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Abatraat-Tbe rates of the basecatalyscd elimination of a series of r-(psubstitutad-phenylthia)propyl 
bromides and tk corresponding oxygen analogues haw been determined in t-butanol containing potassium 
t-butoxide. Although tk oxygen compounds react faster than tk sulfur counterparts, tk p value obtained 
for the sulfur compounds is larger than that for the oxygen compounds This difference in reactivity and 
p-values is discussed in terms of tk diffcrena between divalent oxygen and sulfur atoms in their ability 
to transmit electronic effect to a ycarbon atom. 

IN A previous paper,’ we have shown that 8arylthiaethyl chlorides are IO’-lo3 times 
more reactive than the oxygen analogues in the base-catalysed elimination, the 
p-values are l-98 for sulfur compounds and 1.33 for oxygen compounds. The large 
difference in reactivity and p value was ascribed to the 3dsrbital resonance effect 
of the S atom, that is called for in the nearly carbanion-like transition state, like in the 
baseatalysed hydrogen isotopic exchange reactions of mercaptals,2 and the base- 
catalysed decarboxylation of a-polythia acetic acids.’ Meanwhile, it has been suggested 
that the alkylthia group displays some nonbonding interactions even when the group 
is located away from the reaction center. For example, the red-shift of UV spectra of 
ally1 and benzyl sulfides has been postulated to be due to the non-bonding interaction 
between a px-orbital and a vacant 3d orbital of the S atom4 while the relatively 
smaller pKu values of a-mercaptoacetic acids than those of the corresponding oxygen 
acids in 50% aqueous ethanol are also ascribed to the difference of non-bonding 
interactions of divalent S atom and etheral oxygen with the carboxylate group.’ 
The markedly short distance between non-bonded S atom and an 0 atom of a nitro 
group of methyl o-nitrobenxensulfenate,6 the very short distance (2.41 A) of one of the 
S atoms and CO oxygen of a-(1,2dithiole-3 ylidene) acetone,’ and many similar short 
distances of non-bonding atomss are a few examples of such non-bonding interaction 
between a divalent S atom and a hetero atom bearing lone electron pairs. Such a non- 
bonding interaction involving 3d orbitals has been postulated to explain the longer 
wavelength shift of the n-x* transition of disilyl ketone compared to dialkyl ketone.g 

Thus, it is interesting to see if such a non-bonding interaction could assist the base- 
promoted deprotonation reactions. As an extension, we have chosen the base-catalysed 
E2 reaction of the titled compounds and examined the effects of both arylthia groups 
and tl~ oxygen counterparts 
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RESULTS AND DISCUSSION 

The rate constants of the elimination were determined by first titrating the remaining 
base and then correcting by the yields of oletins No substitution product was detected 
by VPC. The details are described in the Experimental. The results are shown in 
Table 1. 

TABWLRA~ CONSTANISOFE~~REACFIONOF X ZCH,CHrCH,Br WITH t-BuOK IN t-B&H 

X femp’ z=o z=s 
“C k&K’ sec- *) k&4-’ set-‘) 

CH,O- 50 24)s f 003 x lo-” 490 f 020 x lo-* 
CH,- 50 204 f 002 x 1W3 5.24 f O-09 x lo-* 

40 7.25 f 0.05 x 1o-4 2.25 f (Hi3 x 10-a 
Hb 50 1.87 f O-05 x lo-’ 584 f @ll x lo-’ 

60 4.05 f 0.12 x lo-’ 1.41 f 0.04 x lo-” 
Cl--- 50 1.99 ko.05 x 1o-3 748 f 0.09 x lo-’ 

’ Temperatum was controlled within fW2”. 
* Activation parameters are: AH* = 17.4 Kcal/mol: A!? = -17.3 eu for 

oxygen, AH* = 184 Kcal/mol; AS* - 165 eu for sulfur. 
The concentrations of the bromides and the base used were 01M sod O~lSM, 

respectivety. 

The faster reactions of the oxygen compounds than the corresponding sulfur 
analogs is undoubtedly due to the stronger el~ron-~thdra~ng inductive e&t of 
the 0 atom than that of the S atom Apparently there is no strong non-bonding 3d- 
orbital participation from the S atom to stabilize either the growing negative charge 
or developing double bond, since any sizeable interaction would have enhanced the 
rate. Probably the 2p-3d orbital interaction may not come into a synchronous pl,ay 
with the deprotonation from the f&carbon or the double bond formation, because of 
sterically unfavourable arrangement for 2p3d interaction at the transition state for 
E2 reaction, unlike in the equilibrium reaction of a-alkylthiaacetic acids or in the 
phot~xcitation of ally1 or benzyl sulfides. The Hammett p values,* although very 
small, were calculated by using op for both the sulfur compounds, 037 (correlation 
coeilicient y = 0990) and the oxygen compounds, (zero). The difference of p values 
for the sulfur and the oxygen compounds is interesting but seems rather strange, since 
the ability of the 0 atom to relay inductive effect is considered to be nearly equal to or 
slightly higher than that of the S atom, according to Miller et aL,” who showed that 
the substituent effects of substituted anisoles and thioanisoles measured from the 
NMR spectra of these compounds are correlated with Hammett equation with p 
values (c/s/~) of - 16 for oxygen compounds and -7 for the sulfur analogues. 

