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Second-order rate constants have been measured for the reactions of 2,4-dinitrophenyl X-substituted
benzoates (1a—f) with a series of primary amines in 80 mol % H,0/20 mol % DMSO at 25.0 + 0.1
°C. The Brgnsted-type plot for the reactions of 1d with primary amines is biphasic with slopes
= 0.36 at the high pK, region and 3, = 0.78 at the low pK, region and the curvature center at pK;°
= 9.2, indicating that the reaction proceeds through an addition intermediate with a change in the
rate-determining step as the basicity of amines increases. The corresponding Brgnsted-type plot
for the reactions with secondary amines is also biphasic with 3, = 0.34, 5, = 0.74, and pK,° = 9.1,
indicating that the effect of amine nature on the reaction mechanism and pK,° is insignificant.
However, primary amines have been found to be less reactive than isobasic secondary amines. The
microscopic rate constants associated with the aminolysis have revealed that the smaller k; for
the reactions with primary amines is fully responsible for their lower reactivity. The electron-
donating substituent in the nonleaving group exhibits a negative deviation from the Hammett plots
for the reactions of 1a—f with primary and secondary amines, while the corresponding Yukawa—
Tsuno plots are linear. The negative deviation has been ascribed to stabilization of the ground
state of the substrate through resonance interaction between the electron-donating substituent

and the carbonyl functionality.

Introduction

Aminolysis of esters has generally been understood to
proceed through an addition intermediate (T*) with a
change in the rate-determining step (RDS) from break-
down of T# to its formation as the amine becomes more
basic than the leaving group by 4—5 pK, units.?™®
However, other factors have also been suggested to
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determine the reaction mechanism, i.e., aminolysis pro-
ceeds through one or two intermediates (e.g., T* and its
deprotonated T~) depending on amine basicity,3*" reac-
tion medium,**" and the nature of amines.52P

Another intriguing question is whether the substituent
in the nonleaving group affects the reaction mechanism.
Castro et al. have suggested that the electronic nature
of the substituent in the nonleaving group affects the
pKy° value.®” In pyridinolysis of 2,4-dinitrophenyl X-
substituted benzoates (X = H, 4-Cl, and 4-NO,) in
aqueous ethanol, the Brgnsted-type plot has been ob-
tained to be curved with pK,° = 9.5 for the reactions of
the unsubstituted benzoate but linear for the correspond-
ing reactions of the 4-chloro and 4-nitro derivatives (pK,°
> 9.5).% More recently, the pK,° value has been suggested
to increase as the substituent in the nonleaving group of
the substrate becomes a stronger electron-withdrawing
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substituent (EWS) for the reactions of S-4-nitrophenyl
X-substituted thiobenzoates in aqueous ethanol (i.e., pKy°
=10.0, 10.4, and >10.8, as the substituent changes from
H to 4-Cl and 4-NO,, respectively).” Their finding is in
accordance with the results of Gresser and Jencks for the
reactions of quinuclidines with diaryl carbonates.? It has
been reported that electron attraction from the nonleav-
ing group favors amine expulsion (e.g., k—; in Scheme 1)
compared with ArO~ expulsion (e.g., ko in Scheme 1),8
indicating that the pK,° value increases with increasing
electron-withdrawing ability of the nonleaving group
substituents by increasing the k_,/k, ratio.

