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An extensive analysis of the free energy profile for the reaction of the hydroxide ion with ethyl acetate in
both aqueous and dimethyl sulfoxide (DMSO) solutions has been carried out using ab initio calculations and
including the solvent effect by the polarizable continuum model. Different reaction pathways were investigated,
such as the usual BAC2 mechanism, the carbanion mechanism, the elimination mechanism, and the SN2
mechanism. Our calculation agrees with the view that in aqueous and DMSO solution basic hydrolysis occurs
by the BAC2 mechanism. In water, the predicted activation free energy value is 17.6 kcal mol-1, which is in
very good agreement with the experimental value of 18.8 kcal mol-1. Using a new parametrization of the
polarizable continuum model adequate to describe anions and neutral species in DMSO, the present study
predicts a rate enhancement by a factor of 435 in the reaction when going from water (protic solvent) to
DMSO (dipolar aprotic solvent). In this solvent, the activation free energy is predicted to drop to 14.0 kcal
mol-1. Furthermore, our results point out that the elimination mechanism is only 6.0 kcal mol-1 (∆Gsol

q )
20.0 kcal mol-1) less favorable than the BAC2 mechanism in DMSO solution, and 8.4 kcal mol-1 less favorable
in water. The SN2 and the carbanion mechanisms have barriers above 30 kcal mol-1 in water and DMSO and
are thus highly unfavorable. These results suggest the elimination mechanism can become the dominant pathway
in the basic hydrolysis of sterically crowded esters at the carbonyl center.

I. Introduction

A set of chemical reagents are often found to undergo reac-
tions through competing pathways that lead to different products.
This consideration is particularly critical in the development of
synthetic routes because side reactions can lead to substantial
reduction of the yield of the target products.1 Thus, the
development of methods, procedures, reactants, or catalysts that
are able to control the generation of the final product is of utmost
importance. The first step in this direction is to understand the
reaction mechanism, other possible reaction pathways, and the
influence of the solvent and the temperature on each pathway.
Nowadays, some of these questions can be addressed by
theoretical calculations. Indeed, in recent years important studies
aimed to provide a general view of a determined reaction system
or address specific mechanistic questions have been reported.2-21

The objective of this work is to provide a general view of a
classical reaction system: the interaction of the hydroxide ion
with ethyl acetate. This is a representative system and can
provide us with quantitative insights on the activation barriers
and the thermodynamic stabilities of the different reaction
pathways and products. Theoretical studies dealing with the
basic hydrolysis of esters both in the gas phase and in aqueous
solution have been reported in the literature.5-10,22-25 Jorgensen
pioneered the study of the gas phase reaction of the hydroxide

ion with methyl formate that resulted in a careful analysis of
the reaction pathways.25 Subsequent theoretical studies mainly
emphasized the BAC2 and SN2 mechanisms for different
esters.5-9,24However, recently, an extensive study of the reaction
pathways of the basic hydrolysis of methyl formate both in the
gas phase and in aqueous solution was reported by Pliego and
Riveros.10,22 In that work, the authors used a hybrid discrete/
continuum approach to solvation26,27 in order to calculate the
free energy profile for the reaction in aqueous solution. The
calculated rate constant and thermodynamic parameters were
found to be in excellent quantitative agreement with the
experimental values.

In the present article, we have studied the reaction between
the hydroxide ion and ethyl acetate in two different solvents:
water and dimethyl sulfoxide (DMSO) solutions. This reac-
tion28-30 has been reported to display the classical enhancement
observed in SN2 reactions when going from protic to dipolar
aprotic solvents.31 To model this important effect, we have used
our recent parametrization of the polarizable continuum (PCM)
model capable of reproducing the solvation free energy of anions
in DMSO with good accuracy.32,33 Thus, our theoretical study
is concerned with the evaluation of the rate enhancement of
basic ester hydrolysis in going from protic (water) to dipolar
aprotic (DMSO) solvent and the prediction of the relative
importance of the competing pathways.

