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A  series  of variously  substituted  5-carboxy-6-methyl-3,4-dihydro-2(1H)-pyridone  derivatives  were
synthesized  and their  oxidation  potentials  determined  by cyclic  voltammetry.  The  resulting  2-
pyridone  structure  and  a  tricyclic heterocycle  which  was  formed  during  an  attempted  synthesis  of
4-(2-hydroxyphenyl)  substituted  3,4-dihydro-2(1H)-pyridone  were  confirmed  by  single  crystal  X-ray
crystallography.
. Introduction

The 2-pyridones form structural units of many natural prod-
cts and also possess interesting pharmacological properties such
s reverse transcriptase inhibition of human immunodeficiency
irus-1 (HIV-1) [1,2], cardiotonic for the treatment of heart failure
3], antitumor [4,5], antibacterial [6], and other biological activities
7,8].

Since we are interested in using the 3,4-dihydropyridone scaf-
old as a linker for constructing amphiphilic compounds for use
n drug delivery applications [9], the main goal of this work
s to provide oxidation potentials of variously substituted 3,4-
ihydropyridones. This is important in metabolic studies and also

n chemical modifications. In our work we require bromination
f the allylic methyl group at position 6 and in our experi-
nce 1,4-dihydropyridines are oxidized with liquid bromine thus
he oxidation potentials would provide some indication how
he 3,4-dihydropyridones would behave under similar bromina-
ion conditions. The 3,4-dihydropyridone oxidation potentials are
ompared to the extensively studied 1,4-dihydropyridine (DHP)
xidation potentials, some of which are good antioxidants.

. Results and discussion

.1. Synthesis of
-carboxy-6-methyl-3,4-dihydro-2(1H)-pyridone derivatives
The variously substituted 5-carboxy-6-methyl-3,4-dihydro-
(1H)-pyridone derivatives 4–13 were synthesized using a
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Hantzsch-like reaction from Meldrum’s acid, acetoacetate, alde-
hyde, and NH4OAc in a 1:1:1:1 ratio in boiling glacial acetic acid
according to a published procedure [10] in yields ranging from 10%
to 80% (Scheme 1).

The N-benzyl 4-unsubstituted 3,4-dihydropyridone 3
was obtained by deprotonating the 4-unsubstituted 3,4-
dihydropyridone [11] with sodium hydride and subsequently
reacting with benzylbromide.

During the reaction with salicylaldehyde, and methyl ace-
toacetate a product mixture was  isolated which according to
LC/MS analysis indicated 2 compounds with different masses one
in 40% and the other in 46% yield. The product mixture was
fractionally crystallized from EtOAc and EtOH and a diastere-
omeric mixture of compounds separated. NMR  analysis indicated
that the mixture was  made up of the known tricyclic com-
pound 1 and a new tricyclic compound 2 [12]. Compound 1
has been synthesized using Meldrum’s acid, salicylaldehyde, and
urea in 67% yield, a possible mechanism was also proposed
[13].

According to this mechanism, a substituted coumarine inter-
mediate in our case would retain the ester group to form
compound 2 and not undergo decarboxylation like in com-
pound 1. The structure of compound 2 was confirmed by
single crystal X-ray crystallography (Figure 1), which indicated
that the compound crystallizes as a dimer with its antipode
(Figure 2).

In the crystal structure the chains along crystallographic
parameter a are formed by means of intermolecular hydrogen
bonds of NH· · ·O type with length of 2.993(4) Å  (H·  · ·O14 = 2.05 Å,
N11–H· · ·O14 = 160◦). Formation of the chains is shown in
(Figure 2). Also in the crystal structure there are weak CH·  · ·O type

hydrogen bonds; the shortest of them is C19–H· · ·O14 with length
of 3.241(4) Å.
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Scheme 1. Synthesis and electrochemical oxidation of 3,4-dihydropyridones and
the formation of a tricyclic heterocycle when using salicylaldehyde in the Hantzsch-
like reaction, the R groups are identified in Table 1.
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Figure 2. Formation of molecular chains in the crystal structure of 2 antipodes.
Figure 1. ORTEP molecular structure of compound 2.

.2. Electrochemical oxidation of 3,4-dihydropyridones

The electrochemical oxidation of 1,4-dihydropyridines has
een extensively studied in different electrolytic media [14–19]
hich is of interest in biological redox processes and metabolic

tudies [20,21], but there is only one published report on the
lectrochemical oxidation of the related 3,4-dihydropyridones
o obtain a quantitative account on the capacity of these com-
ounds to undergo oxidation [22]. The 3,4-dihydropyridones can
xist in two tautomeric forms – as derivatives of 6-oxo-1,2,3,4-
etrahydropyridine and 2-hydroxy-1,4-dihydropyridine. The NMR
pectra in anhydrous CD3CN show that these compounds at the
elected experimental conditions for electrochemical study are in

he undissociated oxo form. It has been demonstrated that the
emoval of electrons from 3,4-dihydropyridones proceeds with
onsiderably greater difficulty than from the 3,5-diethoxycarbonyl-
,4-dihydropyridines [23,24].
Figure 3. Cyclic voltammogram of 2-methyl-6-oxo-4-phenyl-1,4,5,6-
tetrahydropyridine-3-carboxylic acid methyl ester (7) c = 2.5 × 10−4 M in
MeCN/0.1 M NaClO4 on glassy carbon electrode.

Electrochemical oxidation of the 3,4-dihydropyridone deriva-
tives synthesized in this work were studied by cyclic voltammetry
(CV) on a stationary glassy carbon electrode in dry acetonitrile.

