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ABSTRACT 

Magnesium oxide (MgO) and bismuth(III) nitrate pentahydrate as highly effective catalysts which have catalyzed the 
three-component reaction of cyanoacetic acid hydrazide, aldehydes and malononitrile to prepare of the corresponding 
N-amino-2-pyridones. These catalysts are inexpensive and easily obtained, stable and storable, easily recycled and re-
used for several cycles with consistent activity. 
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N-Amino-2-Pyridone 

1. Introduction 

The development of heterocyclic compounds such as 
pyridones is a topic of current interest because of their 
presence in numerous natural products along with the 
wide spectrum of physiological activities displayed by 
this class of compounds [1-3]. It is well known that the 
2-pyridone derivatives are valuable building blocks in 
natural products synthesis and also a versatile synthon for 
the synthesis of a variety of other nitrogen-containing 
heterocyclic compounds, such as β-lactams, quinolizi- 
dines, pyridines, piperidines, and indolizidine alkaloids 
[4]. The diene portion of these molecules can undergo 
Diels-Alder cycloaddition reactions with dienophiles, or 
one double bond may act as a dienophile to an added diene 
[5]. So they have been applied as a key synthetic inter- 
mediate to synthesize some complex natural products [6]. 
A large number of methods have been developed for the 
synthesis of 2-pyridones and their derivatives [7]. The 
most common strategies involve the construction of the 
heterocyclic compounds from easily available starting 
materials. Due to the importance of 2-pyridone skeleton, 
to develop new and efficient methodologies for diversely 
functionalized construction of 2-pyridone is still highly 
desired. The development of efficient and environmen- 

tally acceptable synthetic methods is an important task of 
modern chemistry. Conventional organic syntheses are 
generally based on homogeneous or heterogeneous cata- 
lysts. Magnesium oxide (MgO) and bismuth(III) nitrate 
pentahydrate are known as heterogeneous catalysts and 
commercially available reagents and require no special 
handling. Magnesium oxide (MgO), obtained using a 
novel but simple procedure, was systematically investi- 
gated as a heterogeneous base catalyst for reactions taking 
place in the liquid phase, specifically the Michael addition 
and the Knoevenagel condensation [8]. Bismuth (III) 
nitrate pentahydrate can act as an effective Lewis acid, 
and it can be used successfully in the presence of commer- 
cially available solvents without any drying or treatment. 
The use of bismuth nitrate derivatives as catalysts in 
organic synthesis has increased considerably over the 
years. A literature survey revealed that bismuth (III) 
nitrate pentahydrate has been used for conversion of 
thiocarbonyls to their carbonyl compounds [9], aromatic 
nitration [10], protection of carbonyl compound [11], 
Michael reactions [12], synthesis of coumarins [13] and 
etc. In continuing our interest in the synthesis of hetero- 
cyclic compounds in the presence of base or acid cata- 
lysts [14-16], we now wish to describe the synthesis of 
N-amino-2-pyridones in the presence of magnesium oxide 
(MgO) as a highly effective heterogeneous base catalyst, *Corresponding author. 
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and by using bismuth(III) nitrate pentahydrate as an 
effective Lewis acid catalyst.  

2. Experimental 

2.1. General Information  

Malononitrile, aldehydes, Mg(OH)2, MgO and bismuth(III) 
nitrate pentahydrate were commercially available, and 
were obtained from Merck Chemical Co. and used with- 
out further purification. Cyanoacetic acid hydrazide was 
prepared according to a literature procedure [17]. Melting 
points were measured on an Electrothermal-9100 appa- 
ratus and are uncorrected. IR spectra were recorded on a 
Brucker FT-IR Tensor 27 infrared spectrophotometer. The 
proton NMR spectra were recorded with a BRUKER 
DRX-300 AVANCE spectrometer. 

2.2. Catalyst Preparation 

High surface area MgO used in this study were obtained 
by rehydrated Mg(OH)2 at 450˚C for 2 h. A calcination 
temperature of 400˚C - 500˚C gave maximum conversion. 
When the catalyst was calcined above 500 ˚C, the activ-
ity of MgO decreased and continued to decrease as the 
calcination temperature increased. The maximum surface 
area was obtained after calcining the samples at 400˚C - 
500˚C [8]. 

2.3. General Procedure for the Preparation of 
N-Amino-2-pyridone Derivatives 

A mixture of cyanoacetic acid hydrazide 1 (2 mmol), 
aldehyde 2 (2 mmol), malononitrile 3 (2 mmol), and 
commercial MgO (0.25 g), high surface area MgO (0.25 
g) or Bi(NO3)3·5H2O (0.04 g) in ethanol (10 mL) was 
refluxed with stirring for the time reported in Table 4 
(the progress of the reaction being monitored by TLC 
and was used hexane/ethyl acetate as an eluent). When 
the reaction was completed as indicated by TLC, the 
crude product 4 was precipitated from the reaction mix-
ture by cooling, and the solid was filtered and recrystal-
lized with ethanol to get pure product. 