II. Reaction Pathways

It is well established that the usual pathway for the hydroxide
ion reaction with carboxylic esters, in aqueous solution, takes
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place through the BAC2 mechanism, where the hydroxide ion
attacks the carbonyl carbon, leading to a tetrahedral intermediate.
In the following step, this species decomposes to the carboxylate
and alcohol products.34-39 Nevertheless, several other possible
pathways could be considered for this system, and they are
summarized in Scheme 1. In this scheme, steps 1 and 2
correspond to the BAC2 mechanism, whereas step 3 represents
the protonation of the tetrahedral intermediate by a water
molecule. Step 4 is the SN2 mechanism corresponding to the
nucleophilic attack of the hydroxide ion on the ethyl group.
Step 5 is the proton abstraction leading to the enolate ion. This
anion can decompose through elimination of ethoxide and
formation of a ketene (step 6) that can further react with water
to generate acetic acid and ethoxide (step 7). The last step of
this pathway is the acid-base reaction of step 8. This carbanion
mechanism was proposed to take place in some cases.40 Finally,
step 9 corresponds to the elimination mechanism leading to
acetate, ethene, and water. It should be noted that the enolate
could also react by an aldol condensation type reaction with
ethyl acetate, but this possibility was not explored in this work.

III. Theoretical Calculations

The potential energy surfaces for the interaction of the
hydroxide ion with ethyl acetate were explored at the HF/
6-31+G(d) level of theory, and the nature of the stationary points
was characterized by harmonic frequency calculations. The
optimized structures were then used to make single point
calculations at the MP2 level of electron correlation using the
6-311+G(2df,2p) basis set. Although a high level of accuracy
would require the use of more demanding methods such as MP4
or CCSD(T), we think that the present level of theory is adequate
for our objectives.

To include solvent effects, we have used the polarizable
continuum model of Tomasi and co-workers41-45 in conjunction
with the HF/6-31+G(d) wave function. There are many versions
of this method, differing in the definition of the cavity and in
the treatment of the charges lying outside of the cavity. We

have preferred to use fixed atomic radii for H (1.20 Å), O (1.50
Å), and C (1.70 Å) and a scale factor of 1.20 that is adequate
for aqueous solution.46 It should be noted that the use of a
combined discrete/continuum solvation model is more accurate
to describe ions in aqueous solution, as it was shown in a recent
study by Pliego and Riveros.26,27An alternative approach would
be to use the PCM-UAHF model,43 the default method in
Gaussian 98. However, this method was parametrized to
describe the solvation of usual functional groups, using a small
set of solvation data, and may thus not be appropriated to
describe the solvation of transition states. Indeed, in a recent
study on the basic hydrolysis ofâ-lactams, Massova and
Kollman have estimated the activation free energy of the basic
hydrolysis ofN,N-dimethylacetamide using the PCM-UAHF
model. The value obtained by these authors, based on the
stability of the tetrahedral intermediate, is∼28.7 kcal mol-1

and should be compared with the value of 24.1 kcal mol-1

reported by Guthrie47 that was derived from experimental data.
By comparison, a recent kinetic study by Brown and co-
workers48,49 on the basic hydrolysis of formamide has resulted
in an activation free energy barrier of 21.2 kcal mol-1. Thus, it
seems that the PCM-UAHF model overestimates the dif-
ferential solvation between the transition state and the reactants,
leading to higher activation barriers.

For solvation in DMSO solution, we have also used the PCM
model with fixed atomic cavities. Many authors have made use
of continuum models to describe solvation in organic solvents
using the dielectric constant of the solvent, but adopting the
same cavities that were optimized for water. This approach is
incorrect because these continuum models would then predict
that different solvents with high dielectric constants have the
same solvation ability. Consequently, the rate enhancement
observed when the reaction goes from protic to dipolar aprotic
solvents would not be observed.31 To overcome this problem,
a different cavity size must be defined. For DMSO solution,
Pliego and Riveros have reported the first parametrization of
the PCM model to describe solvation of anions in DMSO, an

SCHEME 1
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approach that can also be applied to neutral species.33 This
parametrization is adequate to describe anion-molecule reac-
tions, and its good accuracy can be confirmed by a recent
calculation of the pKa’s of over 41 organic acids in DMSO
solution.50 The rms error in that study was only 2.2 pKa units.
This parametrization of the PCM model for DMSO uses the
following atomic radii: H (1.20 Å), O (1.50 Å), and C (1.70
Å), with a scale factor of 1.35.

