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Rate Acceleration by Steric Inhibition to Solvation of Sulphur Nucleophiles

in Acyl Transfer Processes.

A Comparison of Steric Effect in

Nucleophilic Substitutions at Carbonyl and Aromatic
Carbon Atoms

By G1usepPE GUANTL* CARLO DELL’ERBA, GIORGIO CEvAsco, and ENRicA NARISANO

(Istituto di Chimica Orgawica dell’ Universita, C.N.R. Centro di Studio sui Diariloidi e lovo applicaziont,
Palazzo delle Scienze, Corso Euvopa, 16132, Genova, Italy)

Summary On increasing the size of the alkyl group in the
ortho-position of benzenethiol from methyl to t-butyl the
nucleophilicity of benzenethiolate is found to increase
in carbonyl carbon atom substitution and to decrease in
nucleophilic aromatic substitution; steric inhibition to
solvation of the anionic sulphur nucleophile is invoked
to account for the rate-accelerating steric effect.

STERIC effects in the vicinity of the nucleophile have been
widely studied in nucleophilic substitutions at aromatic
(Car) and carbonyl (Cgo) carbon atoms. However in all
cases a rate decrease has been observed, usually attributed
to an increase of crowding in the transition state.?

We have now found that in the reaction of arenethiolates
with p-nitrophenyl acetate (PNPA), which involves nucleo-
philic displacement at Ceo, and with 2,4-dinitrophenyl
acetate (DNPA) and 2,4-dinitrophenyl benzoate (DNPB),
which involve concomitant nucleophilic displacement at
Ceo and C,r, increasing the size of the alkyl group in the
ortho-position of benzenethiol from methyl to t-butyl leads
to a rate acceleration in the Cgo substitution and a rate
retardation in the C,: substitution. The reactivity of the
same substrates with p-methyl and p-t-butyl substituted
benzenenethiolates has been also determined and compared
with that of unsubstituted and ortho-substituted benzene-
thiolates in order to obtain a significant measure of steric
hindrance free from polar effects. The results are in the
Table. As expected on the basis of g-values,? the reactivity

TaBLE. Rate constants? for the reaction of PNPA, DNPA, and DNPB with X-substituted arenethiolates in 959%; (v/v)
aqueous ethanol at 22 °C.
PNPAPb DNPAe DNPBe
g - 2l r —A- N
X 102 kco  (ko/kp) kco (Bo/Ep)co Ear (Bo/kp) ar keo (Ro/kp)co kar (Bo/kp)ar
Ha 25-4 31-9 34-2 117 62-4
0-Me 35-6 40-9 57-0 19-3 103-5
0-74 0-7 0-56 0-69 0-55
p-Me 48-3 58-8 101-9 28-0 187-3
o-Butt 125-0 94-5 40-5 39-0 72-6
2-9 2-0 0-43 2-1 0-38
p-But 43-2 46-5 93-2 18-6 190-9

28] mol-1s-1.
2 X 104 M; [ArSH]tree = 3 X 103 M.

b [PNPA] = 4 X 105 M; [ArS—] = 102 M; [ArSH]free = 102 M.
4 Values taken from ref. 3.

¢ [DNPA] and [DNPB] = 10-5 u; [ArS-] =
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increases on going from the unsubstituted to the p-methyl
and p-t-butyl substituted benzenethiolate, the effect being
more pronounced for C,sr than for Cgo substitution, in
accordance with the lower p-value of the nucleophile for
Ceo substitution compared with the Car substitution.?
Rate acceleration occurs also with an o-methyl group,
although the effect is less pronounced than with p-methyl.
The kypin0/Rpare values for the Me-group are always less
than unity, and somewhat lower for Csr than for Cgo
substitution. This indicates a larger steric requirement of
the transition state for aromatic as compared to carbonyl
carbon atom nucleophilic substitution.

As seen from the Table the effect of an o-t-butyl group,
compared to o-methyl and p-t-butyl, is clearly opposite in
the two types of substitutions: rate-retarding in C,; and
rate-accelerating in Cgo substitution. This result can be
interpreted in terms of steric inhibition to solvation of the
reactant nucleophile. This effect has its origin in the o-t-
butyl group which generates in the immediate proximity
of the anionic sulphur a microscopic hydrophobic environ-
ment, which increases the ground-state energy of the
nucleophile when this is dissolved in a protic solvent. In
the transition state, owing to the larger dispersion of
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negative charge, this desolvation effect is less important
and therefore the steric inhibition to the solvation effect is
rate-accelerating. Obviously, besides this effect, a de-
celerating effect due to steric crowding in the transition
state and an accelerating effect of the electronic nature also
operate. The observed nucleophilicity of o-t-butyl-
benzenethiolate therefore depends upon the contribution
of these three factors, whose degree changes depending on
the type of reaction. The fact that in Cgo substitutions
Bortno/Rpara for t-butyl is larger than unity is a direct
consequence of the lower steric requirement of the transition
state in this type of reaction and thus of the predominance
of steric inhibition to solvation of the nucleophile.

These results are important because they supply, for the
first time in an acyl transfer model process, experimental
proof in support of the supposition that steric inhibition to
solvation of a hydrophobic nature can be responsible,
together with other factors, for the high reactivity of some
SH groups present in the ionized form in internal and
hydrophobic regions of some cysteine enzymes involved in
acyl-transfer reactions.®
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