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 One-pot synthesis of highly substituted pyridines has been demonstrated via multicomponent 
reaction of aldehydes, malononitrile and thiophenol using Mg-Al hydrotalcite as a solid base 
and reusable catalyst. The catalytic activity is intimately connected to the basicity of the 
catalyst. The best activities were observed with the Mg/Al: 5 catalyst. The catalyst could be 
reused for further run without a significant loss in activity. The protocol was also applicable 
for various aromatic aldehydes which affords desired product in good to excellent yield. 

 

 

© 2021 Growing Science Ltd.  All rights reserved. 

Keywords: 
Multicomponent reaction 
Heterogeneous catalyst 
Hydrotalcite  
Pyridine  
One-pot reaction 

 

 

 

1. Introduction 
      
       The synthesis of highly substituted pyridine moieties through multicomponent reaction1-4 of 
aldehydes, malononitrile and thiol is of considerable interest as the pyridine ring is the key intermediate 
in pharmaceutical chemistry. The substituted pyridine ring exhibits various biological activities5-8. 
Various synthetic methods9-14 have been developed for the synthesis of pentasubstituted pyridine ring 
using different protocols such as hetero-Diels-Alder reaction of 3-siloxy-1-aza-1,3-butadiene,  Mannich 
reaction of aldehydes and iminium salts, ruthenium-catalyzed cycloisomerization of 3-azadienynes, 
Vilsmeier-Haack reaction of α-hydroxyketenedithioacetals. A convenient route for the synthesis of 
highly substituted pyridine ring was developed by Evdokimov et al.15-16 Multicomponent reactions 
using heterogeneous catalysts have been developed interesting tool in synthetic organic chemistry17-18 

because of their operational simplicity, reusability and ease of separation of product as well as catalyst. 
In continuation of our efforts to develop an efficient catalytic protocol for various multicomponent 
reactions19-23, we herein report the synthesis of a highly substituted pyridine using malononitrile, 
aldehydes and thiophenol in the presence of Mg/Al-hydrotalcite as a solid base catalyst (Scheme 1). To 
the best of our knowledge the synthesis of substituted pyridine using hydrotalcite catalyst has not been 
explored previously. 
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                                  R=H, 2-Cl, 3-Cl, 4-NO2, 3-NO2, 4-OMe, 3,4-(OMe)2, 2,4-(OMe)2, 4-OH 
Scheme 1   

2. Results and Discussions        
 
     As a first step, we have optimized different reaction parameters such as time, temperature and 
catalyst loading, Mg/Al ratio of the catalyst for the synthesis of pentasubstituted pyridine derivatives 
using multicomponent reaction of benzaldehyde, malononitrile and thiophenol as a model reaction 
(Scheme 2). We observed that the reaction does not take place to any measurable extent in the absence 
of catalyst.  
 

 

     

 

 

 

Scheme 2 
 

      It is found that the Mg/Al Hydrotalcite with Mg/Al ratio 5.0 is an effective catalyst for the synthesis 
of compound 4. The higher activity of Mg/Al: 5.0 may be attributed to highest surface area and basicity 
(0.131 mmol/g) of the catalyst. Increase in temperature and time beyond 60 0C or 4 h had no profound 
effect on the yield of reaction.  
 

Table 1. Study of reaction parameters for the synthesis of substituted pyridine (R=H)a 

Effect of different catalyst 
Entry Catalyst Time (h) Temp. (0C) Yield (%)b 

1 - 24 60 0 
2 Mg/Al: 2 4 60 51 
3 Mg/Al: 3 4 60 65 
4 Mg/Al: 4 4 60 69 
5 Mg/Al: 5 4 60 81 

Effect of time: 
Entry Catalyst Time (h) Temp. (0C) Yield (%)b 

6 - 24 60 0 
7 Mg/Al: 5 2 60 35 
8 Mg/Al: 5 3 60 69 
9 Mg/Al: 5 4 60 81 
10 Mg/Al: 5 5 60 82 

Effect of temperature: 
Entry Catalyst Time (h) Temp. (0C) Yield (%)b 

11 Mg/Al: 5 4 rt 47 
12 Mg/Al: 5 4 60 81 
13 Mg/Al: 5 4 80 81 

a Reaction condition: benzaldehyde (1 mmol), malononitrile (2 mmol), thiophenol (1 mmol), catalyst (0.05 g), 4 ml EtOH. 
b Isolated Yield. 