The gas phase thermodynamic properties were calculated
using the ab initio data and standard statistical mechanics
formulas.51 All contributions, namely, translational, rotational,
vibrational, and electronic, were included. The gas phase
reaction and activation Gibbs free energy (∆Gg

/) was added to
the difference of the solvation free energy (∆∆Gsolv

/ ) in order
to calculate the solution phase Gibbs free energy (∆Gsol

/ ):

It is worthwhile to mention that some of the optimized transition
state structures are not true transition states in thegas phase.
Thus, structures TS1 and TS6 are not maxima on the gas phase
reaction path. In this situation, we have optimized several
structures by freezing different C-O distances, in the gas phase,
and added the solvation free energy in order to obtain the
potential of mean force surface. On this surface, a maximum
on the reaction path can be observed and we have taken these
structures as the transition state for the liquid phase reaction.
The vibrational contribution to the gas phase thermodynamic
properties of these structures is then calculated using the Hessian
projection method of Miller et al.52

The ab initio HF and MP2 calculations were performed with
the Gaussian 94 program system,53 and the calculations of
solvation free energies were done with the Gamess program
system.54 The boundary element method (BEM) formulation of
the PCM model was used for aqueous solution, while for DMSO
we have used the integral equation formalism (IEF) routine.
Corrections for the escape charges were included in both
calculations. Finally, it should be made clear that we are using
1 mol L-1 as the standard state for both the gas phase and the
solution for all thermodynamic properties.

IV. Results

The structures for the optimized transition states are shown
in Figure 1, while Figures 2 and 3 display the calculated free
energy profiles in water and DMSO solutions. The calculated
solvation free energies and the reaction and activation thermo-
dynamic properties are tabulated in Tables 1 and 2, respectively.
Each step indicated in the tables is numbered in accordance
with Scheme 1, and the transition state structures are named in
accordance with these steps. Thus, step 1 in this scheme
corresponds to transition state TS1, step 2, to TS2, and so on.
For some steps, the transition states were not calculated because
in these cases our interest was to evaluate the thermodynamic
feasibility of the reaction.

Free Energy Profile in Aqueous Solution.The activation
barrier in step 1, corresponding to the nucleophilic attack of
the hydroxide ion to the carbonyl carbon (TS1), is calculated
to be 17.6 kcal mol-1. This value is in very good agreement
with the experimental one55 of 18.8 kcal mol-1. This small error
is somewhat unexpected because the calculated solvation free
energy of the hydroxide ion,-92.5 kcal mol-1, underestimates
the experimental one (-105.0 kcal mol-1)32 by 12.5 kcal mol-1.
However, the PCM method also underestimates the∆Gsolv

/ of

alkoxides by a similar value, and as a consequence, the
differential solvation effect of 27.5 kcal mol-1 must be reliable.

The tetrahedral intermediate (MS1) is 9.2 kcal mol-1 above
the reactants, very similar to the calculated value of 8.1 kcal
mol-1 for the OH- + HCOOCH3 system.10 The next step,
elimination of ethanol through TS2, has a barrier of 8.8 kcal
mol-1, and it is 18.0 kcal mol-1 above the reactants. On the
basis of our previous work,10 the decomposition of the tetra-
hedral intermediate should occur either by direct elimination
of an ethoxide ion, explicitly solvated by two water molecules,
or by a catalyzed mechanism involving a second water molecule,
as shown by other authors,6,7 due to the fact that these pathways
have a lower barrier. We have not analyzed this possibility in
this work, since it involves the use of additional water molecules,
and our present objective is to provide a comparison with the
reaction in anydrous DMSO. Nevertheless, it is reasonable to
assume that the barrier of 17.6 kcal mol-1 determines the
kinetics in aqueous solution by this reaction pathway. The final
products, ethanol plus acetate, are 20.8 kcal mol-1 below the
reactants. This value is probably overestimated because the
solvation free energy calculated for the acetate ion underesti-
mates the experimental one by only 4.6 kcal mol-1. We have
taken gas phase∆H°f data from the NIST56 compilation and
theoretically calculated entropy and experimental solvation free
energy data from our recent report32 in order to evaluate the
reaction∆Gsol

/ for steps 1 and 2. The obtained value is-14.6
kcal mol-1, indicating an error of 6 kcal mol-1 in our theoretical
ab initio PCM calculation. This error is expected because the
PCM method predicts more reliable solvation free energies for
carboxylate ions than for alkoxides.

The tetrahedral intermediate can be protonated (step 3) with
a reaction free energy of 13.1 kcal mol-1. This value allows us
to predict the pKa of the neutral tetrahedral intermediate as being
6.1 units through a previously described method.26 Thus,
protonation does not take place in alkaline solution and this
step was not included in the free energy profile.

