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Aminolysis of Methylbenzene Sulfinate:
Definitive Evidence for a Stepwise Mechanism
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There are some reports on the nucleophilic substitution
reactions of sulfinate esters. The reaction behavior of these
compounds shows with or without a hypervalent intermediate
ria the addition elimination or a concerted Sx2 type me-
chanism ' For examiple, the acid hydrolysis of alkyl sulfinate
esters as well as cyche sulfinates proceeds m a concerted 5.2
tvpe mechanism, ™ while the base catalyzed hydrolysis of
cyclic sulfinates with a phenolic leaving group takes place
through a hypervalent intermediate.” However, there is little
report on the aminolysis of sulfinate esters. So, we now examine
the aminolysis and the alkaline hydrolysis of methylbenzene
sulfinate for the purpose of comparison.

Expernimental

Materials. Mcthylbenzene sulfinate uscd as a substrate was
of the best grade commercially avaliable. Liquid amines were
distilled from pottasium hydroxide immediately before use.
NaOH solutions were prepared [rom 1 M-NaOH standard solu-
tion of Tokyo Kasei and distilled water. Doubly glass deionized
water was further boiled and cooled under nitrogen before use.

Kinetic Measurements. The rates for ammolysis were mea-
sured spectrophotometrically in H>O at 25 0.1 “C by follow-
ing the decrease 1n absorbance due to disappearance of the
substrate at wavelengths in the range of 244 - 280 nm. The rate
measurcments were carricd out using a Hewlett Packard 8452
Diode Array spectrophotometer equipped with a Shimadzu TB-
85-thermo bath to keep the temperature of the reaction mixture
at 25 °C £ 0.1 °C. The reaction was carmed out under pseudo
first order condition 1n which the amine concentration was at
least 10 times greater than that of the substrate. The amine
solutions were prepared by dissolving two equiv. of free amine
and one equiv. of standardized HC]I solution to keep the pH

Table 1. Obscrved rate constants(d..) for the aminolyvsis and the
alkaline hydrolysis of methy Ibenzene sulfinate in H:O at 25 “C

Aminc (pKa') | Amine|/M 107 % Kis”!

piperidine (11.2) 0.001 ~0.20 3.09 3335
cthy laming {10.6) 0.001 ~ Q.20 (0.808 ~9.24
pipcrazinc (9.82) 0.001~0.20 0.235 ~0.991
NaOH (15.7) 0.001 ~ 0.008 44~117

pKa data wken Iron rel 8,

constant by making a self buftered solution. The amine solution
employed were piperidine/HCI, ethylamine/ HCI, piperazine/
HC. Typically, kinetic run was initiated by injecting 30 ul. of
1.0 x 10°°M stock solution of the substrate in acetonitrile into
3.0 mL of amine solution maintained at 25"C £ 0.1 “Cina
cell compartment of the spectrophotometer.

Results and Discussion

The aminolysis of methylbenzene sulfinate in H20 obeyed
pseudo-first order kinetics under large excess amine concen-
tration. Pseudo first order rate constant (ko) was obtained from
the slope of the plot of In(x =) s time and are listed in Table 1.

The kg value increases as the basicity of amine increases,
but 1t shows nearly constant value at lngher concentration of
amune. The Kinetic results are illustrated graphically in Figure 1.
The plots of &, s amine concentrations show the concave
downward curvatures which are leveled off as the concentra-
tion of amine increases. Even though, there are some reports
on the concave downward curvature in the nucleophilic substitu-
tion reactions of cyclic sufinate esters” and carboxylate ester.’
and 1t 1s a first finding for the concave downward curvature to
observe for the aminolysis of a acyclic sulfinate ester.

The nonlinear variation of rate with increasing nucleophile
concentration suggests the existence of mtermediate, indicating
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Figure 1. Plots of k.. vs aminc concentrations for the aminolysis of
methy Ibenzene sulfinate with piperidinc(e). cthy lamine(::) and
piperazine(m) in H-0 a( 25 °C,
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that the reaction proceeds via a stepwise mechanism as shown
in Scheme 1.

The observed rate constant (k.t:) for two steps involving the
intermediate is derived eq.1 using the steady state approximation,
where [Nu] represents the concentration of amine.

kow = kika[Nu)/tk [Nu] + k. + ka} )

If the reaction proceeds in a stepwise mechanism with inter-
mediate. the plot of 1/h..1s 1/[Nu] of eq.2 which is rearanged
from eq. 1 should be linear. As one can see in Figure 2, the linear
plot with intercept has been obtained. The value of intercept
means the rate constant for the reaction of substrate with H-O
or OH" at zero concentration of amine.

lﬂ(obs = Uk: + (k1 + k:)/k1k: . U[Nll] (2)

Therefore. the aminolysis of methylbenzene sulfinate is
proposed to proceed in a stepwise mechanism with the forma-
tion of intermediate which decays slowly to the product as
shown in Scheme 1.

To get more information on the stepwise mechanisim, we have
been calculated the microscopic rate constants k. k. and k-in
Scheme 1. The 1/kavalue can be determined by the intercept of
the plot of 1/kas v 1/[Nu). The ky and k. values can be calculated
by a nonlinear regression method. As shown in Table 2, the
magnitude of k» values is smaller than that of k ; values for all
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Figure 2. Plot of 1/ k. vs 1/[piperidine] tor the aminolysis of methvl-
benzene sulfinate with pipenidine in HaO at 25 °C.

Table 2. Summary of microscopic rate constants for the ammoly sis
of methvlbenzene sulfinate in H-O at 25 °C

Amine k.o/s ka/s™ ki/ks
7.04 x 10‘f 351 x 107 0.449
150 107 9.67x 107 153
163 %107 1.00x10° 1.62

pKa ki/M's!

piperidine 112 101
ethylamine 106 228
piperazine 982 (.791

Notes

10" Kobs /s |

/ |
04 )

0.000 0.002 0.004 0.006 0.008
[NaOHYM

Figure 3. Plots of /.. v's NaOH concentrations for the hydrolysis of
methylbenzene sulfinate at 25 °C.

the amines studied. This results support that the aminolysis of
methylbenzene sulfinate proceeds in a stepwise mechanism
with rate determining decay of the intermediate. Therefore. the
concave dowmward curvature shown in Figure 1 is definitive
evidence for a stepwise mechanism for the aminolysis of sulfi-
nate ester.

However, the observed rate constants for alkaline hydrolysis
of methvlbenzene sulfinate are proportional to NaOH con-
centrations as shovwn in Fig. 3. This result means that the reaction
mechanism changes as the basicity of nucleophile is much
larger than that of amine employed in the present study. Although
there is no definitive evidence for the formation of a hyper-
valent intermediate in alkaline hydrolysis of methylbenzene
sulfinate, the transition state structure should be similar to the
hypervalent intermediate. Therefor. this reaction may proceed
in a concerted Su2 mechanism.

Summary

We propose that the aminolysis of methy lbenzene sulfinate
proceeds in two steps and the concave downward curvature of
the plot of k.. vs anine concentration is definitive evidence
for a stepwise mechanism. Whereas. we can not find a hyper-
valent intermediate in alkaline hydrolysis.
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