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Second-order-rate constants (k) have been measured spectrophotometrically for the reactions of 4-nitrophenyl
2-thiophenecarboxylate (1a) with a series of secondary alicyclic amines in H-Q containing 20 mole % DMSQ
at 25.0°C. The ester 1a is less reactive than 4-nitrophenyl 2-furoate (1b) but more reactive than 4-nitrophenyl
benzoate (1¢) except towards piperazinium ion. The Bronsted-type plots for the aminolyses of 1a, 1b and 1¢
are linear with a 3, value of 0.92. 0.84 and 0.85. respectively. indicating that the replacement of the CH=CH
group by a sulfur or an oxygen atom in the benzoyl moiety of 1¢ does not cause any mechanism change. The
reaction of piperidine with a series of substituted phenyl 2-thiophenecarboxylates gives a linear Hamumett plot
withalarge p” value (p” = 3.11) when ¢ constants are used. The linear Bronsted and Hammett plots with large
B and p~ values suggest that the aminolysis of 1a proceeds via rate~determining break-down of the addition

intermediate to the products.
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Introduction

Reactions of amines with carbonyl compounds have inten-
sively been mvestigated due to unportance in chemistry as
well as in biological processes.’ The reaction mechanism
for aminolysis of carboxvlic esters has been suggested to
proceed through an addition intermediate in which the rate-
deternuning-step (RDS) is dependent on the basicity of the
leaving group and the nucleophilic amine.' Linear free
energy relationship such as Bronsted or Hammett equation
has been the most popular probe to investigate the reaction
mechanism.® Nonlinear Bronsted-type plot has often been
observed for aminolysis of carboxvlic esters with a good
leaving group. and has been attributed to a change in the
RDS of a stepwise mechanism upon changing the basicity of
the leaving group or the nucleophilic amines. '~

However, most studies have been directed to investigate
the reaction mechamism by changing the basicity of leaving
group and incoming amines. The effect of the acv] moiety of
carboxvlic esters on reaction rates and mechanisim has rarely
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Scheme 1

been investigated.” Therefore, we have recently performed
aminolyses of carboxylic esters having vanous acyl moiety,
such as acety], phenylacetyl and substituted benzoyl groups.’
In order to expand our study to the effect of acy]l moiety on
rates and reaction mechanism, we have introduced a hetero-
aromatic ring by replacing the CH=CH group in the benzoyl
moiety by a sulfur or an oxygen atom as shown in Scheme I,
and performed aminolysis reactions with a series of
secondary alicyclic amines. We have also investigated the
effect of leaving group on reaction rates in order to get
further information about the reaction mechamsm.

Experimental Section

Materials. Arvl 2-thiophenecarboxylates were easily pre-
pared from the reaction of 2-thiophenecarboxyl chlonde and
a corresponding phenol in the presence of triethylamine in
methylene chloride. DMSQ and all the amines used were of
the highest quality available from Aldrich. Doubly glass
distilled water was further boiled and cooled under mtrogen
Just before use.

Kinetics. Kinetic studies were performed using a Hewlett
Packard 8452A Diode Array UV-Vis Spectrophotometer
with a Shimadzu TB-85 model constant temperature circu-
lating bath to keep the temperature in the reaction cell at
250+ 0.1 °C. The reactions were followed by monitoring
the appearance of the leaving group (substituted phenoxides
or phenols). All the reactions were performed under pseudo-
first-order conditions mm which the amine concentrations
were at least 20 tunes in excess over the substrate concent-
ration. The amine stock solution ca. 0.2 M was prepared by
dissolving two equivalent amounts of free anuine and one
equivalent amount of HCI solution to keep the pH constant
by making a self buffered solution. The reaction medium
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Table 1. Expernnental conditions and pseudo-first-order rate constants
(Robs) for ammolyses of p-nitropheny] 2-thiophenecarboxylate (1a)
in HzO containing 20 mole % DMSO at 250+ 0.1 °C

