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stabilization

Aminolyses of carboxylic esters have generally been sugge-
sted to proceed through a stepwise mechanism. "7 Curved Bron-
sted-type plots reported for aminolyses of esters possessing a
good leaving group (e.g., 2,4-dinitrophenoxide) have been taken
as evidence for a change in rate-determining step (RDS) of a
stepwise mechanism. "7RDS has been reported to be governed
by the basicity of the incoming amine and the leaving group,
e.g., RDS changes from breakdown of zwitterionic tetrahedral
intermediate (T") to its formation as the incoming amine
becomes more basic than the leaving group by 4 to 5 pK, units."”’

However, the effect of substituents in the nonleaving group
on mechanism remains controversial. Jencks et al. have con-
cluded that an electron withdrawing group (EWG) decreases
the rate of leaving-group departure but increases expulsion of
the amine from T* in nucleophilic substitution reactions of
diaryl carbonates with quinuclidines.® Thus, an EWG has been
suggested to decrease the k> / ki ratio. A similar conclusion
has recently been drawn by Castro et al. for aminolysis of aryl
4-nitrophenyl carbonates and related compounds.”
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In contrast, we have shown that the k,/ k. ratio is not influ-
enced by the electronic nature of substituent in the nonleaving
group in aminolyses of various types of esters.”?>1 11 we
found that the Hammett plots for aminolyses of 2,4-dinitro-
phenyl X-substituted benzoates (1a-e) and 4-nitrophenyl X-sub-
stituted benzoates (2a-h) consist of two intersecting straight
lines,” which might be interpreted as a change in RDS. However,
it has been concluded that the nonlinear Hammett plots are not
due to a change in RDS but are caused by stabilization of the
ground state (GS) of the substrates through resonance inter-
actions between an electron-donating group (EDG) and the
carbonyl functionality as illustrated by resonance structures I
and IL.” The evidence provided was the fact that the corres-
pondigrllag Yukawa-Tsuno plots exhibit excellent linear correla-
tions.
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We reported that reactions of 2,4-dinitrophenyl X-substituted
benzenesulfonates (3a-g) with a series of alicyclic secondary
amines proceed through a stepwise mechanism with a change
in RDS on the basis of a curved Brensted-type plot.loa It has
also been found that the Hammett plot for the reactions of (3a-g)
with piperidine is nonlinear, i.e., the substrates possessing an
EDG in the sulfonyl moiety exhibit negative deviations from
the Hammett plot.loa In contrast, we have reported that the
corresponding Yukawa-Tsuno plot is linear with px = 0.79 and
r=0.45, indicating that the nonlinear Hammett plot is due to
stabilization of the GS of substrate possessing an EDG as
reported for aminolysis of aryl benzoates.””
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3a-g
X = 4-NO, (3a), 4-Cl (3c), H (3d), 4-Me (3f), 4-MeO(3g).

Our study has been extended to the nucleophilic substitution
reactions of 4-nitrophenyl X-substituted benzenesulfonates
(4a-g) with piperidine (Scheme 1). The kinetic data have been
compared with those reported previouslyloa for the correspond-
ing reactions of (3a-g) to investigate the effect of changing the
leaving-group from 2,4-dinitrophenoxide to 4-nitrophenoxide.
The data for the reactions of sulfonates (3a-g) and (4a-g) have
been also compared with those reported previously for reactions
of benzoates™” (1a-e) and (2a-h) to study the effect of chang-
ing the electrophilic center from C=0 to O=S=0.

Results and Discussion

The kinetic study was performed under pseudo-first-order
conditions with the concentration of piperidine maintained in
excess relative to the substrate concentration. All reactions
obeyed first-order kinetics with quantitative liberation of 4-
nitrophenoxide ion. Pseudo-first-order rate constants (kopsa)
were calculated from the equation In(4.. = Ay) = —kopsa ¢ + C. The
plots of kobsa vs. piperidine concentration were linear passing
through the origin, indicating that general base catalysis by a
second piperidine molecule is absent. Second-order rate con-
stants (kn) were determined from the slope of the linear plots.
From replicate runs, it is estimated that the uncertainty in the
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X = 4-NO, (4a), 3-NO, (4b), 4-Cl (4c), H (4d), 4-NHCOMe (4e), 4-Me (4f), 4-MeO(49).

