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ABSTRACT

Hydrolysis reactions of methyl, ethyl, isopropyl, and
t-butyl benzenesulfinates were kinetically investi-
gated. Rates of alkaline hydrolysis decrease with in-
creasing steric effects (Me > Et > i-Pr > t-Bu), while
the t-butyl ester is the most reactive in perchloric acid
(t-Bu > Me > Et > i-Pr). The hydrolysis is faster in
HC! and HBr than in HCIO,, and the relative rates
in the halide acids are not unusual (Me > Et > i-Pr
~ t-Bu). The high reactivity of the t-butyl ester in
HCIO, is ascribed to the reaction at the carbon via
the Al mechanism, while halide ions accelerate the
hydrolysis by nucleophilic participation at sulfur.

Hydrolysis of a carboxylate ester is one of the best-
characterized organic reactions, and that of a sul-
finate ester can be written in a similar manner
(Equation 1). In spite of this superficial similarity,
the real structures of the sulfur-centered substrate
and unstable intermediate are quite different from
those of the carbon analog. The sulfinyl compound
is tetrahedral, and a possible addition intermedi-
ate (sulfurane) is trigonal-bipyramidal with a hy-
pervalent bonding. However, the existence of this
intermediate in the course of hydrolysis is still an
issue of much controversy [1].

2 o
!
R-S-OR' + H,0 .;__.iR—SI-OH — s> r-s-on+ k08 (1)

OH

Hydrolysis of a simple sulfinate is known to oc-
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cur through S-0 bond cleavage [2], but some es-
ters capable of forming stabilized carbocations
undergo hydrolysis via C-O bond cleavage [3-5].
Bunton and Hendy [2] measured rates of acid-cat-
alyzed hydrolysis of methyl p-toluenesulfinate and
found that the presence of halide ions accelerates
the reaction. Kobayashi et al. [6] examined effects
of ring substitution on the rates of both acid and
alkaline hydrolysis of ethyl benzenesulfinates. The
present article describes results of kinetic studies
on acid and alkaline hydrolysis of some alkyl ben-
zenesulfinates and shows both similarities and dif-
ferences in reactivities of sulfinate and carboxylate
esters.

RESULTS AND DISCUSSION

Reactions of alkyl benzenesulfinates la-d in
aqueous solution (Equation 2) were followed at 25°C
by a change in UV absorption near the maximum
wavelength, 235-245 nm. Time-dependent absor-
bance changes in both alkaline and acid solutions
follow the first-order kinetics, usually over four half-
lives.

PhS(O)OR + H,0 — PhSO,H + ROH

1a,R = Me
b,R = Et (2)
c, R=1iPr
d,R = +-Bu
Alkaline Hydrolysis

Pseudo-first-order rate constants kg, in alkaline
solutions are proportional to hydroxide concentra-
tions (Figure 1), and second-order rate constants
koy are given in Table 1. Relative rates seem to
strongly depend on the steric effects of the alkyl
group and resemble very much those observed for
the alkaline hydrolysis of alkyl acetates [7,8]. Al-
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FIGURE 1 Rates of alkaline hydrolysis of alkyl benzene-
sulfinates 1 at 25°C: O, 1a; ©, 2kypsq Of 1b; ®, 10kypsq Of
1c; and @, 10%k,usq Of 1d. :

though there is no definite evidence for the for-
mation of a trigonal-bipyramidal intermediate (2)
in the hydrolysis of a sulfinate ester (Equation 3),
the transition state structure must at least be sim-
ilar to this potential intermediate which is struc-
turally quite different from the tetrahedral inter-
mediate formed in the hydrolysis of a carboxylate
ester.

1
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FIGURE 2 Rates of acid hydrolysis of 1a in HCIO, at 25°C.

It is interesting to note that a close similarity in
relative reactivities was observed in the hydroxide
reaction of the two series of esters in spite of the
structural differences in the transition states.

Acid Hydrolysis

Rates of acid hydrolysis in HCIO, increase with in-
creasing acid concentration in a manner shown in
Figure 2. The observed rate constants measured at
2.0 M HCIO, are given in Table 2. Rates decrease
slightly in the order Me > Et > i-Pr, but the z-butyl
ester 1d is very reactive. This tendency is distinc-

0 OR : :
1 . | 0 _ tive when the rates are compared with those of
Ph-S-0R + O === "Ph—S, — = PnSO, +ROH (3)  acetate esters given in the last column of Table 2
1 tlm [7]. This must be due to an acid-catalyzed Syl-type
(A1) mechanism associated with 1d occurring with
2 C-O bond cleavage (Equation 4).
TABLE 1. Rate Constants for Alkaline Hydrolysis of Alkyl TABLE 2 Observed Rate Constants (10*Kusq/s™ ") for the
Benzenesuifinates 1 at 25°C Hydrolysis of 1 in 2.0 M Acids at 25°C
Substrate Substrate
No. R kow/M ' 577 10%kou/2 M 57! No. R HCIO, HCI HBr Acetate®
1a Me 13.1 10.8 1a Me 0.942 22.8 70.3 8.2
1ib Et 3.19 4.66 1b Et 0.716 17.0 51.2 6.7
1c ~Pr 0.54 0.706 1c i-Pr 0.447 104 24.7 33
1d t-Bu 0.031 0.0265 id t-Bu 2.66 108 26.8 1.3

“Hydrolysis rates for the corresponding alkyl acetates in 70%
aqueous acetone at 24.7°C [8).