Amines (Z) [F>NHFI07, M kw1075, 57
piperidine (CHs) (0.79-3.89 341-21.6
piperazime (NH) (0.79-3.89 (1.58-3.65
morpholine (O) 3.89-18.1 (1.33-1.60
1-formyIpiperazme (NCHO) 14.7-38.3 0.11-0.30
piperazionum ion (NHa") 14.7-38.3 (.0012-0.0088

was H~O contamming 20 mole % dimethy] sulfoxide (DMSO)
due to the low solubility of the substrates in H~O. All the
solutions were prepared freshly just before use under
nitrogen and transferred by Hamilton gas-tight svringes. The
effect of ionic strength on rates was observed to be
negligible in the present svstem. Other details i kinetic
methods were similar to the ones described previously.’

Results

The kinetic studies were performed spectrophotometn-
cally. All the reactions in the present study obeved pseudo-
first-order kinetics over 90% of the total reaction. Pseudo-
first-order rate constants (£s.) were obtained from the slope
of the linear plot of In (4~-A4) vs. time. In Table 1 are
summarized the kinetic conditions and results. Figure |
demonstrates linear plots of A ¥, amine concentration.
indicating that general base catalysis is absent in the present
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Figure 1. Plots showing lmear dependence of Aqbs on amine con-
centrations for the reaction of 4-mtrophenyl 2-thiophenecarboxy-
late (la) with piperidine (@) and piperazine (:2) in Hs:O
containing 20 mole % DMSO at 25.0 £ 0.1 "C.

Tk-FHwan Um et al.

Table 2. Summary of second-order rate constants (fv) for amino-
lvses of 4-nitrophenyl 2-thiophenecarboxylate (1a), 4-mtrophenyl
2-turoate (1b) and 4-nitropheny] benzoate (1¢) in H;O containing
20 mole % DMSO at 25.0 £ 0.1 °C°

Ami " 104, M5
mines a
P 1a 1b? 1¢
1. piperidine 11.02 391 253 529
2. 3-methy] piperidine 10.8 - - 335
3. piperazine 985 990 41.1 841
4. morpholine 865 0.890 5.30 0.841
3. 1-formylpiperazine 7.98 0.083 0.733 -
6. piperazinium ion 598  0.0032 0.0290 0.00466

70k, data taken from ref. 14, *Rate constants taken from ref. 7h.

aminolyses. Second-order rate constants (k) were calcu-
lated from the slope of the linear plots of Ay ¥5. amine
concentrations. Generally five different amine concent-
rations were used to calculate 4 values. It 1s estimated from
replicate runs that the uncertainty in any particular measured
rate constant 1s less than +3%. The Ay values for the
aminolyses of 1a are summarized in Table 2 together with
the data for the corresponding reactions with 1b and 1¢ for a
comparison purpose. Figure 2 illustrates the Bronsted-type
plots for the amimolyses of 1a-¢. In Table 3 are summarized
the second-order rate constants for the reaction of piperidine

4
® 1a
X 1b
1c
2
—_ 0
g
X
=)
o
24
B = 0.92 (1a)
B =0.84 (1b)
B,.. = 0.85 (1c)
-4 4
T ¥ T T T M T
6 8 10 12

pK,*+ log (p/a)

Figure 2. Bronsted-type plots for the reaction of 4-mitrophenyl 2-
thiophenecarboxylate (1a), 4-nitropheny] 2-furcate (1b) and benzo-
ate (1¢) with a series of secondary alicyclic amines in H;O contain-
ing 20 mole % DMSO at 25.0+ 0.1 °C. The values of log Ax and
pK. are statistically corrected by using p and ., e.g.. p=2 (except
p =4 for piperazinium 1on, and ¢ = 1 (except ¢ = 2 for piperazine)
for all the amines studied.
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Table 3. Summary of second-order rate constants for reactions of
Y-substituted phenyl 2-thiophenecarbonxylate (S) and Y-substitut-
ed phenyl 2-furcate (O) with piperidine in H:O contaming 20 mole
% DMSO at23.0+0.1 °C*