Scheme 1

Table 1. Summary of Second-order Rate Constants for Reactions of
2,4-Dinitrophenyl X-Substituted Benzenesulfonates (3a-g) and 4-
Nitrophenyl X-Substituted Benzenesulfonates (4a-g) with Piperidine
in 80 mol % H,0/20 mol % DMSO at 25.0 0.1 °C*

. < 10° b/ M5
nt
Y 3 4

a 4-NO, 49900 6.65
b 3-NO, - 450
c 4-Cl 15100 1.54
d H 11100 1.30
e 4-NHCOMe - 0.699
f 4-Me 8200 0.675
g 4-MeO 5300 0.428

“Data for the reactions of (3a-g) were taken from ref. 10a.

rate constant is less than + 3%. The &y values determined are
summarized in Table 1 together with those reported previously
for the corresponding reactions of (3a-g) for comparison pur-
pose.

Effect of nonleaving group substituent X on reactivity.
Table 1 shows that the second-order rate constant (kx) for the
reactions of (4a-g) decreases as the substituent X changes from
a strong EWG to an EDG, e.g., kx decreases from 6.65 x 10°
M's"t0 1.30 x 10° and 4.28 x 10" M''s™" as the substituent X
changes from 4-NO; to H and 4-MeO, in turn. A similar result
is shown for the corresponding reactions of (3a-g), although
they are significantly more reactive than (4a-g).

The effect of substituent X on reactivity is illustrated in
Figures 1A and 1B. The Hammett plot correlated with o
constants (A) results in a poor correlation coefficient with px =
1.04. A similar result is obtained for the correlation with ¢
constants (B), although the slope of the plot is much smaller
(i.e., px = 0.72). Accordingly, one cannot get any conclusive
information about the substituent effect from the poorly corre-
lated Hammett and Brown-Okamoto plots.

We have recently shown that Yukawa-Tsuno plots are highly
effective to investigate substituent effect as well as to clarify
ambiguities in reaction mechanism.'”"" Thus, Yukawa-Tsuno
plots have been constructed in Figures 2A and 2B. Unlike the
Hammett or Brown-Okamoto plot shown in Figures 1A and
1B, the Yukawa-Tsuno plot for the reactions of (4a-g) with
piperidine results in an excellent linear correlation with px =
0.90 and » = 0.50 (Figure 2A). The corresponding plot for the
reactions of (3a-g) shown in Figure 2B exhibits also an excellent
correlation with px =0.79 and »= 0.45. The effect of changing
the leaving-group on the magnitude of px and » will be discussed
in the following section.
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Figure 1. Hammett (A) and Brown-Okamoto (B) plots for piper-
idinolysis of 4-nitrophenyl X-substituted phenyl benzenesulfonates
(4a-g) in 80 mol % H,0/20 mol % DMSO at 25.0 £0.1 °C. The identity
of points is given in Table 1.
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Figure 2. Yukawa-Tsuno plots for reactions of 4-nitrophenyl X-
substituted phenyl benzenesulfonates, 4a-g (A) and 2,4-dinitrophenyl
X-substituted phenyl benzenesulfonates, 3a-g (B) with piperidine in
80 mol % H>0/20 mol % DMSO at 25.0 + 0.1 °C. The identity of
points is given in Table 1.

The r value in the Yukawa-Tsuno equation, eq. (1), represents
the resonance demand of the reaction center or the extent of
the resonance contribution, where as the term (¢' — 6°) repre-
sents the resonance substituent constant that measures the
capacity for n-delocalization of a given n-electron donor sub-
stituent.">" Eq. (1) becomes the Hammett equation when =0
or the Brown-Okamoto equation when 7= 1.0. Since the  value
for the reactions of (4a-g) is neither O nor 1, the Yukawa-Tsuno
plot results in a much better correlation coefficient than the
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plot correlated with o or o' constants.

log (k' / kx') = px[0° + r(c" = 0°)] (1)