CHO CN

CN

CN

CN

SH

MgAl-HT

R

R

N S

CNNC

H2N

EtOH, 60 0C

CHO CN

CN

CN

CN

SH
MgAl-HT

N S

CNNC

H2N
EtOH,  60 0C

1 2 3 4



S. R. Kale and S.K. Surve / Current Chemistry Letters 10 (2021) 
 

171

 
 
Table 2. Surface area and basicity of the catalysts 

Entry Catalyst Surface area (m2/g) Basicity (mmol/g) 
1 Mg/Al: 2 145 0.087 
2 Mg/Al: 3 186 0.095 
3 Mg/Al: 4 236 0.117 
4 Mg/Al: 5 269 0.131 

 
     Basic site of the catalyst abstract acidic proton of the malononitrile to give carbanion. Carbanion is 
then attack on carbonyl carbon of the aldehyde group and undergoes condensation reaction. We get 
SPh group at 2nd position by the attack of thiophenol sulfur lone pair on cyanide carbon. Second 
molecule of the malononitrile undergoes Michael addition and then cyclization process gives 
heterocyclic ring. In order to investigate the scope of above protocol, various aromatic aldehydes were 
employed in the three-component reaction (Table 3). It was observed that the aldehyde containing 
electron donating groups underwent the reaction easily to form the corresponding pyridine derivatives 
in moderate yield, whereas aldehyde containing electron withdrawing group such as –NO2, Cl (-I effect) 
gives good yield of product. Electron withdrawing groups increases electrophilicity of the carbonyl 
carbon, which is more susceptible for nucleophilic attack. To understand the role of the base catalyst 
for the three- component reaction, it is important to know the structure and active sites of the catalyst.  
 
Table 3. Synthesis of substituted pyridine 4  

Entry R Time (h) Yield (%)b 

1 H 4 81 
2 4-Cl 4 69 
3 3-Cl 4 72 
4 4-NO2 4 82 
5 3- NO2 4 81 
6 4-OMe 4 65 
7 3,4-(OMe)2 4 64 
8 2,4-(OMe)2 4 61 
9 4-OH 4 71 

 

a Reaction condition: aldehyde (1 mmol), malononitrile (2 mmol), thiophenol (1 mmol), catalyst (0.05 g), 4 ml EtOH. 
b Isolated Yield,  
 
     To understand the role of the base catalyst for the three-component reaction, it is important to know 
the structure and active sites of the catalyst. The hydrotalcite or layer double hydroxide is anionic clay. 
On calcinations hydrotalcite forms Lewis acidic sites Mg2+ and Lewis basic sites O2-. The Lewis basic 
sites of the catalyst are expected to be responsible for the activity of the catalyst. It was observed that 
as compared to other hydrotalcite catalysts (Table 2, Entry 1-4), Mg/Al: 5.0 have higher basicity 
(0.131mmol/g) and higher surface area (269 m2/g). Hence this catalyst is used for further study (Table 
1).  The basicity of the catalyst was measured by phenol adsorption method. The amount of phenol 
adsorb by the catalysts was determined using following formula, 
 

                                                         W

( Co-Ce) X Vqe

 
where, qe   _ quantity of phenol adsorb,              

            Co- initial conc. of phenol, 
            Ce- conc. of phenol at equilibrium,     
            W- wt. of the catalyst (gm) 

 
We carried out standard leaching experiment. It was found that the reaction proceeded heterogeneously 
and no homogeneous catalyst was involved while performing the reaction.  
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3. Conclusion  
 
In this work an efficient methodology for rapid synthesis of substituted pyridines with excellent yield 
via multicomponent reaction using Mg/Al hydrotalcite as a heterogeneous base catalyst is developed. 
The protocol was also applicable for various aldehydes which afford desired products in good yield 
under the given condition. All the compounds are reported24. The catalyst could be reused in the same 
reaction medium. Further studies aimed at broadening the panel of application of this highly stable, 
active, inexpensive, heterogeneous and easily prepared hydrotalcite catalyst are in progress. The 
catalyst could be reused at least four cycles using same reaction parameters. 
 