However, we have recently proposed that the effect of
nonleaving group substituents on the reaction mecha-
nism is insignificant.>¢4919 We have shown that the k_/
ko, ratio remains nearly constant on changing the elec-
tronic nature of the substituent in the nonleaving group
for the reactions of 2,4-dinitrophenyl X-substituted ben-
zoates with a series of alicyclic secondary amines.®
Although the Hammett plots have been found to be
nonlinear for aminolyses of 4-nitrophenyl®® and 2,4-
dinitrophenyl X-substituted benzoates® and 2,4-dinitro-
phenyl X-substituted benzenesulfonates,* the correspond-
ing Yukawa—Tsuno plots are linear. A similar result has
been found for alkaline hydrolysis of O-4-nitrophenyl
X-substituted thionobenzoates®® and for nucleophilic
substitution reactions of 2,4-dinitrophenyl X-substituted
benzoates with anionic nucleophiles such as OH~, CN-,
and N3~ in 80 mol % H,0/20 mol % DMSO.1% Tradition-
ally nonlinear Hammett plots have been interpreted as
a change in the reaction mechanism or the RDS of a
stepwise reaction.*'?2 However, we have proposed an-
other explanation for the nonlinear Hammett plots, e.g.,
stabilization of the ground state (GS) of the substrate
through resonance interaction between the electron-
donating substituent (EDS) and the carbonyl, thionocar-
bonyl, and sulfonyl functionalities on the basis of the
linear Yukawa—Tsuno plots.5¢d9.10

We have extended our work to reactions of 2,4-
dinitrophenyl X-substitued benzoates (1a—f) with a series
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TABLE 1. Summary of Apparent Second-order Rate
Constants (kn) for Aminolysis of 2,4-Dinitrophenyl
Benzoate (1d) in 80 mol % H>0/20 mol % DMSO at 25.0 +
0.1°C2

entry amine pKa 10T ky (M~1s7D)
1 trifluoroethylamine 5.68 0.178 £ 0.004
2 glycine ethyl ester 7.68 4.25 +0.08
3 glycylglycine 8.31 122 +0.1
4 benzylamine 9.46 525+0.5
5 ethanolamine 9.67 62.1 +0.9
6 glycine 10.06 126 + 3
7 ethylenediamine 10.32 146 £ 2
8 propylamine 10.89 204 + 2
9 ethylamine 10.67 204 + 4
10 piperazinium ion 5.95 4.67 £0.12
11 1-formyl piperazine 7.98 54.3 + 0.1
12 morpholine 8.65 196 + 32
13 piperazine 9.85 821 + 82
14 3-methylpiperidine 10.8 1670 + 172
15 piperidine 11.02 1740 + 262

2 The kn values for the reactions with the secondary amines
were taken from ref 9.

of primary amines in 80 mol % H,0/20 mol % DMSO to
investigate (1) the effect of nonleaving group substituents
on the reaction mechanism and (2) the effect of amine
nature on rates and mechanism by comparing the Kinetic
results obtained in this study with those reported previ-
ously for the corresponding reactions with secondary
amines.®

Results

Reactions of 1a—f with the primary amines proceeded
with quantitative liberation of 2,4-dinitrophenoxide. All
reactions studied in this work obeyed pseudo-first-order
kinetics under excess amine. Pseudo-first-order rate
constants (Kqsq) Were obtained from the equation In(A.
— Ay = — Kepsat + €. Correlation coefficients of the linear
regressions were usually higher than 0.9995. The plots
of kosa VS @amine concentrations are linear and pass
through the origin, indicating that general base catalysis
by the second amine molecule is absent and the contribu-
tion of OH~ and H,0 to kgnsq is Negligible. Five different
amine concentrations were used to determine second-
order rate constants (kn) from the slope of the linear plots.
The second-order rate constants determined in this way
are summarized in Tables 1 and 3. The Kkinetic conditions
together with the pseudo-first-order rate constant Kopsg
values are given in Tables S2—S21 in Supporting Infor-
mation.