The Yukawa-Tsuno equation was derived to account for sol-
volyses of benzylic systems in which a positive charge develops
partially in the transition state.'” Since such positive charge can
be stabilized by an EDG in the benzylic moiety, negative px
values were obtained. However, the px value in this study is
positive, indicating that an EDG in the sulfonyl moiety retards
the reaction by stabilizing the GS of substrates as illustrated in
the resonance structures III and IV.
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Effect of changing electrophilic center from C=0 to SO; on
px and r values. As shown in Figures 2A and 2B, the reactions
of less reactive (4a-g) result in a slightly larger px value than
those of more reactive (3a-g) (i.e., px = 0.90 for 4a-g and px =
0.79 for 3a-g), which appears to be in accord with the reacti-
vity-selectivity principle.15 It is noted that the » value is also
slightly larger for the reactions of (4a-g) (»=0.50) than for those
of (3a-g) (» = 0.45). Both px and r values are larger for the
reactions of the less reactive substrates, (4a-g). This contrasts
to our previous reports that px decreases linearly as » increases
for aminolyses of carboxylic esters.”™"”

Another interesting finding is that the px and » values vary
only slightly upon changing the leaving group of the sulfonate
esters, i.e., as shown in Figure 2, px increases from 0.79 to
0.90 while the r value varies from 0.45 to 0.50 as the leaving
group changes from 2,4-dinitrophenoxide to 4-nitrophenoxide.
In contrast, the px and r values have been reported to change
significantly upon changing the leaving group for the corres-
ponding reactions of the benzoate esters, i.e., p decreases from
1.46 to 0.75 while the » increases from 0.36 to 0.75 as the
leaving group changes from 2,4-dinitrophenoxide to 4-nitro-
phenoxide.7b’gb

The magnitude of px values represents a sensitivity para-
meter. On the other hand, the  value in this study represents
the degree of resonance contribution between an EDG and the
sulfonyl functionality in the GS of the substrates (e.g., reso-
nance structures III and IV).IZ’13 The difference in size and
hybridization type of the two electrophilic centers (e.g., SO
vs. C=0) is considered to be responsible for the contrasting
behaviors found for the px and r values in the reactions of the
sulfonates and benzoates. The sp’ hybridized sulfur in the
sulfonyl group is much larger than the sp” hybridized carbonyl
carbon. Accordingly, one might expect that the electronic effect
of the NO» group at the 2-position of the leaving aryloxide
would be shielded more significantly for sulfonates (3a-g) than
for benzoates (1a-e). This idea is consistent with the fact that the
effect of changing the leaving group from 2,4-dinitrophenoxide
to 4-nitrophenoxide on the pxand r values is much smaller for
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the reactions of the sulfonates than for those of the benzoates.

Experimental Section

Materials. Compounds (4a-g) were prepared readily from the
reactions of X-substituted benzenesulfonyl chloride with 4-
nitrophenol in anhydrous ether in the presence of triethylamine
as reported previously.'”'* Their purity was checked by means
of mp and 'HNMR spectra. Other chemicals including piper-
idine used were of the highest quality available. Doubly glass
distilled water was further boiled and cooled under nitrogen
just before use to remove dissolved carbon dioxide.

Kinetics. The kinetic study was performed with a UV-vis
spectrophotometer equipped with a constant temperature cir-
culating bath to maintain the temperature in the reaction cell at
25.0 = 0.1 °C. The reaction was followed by monitoring the
appearance of the leaving 4-nitrophenoxide ion at 410 nm. All
the reactions were carried out under pseudo-first-order condi-
tions in which the piperidine concentration was at least 30
times greater than the substrate concentration. The piperidine
stock solution of ca. 0.2 M was prepared in a 25.0 mL vol. flask
by adding 2 equiv. of piperidine to 1 equiv. of standardized
HCl solution to obtain a self-buffered solution. All solutions
were prepared freshly just before use under nitrogen and trans-
ferred by gas-tight syringes. Due to low solubility of (4a-g) in
pure water, reactions were performed in 80 mol % H,0/20
mol % DMSO.

Product analysis. 4-Nitrophenoxide was liberated quanti-
tatively and identified as one of the products by comparison of
the UV-vis spectrum at the end of the reaction with the authentic
sample under the experimental condition.
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