions employed. Very erratic results were ob- 
tained in a n  attempted solvolysis of trityl ethyl sulfide in 
neutral ethanol, and no reaction occurred in basic so1vent.l; 
In  preliminary "one point kinetics" runs with substrate 1, 
behavior in the absence of added base again appeared to  be 
somewhat erratic. T h e  extent of reaction increased with in- 
creasing sodium ethoxide concentration and leveled off to  a 
constant percentage above 0.7 M base. (For example, after 21.5 
h at 120 "C, the extents of the reactions found for solutions 
0.0, 0.16,0.25,0.67, and 1.00 M in sodium ethoxide were 28.6, 
32.9, 37.9, 55.5, and 56.0Oh.) The  behavior observed is consis- 
ten t  with the reactions of Scheme I. In basic solution, the  
strongly nucleophilic thioethoxide ion accumulates as  a re- 
action product. This should compete effectively with solvent 

Scheme I 

1 & (4-CH:IOC6H4):IC+ + - S C p H 5  
k-, 

k:! 
(?-CH:~OCC;H~):IC+ + -0CzH: + 3 

h,j 
(4-(:H:{OCeH4) iC+ + HOC2H5 -+ 4 + H +  

- S C p H ,  + H+ .& HSCjH-, 

in trapping a carbonium ion intermediate and returning it to  
starting material. At high base concentrations. essentially all 
of the carbonium ions formed will react with ethoxide to form 
product. Undoubtedly, a salt effect should also contribute to  
this rate enhancement by sodium ethoxide, and it is conceiv- 
able that  the  entire effect of base could be simply a salt effect. 
I t  is also possible tha t  the ethoxide ion may affect the parti- 
tioning of a n  intermediate ion pair between product and 
starting material. We consider the latter two possibilities less 
likely. Sal t  effects by alkoxide are notably small.' We have 
found t h a t  another thioether substrate of similar reactivity, 
namely, 3-(thioethoxy)-N-methyl-4-azahomoadamantane, 
solvolyzes a t  a constant rate above 0.1 M base? T h e  carboni- 
um ion from the  latter system should have a more localized 
charge and so might reasonably be more subject to the salt and 
ion-pairing effects but  less selective toward the softer nucle- 
ophile thioethoxide. In any event, the observed solvolysis rate 
at high base concentration should reflect the rate of ionization 
in t h a t  medium. Therefore, in order to  avoid complications 
arising from either inadvertent acid catalysis or the expected 
complex kinetic form a t  intermediate base concentrations, 
subsequent kinetics were followed in solutions containing 0.8 
t o  1.0 M sodium ethoxide. 

Several lines of evidence confirm that  the ethanolysis of 1 
is indeed an s N 1  process. The  kinetics runs, involving between 
five and eleven points over the first 1-3 half-lives a t  100, 110, 
and  120 "C, followed satisfactory first-order kinetics. First- 
order dependence on substrate was confirmed by "one-point" 
experiments at 0.033 and 0.066 M substrate concentration; 
the extent of reaction in the two runs was identical (56.0 and 
56.6%). I t  is clear from the preliminary solvolytic attempts 
with trityl ethyl sulfide tha t  the reaction is subject to  a large 
substituent effect, favored by electron release from the p - 
methoxy groups of 1. The  behavior of the reaction with varied 
base concentration, as discussed above, is consistent with the 
S N ~  scheme shown, although a detailed kinetic study of the 
base dependence was not undertaken. The rate was also found 
to  be sensitive to  the ionizing power of the solvent. In meth-  
anol (ca. 1 M in NaOCH:j a t  100 "C), reaction occurred about 
8 . j  times as rapidly as in ethanol. The  solvent effect corre- 
sponds to  a n  m value of about 

In a n  additional experiment supporting Scheme I, ethan- 
olysis of 1 was run in the presence of 0.8 M sodium ethoxide 
and 0.03 M propanethiol (present in solution as C:iH;S-). The  
reaction mixture after 200 min contained reactant 1 (77A0h), 
ethyl ether 3 (8.30/0), and propyl thioether 4 (143%). In a 
parallel experiment without propanethiol. 1 (8O.OYo) and 3 
(20.0%) were present. Thus, the thiopropoxide anion diverted 
the  course of the reaction by intercepting the intermediate 
carbonium ion without affecting the overall rate. An ap-  
proximate competition factor k - i / k : !  of about 30 may be de-  
rived from this experiment. 