‘I"N, M—ls—l
Y o s
8 O
4-NOa 1.27 0.78 3.88 233
4-CHO 1.13 0.42 0.96 479
4-COCH; 0.87 0.30 0.26 1.90
4-Cl 0.23 0.23 0.0025 0019
“o and ¢ constants taken from ref. 16.
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Figure 3. Hammett plots for the reactions of Y-substituted phenyl
2-thiophenecarboxvlate ( @ ) and Y-substituted phenvl 2-tfuroate
( - ) with piperidine in H»O containing 20 mole % DMSO at 25.0
+0.1"C.

with a series of substituted phenyl 2-thiophenecarboxylates.
Figure 3 exhibits linear Hammett plots for the reaction of
piperidine with substituted phenyl 2-thiopenecarboxvlates
and with substituted phenyl 2-furoate.

Discussion

As shown 1n Table 2. 1a 1s much less reactive than 1b.
One might attnbute the difference in their reactivity to the
difference in acidity between their parent acids. 2-thiophene-
carboxvlic acid (pK,=3.53) and 2-furoic acid (pK,=3.16)."!
A similar argument can be applied to the difference in
reactivity between 1a and 1c. since 1a is more reactive than
1c except towards piperazinium ions and 2-thiophene-
carboxylic acid is a stronger acid than benzoic acid by .67
pK., units. Therefore. one can propose that the replacement
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of CH=CH by a sulfur (1c — 1a) or an oxygen atom (1¢c —
1b) in the acyl moiety of 1¢ influences not only the acidity of
their parent acids but also the reactivity of these esters. This
argument is consistent with our recent report that the
reactivity of 4-mitrophenyl substituted benzoates towards a
senies of secondary alicyclic amines increases as the sub-
stituent n the acyl moiety becomes a stronger acid strength-
ening group (e.g.. a stronger electron withdrawing group).™

Table 2 shows that the reactivity of amines mcreases with
mcreasing amine basicity, e.g.. the second-order rate con-
stant for the reaction of 1a increases from 3.2 x 107 M5!
to 39.1 M7's7! as the pK, of the conjugate acid of the amine
mereases from 598 for piperazinum ion to 11.02 for
pipenidine. The effect of amine basicity on the reactivity of
la-c 1s demonstrated in Figure 2. One can see linear
Bronsted-type plots in all cases. Such linear Bronsted-tvpe
plots suggest that there 1s no mechamsm change upon
changing amine basicity for the present aminolyses of 1a-¢.

A break or a curvature in a Bronsted-type plot has often
been observed for aminolysis of esters with a good leaving
group (e.g.. 2.4-dimtrophenoxide and 4-mitrothiophenoxide)
as the amine basicity increases significantly. 7.¢., the slope of
the plot decreases from a large (Bu. = 0.8 +0.3) to a small
one (Bue=0.3+0.1)."* The position of such a break or a
curvature in a Bronsted-type plot (pK,°) has been reported to
occur when the incoming amine becomes more basic than
the leaving group by ca. 4-3 pX, units.”*'* Such a nonlinear
Bronsted-type plot has been suggested as evidence for a
change n the RDS. 7.e., from breakdown of the addition
mtermediate to the products (the 4> step in Scheme 1) to
formation of the intermediate (the 4 step in Scheme 1))
The pK; of the comugate acid of the leaving group (4-
nitrophenoxide ion) 1s 7.14, and the most basic amine used
i the present system 1s piperidine whose pK, i1s 11.02.
Although piperidine is more basic than the leaving 4-
nitrophenoxide 1on. the difference n their basicity 1s smaller
than 4 pK, units. Therefore. a change i the RDS upon
changing amine basicity would not be expected to occur for
the present ammolysis.

