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Abstract
Pyridinium ketones have been found to exist as hydrates and hemiacetals in considerable amount in
aqueous and alcoholic solutions, respectively. The relative position of the pyridinium positive charge
has a large effect on the equilibrium constants. The polar substituent constants, σ*, of the pyridinium
group substituted at different positions can be estimated from the hydration constants.

The reversible hydration of aldehydes and ketones in aqueous solution is one of the simplest
addition reactions to the carbonyl group (Figure 1). The extent to which hydrates of aldehydes
and ketones form gives a measure of the relative stability of the aldehydes and ketones. The
greater extent to which the hydrate forms, the less stable the starting aldehyde or ketone. The
reaction is of great importance in understanding reactions of the carbonyl group and has been
the subject of many studies.1–4

The hydration constants of some aldehydes and ketones have been reported.1–3 Formaldehyde
exists mostly as its hydrate in aqueous solution. Simple aliphatic aldehydes exist in equilibrium
with their hydrates. Ketones usually exist predominately in the keto form, except for the α-
halogenated ones, which exist in equilibrium with their hydrates. Typically α-substitution by
electron-withdrawing groups favors the formation of hydrates.

Hemiacetal formation in alcohol follows the same mechanism as hydrate formation. The
equilibrium constants for hemiacetal formation of some aldehydes and ketones have been
reported as well.2

Hydration equilibria for most carbonyl compounds are too lopsided to permit their equilibrium
constants to be measured accurately. In our study of pyridinium compounds5, however, we
have found that 4-acetyl-N-methylpyridinium iodide exists in aqueous solution to a
considerable extent as its hydrate. The pyridinium ketones have thus provided a unique
opportunity to measure the thermodynamic parameters of the formation of the corresponding
hydrates and hemiacetals. In this Letter, we report the ready formation of hydrates and
hemiacetal from N-methylpyridinium ketones in aqueous and alcoholic solutions, respectively.
The effect of the relative position of the pyridinium positive charge on the equilibrium is also
studied.

During the course of our study of the NMR spectra of N-methylpyridinium compounds, we
have observed that the 1H NMR spectrum of 4-acetyl-N-methylpyridinium iodide contains two
sets of signals.5 Further study has revealed the existence of the compound as the ketone and
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hydrate structures. The electron-withdrawing nature of the pyridinium moiety increases the
electron deficiency of the carbonyl group and thus makes it more favorable to form a hydrate.

We decided to study a series of methyl pyridinium ketones (acetylpyridinium) and phenyl
pyridinium ketones (benzoylpyridinium) to measure their equilibrium constants for hydration
and hemiacetal formation in aqueous and alcoholic solutions, respectively, and to investigate
the effect of different positions of the positively charged nitrogen on the equilibrium constants.
4,6 The compounds were prepared by reacting the corresponding pyridine ketones with methyl
iodide as reported.4,5 The molar ratios of ketone to hydrate or hemiacetal in respective D2O
or CD3OD solutions were measured by integration of 1H NMR peaks. The pyridinium
hydrogens and the N-methyl groups of the hydrates and hemiacetals showed small upfield shifts
relative to those of the ketones. Furthermore, in acetylpyridinium compounds, the acetyl methyl
group has chemical shifts of about 2.8 ppm while the chemical shifts in the hydrate or
hemiacetal form are around 1.8. The hydration constants (Kh, [hydrate]/[ketone]) and
hemiacetal formation constants (K, [hemiacetal]/[ketone] in methanol) thus measured are
shown in Table 1. The hydration constant for 2-acetylpyridinium iodide is in good agreement
with the reported value.4

It is expected that the benzoyl derivatives are less likely to form hydrates or hemiacetals due
to their stronger hydrophobic nature and/or their less reactive ketone moieties. The effect of
the relative position of the positive charge on the equilibrium is quite interesting. It appears
that the carbonyl groups attached to the 4-position of the pyridinium group are substantially
more reactive towards water or alcohol than those substituted at 2- or 3- position. The
diminished reactivity of the 3-substituted pyridinium ketones is not unexpected because there
are no resonance structures putting a positive charge adjacent to the carbonyl group. However,
the absence of enhanced reactivity in the 2-substituted pyridinium ketones is mostly due to a
steric effect. The proximity of the N-methyl group and the carbonyl group makes it possible
that steric interaction may be more profound in the tetrahedral structure of the hydrate or
hemiacetal than in the keto form.

The formation of hemiacetals appears to be more favorable as compared to that of hydrates,
as in the case of aryl alkyl ketones such as α,α,α-trifluoroacetophenone.2 In most ketones and
aldehydes, however, the formation of hydrate is usually more favorable.2

The hydration constants measured for acetylpyridinium compounds can be used to estimate
the polar substituent constants, σ*, of the pyridinium group substituted at 2-, 3-, and 4-
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positions. In methyl ketones, the hydration constants are related to σ* by eq 1 developed
empirically by Greenzaid et al.1,4 The substituent constants, σ*, of the pyridinium group
substituted at 2-, 3-, and 4- positions were thus calculated to be 0.93, 0.76, and 1.31,
respectively. These values of σ* can be used to estimate the polar effects of the pyridinium
group substituted at different positions.

(1)

In summary, hydrates and hemiacetals form in substantial amount in aqueous and alcoholic
solutions of pyridinium ketones. Unlike most ketones and aldehydes, hemiacetal formation
appears to be more favorable than hydrate formation. The hydration constants of
acetylpyridinium compounds provide an estimate of the polar substituent constants and thus
the polar effect of the pyridinium group substituted at various positions of the heterocyclic
ring.
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Figure 1.
Equilibrium hydration and hemiacetal formation of aldehydes and ketones
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Table 1

Hydration constants and methanolic hemiacetal formation constants of some N-methylpyridinium ketones

Substituent Hydration, Kh Hemiacetal, K

2-Acetyl 0.06 0.30

3-Acetyl 0.03 0.29

4-Acetyl 0.26 1.38

2-Benzoyl <0.01a 0.11

3-Benzoyl <0.01a 0.20

4-Benzoyl 0.07 0.70

a
The hydration constant was measured to be about 0.008, but was deemed to be beyond the detection limit of 1H NMR.

Tetrahedron Lett. Author manuscript; available in PMC 2010 November 25.