The SN2 mechanism, represented by TS4, has a∆Gsol
q of

34.7 kcal mol-1, considerably higher than that of the BAC2 mech-
anism. Therefore, this pathway can be ruled out for this system.

Another possible reaction path is the formation of the enolate
ion in step 5. The activation∆Gsol

q is 14.7 kcal mol-1, below
that of step 1. However, the enolate is 7.1 kcal mol-1 above
the free energy of the reactants, and the following step (TS6),
corresponding to the carbanion mechanism of ester hydrolysis,
has an overall free energy barrier of 37.3 kcal mol-1. Thus,
this mechanism can be ruled out for this reaction system. The
next steps, 7 and 8, correspond to the hydration of ketene formed
in step 6 followed by an acid-base reaction, leading to the final
products: ethanol plus acetate.

The last step, step 9, is the elimination mechanism represented
by structure TS9. This mechanism has a predicted activation
free energy of 26.0 kcal mol-1, and the products are predicted
to be stable by 20.4 kcal mol-1. This higher barrier implicates
that this pathway is also unfavorable for ethyl acetate.

Free Energy Profile in DMSO Solution.The DMSO solvent
has a lower ability to solvate anions, mainly small and charge
localized anions. A consequence of this fact is that all structures,
intermediates, products, and transition states are stabilized in
relation to the reactants when going from water to DMSO
solution. This becomes noticeable in Figures 2 and 3, where
the free energy profiles are very similar.

In step 1 (BAC2 mechanism) the activation barrier has de-
creased to 14.0 kcal mol-1, a variation of-3.6 kcal mol-1. The
free energy of intermediate MS1 is 5.1 kcal mol-1 above that

∆Gsol
/ ) ∆Gg

/ + ∆∆Gsolv
/
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of the reactants, and the transition state of the following step
(TS2) has a free energy below that of TS1, amounting only to
13.3 kcal mol-1. Thus, there is an inversion of the barrier height
in relation to the case of aqueous solution. The products are
stable by 23.8 kcal mol-1. The experimental free energy value
for this reaction can be calculated using experimental data, as
was done for the water solution case. However, due to the lack
of solvation data of ethyl acetate in DMSO, we have used our
theoretical estimate of-4.0 kcal mol-1. The calculated value
in DMSO is -25.2 kcal mol-1, in very good agreement with
our ab initio PCM calculation of-23.8 kcal mol-1. The error
of only 1.4 kcal mol-1 is expected because previous studies50

have shown that our parametrization33 of the PCM model for
DMSO is reliable. Step 3 was only considered for water solution,

while step 4, the SN2 mechanism, remains with a high barrier:
30.5 kcal mol-1. Consequently, this pathway is also not
important in DMSO solution.

The enolate can be easily formed in step 5 with an activation
∆Gsol

q of 9.4 kcal mol-1 and lies only 2.9 kcal mol-1 above the
reactants. The elimination of ethoxide and formation of ketene
(step 6) with a barrier of 33.2 kcal mol-1 makes this pathway
unfavorable. Finally, the elimination mechanism (step 9) has a
barrier of only 20 kcal mol-1, about 6 kcal mol-1 below that
barrier in aqueous solution.

V. Discussion

Our calculation for this system predicts that in aqueous
solution the reaction takes place by the BAC2 mechanism, in

Figure 1. Transition states for the OH- + CH3COOCH2CH3 reaction system.
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agreement with the experimental studies on basic ester hydroly-
sis. Furthermore, our results point out that parallel reactions do
not take place because the respective barriers are very high.
Similarly, in DMSO solution the BAC2 mechanism dominates,
but the elimination mechanism (TS9) is only 6 kcal mol-1 less
favorable than it is in water solution (8.4 kcal mol-1). This result
is in agreement with a general rule that establishes that a less
polar (or solvating) medium favors elimination.57 In addition,
regarding this relatively favorable elimination mechanism, a
recent experimental study has shown that an enzyme ofStaph-
ylococcus aureusinactivates the Streptogramin B antibiotics
through an elimination mechanism involving an ester group.58

This result shows that less favorable reaction pathways can play

an important role in biochemistry and a proper evaluation of
the respective activation barriers is relevant.

