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Abstract
The hydrolysis of α-chloro-N-methyl-4-pyridone was found to be more than five times faster than
that of α-chloro-N-methyl-2-pyridone. Structural studies of 2- and 4-pyridones have revealed the
higher polarity and greater extent of zwitterionic content in 4-pyridone. The results are thus
consistent with the hypothesis that polarization and higher zwitterionic content in the heterocyclic
structures enhances the rate of hydrolysis in α-substituted pyridone and uracil derivatives.
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1. Introduction
We have recently investigated the hydrolysis of α-halo and α-cyanopyridinium compounds
as a model for the conversion of 6-cyanouridine 5′-monophosphate (6-cyanoUMP) to β-D-
ribofuranosylbarbiturate 5′-monophosphate catalyzed by orotidine 5′-monophosphate
decarboxylase (ODCase).1,2 The positively charged α-substituted pyridinium derivatives
were found to undergo hydrolysis with a rate of up to 105-fold greater than those of neutral
species. We have hypothesized that ODCase catalyzes the hydrolysis of 6-cyanoUMP by
binding the substrate in the polar zwitterionic form and thus increasing the electrophilicity of
the heterocyclic structure. According to this hypothesis, substrates with more polar
structures and thus more zwitterionic character should be more reactive towards nucleophilic
attack. In this Letter, we compare the respective transformation of α-chloro-substituted 2-
and 4-pyridones (1 and 2) to 3 and 4 and report that the hydrolysis of 4-pyridone 2 is
facilitated as a result of greater contribution of the zwitterionic resonance form to its
structure.

It has been reported that 4-pyridone is much more polar than 2-pyridone due to the greater
contribution from its polar and zwitterionic resonance structures.3 The structures of N-
methyl-2-pyridone 5 and N-methyl-4-pyridone 6 and their corresponding zwitterions 5a and
6a are shown in Figure 2. The different degrees of contribution from zwitterionic structures
5a and 6a to the overall structure of 2- and 4-pyridone are consistent with the differences in
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their molecular properties shown in Table 1. The carbonyl oxygen in 4-pyridone is much
more basic than that in 2-pyridone. For example, the conjugate acid of the non-methylated
analogue 4-pyridone has a higher pKa than that of the corresponding 2-pyridone.4–6 The
gas-phase proton affinity of the carbonyl oxygen in 4-pyridone 6 is also higher than that in
2-pyridone 5.7 Furthermore, the dipole moment of 4-pyridone 6 is found to be larger than
that of 2-pyridone 5.8,9 Infrared (IR) and Raman spectroscopic studies of 2- and 4-pyridones
and their analogues have indicated that the structure of 2-pyridone is consistent with the
lactam structure in 5 whereas the structure of 4-pyridone contains up to 10–15%
contribution from the dipolar zwitterionic structure such as 6a.10,11

The correlation between the greater rate of decarboxylation of N-Methyl-4-pyridone-2-
carboxylic acid as compared to N-methyl-2-pyridone-6-carboxylic acid and the relative
stability of the zwitterionic structures derived from 4-pyridone has been well
documented.12,13 The enhanced contribution of the zwitterionic intermediate has been
shown to be the key factor in the facile decarboxylation of the 4-pyridone-derived
carboxylic acid.12 In order to understand how the structural difference in 2- and 4-pyridones
affect their reactivity in the hydrolysis reaction and to test our hypothesis, we decided to
investigate the hydrolysis of 6-chloro-N-methyl-2-pyridone (1) and 2-chloro-N-methyl-4-
pyridone (2). According to our hypothesis, the more polarized structure of 4-pyridone
should lend 4-pyridone 2 more reactivity than 2-pyridone 1. These two pyridone derivatives
were synthesized as reported.14 The hydrolysis reactions were carried out in 1.0 M NaOD in
D2O. The reactions were monitored using NMR spectroscopy to follow the disappearance of
the substrates through integration of the pyridine proton absorptions. Sodium terephthalate
and sodium maleate were added as respective external standards in the hydrolysis of 1 and 2.
The pseudo first-order rate constants, kOD, for pyridones 1 and 2 thus measured in a 1.0 M
solution of NaOD in D2O are 1.4 x 10−5 and 7.2 x 10−5 s−1, respectively, as shown in Table
1.

From the comparison of the rate constants, it is clear that the greater zwitterionic
contribution to the structure of 4-pyridone enhances the reaction rates by more than five-
fold. The proposed mechanism for the reaction of 4-pyridone 2 is shown in Figure 3. An
analogous mechanism can be drawn for the reaction of 2-pyridone 1. The mechanism
involves nucleophilic attack on the α-carbon to form the tetrahedral intermediate followed
by the departure of the leaving group. Our earlier study has shown that the first step is likely
to be the rate-determining step and that the electron density on the heterocyclic structure
affect the rate of hydrolysis of α-substituted pyridinium compounds.1 The thermodynamic
parameters of the reactions were determined as shown in Table 1. The nearly identical ΔS‡

means that the two reactions are likely to have similar reaction steps and thus similar
mechanisms. It can be argued that the difference in ΔG‡ is mainly a result of the difference
in ΔH‡, although the small difference in these parameters makes it difficult to compare the
energetics of the reactions.

The results obtained are consistent with the hypothesis that greater contribution from
zwitterionic resonance forms will enhance hydrolysis of α-substituted pyridone derivatives.
If the substrate 6-cyanoUMP is bound to ODCase in the zwitterionic form, its accelerated
hydrolysis can be accounted for.1 The formation of a zwitterionic intermediate can also
explain the decarboxylation of orotidine 5′-monophosphate (OMP) catalyzed by ODCase,
although proton transfer is clearly not involved as originally proposed.12,13 However, the
zwitterionic structure can be stabilized through dipole interactions by a pre-organized polar
environment at the active site due to its charge distribution.1,15–18 We are currently
investigating the polarity of the active site and its effect on the structure of substrate
analogues.
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Figure 1.
Hydrolysis of α-Chloro-Substituted 2-Pyridone and 4-Pyridone
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Figure 2.
Resonance Structures of 2- and 4-Pyridones
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Figure 3.
Proposed mechanisms for the base-catalyzed hydrolysis of α-Chloro-N-methyl-4-Pyridone
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Table 1

Kinetic and Thermodynamic Parameters for the Hydrolysis of α-Chloropyridones and Molecular Properties of
Pyridones

Pyridones 1 2

kOD at 1.0 M NaOD at 50 °C (s−1) 1.4 x 10−5 7.2 x 10−5

ΔG‡ (kcal/mol) 25.9 24.8

ΔH‡ (kcal/mol) 22.6 21.2

ΔS‡ (cal/mol/K) −11.0 −12.1

pKa of conjugate acida 0.7; 1.25 3.27

Proton affinity (kcal/mol)b 222.3; 223.0 233.1; 234.2

Dipole moment in benzene (D)b 4.15; 4.04 6.9

a
The pKa values are those reported for the conjugate acids of non-methylated parent compounds, 2-pyridone and 4-pyridone. The references are

given in the main text.

b
These molecular properties refer to those of parent pyridones 5 and 6. The references are given in the main text.
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