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The refluxing of a mixture of ethylcyanoacetate, aromatic aldehydes, and primary monoamines in ethanol
produces highly substituted 2-amino-6-pyridones such as 2-amino-1-(alkyl)-5-cyano-6-oxo-4-(aryl)-
1,6-dihydropyridine-3-ethylcarboxylates in one-pot. On the other hand the refluxing of a mixture of eth-
ylcyanoacetate, aromatic aldehydes, and primary diamines (1,2-ethylenediamine/1,3-propylenediamine)
in ethanol furnishes symmetrical zwitterionic 2-pyridones such as 1-(2-amino-ethyl/3-amino-propyl)-6-
hydroxy-2-oxo-4-(aryl)-1,2-dihydropyridine-3,5-dicarbonitriles. The result shows that primary diamines
and monoamines react differently in the reactions, which provides new mechanistic insight into the reg-
ioselective synthesis of these biologically important compounds.

� 2012 Elsevier Ltd. All rights reserved.
Apart from having environmental and economically positive
implications, one-pot multicomponent coupling reactions (MCRs)
have been proven to be a very elegant and rapid way to access
complex structures in a single synthetic operation from simple
building blocks. They also address fundamental principles of syn-
thetic efficiency and reaction design, and show atom-economy
and selectivity.1 In this context, Hantzsch reaction for the synthesis
of dihydropyridines (DHPs) shows interesting features of MCR.
More than a century ago the first 1,4-DHPs were obtained by
Hantzsch.2 After that a number of modified methods under
improved conditions have been reported.3 Hantzsch 1,4-dihydro-
pyridine derivatives are often regarded as the models of the natural
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reduced nicotinamide-adenine dinucleotide (NADH) coenzyme
which functions as redox reagent in biological reactions.4 In our
strategy, DHP which is formed as an intermediate, subsequently
undergoes spontaneous oxidation to form 2-pyridones. 2-Pyridones
have been used as lead compounds for the preparation of several
drugs such as selective anticancer agents,5 antiviral agents,6 or
inhibitors of Ab-peptide aggregation, which play an important role
in amyloid formation in Alzheimer’s disease.7 2-Pyridones are
important intermediates for the synthesis of polycyclic compounds
having biological significance as illustrated by the recent synthetic
approaches toward the camptothecin family of antitumor agents.8

2-Pyridones have been prepared by numerous methods,9 for
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Table 1
Formation of 2-pyridones 1a–f using primary monoamines

Entry Ar of ArCHO Amines (R-NH2) Products Yield (%) Melting point (�C)

1 Benzylamine 1a 71 202

2

NO2

Benzylamine 1b 69 158

3 Cl Benzylamine 1c 67 184

4 n-Propylamine 1d 61 192

5 Cl n-Propylamine 1e 63 234

6 n-Butylamine 1f 68 204

Table 2
Formation of products 2 and 3 using primary diamines

Entry Ar of ArCHO Diamines Products Time (min) Yield (%) Melting point (�C)

1 NH2

NH2
2a 90 52 >320

2

NO2 NH2

NH2

2b 60 54 315

3

MeO
NH2

NH2

2c 90 49 320

4 Cl NH2

NH2
2d 90 50 314

5 N NH2

NH2
2e 45 53 >320

6
F

NH2

NH2

2f 45 51 319

7 OMe NH2

NH2
2g 90 47 288

8 N NH2

NH2
2h 60 49 >320

9
O

NH2

NH2
2i 60 48 >320

10
NH2NH2

3a 90 50 >320

11

NO2 NH2NH2

3b 75 51 318

12 N
NH2NH2

3c 60 52 >320
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example, oxidation of an N-substituted pyridinium salt,10 by
Knoevenagel-type reactions,11 such as cross-condensation of
cyanoacetoamide and b-dicarbonyl compounds with basic catalysts
or by the reaction of 2-pyrones with amides. Despite this large
number of existing methods for their synthesis, new procedures
are continuously being developed.12