The decrease of the barrier for step 1 in going from water to
DMSO predicted by the present calculations is 3.6 kcal mol-1.
This corresponds to a rate enhancement by a factor of 435. The
available kinetics data in DMSO-water mixtures and pure water
provide a rate enhancement from water (0.110 L mol-1 s-1)55

to 55% aqueous DMSO (0.529 L mol-1 s-1)30 by a factor of 5.
This value is probably much smaller than that for going directly
to pure DMSO, because the high concentration of water in the
55% aqueous DMSO solution can lead to specific solvation of
the hydroxide ion and the rate constant becomes close to the
aqueous phase value. Typically, the factors for protic to dipolar

Figure 2. Free energy profile of the OH- + CH3COOC2H5 reaction in aqueous solution. Units of kilocalories per mole.

Figure 3. Free energy profile of the OH- + CH3COOC2H5 reaction in DMSO solution. Units of kilocalories per mole.
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aprotic rate enhancement involving hard nucleophiles31 are
around 103 to 107, corresponding to a 4.1 to 9.5 kcal mol-1

decrease in the activation barrier. Our calculation predicts a
value close to this interval.

The present information on the free energy profile of this
reaction allows us to make some extrapolations for more general
situations. An example is the case of sterically hindered esters
around the carbonyl center. In these cases, it is probable that
the barrier for the BAC2 mechanism becomes very high, and
parallel pathways can become important. On the basis of our
calculations, the elimination mechanism is the most viable
process. In DMSO solution, we have predicted a∆Gsol

q of only
20 kcal mol-1, in comparison to 26 kcal mol-1 in water. Thus,
even at room temperature the reaction could take place in DMSO
easily, while in water it would take place slowly. On the other
hand, for esters where the elimination mechanism is not possible,

the second most viable alternative is the SN2 mechanism.
However, even in DMSO the barrier is 30.5 kcal mol-1,
indicating that this process becomes favorable only at higher
temperature. In spite of this, some authors have used the SN2
reaction with iodide to cleave esters.59

We can also infer the free energy profile of the reaction of
alkoxides with ethyl acetate in DMSO, since they should display
similar reactivities to that of the hydroxide ion. In this case,
the BAC2 mechanism would lead only to the exchange of the
alkoxide and the most likely reaction pathway is the elimination
mechanism. Nevertheless, other possibilities need to be con-
sidered: the aldol condensation type reaction of the enolate
formed in step 5 with another ester molecule. The importance
of this pathway will depend mainly on the activation barrier
for the condensation step, because in DMSO the enolate is
predicted to be only 2.9 kcal mol-1 less stable than the reactants
and the alcohols have a pKa in DMSO close to the pKa of
water.60

The basic hydrolysis of ethyl acetate by the BAC2 mechanism
in water solution has also been studied theoretically by Zhan et
al.24 These authors did not calculate the activation free energy
but did calculate the energy barrier for the liquid phase reaction
using different continuum models. The barrier was evaluated
as the sum of the MP2/6-31++G(d,p) gas phase energies
(including zero point vibrational energy) with the solvation free
energy calculated by the continuum model. We can compare
their results with the present one by adding the entropic
contribution (-T∆Sg

q ) 6.9 kcal mol-1, our calculation) to the
Zhan et al.24 computed barriers in solution. Thus, for their SVPE
method, the free energy barriers are in the range 13.5 kcal mol-1

(0.001 au of isodensity) to 17.3 kcal mol-1 (0.002 au of
isodensity), while, for the PCM and IEFPCM methods with
UAHF cavities, the barriers are in the range 21.0-23.8 kcal
mol-1. From these results, it is evident that the PCM based
methods using UAHF cavities overestimate the experimental
barrier, while the SVPE method with a cavity defined by a value
of 0.001 au of isodensity leads to an underestimated∆Gq. On

TABLE 1: Calculated Solvation Free Energiesa

species ∆Gsolv
/ (water) ∆Gsolv

/ (DMSO)

OH- -92.45 -82.08
H2O -6.79 -4.97
CH3COOCH2CH3 -6.24 -3.97
CH3CH2O- -76.63 -68.15
CH3CH2OH -4.97 -3.38
CH2CO -3.08 -1.98
CH3COO- -72.74 -64.72
CH3COOH -7.23 -4.78
C2H4 -1.21 -0.86
MS1 -68.05 -59.52
MS2 -65.92 -59.31
MS3 -7.20 -4.65
TS1 -71.19 -62.18
TS2 -63.17 -55.26
TS4 -66.94 -58.55
TS5 -68.45 -61.14
TS6 -63.68 -56.96
TS9 -64.99 -58.41

a Units of kilocalories per mole. Ab initio calculations at the PCM/
HF/6-31+G(d) level. Standard state of 1 mol L-1.