Discussion

Reaction Mechanism. As shown in Table 1, the
reactivity increases as the amine basicity increases, i.e.,
as the amine changes from weakly basic trifluoroethyl-
amine to more basic benzyl and ethylamine, the second-
order rate constant (ky) for the reaction of 1d increases
from 0.0178 to 5.25 and 20.4 M~* s %, respectively. The
effect of amine basicity on reactivity is illustrated in
Figure 1. The statistically corrected Brgnsted-type plot
using p and g3 for the reactions of 1d with primary

(13) Bell, R. P. The Proton in Chemistry; Methuen: London, 1959;
p 159.
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FIGURE 1. Brgnsted-type plots for reactions of 2,4-dinitro-
phenyl benzoate (1d) with primary and secondary amines in
80 mol % H>0/20 mol % DMSO at 25.0 + 0.1 °C. The solid
lines were calculated by eq 1.

amines exhibits a downward curvature, i.e., fn de-
creases from 0.78 to 0.36 as the basicity of amines
increases. A similar result is demonstrated for the
corresponding reaction with secondary amines. Because
such a biphasic Brgnsted-type plot is typical for reactions
that proceed through an addition intermediate (T+),2~5
one can suggest that the present reaction proceeds as
shown in Scheme 1 with a change in the RDS from
breakdown of T= to its formation as the basicity of amines
increases.

The nonlinear Brgnsted-type plots shown in Figure 1
have been analyzed using a semiempirical equation (eq
1)8914 on the basis of the proposed mechanism in Scheme
1, where ; and f3; represent the slope of the Brgnsted-
type plot in Figure 1 for the reactions with strongly basic
and weakly basic amines, respectively.

k 1+
Iog(k—,:o) = Bo(PK,y — PK,®) — log ( > a)

where log o = (8, — B)( PK, — pK,°) 1)

The ky° refers to the ky value at pK,°, the center of the
curvature in the curved Bronsted-type plot, where k_,/
ko = 1. The pK,° value has been determined to be 9.2
and 9.1 for the reactions with primary and secondary
amines, respectively, indicating that pK,° is not signifi-
cantly influenced by the amine nature. The pK,° value
in the aminolysis of 1d is ca. 5 pK, units higher than
the pK, of the conjugate acid of the leaving group. This
is consistent with the general report that the RDS
changes as the amine becomes more basic than the
leaving group by 4—5 pK, units.?2~> However, the present
result contrasts to the proposal that pK,° is independent
of the leaving group basicity but significantly influenced
by the amine nature.*2¢ Lee et al. have recently shown

(14) Castro, E. A.; Ureta, C. J. Org. Chem. 1989, 54, 2153—2159.
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pKa°® = 9.7 for the reactions of substituted phenyl furan-
2-carbodithioates with benzylamines in CH3;CN, whereas
pK,°® = 5.2 for the corresponding reactions with pyridines
in CH3CN.#2 A similar result has been reported for the
reactions of substituted phenyl dithioacetates with py-
ridines in CH3;CN (e.g., pKy®° = 5.2 regardless of the
leaving group basicity).*

Effect of Amine Nature on Reactivity. Figure 1
shows that primary amines are less reactive than sec-
ondary amines of similar basicity. This is consistent with
the report that primary amines exhibit reactivity lower
than that of secondary or tertiary amines of similar
basicity in various reactions, i.e., in deprotonation of
carbon acids such as nitroethane,® 4-nitrophenyl, and
2,4-dinitrophenylacetonitriles,'® and in nucleophilic dis-
placement on chloramine!” and in aminolysis of various
esters.!>*18 Since solvation energy has been reported to
increase in the order RsNH* < R,NH," < RNH;3™, solvent
effect has generally been suggested to be responsible for
the decreasing reactivity order.11619

However, Castro et al. have explained the reactivity
order using the ki/k_; ratio, since k, would be indepen-
dent of the nature of amines.? It has been shown that
quinuclidines are more reactive than isobasic alicyclic
secondary amines in the reactions with methyl 2,4-
dinitrophenyl carbonate and phenyl 2,4-dinitrophenyl
carbonate in water.?°2 Similarly, pyridines have been
reported to be more reactive than isobasic alicyclic
secondary amines toward 4-methylphenyl 4-nitrophenyl
thionocarbonate in 44% ethanol/water.?%® In all cases the
ki/k_; ratios for quinuclidines and pyridines have been
suggested to be larger than those for the isobasic alicyclic
secondary amines.?°

k,k,[substrate][amine]

rate = 2
CETS @)
K.k
kN — 172
K, + K,
K
e @
— 41
k2

We have determined the microscopic rate constants
(e.g., ky and k_y/k; ratio) associated with the reactions of
1d with primary and secondary amines to investigate
which is responsible for the lower reactivity shown by
primary amines between k; and k_,/k, (or k—;). The
apparent second-order rate constant ky can be expressed