2.4. 1,6-Diamino-2-oxo-4-phenyl-1,2- 
dihydropyridine-3,5-dicarbonitrile (4a) 

Withe crystals; mp. 237˚C - 238˚C .IR (KBr, νmax/cm−1): 
3440, 3394 (2 NH2), 2220, 2216 (2 CN), 1640 (C=O), 
1560 (C=C). 1H NMR (300 MHz, DMSO-d6): 8.85 
(broad, s, 2H, NH2), 7.95 - 6.92 (m, 5H, Ar), 5.23 (broad, 
s, 2H, NH2).  

2.5. 1,6-Diamino-4-(4-chlorophenyl)-2-oxo-1,2- 
dihydropyridine-3,5-dicarbonitrile (4f) 

Withe crystals; mp. 243˚C - 245˚C .IR (KBr, νmax/cm−1): 

3467, 3382 (2 NH2), 2220, 2216 (2 CN), 1645 (C=O), 
1562 (C=C). 1H NMR (300 MHz, DMSO-d6): 8.28 
(broad, s, 2H, NH2), 7.84 - 7.01 (m, 4H, Ar), 5.24 (broad, 
s, 2H, NH2).  

3. Results and Discussion 

In the present protocol as exhibited in Scheme 1 the 
three-component reaction of cyanoacetic acid hydrazide 
1 arylaldehydes 2a-h and malononitrile 3 have been in-
vestigated in the presence of catalysts such as magne-
sium oxide (MgO) as a base catalyst and also bismuth(III) 
nitrate pentahydrate as an effective Lewis acid catalyst. 
The N-amino-2-pyridone derivatives 4a-h were produced 
under conventional conditions and in a short experiment- 
tal time. 

In recent years, there has been increasing emphasis on 
the design and use of environmentally friendly solid acid 
and base catalysts to reduce the amount of toxic waste 
and by products arising from chemical processes prompted 
by stringent environment protection laws [18].  

Several solid base and acid catalysts have been re- 
ported as being effective in the reactions that involve the 
Michael addition and the Knoevenagel condensation. 
Magnesium oxide (MgO) and bismuth(III) nitrate penta- 
hydrate were systematically investigated as heterogene- 
ous base and acid catalysts for reactions taking place in 
the liquid phase, specifically Michael addition and Kno- 
evenagel condensation [9,10]. Since the three-component 
reaction of cyanoacetic acid hydrazide 1 arylaldehydes 
2a-h and malononitrile 3 involve both Knoevenagel 
condensation and Michael addition, we have studied the 
effect of catalytic activity two types of magnesium ox- 
ides such as commercial MgO (CM-MgO) and high sur- 
face area MgO (HSA-MgO) and also bismuth(III) nitrate 
pentahydrate as an effective Lewis acid catalyst on these 
reactions. In order to optimize the reaction conditions, 
we used some polar and non polar solvents in the 
three-component reaction of cyanoacetic acid hydrazide, 
benzaldehyde and malononitrile in the presence of cata- 
lysts such as commercial MgO, high surface area MgO 
and bismuth (III) nitrate pentahydrate as model reactions 
to investigate the effects of solvent for preparing com- 
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Scheme 1. Synthesis of N-amino-2-pyridone derivatives. 
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pound 4a. In each case, the substrates were mixed to-
gether with 312 mol% magnesium oxides or 5 mol% 
Bi(NO3)3·5H2O agitated with 10 mL solvent under con-
ventional heating. The results are shown in Table 1. It is 
noteworthy to mention that the polar solvents such as 
ethanol afford better yields than non polar solvents. So 
these reactions were mostly unsuccessful in toluene. 

We also optimized the quantity of catalysts. The best 
results were obtained when the reactions were carried out 
in the presence of 312 mol% commercial MgO, 312 
mol% high surface area MgO and 5 mol% Bi(NO3)3·5H2O. 
The results are shown in Table 2. 
 
Table 1. Solvent effects on the three-component reaction for 
the synthesis of 4a. 

Entry Solvent Catalyst Time (min) Yield (%)

1 Acetonitrile aCM-MgO 100 80 

2 Acetonitrile bHSA-MgO 60 90 

3 Acetonitrile Bi(NO3)3·5H2O 80 83 

4 Methanol aCM-MgO 35 87 

5 Methanol bHSA-MgO 7 92 

6 Methanol Bi(NO3)3·5H2O 12 89 

7 Ethanol aCM-MgO 30 89 

8 Ethanol bHSA-MgO 5 95 

9 Ethanol Bi(NO3)3·5H2O 8 91 

aCommercial MgO bHigh surface area MgO. 
 