TABLE 2: Thermodynamic Properties for the Activation and Reaction Steps Shown in Scheme 1a

Activation Properties

gas phase aqueous solution DMSO solution

step MP2b ∆ZPEc ∆Ed ∆Hg
q ∆Sg

q ∆Gg
q ∆∆Gsolv

q ∆Gsol
q ∆∆Gsolv

q ∆Gsol
q

1 -17.57 1.32 -16.25 -16.78 -23.14 -9.88 27.51 17.63 23.87 13.99
2 5.96 -1.65 4.31 4.45 1.64 3.96 4.88 8.84 4.26 8.22
4 -2.39 0.12 -2.27 -2.09 -17.00 2.98 31.75 34.73 27.51 30.49
5 -19.60 -2.05 -21.65 -21.89 -21.41 -15.51 30.25 14.74 24.91 9.40
6 34.62 -4.13 30.49 31.21 10.78 27.99 2.24 30.23 2.36 30.35
9 -9.60 -3.07 -12.67 -12.48 -16.14 -7.67 33.70 26.03 27.64 19.97

Reaction Properties

gas phase aqueous solution DMSO solution

step MP2b ∆ZPEc ∆Ed ∆Hg
/ ∆Sg

/ ∆Gg
/ ∆∆Gsolv

/ ∆Gsol
/ ∆∆Gsolv

/ ∆Gsol
/

1 -31.99 3.30 -28.69 -29.62 -27.29 -21.48 30.65 9.16 26.54 5.06
2 -7.30 -2.25 -9.55 -9.21 37.17 -20.30 -9.66 -29.95 -8.58 -28.88
3 36.45 0.70 37.15 37.14 -2.56 37.90 -24.81 13.09 -22.25 15.65
4 -39.28 1.05 -38.23 -38.83 9.88 -41.78 20.99 -20.79 17.96 -23.82
5 -17.05 -1.20 -18.25 -18.18 2.50 -18.93 25.99 7.06 21.77 2.85
6 47.86 -4.83 43.03 43.25 29.40 34.49 -13.80 20.68 -10.82 23.67
7 -36.69 6.06 -30.63 -31.78 -26.10 -24.00 2.65 -21.35 2.16 -21.84
8 -33.40 1.02 -32.38 -32.12 4.07 -33.34 6.15 -27.19 4.84 -28.50
9 -23.91 -4.09 -28.00 -27.55 36.13 -38.33 17.95 -20.37 15.51 -22.82

a Units of kilocalories per mole. Standard state of 1 mol L-1 for both gas phase and liquid phase thermodynamic properties. Correction factors
(-RT ln(2)) were included for the enantiomeric minima and the transition state structures.b This corresponds to the MP2/6-311+G(2df,2p)//HF/
6-31+G(d) level of theory.c Zero point vibrational energy contribution.d Sum of the MP2 energy plus the change of the zero point energy (∆ZPE)
contribution.
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the other hand, the use of an isodensity of 0.002 au to define
the cavity results in a∆Gq close to our computed value of 17.6
kcal mol-1, which is in good agreement with the experimental
data. Zhan et al.24 have argued that this smaller cavity is justified
due to the strong hydrogen bond present in this system.

VI. Conclusion

Our theoretical calculations predict that the basic hydrolysis
of ethyl acetate takes place through the BAC2 mechanism in
both aqueous and DMSO solutions. The theoretical activation
free energy barrier for this pathway decreases from 17.6 to 14.0
kcal mol-1 in going from water to DMSO. Thus, the basic
hydrolysis of esters presents the very well-known rate enhance-
ment observed in SN2 reactions upon the transfer of the reaction
from protic to dipolar aprotic solvent. The elimination mech-
anism is the second alternative with activation free energy
barriers of 26.0 kcal mol-1 (water) and 20.0 kcal mol-1

(DMSO). This pathway could be important in the basic hy-
drolysis of esters sterically hindered on the carbonyl group.
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