One can obtain useful information about the reaction
mechanism from the magnitude of Sh values. The magni-
tude of S value has been calculated to be 0.92, 0.84 and
0.85 for the aminolysis of 1a, 1b and 1¢, respectively. Such a
large S value indicates that the aminolysis of 1a-c pro-
ceeds through a rate-determumng breakdown of the addition
mtermediate to the products. The magnitude of .. value
has also been suggested to represent the degree of the
effective charge developed on the N atom at the transition
state (TS) of aminolysis reactions.’~'* Therefore. one might
consider the positive charge developed on the N atom at the
TS 1s shghtly more significant for the reaction of 1a than that
of 1b or 1¢. based on their Sy, values.

In order to obtain more mformation about the reaction
mechamism and the TS structure. the effect of leaving group
on rates has been mvestigated by changing the substituent in
the leaving group from 4-NQO- to 4-CHO. 4-COCHj; and 4-
Cl. The second-order rate constants for the reaction of
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substituted phenyl 2-thiophenecarboxvlates with piperidine
are summarized mn Table 3. One can see that the reactivity of
these esters towards piperidine increases with increasing
electron withdrawing ability of the substituent in the leaving
group, ¢.g., the second-order rate constant increases from
0.0025 M7's™ to 5.88 M's™ as the substituent in the leaving
group changes from a weak electron withdrawing group (4-
Cl) to a strong one (4-NO-). A sinular result can be seen for
the reaction of substituted pheny1 2-furoates with piperidine.

The effect of the substituent in the leaving group on
second-order rate constants has been demonstrated in Figure
3. It is demonstrated that ¢~ constants give good Hammett
correlations for the reaction of piperidine with substituted
phenyl 2-thiophenecarboxylates and with substituted phenyl
2-furcates with a large p~ value (e.g. p~=3.11 for the
reaction of arvl 2-thiophenecarboxylates and p~=2.88 for
the reaction of arvl 2-furoates). The ¢ constants have been
used for a reaction in which a partial negative charge. which
can be delocalized to the substituent by direct resonance.
develops on the reaction center. In an aminolysis of carbox-
vlic esters, development of such a partial negative charge is
possible only when the leaving group departure is involved
in the RDS. If the leaving group departure occurs at the
RDS, a partial negative charge would develop at the O atom
of the leaving arvloxide. Such a partial negative charge can
be delocalized to the substituent in the leaving group (e.g.. 4-
NOa. 4-CHO, 4-COCH3) by direct resonance. Therefore. the
fact that ¢~ constant gives a good Hammett correlation as
shown n Figure 3 suggests that the present anunolysis
proceeds through an addition intermediate in which the
leaving group departure occurs at the RDS.

The magnitude of p~ value has been suggested to represent
a measure of relative degree of bond break at the TS." The
large p~ value obtained in the present system (e.g.. p~ value
of 2.88 and 3.11 for the reaction of 1a and 1D, respectively)
suggests that the degree of leaving group departure i1s
significantly advanced at the rate-determuning TS. This
argument is consistent with the preceding proposal that the
present anunolyses proceed through an addition inter-
mediate and the leaving group departure from the inter-
mediate 1s the RDS based on the S, values.

Conclusions

The present study allows us to conclude the following: (1)
The replacement of the CH=CH group by a sulfur or an
oxvgen atom in the acvl moiety (1c — 1a or 1c — 1b)
increases reactivity as well as the acidity of the parent acid.
2-thiophenecarboxylic and 2-furoic acid. (2) The Bronsted-
tvpe plots for the aminolvsis of 1a-c are linear, and the
Hammett plots with ¢~ constants give better correlation than
the ones with ¢ constants for the reactions of pipendine with
substituted phenyl 2-thiophenecarboxvlates and substituted
phenyl 2-furcates. (3) The aminolvses of la-c proceed
through a stepwise mechanism in which the leaving group
departure from the addition intermediate to the products is
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the RDS, and the degree of bond breaking at the rate-
determining TS 1s significantly advanced.
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