As for the transition state of the elimination reactions of these and related com- 
pounds, we have shown previously 1 l that the elimination reactions of 3chloro-l,l- 

* if the leaving group was a Cl atom, the p values were D81 for sulfur compounds and OG! for oxygen 
compounds at 609 As the transition state of these chlorides is known to be more carbanionic than that of the 
bromides, the difference between the oxygen and sulfur compounds must he real. (Unpublished data.) 



Mechanisms of elimination 69 

(bisethylmercapto) propane and the corresponding the oxygen analog give hydrogen 
kinetic isotope effects of g-hydrogen of almost identical values (for sulfur k&, = 
4.4, for oxygen, 4.5). Thus it is reasonable to consider that the electronic orientations 
of the transition states of the present elimination reactions of both oxygen and sulfur 
compounds are almost identical. The noticeably larga p value of the sulfur com- 
pounds may be interpreted in terms of a small non-bonding interaction between a 
vacant 3d-orbital of the S atom and the developing double bond as shown below. 

EXPERIMENTAL 

p-Substituted phenylmercaptopropyl bromides. Into EtOH (100 ml) containing sodium psubstituted 
thiopbenoxides (@l mol), BrCH,CH,CH,Br (05 mol) dissolved in EtOH (100 ml) was added. After re- 
fluxing 30 min, the mixture was poured into ice-water, and then extracted with CHsCl, (100 ml) After 
drying over C&l,, it was distilled. The oxygen compounds were synthesixed similarly. The yields were 
usually more than 40%. The purities were checked by VPC and NMR; pCH,OPhS; b.p 134-5”/1 mm, 
pCH,OhS; b.p 123”/1 mm, PhS; b.p 120”/1 mm, p-ClPhS; bp. b.p 136-7”/15 mm, p-CH,OPhO; 
b.p. 107-109”/1 mm, p-CH,PhO; b.p. 102-103.=/l mm, PhO; b.p. 91-92”/1 mm, p-CIPhO; b.p. 103- 
104”Al5 mm 

Preparation of elimination producrs 
pSubsrituted phenyl allyi su@des. These compounds were prepamd according to the procedure used by 

Tarbeg et al.‘s The yields were usuaIly more than 80%; p-CHsO b.p. 155”/L3 mm, p-CHs b.p. 120”/30 mm, 
H; b.p 116’/26 mm pCl b.p. MO“/33 mm 

p-Substituted phenyl ally1 ethers. These compounds were synthcsixed by the method of White et aLL3 A 
mixtuw of p-substituted phenol (Ol mol), ally1 bromide (@15 mol) and dry K,CO, (01 mol) in 50 ml of 
dry acetone was refluxed for 8 hr with stirring The mixture was diluted with 200 mI water and extracted with 
ether. After distilling olfthe ether, the residue was distilled under reduced press The yields were always more 
than 7B% The purity was checked with VPC and NMR; pCHs0 b.p llS”/10 mm (tit.” 116+-117~5°/ 
11.5 mm), pCH,. b.p. 89O.10 mm (Iit’” 975-98.5”/17.2 mm), p-H b.p. 7678”/14 mm (lit. r3 9393.7”/29 mm), 
p-CI b-p. lB8-109”/10 mm (lit.” lO!&l lo”/15 mm). 

Kinetic measurements. The preparations of the base and the solvent used were as reported previously.’ 
The observed rate constants were determined by tbe titration of the remaining base and the rate constants 
of the elimination were calculated by correcting the observed rate constants with the yields of the olcfins. 

Ol& dewmdnation Product analysis was performed by gas chromatography as follows: 5 ml of the 
infinity sample of the kinetic run was poured into 200 ml ice-water wntaining an inner standard (diphenyl 
ether), and extracted with 100 ml ether. After dryins over C&l, the ether was distilled off ia uacuo. The 
residue was analyxed by VPC. From the calibraticm which was made beforehand in a similar procedure 
described above, the yields of the olefins of aII the compounds were found to be 100 f 5% (the average of 
two runs). 

For the sulfur compounds the olefm produced were not ally1 aryl sulfides, but mixtures of cis- and 
trans-propenyl aryI sulfides. As isomerixation of aIlyIic sulfides under these conditions has been well 
studied,r2* ” we have not examined it in detaiL 
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