Herein we like to introduce an approach for the synthesis of two
types of highly substituted 2-pyridones, such as 2-amino-1-(alkyl)-
5-cyano-6-oxo-4-(aryl)-1,6-dihydropyridine-3-ethylcarboxylates
(1a–f) and 1-(2-amino-ethyl/3-amino-propyl)-6-hydroxy-2-oxo-4-
(aryl)-1,2-dihydropyridine-3,5-dicarbonitriles (2 or 3) using pri-
mary monoamines and primary diamines as product determining
factor (Scheme 1). The significance of the protocol relies on the con-
struction of the pyridin-2(1H)-one skeleton with dense substitution
patterns in one-pot. When an ethanolic solution of primary mono-
amines, aromatic aldehydes, and ethylcyanoacetate in 1:1:2 molar
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proportion is refluxed for 16 h, 2-pyridones 1 are formed (Scheme 1
and Table 1).13 But interestingly when primary diamines (1,2-ethy-
lenediamine/1,3-propylenediamine) are used instead of primary
monoamines, the symmetrical zwitterionic 2-pyridones (2 or 3)
are precipitated out from the reaction mixture within 45 min–2 h
under similar reaction condition (Scheme 1 and Table 2).13 Some
pirfenidone analogs which are antifibrotic agents and structurally
close to compounds 1 such as 2-amino-1-(aryl)-5-cyano-6-oxo-4-
(aryl)-1,6-dihydropyridine-3-ethylcarboxylates have been synthe-
sized previously through stepwise procedure.14

The Knoevenagel condensation of aromatic aldehydes and eth-
ylcyanoacetate, followed by Michael addition in the basic medium
leads to adduct 4 (Scheme 2). Subsequently the primary amine
attacks the ester carbonyl of adduct 4 to produce amide intermedi-
ates 5. Then the intramolecular nucleophilic attack of amide nitro-
gen to the cyano group generates six-membered nitrogenous
heterocycles 6 in a regioselective way. Probably, the sterically
hindered secondary amide nitrogen prefers to attack the less
hindered linear cyano group compared to ester carbonyl, although
ester carbonyl is more reactive than cyano group. Subsequently the
tautomerization of compound 6 leads to 1,4-DHP 7 which
Figure 1. ORTEP diagram of compound 1c with atom numbering scheme. Thermal ellipso
chlorine; large white, carbon; small white, hydrogen.
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Scheme 2. Reaction mechanism of three-component one-pot cy
spontaneously oxidizes to 2-pyridones 1 under the reaction condi-
tions, confirmed by X-ray crystallography (Fig. 1).15 All the com-
pounds are also characterized by 1H and 13C NMR spectroscopy.16

It has been observed that this multicomponent reaction does not
take place with aromatic primary amines due to their low
nucleophilicity.

The synthesis of symmetrical 2-pyridones 2 or 3 comprises of
an interesting mechanistic path way (Scheme 3). The intermediate
4 so formed (Scheme 2) undergoes a nucleophilic attack by dia-
mine (1,2-ethylenediamine/1,3-propylenediamine) to the ester
carbonyl to produce acyclic intermediate 8. Then most likely the
reaction involves an intramolecular nucleophilic attack on the
remaining ester carbonyl to generate nine/ten-membered lactam
intermediate 9. Subsequently intramolecular nucleophilic attack
of the amide nitrogen on the other amide carbonyl generates bicy-
clic intermediate 10 which produces monocyclic compound 11
through ring opening. After that the intermediate 11 follows the
same reaction pathway as discussed earlier (Scheme 2) to produce
intermediate 12 which furnishes zwitterionic 2-pyridones 13
through proton exchange. It was not possible to isolate any of
the intermediates 4–12 under the reaction conditions. This is the
ids are shown at the 50% probability. Color code: red, oxygen; blue, nitrogen; green,

r

OEt

CN

N

Ar

O

NC

R

CO2Et

N

NH2

CO2Et

N
R

Ar

O NH

CO2EtNC

R-NH2

H

Tautomerisation

5

6

clization in the formation of 1 with primary monoamines.



