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Steric crowding in electrically neutral nucleophiles such as amines and phosphines 

generally causes a decrease in the rates of nucleophilic attack on carbon-carbon double bonds 

(2) and of S N2 reactions (3). Similar steric effects have been reported for alkylmercaptide 

anions as nucleophiles. For example, in a kinetic study of the base catalyzed nucleophilic 

additions of cysteine and B,B-dimethylcysteine derivatives to the double bond of acrylonitrile, 

the S,B-dimethyl compounds showed rate decelerations interpreted as due to steric effects (4). 

We now report rate accelerations in a nucleophilic addition reaction and in an S$ displacement 

reaction at sulfur which originate from steric effects in the nucleophile, 2-t-butylbenzene- 

thiolate anion. 

The reactions investigated were: the nucleophilic addition of arenethiols to the 

olefinic bond of N-ethylmaleimide (BEM) to give a-arylthio-N-ethylsuccinimide derivatives (I); 

and the displacement of 2,4-dtnitrobenzenethiolate anion by arenethiolates from ethyl 

2,4_dinitrophenyl disulfide (DIS) to form the new ethyl aryl disulfides (II) where aryl 

designates phenyl, 2-f-butylphenyl or 4-t-butylphenyl. 

The data for the acid dissociation constants.of the arenethiols (ArSB) and the reactions 

of the corresponding thiolate anions (ArS-) with NEM and DIS in 95% ethanol at 25' are 

sunsaarized in Table I. The acid dissociation constants (K,) for the thlols were determined 
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from the pi at half-neutralization. The contribution of the electrode aqueous-non-aqueous 

junction potential to pi measurements in 95% ethanol is reflected in the absolute magnitudes 

for the ionization constants, but the values obtained represent a reasonable approximation to 

the relative acid strengths. Corrections for hydrolyses (protonations by water) of the anions 

from weak acids have not been applied, but such corrections would slightly increase the 

reported differences in pKa's. 

The rates were followed spectrophotometrically by decrease in the 302 nm absorption of 

NEM and the increase in the 425 ma absorption of 2,4_dinitrobenaenethiolate anion, respectively. 

The NEM addition products (I) were formed in)95% yields. The equilibria for the DIS reactions 

lie 88-93% toward the substitution products (II); the rate constants include a correction for 

back reaction. 

Second order kinetics with thiolate anion as the reactive species were established for 

the addition to NEM by the constancy of the specific rate constant kanton (defined by equation 

(1) and calculated according to equation (2)) over a range of pH. 

(1) Rate = k(substrate) (ArSH) = kanion(substrate) (ArS-) 

(2) kanion = $ 
a 

Second order kinetics, first order in disulfide and first order in thiolate anion, have been 

previously established for the DIS reaction (5). The values calculated for kanton should 

be free from junction potential errors since any such errors in measurements of buffer pH 

and thiol pKa cancel each other. 

The 55-fold weaker acidity of ortho- compared to para-t-butylbenzenethiol is attributed 

to steric inhibition of salvation (for which the term "sterinsol" is suggested) in the 

ortho-t-butylbenaenethiolate anion. -- A comparable interpretation has been advanced for the 

decreased acidity of hindered phenols (6) and aliphatic carboxylic acids (7). 

In the present instance, alternate explanations of the decreased acidity which invoke 

a greater inductive electron release or steric inhibition of resonance for the ortho-t- -- 

butyl compound are untenable on the following bases. A recent assessment of the electronic 

effects (apparently free from steric effects) of the ortho- and para;t-butyl substituents from 

mar chemical shift data showed the ortho group to be less electron-releasing than the para (8). 

Steric inhibition of resonance in the ortho-t-butylbenaenethiolate anion would require that -- 

the sulfur be bent out of the aromatic plane. Consideration of CPK space-filling molecular 
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models strongly suggests that non-bonding repulsions are insufficient to compel such a 

distortion. If necessary, the distance between the sulfur and the adjacent r-butyl group can 

be increased by an in-plane bending-without loss of resonance stabilieation. 

The reactivity data reported in Table I reveal that these very rapid reactions (kanion 

4 
values of the order of 10 M-lsec- I, are accelerated by a sterinsol effect. The rate enhance- 

ment due to increased ground state energy of the reactant ortho-t-butylbenzenethiolate anion -- 

relative to the e-isomer exceeds any rate-diminishing effects due to steric restrictions in 

the ortho- canpound transition states. The net result is that the ortho-isomer is more 

reactive than the para-isaser by an order of magnitude. 

Undoubtedly, the sterinsol effect, which increases thiolate nucleophilicity, overshadcws 

but is accompanied by steric inhibition of the nucleophilic reactions. A comparison of the 

rates for ortho-t-butylbenzenethiolate with an unhindered thiolate anion of the ssme basicity -- 

would reveal the magnitudes of the steric retarding effects for the two reactions. We are 

continuing investigations in this area. 
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