An S N ~  mechanism must be considered as an alternative 
possibility in light of the evidence of Fava and Miotti]' that  
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worked up as above. The  calculations were based on the middle 
methylene in the propyl group. 
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Through the use of steady-state equations, the isotope rate effects and product yields for the solvolysis r l t '  cyclu- 
pentyl p-bromobenzenesulfonate and its ru-d, cis-r)-d, trans-d-d. and d - d l  analogues in eight different rthanol- 
water. trifluoroethanol-water, and hexafluoroisopropyi alcohol-water solvents have been quantitatively fitted to 
a reaction mechanistic scheme involving two ion-pair intermediates. The  number (it' adjustahle mechanistic, p a r a n -  
eters is reduced by the assumption tha t  the isotope effects on the various single steps of the mechanism ar r  solvent 
independent and by the assumption that  isotope effects on certain of the steps are identical. The  simplex method 
was used to select the best values for the ion-pair partitioning ratios in each solvent and the hest values tor  the  iw- 
tope effects on the various steps of the mechanism. In general, the  calculated results fit the experimental ijhserva- 
tions well Lvithin the expected experimental error. T h e  single step isotope effects seem well-determined ("rugged") 
and are close to  the values previously determined from observations on other secondary sulfonates. The  s x o n d a r y  
3-d  effects on proton elimination from the tight ion pair suggest a tLvisted-envelope transition state structure. The  
mechanism will not fit satisfactorily unless significant fractions of ion-pair return are allowed i n  most of the sol- 
vents. The  mechanism fits the results without the necessity of postulating nucleophilic solvation of the ion-pair in- 
termediate. LVe helieve that  the approach used to fit the experimental ohservations to the reaction mec hanistic 
scheme is novel and of general utility. 

In earlier papers, N- and /j-deuterium rate effects, prod- 
uct distributions, and the stereochemistry of elimination and 
substitution in the solvolysis of cyclopentyl p-bromoben- 
zenesulfonate (I)  in a series of solvents of varying nucleophi- 
licity and  polarity have been reported.' These results have 
heen interpreted qualitatively and semiquantitatively in 
terms of a common mechanism involving two ion-pair inter- 
mediates. T h e  influences of solvent changes on the isotope 
effects and  product yields were rationalized on the basis of 
reasonable shifts in the relative rates of the various steps in 
the common mechanism, it being assumed that  the isotope 
effects on the individual mechanistic steps were approxi- 
mately solvent independent. In this paper, we apply a newly 
developed, versatile technique, which we believe is of general 
utility, to  the quantitatioe fitting of all of these data  to  the 
proposed mechanism. 

The  general problem in the quantitative fitting of a reaction 
to a branched mechanistic scheme, such as that  given below, 
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is that  in any solvent there are more unknowns than there are 
observable results which can be used to define them. With a 
given set of results, one then seeks to alter the system in some 
way which provides more information. for example, by a 
change in the solvent or by modification of the reactant with 
a substituent. However, since substituent and solvent changes 
perturb the free energies of reactants. intermediates, and 
transition states in a variety of ways that are difficult to  ac- 
count for, the relative rates of all of the single s tep processes 
of the reaction scheme change; in principle. the problem is not 
simplified, although linear free energy relationships can be 
used t o  give, for example, rate-product correlations." How- 
ever, isotopes constitute a class of substituents with properties 
uniquely favorable for the study of reaction mechanisms both 
from a theoretical and an operational standpoint.:'" 

Experience indicates that  C Y -  and $-deuterium rate effects 
in solvolytic reactions do not strongly depend on solvent 
change except when the change causes a shift in mechanism 
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