(15) (a) Gregory, M. J.; Bruice, T. C. J. Am. Chem. Soc. 1967, 89,
2327—-2330. (b) Bruice, T. C.; Donzel, A.; Huffman, R. W.; Butler, A.
R. J. Am. Chem. Soc. 1967, 89, 2106—2121.

(16) Bernasconi, C. F.; Hibdon, S. A. 3. Am. Chem. Soc. 1983, 105,
4343—4348.

(17) Yagil, G.; Anbar, M. 3. Am. Chem. Soc. 1962, 84, 1797—1803.

(18) (a) Kirby, A. J.; Jencks, W. P. J. Am. Chem. Soc. 1965, 87,
3209-3216. (b) Benkovic, S. J.; Benkovic, P. A. J. Am. Chem. Soc. 1966,
88, 5504—5511.

(19) Richard, J. P.; Jencks, W. P. J. Am. Chem. Soc. 1984, 106,
1373-1383.

(20) (a) Castro, E. A.; Aliaga, M.; Campodonico, P.; Santos, J. G. J.
Org. Chem. 2002, 67, 8911—-8916. (b) Castro, E. A.; Garcia, P.; Leandro,
L.; Quesieh, N.; Rebolledo, A.; Santos, J. G. J. Org. Chem. 2000, 65,
9047—-9053.
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TABLE 2. Summary of Microscopic Rate Constants
Associated with Aminolysis of 2,4-Dinitrophenyl
Benzoate (1d) in 80 mol % H>0/20 mol % DMSO at 25.0 +
0.1°C?a

entry amine pKa koiko ki (M~1s™h)
1 trifluoroethylamine 5.68 18.6 0.348
2 glycine ethyl ester 7.68 2.73 1.59
3 glycylglycine 8.31 1.99 3.64
4 benzylamine 9.46 0.489 7.82
5 ethanolamine 9.67 0.399 8.69
6 glycine 10.06 0.274 16.0
7 ethylenediamine 10.32 0.284 18.8
8 propylamine 10.89 0.123 22.9
9 ethylamine 10.67 0.152 23.5
10 piperazinium ion 595 105 5.36
11 1-formylpiperazine 7.98 2.13 17.0
12 morpholine 8.65 1.15 42.1
13 piperazine 9.85 0.501 123
14 3-methylpiperidine 10.8 0.158 193
15 piperidine 11.02 0.129 197

a pK, values in 80 mol % H20/20 mol % DMSO taken from refs
5d and 9.

as eq 3 by applying the steady-state conditions to the
intermediate on the basis of the proposed mechanism in
Scheme 1. The k_1/k, ratios for the reactions of 1d with
primary amines have been calculated using the methods
reported previously by Castro et al. (see also eqs S1— S6
in Supporting Information).3¢* The k; values have been
determined from eq 3 using the ky values in Table 1 and
the k_i/k, ratios determined above. Using the same
method, we have recalculated the k_,/k, ratios and k;
values for the reactions of 1d with secondary amines from
the ky values reported previously.

Table 2 shows that the k_i/k, ratio decreases as the
basicity of amines increases, i.e., k_i/k, > 1 for pK, < 8.31
and k_,/k, < 1 for pK, = 9.46 for the reactions of 1d with
primary amines. A similar result can be seen for the
corresponding reactions with secondary amines, i.e., k_,/
k, > 1 for pK, = 8.65 and k_i/k, < 1 for pK, = 9.85. This
result is in accordance with the preceding proposal that
the RDS changes at pK, ca. 9.2 and 9.1 for the reactions
of 1d with primary and secondary amines, respectively.