*10%k./M~" s™" obtained for the comresponding alkyl acetates in 62%
aqueous acetone at 30.1°C [7).
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FIGURE 3 Effects of HCI and HBr on the hydrolysis rate
of 1a at the constant acid concentration, {HCIO,] + [HX] =
2.0 M, and at 25°C: O, HCI for the left ordinate; and ©, HBr
for the right ordinate.

+
H H,0

PhSO,CMe, ———> PhSOH + Me3c+ ——— PhSO,H + Me,COH )]

2 3

1d

A similar mechanism is also considered for
carboxylate esters of t-butyl alcohol (A, I mecha-
nism), but the change in the mechanism seems to
be more clearly apparent with sulfinate esters. This
observation is probably ascribed to a better leav-
ing ability of a sulfinic acid than of a carboxylic
acid [5]; the pK, (~2) of the former is lower than
that of the latter [9].

The hydrolysis rates are also dependent on the
acids used. At a constant total acid concentration
of 2.0 M, kgpeq values are linear with respect to [HCI]
or [HBr] in mixed HClO,-HCI or HCIO,-HBr solu-
tions, as measured with 1a (Figure 3) as the sub-
strate, the relative slope being about 3.0. The ha-
lide ions may act as nucleophilic catalysts; halide
ions are very good nucleophiles toward sulfur
[10,11], and bromide ion is more nucleophilic than
chloride ion.

» 1% 4+ ¥ ———= PRS(0)X + ROH  (5)

PhSOzk + KX

1

PhS(O)X + Hy0 —————> PhSOH + HX (6)
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The k.4 values measured at 2.0 M acid con-
centrations are summarized in Table 2. The rates
in HCl and HBr are orders of magnitude higher than
those in HC1O,. However, the rate of hydrolysis of
the t-butyl ester 1d is not unusual in hydrogen ha-
lides. The observed rates of 1d hydrolysis are
somewhat higher than those of 1¢, but if the con-
tribution from the competing reaction by the Al
mechanism is deducted from the k.4 values, the
situation is reversed. The t-butyl ester 1d is much
the same in reactivity as (though slightly less re-
active than) the isopropyl ester 1c. The influence
of halide ions must occur by reaction at the sulfur.

Another concern regarding the mechanism of
the acid-catalyzed reaction is the site of protona-
tion. The sulfinyl oxygen is no doubt more basic
than the alkoxy oxygen of the sulfinate ester, lead-
ing more readily to formation of the conjugate acid
3 than of 4.

OH 0

| ‘H
Ph-S-OR Ph~S-0R

¥ ¥

3 4

In the attack of water at the sulfur atom of 3,
the importance of the sulfurane intermediate must
be increased since the synchronous liberation of the
alkoxide ion should be highly unfavorable owing
to the low nucleophilicity of H,O and the poor
leaving ability of RO™. By contrast, the Sy2 type
of reaction may very easily occur with 4 (Equa-
tion 7).

+ P
H H,0 i
1——4 —2 > |HO0-S-OR| —PnsOH + RoH (7)
X 2

Ph

Neither of the possible mechanisms can be ex-
cluded at the present time. The similar reactivities
of 1¢ and 1d observed in halide acids seem to sug-
gest the occurrence of the latter mechanism; the
inverse steric effects can be counterbalanced by the
basicity of the alkoxide oxygen due to the greater
electron-donating ability of the z-butyl group. The
electronic effects of the alkyl group must be mild
for the intermediate 3, and the steric effects must
be similar to those operative in the hydroxide re-
action, resulting in relative reactivities similar to
those of carboxylate esters in acid hydrolysis.

EXPERIMENTAL
Materials

Methyl benzenesulfinate (1a) was prepared from
N-(benzenesulfinyl)phthalimide [12], while ethyl,
isopropyl, and t-butyl benzenesulfinates (1b—d) were
obtained from benzenesulfinic acid and the alco-
hols with the use of diphenyl chlorophosphate as
a condensation agent [13].
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Acid solutions were prepared from concen-
trated acid and titrated with standard NaOH so-
lution. Carbon dioxide-free solutions of NaOH were
obtained by dilution with water of a sodium meth-
oxide solution freshly prepared from sodium metal
and methanol, but the final solutions for kinetics
studies contained less than 1% of methanol. The
water used for alkaline solutions was boiled under
an argon atmosphere and kept under argon.

Kinetic Measurements

Reactions were followed spectrophotometrically at
235-245 nm by use of a Shimadzu UV 2200 or UV
160 spectrophotometer. Hydrolysis was started by
introducing a 10-20 uL sample of the substrate
stock solution in acetonitrile (ca. 0.03 M) into 3.0
mL of an alkaline or acid solution in a quartz cu-

vette equilibrated at 25.0 = 0.1°C in a cell com-

partment of the spectrophotometer. The absor-
bance data were fed to a personal computer, NEC
PC-9801, and processed with the pseudo-first-order
kinetics program. The plots were usually linear over
four half-lives.
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