All the investigated 3,4-dihydropyridones undergo an
irreversible oxidation (Figure 3) at potential ≥1.5 V vs NHE
(Table 1). The oxidation potential of 3,4-dihydropyridones is not
changed if the NH group is protected by a benzyl group, compound
3 (Table 1, entry 1). As one can see for compounds 4–6 (Table 1,
entries 2–4) the length of the ester has no influence on the oxi-
dation potentials of 4-unsubstituted 3,4-dihydropyridones, while
a phenyl group at position 4 of the heterocycle 7 (Table 1, entry
5) shifts the oxidation potential 100 mV  to more positive values
compared to 4-unsubstituted analogue 4 (Table 1, entry 2). The

presence of an electron withdrawing nitro group on the aromatic
moiety causes the heterocycle to become more positive and thus
more difficult to oxidize as indicated by an increase of about 80 mV
in the oxidation potential for compounds 8 and 9 (Table 1, entries
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Table  1
Oxidation potentials of 3,4-dihydropyridones 3–13 on glassy carbon electrode mea-
sured vs NHE in MeCN/0.1 M NaClO4

.

Entry Comp R1 R2 R3 E, V

1 3 CH2C6H5 H CH3 1.52
2  4 H H CH3 1.53
3  5 H H C12H25 1.53
4  6 H H C4H8C8F17 1.54
5  7 H C6H5 CH3 1.64
6  8 H 3-NO2-C6H4 CH3 1.72
7  9 H 4-NO2-C6H4 CH3 1.71
8  10 H 3-OH-C6H4 CH3 1.58
9  11 H 4-OH-C6H4 CH3 1.46

10  12 H 4-OCH3-C6H4 CH3 1.58
11  13 H C6H5 C4H8C8F17 1.64
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Figure 4. ORTEP molecular structure of compound 14.

 and 7), while an electron donating methoxy group of the com-
ound 12 (Table 1, entry 10) or hydroxyl group of the compounds
0 and 11 (Table 1, entries 9 and 10) facilitates the anodic process
nd the oxidation potential is decreased by about 170 mV.  Thus in
protic media the 4-hydroxyphenyl group has quite a significant
ffect on the anodic process of the 3,4-dihydropyridone moiety
or compound 11 as a decrease of 180 mV was observed compared
o the unsubstituted 4-phenyl-3,4-dihydropyridone (7) this was
ot the case in oxidation of 4-hydroxy-phenylsubstituted 1,4-
ihydropyridine where the decrease was only 24 mV compared to
-phenyl-1,4-DHP [19]. Nevertheless, the 3,4-dihydropyridones
–13 undergo electro-oxidation at about 600 mV  higher potential
han the corresponding 1,4-dihydropyridines [19,25,26]. 2-

ethyl-6-oxo-4-phenyl-1,4,5,6-tetrahydropyridine-3-carboxylic
cid methyl ester (7) was anodically oxidized on a preparative scale
t a 1.8 V potential and after 24 h 2-methyl-6-oxo-4-phenyl-1,6-
ihydropyridine-3-carboxylic acid methyl ester (14) was obtained
uantitatively [27]. So, in the aprotic media the overall anodic
xidation of 3,4-dihydropyridones involves a loss of two electrons

nd two protons from the heterocycle (Scheme 1).

After isolation 14 was  recrystallized from EtOH giving X-ray
uality crystals which after X-ray diffraction confirmed the struc-
ure of the oxidized 4-phenyl-3,4-dihydropyridone. Figure 4 shows
Figure 5. Projection of the crystal structure of 14 along crystallographic direction
[1 0 0] showing intermolecular hydrogen bonds.

a perspective view of molecule 14 with thermal ellipsoids and
the atom-numbering scheme followed in the text. The dihedral
angle between the pyridone cycle and the phenyl ring are equal
to 44.2(2)◦; the pyridone and the ester group form a dihedral
angle of 55.9(2)◦. In the crystal structure the dimers of molecule
14 are formed by means of strong intermolecular hydrogen bonds
of NH· · ·O type (see Figure 5). The lengths of these bonds are
2.769(3) Å (H·  · ·O7 = 1.81 Å, N1–H· · ·O7 = 177◦). In the crystal struc-
ture the intramolecular contact C17· · ·O7 (3.223(3) Å) can also be
considered as a weak CH· · ·O type hydrogen bond (H·  · ·O7 = 2.60 Å,
C17–H· · ·O7 = 123◦).

3. Conclusions

In summary 3,4-dihydropyridone derivatives were prepared by
a 4 component Hantzsch-like reaction and a tricyclic heterocy-
cle was formed when salicylaldehyde was  used as the aldehyde
component. Comparing 3,4-dihydropyridones 3–13 and the cor-
responding 1,4-dihydropyridine derivatives it can be concluded
that the difference between the electrochemical oxidation poten-
tials of both heterocyclic systems is about 600 mV  higher for the
3,4-dihydropyridones making allowing these heterocycles to be
brominated using liquid bromine without undergoing oxidation.
A phenyl group at position 4 of 3,4-dihydropyridone increases
the oxidation potential and an electron withdrawing nitro group
on the phenyl makes the heterocycle more positive and the oxi-
dation potential is increased further, while an electron donating
hydroxy or methoxy substituent on the phenyl group at position
4 of the heterocycle facilitates oxidation and the oxidation poten-
tial is reduced by about 170 mV.  The tricyclic heterocycle formed
during an attempted synthesis of 4-(2-hydroxyphenyl) substituted
3,4-dihydro-2(1H)-pyridone and the 2-pyridone structure 14 as

the 3,4-dihydropyridone electro-oxidation product involving the
removal of 2 electrons and 2 protons were confirmed by single
crystal X-ray crystallography.
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