The effect of amine basicity on the k_i/k, ratio is
illustrated in Figure 2. One can see linear Brgnsted-type
plots with a -, value of —0.42 and —0.40 for reactions
of 1d with primary and secondary amines, respectively.
Interestingly, the magnitude of the k_,/k; ratio is almost
the same for the reactions of 1d with primary and
secondary amines, indicating that the k_,/k; ratio (or k_)
cannot be responsible for the reactivity difference be-
tween primary and secondary amines.

As shown in Table 2 and Figure 3, the k; value
increases linearly as the amine basicity increases for the
reactions of 1d with primary and secondary amines.
Interestingly, the k; value is smaller for the reactions
with primary amines than for those with secondary
amines of similar basicity. This result suggests that the
smaller k; value for the reactions with primary amines
is fully responsible for their lower reactivity.

One should have expected an opposite result (e.g.,
larger k; for the reactions with primary amines than for
those with isobasic secondary amines) if steric effect were
significant for the present reactions. Steric effect would
be significant for reactions in which bond formation

3940 J. Org. Chem., Vol. 69, No. 11, 2004
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FIGURE 2. Brgnsted-type plots for reactions of 2,4-dinitro-

phenyl benzoate (1d) with primary and secondary amines in
80 mol % H,0/20 mol % DMSO at 25.0 + 0.1 °C.
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FIGURE 3. Brgnsted-type plots for reactions of 2,4-dinitro-
phenyl benzoate (1d) with primary and secondary amines in
80 mol % H,0/20 mol % DMSO at 25.0 + 0.1 °C.

between the electrophile and nucleophile in the TS is
greatly advanced. Because the magnitude of 5, represents
the extent of bond formation in the TS,1*¢ the small
value obtained in the aminolysis of 1d (e.g., 0.37 and 0.34
for the reactions with primary and secondary amines,
respectively) suggests that the extent of bond formation
is insignificant. Accordingly, the steric effect in the
present system appears to be insignificant. This argu-
ment is in accordance with the report that tertiary
amines are less reactive than secondary or primary
amines of similar basicity in the nucleophilic substitution
reaction of phenyl acetate in which fn, = 1.05,'%° while
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TABLE 3. Summary of Second-Order Rate Constants
(kn) for Aminolysis of 2,4-Dinitrophenyl X-Substituted
Benzoates (1a—f) in 80 mol % H,0/20 mol % DMSO at 25.0
+0.1°C

103 ky (M~1s7h) 10'ky(M71s™h)  ky(M1s™h)

X trifluoroethylamine glycylglycine ethylamine
4-MeO 4.71 +0.06 2.76 £ 0.01 4.86 + 0.01
4-Me 8.89 £ 0.04 6.06 + 0.07 10.7 £ 0.04
H 178+ 04 122+ 0.1 204 +0.4
4-Cl 31.9+0.3 23.7+£0.2 48.1 £ 0.04
4-CN 124 £ 1 116 £1 273+ 0.6
4-NO> 153+ 1 152 + 2 384 +1

the reverse is true in the reactions of phosphate and
sulfate esters in which f,,c = 0.20'8 and 0.13,® respec-
tively.

Effect of Nonleaving Group Substituent on Rate
and Mechanism. Nonlinear Hammett plots have tra-
ditionally been interpreted as a change in reaction
mechanism or RDS depending on the shape of the
curvature.'*2 An upward curvature has been ascribed
to a change in reaction mechanism and is typified by a
nucleophilic substitution in benzylic systems where EDSs
are located on the large negative slope portion corre-
sponding to the Sy1 mechanism, which then changes to
the Sy2 mechanism for the EWSs found on the small
negative (or even positive) slope portion of the plot.1! In
contrast, a downward curvature has been understood as
a change in the RDS within a given mechanism upon
changing the electronic nature of substituents.!?