4. Experimental Section 
 
4.1 General 
 
The chemicals required were purchased from S. D. Fine and Sigma Aldrich and were used as received. 
NMR spectra were recorded on a Varian Mercury Plus NMR spectrometer (1H NMR at 300 MHz and 
13C NMR at 75 MHz) in pure deuterated solvents. IR spectra were recorded using a Perkin Elmer FT-
IR spectrum 100 spectrophotometer. Melting points were determined in capillary using digital melting 
point apparatus. Elemental analysis was done on Harieus rapid analyser. The reactions were monitored 
by TLC. Column chromatography of some compounds was carried out using silica gel having 60-120 
mesh size. Wide angle XRD patterns of the catalyst were obtained on a Rigaku, Japan, miniflex X-ray 
Diffractometer with monochromatic Cu-Kα beam (λ =0.154 nm). The diffractometer was operated at 
30KV and 15mA using a scanning step of 2 in two theta and a dwell time of 1 second was used.  
 
4.2 Preparation of the hydrotalcite catalysts  
 
Mg/Al hydrotalcite catalyst was prepared by co-precipitation method. An aqueous solution (100 ml) of 
magnesium nitrate (25.6 g) and aluminum nitrate (7.5 g) with Mg/Al molar ratio of 5 was added 
dropwise into 500 ml beaker. Simultaneously 100 ml of NaOH (14 g) and Na2CO3 (10 g) of was added 
into the same beaker with vigorous stirring. After the addition the suspension was stirred for 2 h. Then 
the mixture was heated to 60 0C for 4 h. The resultant slurry was then digested for about 18 h. Similarly, 
other catalysts Mg/Al: 2.1, Mg/Al: 3.1, Mg/Al: 4.1 were prepared through the same procedure. 
 
4.3 General procedure for the formation of substituted pyridine  
 

Aldehyde (1 mmol), malononitrile (2 mmol) and thiophenol (1 mmol) were taken into 25 ml round 
bottom flask. The catalyst and 4 ml of ethanol was added into it. The resulting mixture was refluxed at 
given condition. The progress of the reaction was monitored by thin layer chromatography (pet ether / 
ethyl acetate = 3.2). After reaction completed, the reaction mixture was allowed to cool at room 
temperature. The crude product was extracted with ethyl acetate. The organic layer was washed with 
water and the solvent was evaporated under vacuum. After reaction the catalyst was separated by simple 
filtration and the reaction was subjected to analysis.  
2-Amino-4-(4-chloro-phenyl)-6-phenylsulfanyl-pyridine-3,5-dicarbonitrile 
 
Colourless solid, mp (222-224 0C); IR (KBr): 3485, 3344, 3220, 2925, 2214, 1633, 1544, 1494, 1257, 
1093 cm-1; 1H NMR (300 MHz, DMSO-d6): δ 7.48-7.55(m, 3H), 7.57-7.64 (m, 6H), 7.79 (broad, 2H) 
  
2-Amino-4-(4-nitro-phenyl)-6-phenylsulfanyl-pyridine-3,5-dicarbonitrile: Colourless solid, mp 
287-289 0C; IR (KBr): 3406, 3328, 3234, 2227, 2214, 1645, 1552, 1350, 756 cm-1; 1H NMR (300 MHz, 
DMSO-d6): δ 7.46-7.48 (m, 3H), 7.56-7.59 (m, 2H), 7.85 (d, J = 8.6 Hz, 2H), 7.90 (broad, 2H), 8.39 
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(d, J = 8.6 Hz, 2H); 13C NMR (75 MHz): δ 87.2, 93.3, 114.9, 115.3, 124.2 (2C), 127.2, 129.8 (2C), 
130.1, 130.5 (2C), 135.1 (2C), 140.5, 148.9, 157.0, 159.8, 166.5. 
 
2-Amino-4-(4-hydroxy-phenyl)-6-phenylsulfanyl-pyridine-3,5-dicarbonitrile: 
Colourless solid, mp 315-316 0C; IR (KBr): 3496, 3367, 3236, 2222, 2216, 1631, 1609, 1552, 758 cm-

1; 1H NMR (300 MHz, DMSO-d6): δ 6.93 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.50 (m, 3H), 
7.60 (m, 2H), 7.69 (broad, 2H), 10.04 (bs, 1H). 
 
4.6 Recycling of the catalyst 
 
For practical application of heterogeneous system, the stability of the catalyst and its reusability are the 
most important factor. For that reaction of benzaldehyde, malononitrile and thiophenol was chosen to 
test the catalyst reusability. The reaction was performed at the optimized reaction condition.  
 
Reusability of the catalyst 

 

a Reaction condition: benzaldehyde (1 mmol), malononitrile (2 mmol), thiophenol (1 mmol), catalyst (0.05 g), 4 ml EtOH. 
b Isolated Yield 
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