Table 2. Optimized the quantity of catalysts on the three- 
component reaction for the synthesis of 4a. 

Entry Catalyst Mol% catalyst Time (min)
Yield 
(%) 

1 CM-MgO 250 35 85 

2 HSA-MgO 250 10 88 

3 Bi(NO3)3·5H2O 5 8 91 

4 CM-MgO 312 30 87 

5 HSA-MgO 312 5 95 

6 Bi(NO3)3·5H2O 10 10 90 

7 CM-MgO 375 32 87 

8 HSA-MgO 375 8 90 

9 Bi(NO3)3·5H2O 15 10 88 

Also we attempted to reuse the catalysts by a variety 
of methods (Table 3). Direct reuse of the catalysts (Ta- 
ble 3, entry 2, 6, 10) led to a greater than 20% decrease 
in activity while washing of the catalysts with dichloro- 
methane and ethyl acetate, prior to reuse also resulted in 
lower conversions (Table 3, entry 3, 4, 7, 8, 11, 12). This 
phenomenon probably arose because the reactant and 
product were not completely desorbed from commercial 
MgO, high surface area MgO and Bi(NO3)3·5H2O and 
therefore, the active sites were blocked.  

In this investigation, the three-component reaction of 
cyanoacetic acid hydrazide 1 arylaldehydes 2a-h and 
malononitrile 3 were carried out in boiling ethanol in the 
presence of two kinds of magnesium oxide (MgO) as 
base catalysts and bismuth(III) nitrate pentahydrate as an 
effective Lewis acid catalyst to produce the N-amino-2- 
pyridone derivatives 4a-h in high yields. The results of 
these three-component reactions were summarized in 
Table 4. As shown in Table 4, the reaction yields are 
markedly affected by the catalyst, and optimum results 
were obtained when reactions were run in the presence of 
high surface area MgO. Also these reactions were carried 
out in the presence of base catalysts such as piperidine or 
triethylamine in thermal conditions, which the products 
were obtained in low yields and a long reaction time [19].  
 
Table 3. Reusability of magnesium oxides and Bi(NO3)3·5H2O 
on the three-component reaction for the synthesis of 4a. 

Entry Catalyst Time (min) Yield (%)

1 CM-MgO (1st use) 30 89 

2 CM-MgOa (2st use) 60 80 

3 CM-MgOb (2st use) 42 85 

4 CM-MgOc (2st use) 45 83 

5 HSA-MgO (1st use) 5 95 

6 HSA-MgOa (1st use) 20 82 

7 HSA-MgOb (1st use) 12 88 

8 HSA-MgOc (1st use) 15 86 

9 Bi(NO3)3.5H2O (1st use) 8 91 

10 Bi(NO3)3.5H2O
a (1st use) 28 80 

11 Bi(NO3)3.5H2O
b (1st use) 20 85 

12 Bi(NO3)3.5H2O
c (1st use) 22 80 

aDirect reuse of the catalysts. bCommercial MgO, high surface area MgO 
and Bi(NO3)3·5H2O were washed with dichloromethane. cCommercial MgO, 
high surface area MgO and Bi(NO3)3·5H2O were washed with ethylacetate.  
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Table 4. Synthesis of compounds 4a-h in the presence of base and acid catalysts. 

 Bi(NO3)3·5H2O Commercially available MgO 

M. P. 
reported (˚C) 

M. P. 
observed (˚C) 

Yield 
(%) 

Time 
(min) 

Yield 
(%) 

Time 
(min) 

Ar Compd. No. 

240 [19] 237 - 238 95 5 89 30 C6H5 4a 

240 [19] 238 92 8 85 35 4-MeC6H4 4b 

225 [19] 222 - 224 90 10 82 40 4-MeOC6H4 4c 

255 [19] 251 - 253 88 12 80 45 2,4-(MeO)2C6H3 4d 

250 [19] 248 96 4 90 28 2-ClC6H4 4e 

245 [19] 242 - 243 98 3 92 25 4-ClC6H4 4f 

250 [19] 247 - 249 90 10 80 45 4-(Me)2N C6H4 4g 

230 [19] 226 - 228 96 4 90 27 4-NO2C6H4 4h 

 

4. Conclusion 

In summary, there are no doubt these effective catalysts 
which provide a new and useful method to synthesis 
N-amino-2-pyridone derivatives in a three-component 
reaction of cyanoacetic acid hydrazide, aldehyde and 
malononitrile. These catalysts show environmental friend- 
ly character, which are inexpensive and easily obtained. 
Moreover, the procedure offers several advantages in- 
cluding high yields, operational simplicity, clean reaction 
conditions and minimum pollution of the environment, 
which makes it a useful and attractive process for the 
synthesis of these compounds. 
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