However, we have recently suggested a different
explanation for the nonlinear Hammett plots obtained
from aminolyses of 4-nitrophenyl X-substituted benzoates™
and 2,4-dinitrophenyl X-substituted benzenesulfonates®
as well as alkaline hydrolysis of O-4-nitrophenyl X-
substituted thionobenzoates!®® and nucleophilic substitu-
tion reactions of 2,4-dinitrophenyl X-substituted ben-
zoates with OH~, CN~, and N3~.1% In all cases, EDSs in
the nonleaving group exhibit negative deviations from
Hammett plots. We have ascribed the negative deviations
to stabilization of the ground state (GS) of the substrate
through resonance interaction between the EDS and the
carbonyl, thionocarbonyl, and sulfonyl functionalities as
illustrated by resonance structures I < Il and Il <

V. 5¢,d,10
:w<:> ®) Q%C:>=q@j
MeO C-OAr -— MeO C-OAr
I 1I
I Q) 4 Q
MeO@ﬁ—OAr MeOZ@:ﬁ—OAr
o o
III v

As shown in Table 3, the second-order rate constant
increases as the substituent X in the nonleaving group
changes from a strong EDS to a strong EWS. The effect
of substituent X on rates has been illustrated in Figure
4. One can see that the Hammett plots are curved
downwardly, i.e., the points for 4-MeO and 4-Me exhibit
negative deviations from the linear Hammett plots in all
cases. A similar result has been obtained for the corre-
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FIGURE 4. Hammett plots for reactions of 2,4-dinitrophenyl
X-substituted benzoates (1a—f) with three primary amines in
80 mol % H,0/20 mol % DMSO at 25.0 + 0.1 °C.
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FIGURE 5. Yukawa—Tsuno plots for reactions of 2,4-dini-
trophenyl X-substituted benzoates (1a—f) with three primary
amines in 80 mol % H,0/20 mol % DMSO at 25.0 + 0.1 °C.

sponding reactions with secondary amines (see Figure
S1 in Supporting Information). However, the Yukawa—
Tsuno plots in Figure 5 (and in Figure S2) exhibit good
linear correlation, indicating that the curved Hammett
plots in Figure 4 and Figure S1 in Supporting Informa-
tion are due not to a change in the RDS but to stabiliza-
tion of the GS through resonance interaction between the
EDS and the carbonyl group as illustrated by resonance
structures | < Il. Thus, the present study further
confirms our previous proposal that determination of
reaction mechanism based just on a linear or nonlinear
Hammett plot can be misleading.5¢410
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The Yukawa—Tsuno equation (eq 4) has been applied
to numerous reactions in which a partial positive charge
develops in the transition state (TS) of the RDS.?1~24 The
magnitude of the r value represents the resonance
demand of the reaction center or the extent of resonance
contribution, and the term (o7 — ¢°) is the resonance
substituent constant that measures the capacity for
s-delocalization of the s-electron donor substituent.

X
log (%) = plo° + 10" — 0°)] @)

The r value has been found to be as large as 1.53 for
solvolysis of 1-aryl-2,2,2-trifluoroethyl tosylates, in which
the resonance demand is significantly high due to the
strong electron-withdrawing ability of the a-CF; group.?®
On the other hand, the r value decreases when the
coplanarity of the aryl moiety and the reaction center is
hindered by twisting the aryl moiety.?~2* However, it has
been reported that a large r value always accompanies a
large p value or vice versa for Syl reactions.?1=24

