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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 SN2 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,p-dimethylcysteine derivatives to the double bond of acrylonitrile,
the B,p-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 SNZ 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 (NEM) to give g~arylthio-N-ethylsuccinimide derivatives (I);
and the displacement of 2,4-dinitrobenzenethiolate anion by arenethiolates from ethyl
2,4-dinitrophenyl disulfide (DIS) to form the new ethyl aryl disulfides (II) where aryl
designates phenyl, 2-t-butylphenyl or 4-t-butylphenyl.

The data for the acid dissociation constants.of the arenethiols (ArSH) and the reactions
of the corresponding thiolate anions (ArS”) with NEM and DIS in 95% ethanol at 25% are

summarized in Table I. The acid dissociation constants (Ka) for the thiols were determined

4959



No.57

4960

*sasf{1eue Tejuamala L1o03deJsyires aaed siyonpoad uoIITppe WAN pue STOFYL () °uUOTIoEDI %E6-$L I0F painsvsu

eIep o739uTd () °16°9 = Hd 3@ sunx 4 Jo o8exsay ([) *pesn sem jousyjzooideoasuw-g YITA WAN paioesaun ay3l Supyouend
Jo poyjewm B ‘wu gOE 3B SIUITOFIFI0D UOTIOUFIXI [eojIuepf Alaesu pey jonpoad sTy3 pue WAN 3duiS (F) °uojjowal
%€8-09 103 peanseaw ®B3ep O9FI2uT (Y) °T6°9 pue $2°9 ‘gy'S = Hd ysee j3e sunx e3eolrdng (8) ‘suojieuImIalap 4 Jo
s8exsay (3) ‘suoljruUTMIaIAP g Jo o8easay () 31un Nd $0°0 UFYITM pesade uofIezFiRIINAU YOG PUR %OE IB pIUTERIqO
sanTep (p) °sia3Inq snoanbe yfm pezipaepueis ijed 9poialoss JawWOTed snosnbe-ssel8 v YITA 97 °oN I339w Hd 1s3swoIpEy
ueSeyuadon ® Sufsn paanseom aaam santea HA TIV  (9) ‘*loueyas %Gé Ul Sasjynq aje3aoe wmlssejod-pfoe o139%¢ { 10°0 U

peanseam axaM s938x IV  (q) ‘uofjezfyeainsu Io0y pasn HOM (Tousyla (ordoajosze) %G Ul SUOp SIaM SJUSWAINSEBIW [TV (¥)

D520 ¥ 076z 3® (S1Q) °pFI(nsid [AusydoIIFUTA-%°Z TAYI UYITA PUe (WAN) SPFWFITRW[AYIZ-N Y3[4 SUOTUY s3efolyieuaay

Jo suof3oedy 103 Amunwumuoo 938y I9pIQ puodIg pue _(HSIV) STOTYIBURAY 10F S3UBISUOD UOFIRTO0SSTQ PIOV "I 218l

s°8 x¢(€6°0 ¥ 509 §°L1 Fepeq?T’ T+ S°€E €11 o¢pEl0 F ¥9°1T HSUANE-3-2
9°1 440 F 9711 0°2 4862’0 + €8°¢ 1°2 3p@°0 F06°6 ¢ HSudnE-3-y
01 ¢(€0°0 ¥ s0°¢ o°1 yeg?1’0 ¥ 06°1 0°1 0cpd0°0 F 85°6 ¢ BSWd
‘a*S ¥ AV *a’s F cay *q*s + ‘ay
_suac 0Ty 109 o _suyg "oy L Hsav <"y
_say «UOFEy ,01 % Ry _say <"OFy 4,01 HoTEy Hsud <" Jd
T Wfioved sid NO1LOVAY WaN ISR0D D0SSid oV HSIV




No.57 4961

from the pH at half-neutralization. The contribution of the electrode aqueous-non-aqueous
junction potential to pH 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 stremgths. Corrections for hydrolyses (protonations by water) of the anions
from weak acids have not been applied, but such corrections would slightly increase the

‘s,

reported differences in pKa
The rates were followed spectrophotometrically by decrease in the 302 nm absorption of
NEM and the increase 1h the 425 nm absorption of 2,4-dinitrobenzenethiolate 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 kanion (defined by equation
(1) and calculated according to equation (2)) over a range of pH.

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

) k =5(_Ht)

anion K
a

anion

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 kanion should

be free from junction potential errors since any such errors in measurements of buffer pH
and thiol PR, cancel each other.

The 55-fold weaker acidity of ortho- compared to para-t-butylbenzenethiol is attributed
to steric inhibition of solvation (for which the term "sterinsol" is suggested) in the
ortho-t-butylbenzenethiolate 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

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

Steric inhibition of resonance in the ortho-t-butylbenzenethiolate 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 t-butyl group can
be increased by an in-plane bending without loss of resonance stabilization.

The reactivity data reported in Table I reveal that these very rapid reactions (kan:l
1

on

values of the order of 104 M sec-]) 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 para-~isomer exceeds any rate-diminishing effects due to steric restrictions in
the ortho- compound transition states. The net result is that the thd-isomet is more
reactive than the para-isomer by an order of magnitude.

Undoubtedly, the sterinsol effect, which increases thiolate nucleophilicity, overshadows
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 same 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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