NH2NH2 O

Ar

OEtO

CNNC

N
NH2

NH

Ar

OO

CNNC

N

Ar

O
O

N NH

CNNC
Ar

O N

NH2

CNNC

O

Ar

O N

NH2

CNNC

OH

N

Ar

OO

CNNC

H3N

N

Ar

O

CNNC

O

H3N

4 H

(CH2)n

H

9

8

(CH2)n

(CH2)n

(CH2)n (CH2)n

10

(CH2)n

11
(CH2)n

-

+

-

+
13

(CH2)n

i) Tautomerisation

n =1 or 2

2 or 3

Proton Exchange

ii) Aerial oxidation

12

-
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first example of formation of zwitterions where highly acidic phe-
nolic hydroxyl group participates in generating zwitterion with
primary amine. The zwitterion 13 mainly exists as delocalized
compounds 2 or 3 confirmed by NMR16 and X-ray crystallogra-
phy15 (Fig. 2). It is obvious from the NMR spectra that only one
amino group of ethylenediamine/propylenediamine is involved in
the reaction. The second amino group becomes nonreactive for fur-
ther reaction since it loses its nucleophilicity through protonation
in products 2 or 3. The zwitterionic compounds 2 or 3 are precip-
itated out from the reaction mixture due to its high polarity. Gen-
erally in 1H NMR spectra the protons of the aliphatic amino groups
come at d �0.5–3 ppm. In the products 2 or 3 due to strong
electron-withdrawing effect of positively charged nitrogen atom,
the attached three protons become deshielded (d 6.0–8.0 ppm).
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Figure 2. Crystal structure and packing diagram of compou
Figure 2 shows the crystal structure of 2a where nitrogen atom
N1 is quaternary and positively charged. The 2-pyridone ring is
found planar indicating all the atoms in the ring are sp2 hybridized.
In the crystal structure the C9–O2 and C10–O1 bond distances are
almost same, 1.23 and 1.24 Å, respectively. This indicates that the
2-pyridone ring in product 2a is symmetrical which is further con-
firmed by 13C NMR spectroscopy where the carbon atoms of two
cyano groups (C12 and C13), the two ring carbon atoms attached
to cyano groups (C8 and C11), and the two amide carbons (C9
and C10) are found pair wise equivalent.

The formation of zwitterionic compound 2a and its charge
distribution is evident from the solvent mediated crystal
packing. The packing diagram in Figure 2 shows that each 2a mol-
ecule forms hydrogen bonds with three water molecules such
N1

O3

nd 2a (hydrogen bondings are shown in dotted line).
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as –CN� � �H–OH, –CO� � �H–OH, and –N+–H� � �OH2. Remaining one –
CN and one –CO of 2a form hydrogen bonds with –N+–H groups
of neighboring molecules as a result the compounds 2a are aligned
in an antiparallel fashion. This arrangement allows further electro-
static interactions between the oppositely charged groups of two
closely packed 2a molecules. It is interesting to note that a small
molecule like 2a is capable of forming seven intermolecular hydro-
gen bonds.

In summary, a multicomponent reaction involving ethyl-
cyanoacetate, amines, and aromatic or heteroaromatic aldehydes
to form hexasubstituted 2-pyridones has been developed. The pro-
cess, which can include an additional component in a multicompo-
nent protocol, allows the incorporation of two series of potentially
bio-active 2-pyridones. The result shows that primary diamines
and monoamines react differently in the reactions, which provides
new mechanistic insight into the regioselective synthesis of these
biologically important compounds. Further studies for the synthe-
sis of similar compounds from other amines and active methylene
compounds are currently underway to explore their biological
activities and various aspects of molecular aggregation. The highly
efficient binding motifs as observed in crystal structure of 2a might
be useful for the realization of water-stable supramolecular mate-
rials in future.
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