In contrast, the r value in the present reaction in-
creases as the p value decreases, i.e., the r value increases
from 0.49 to 0.58 and 0.60 as the p decreases from 1.56
to 1.38 and 1.19 for the reaction of 1d with ethylamine,
glycylglycine, and trifluoroethylamine, respectively (see
Figure 5). Such an inverse relationship between r and p
is more significant for the reactions with secondary
amines, i.e., the r value increases from 0.36 to 0.65 and
0.89 as the p decreases from 1.48 to 1.04 and 0.71 for
the reactions of 1d with piperidine, morpholine and
piperazinium ion, respectively (see Figure S2 in Sup-
porting Information). The same trend in the magnitude
of the r and p values has been found for reactions of
4-nitrophenyl-substituted benzoates with alicyclic sec-
ondary amines, i.e., the r values are 0.75, 1.05, 1.20, 1.29,
and 1.38 while the p values are 0.75, 0.54, 0.51, 0.44, and
0.42 for the reaction with piperidine, piperazine, 1-(2-
hydroxyethyl)piperazine, morpholine, and 1-formylpip-
erazine, respectively. It is noted that the r value increases
while the p value decreases as the basicity of amines
decreases, indicating that the magnitude of the r and p
values is associated with the RDS of ester aminolyses.

Conclusions

The present study has allowed us to conclude the
following: (1) The reaction of 1d with primary amines
proceeds through T* in which the RDS changes from
breakdown of T= to its formation as the basicity of amines
increases (e.g., pKy° = 9.2). (2) Primary amines are less
reactive than isobasic secondary amines toward 1d. The
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ki value is smaller for the reactions with primary amines
than for those with secondary amines of similar basicity,
while the k_i/k, ratios are almost the same for both
reactions with primary and secondary amines. Accord-
ingly, the smaller k; value has been suggested to be fully
responsible for the lower reactivity of primary amines.
(3) The Hammett plots for the aminolyses of 1la—f are
nonlinear, but the corresponding Yukawa—Tsuno plots
are linear. The nonlinear Hammett plots have been
ascribed to resonance stabilization of the GS of the
substrate as illustrated by the resonance structures | <
1.

Experimental Section

Materials. Compounds (2,4-dinitrophenyl X-substituted
benzoates, la—f) were prepared from the reaction of X-
substituted benzoyl chlorides with 2,4-dinitrophenol in anhy-
drous ether in the presence of triethylamine as reported
previously.® Their purity was checked by means of melting
point and spectral data such as IR and *H NMR characteris-
tics. Amines and other chemicals were of the highest quality
available. Distilled water was further boiled and cooled under
nitrogen just before use.

Kinetics. The Kkinetic study was performed with a UV—vis
spectrophotometer for the slow reactions (ty2 > 10 s) or a
stopped-flow spectrophotometer for the fast reactions (ty. <
10 s) equipped with a constant temperature circulating bath
at 25.0 + 0.1 °C. All solutions were transferred by gastight
syringes. The reactions were followed by monitoring the
appearance of the leaving 2,4-dinitrophenoxide ion. All reac-
tions were carried out under pseudo-first-order conditions in
which amine concentrations were at least 100 times greater
than the substrate concentration. The reaction medium was
80 mol % H,0/20 mol % DMSO to eliminate the problem of
low solubility of the substrates in pure H;O.

Typically, a reaction was initiated by adding 5 uL of a 0.01
M solution of 2,4-dinitrophenyl benzoate in acetonitrile by
syringe to a 10-mm quartz UV cell containing 2.50 mL of the
thermostated reaction mixture made up of solvent and an
aliquot of the amine stock solution. Generally, the amine
concentration was varied over the range (1—100) x 1073 M,
while the substrate concentration was 1 x 1075 M. Pseudo-
first-order rate constants (Konsa) Were calculated from the well-
known equation In(A. — At) = — Konsat + €. The plots of In(A«
— Ay) vs time were linear over ca. 90% reaction. Usually, five
different amine concentrations were employed, and replicate
values of kopsq Were determined to obtain the second-order rate
constants (kn) from the slope of linear plots of Kgpsa Versus
amine concentrations.

Products Analysis. 2,4-Dinitrophenoxide was liberated
quantitatively and identified as one of the products in the
aminolysis of 1a—f by comparison of the UV—vis spectra after
completion of the reactions with those of the authentic sample
under the same reaction conditions. Other products such as
N-ethylbenzamide and N-(n-propyl)benzamide have been iden-
tified by GC—MS.
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