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Development of cost effective and environmentally friendly 

MCRs (multicomponent reactions) is of tremendous importance 

in both organic and medicinal chemistry as these protocols 

provide easy and quick access to the diversity based 

combinatorial library of small molecules useful for new drug 

discovery effort. One of the important features of MCRs is that 

they offer highly convergent and rapid routes to densely 

functionalized molecules. Additionally, these methods do not 

require the isolation and purification of intermediates thereby 

reducing the time, cost and more importantly waste production.
1 

It is therefore not a surprising fact that MCRs have attracted 

considerable attention of researchers especially working in the 

area of organic / medicinal / pharmaceutical chemistry. Indeed, 

MCRs have been used largely to generate library of small organic 

molecules having diverse substituents.
2 

These libraries of 

potentially bioactive molecules were found to be attractive for 

high-throughput pharmacological screen leading to the 

identification of a pre-hit or lead molecule in a particular 

therapeutic area. While various transition metal catalysts 

including gold, silver
3
 and iron salts

4
 have been employed in a 

range of MCRs earlier, the use of tin catalysts in MCRs are rather 

uncommon. However, in view of their easy availability and low 

cost tin based salts seemed to have potential and are worth 

exploring as catalysts in MCRs. While SnCl2·2H2O has been 

---------------- 
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explored as an effective and eco-friendly catalyst for a number of 

organic transformations,
5a,b

 only few examples of using 

SnCl2·2H2O as a mild Lewis acid catalyst in MCRs (e.g. Biginelli 

reaction,
5c

 3-component synthesis of homoallylic amines
5d

 and 

4(3H)-quinazolinones
5e

) have been reported and none as a 

precursor of Sn(IV) species in a MCR. Moreover, as a Lewis 

acid, SnCl4 has been used in several chemical transformations 

(e.g. the reduction of glycopyranosyl azides,
5f

 the ring-opening of 

4,5-dihydropyrroles,
5g

 conversion of glucose into 5-

hydroxymethylfurfural
5h

 and synthesis of tetracyclic terpenoids
5i
)

 

highlighting its  potential as an effective catalyst. However, 

SnCl4 being a colorless liquid at room temperature (that fumes on 

contact with air) is inconvenient to handle as a catalyst. The 

aqueous solution of SnCl2 in the presence of air on the other hand 

is known to produce SnCl4 in situ. This prompted us to explore 

SnCl2·2H2O as a convenient precatalyst for the synthesis of 

pyridine derivatives via an MCR.    
 

The pyridine nucleus has been found to be an integral part of 

many natural products
6
 (e.g. coenzyme vitamin B6 family and 

numerous alkaloids) and biologically active compounds.
7
 Several 

elegant and effective methods have been reported for the 

synthesis of pyridine derivatives
8
 including MCRs.

9 
For example, 

in 2012 we reported the synthesis of pyridine derivatives via a 

montmorillonite K-10 catalyzed 4-component reaction of β-

ketoester, arylaldehyde, malononitrile and an alcohol.
10

 More 

recently, a FeCl3-catalyzed similar 4-component reaction (using 

arylamine in place of alcohol as a nucleophile) has been reported 

for the synthesis of pyridine derivatives in 38-86% yield via a 
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nucleophilic addition / intermolecular cyclization.

11 
We 

anticipated that this type of 4-component reaction can be 

performed under more environmentally friendly conditions with 

better yield and wider substrate scope by using a tin salt as a 

catalyst and water as a solvent. Being a stable solid, easily 

handled and less corrosive, SnCl2·2H2O appeared to be an 

attractive precursor for Sn(IV) based Lewis acid catalyst in 

aqueous media. Due to our longstanding interest in the synthesis 

of pyridine derivatives
10,12 

we now report the Sn(IV)-catalyzed 4-

component reaction of alkyl/(hetero)aryl aldehydes (1), β-keto 

esters (or 1,3-diketones) (2), anilines (3) and malononitrile (4) 

leading to a range of pyridine derivatives (Scheme 1). 
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Scheme 1. Sn-catalyzed synthesis of pyridines via a 4-

component reaction. 

 

The reaction of benzaldehyde (1a), ethyl acetoacetate (2a), o-

toluidine (3a) and malononitrile (4) was examined in the 

presence of air under various conditions as shown in Table 1. 

Initially, a recyclable phosphomolybdic acid (PMA)-SiO2 (10 

mol%) was used as a catalyst and water as a solvent which 

afforded the desired compound 5a though in low yield (entry 1, 

Table 1). This prompted us to examine this 4-component reaction 

in water in the presence of other catalysts to achieve better 

product yield. However, the use of catalysts like amberlite, 

indion resin and silicon dioxide did not improve the product yield 

(entries 2-4, Table 1). We then examined the use of SnCl2·2H2O 

that to our satisfaction afforded 5a with improved yield (entry 5, 

Table 1). Several other inorganic / organic catalysts e.g. BiCl3, 

clay (montmorillonite K-10), CeCl3.7H2O (entries 6, 8 and 9, 

Table 1), and L-proline, citric acid, PTSA (entries 7, 10-11, Table 

1) also afforded 5a but with decreased yield. While all these 

reactions were performed in water the use of other solvents like 

MeOH, i-PrOH, MeCN and PEG-400 was examined and found 

to be less effective (entry 5 vs entries 12-15, Table 1). Except 

entry 12, 16 and 17 the MCR was performed at 80 ºC for 10h in 

all the cases. However, we observed that the product yield was 

not affected when the reaction was performed at 60 ºC for 8h 

(entry 16, Table 1). A further decrease in reaction time and 

temperature decreased the yield of 5a. Generally, 10 mol% 

catalyst was used in all our study as decrease in catalyst quantity 

decreased the product yield significantly. Notably, the reaction 

did not proceed in the absence of a catalyst indicating the key 

role played by the catalyst in the present MCR (entry 17, Table 

1). Overall, the use of 10 mol% SnCl2.2H2O in water at 60 °C for 

8 h in the presence of air was found to be optimum for the 

present MCR. 

Having optimized the reaction conditions for the synthesis of a 

polysubstituted pyridine derivative in water we then examined 

the scope of the MCR and results are presented in Table 2. Thus 

a wide range of pyridine derivatives were prepared
13

 by using this 

SnCl2-mediated MCR. The benzaldehyde (entry 1-4, Table 2) 

and its derivatives containing groups like OMe, Br and F 

participated well in this reaction (entries 5-9, Table 2). Aryl 

aldehydes containing electron withdrawing groups like CN and 

NO2 also participated in this MCR affording the desired pyridine 

derivatives (entries 10-11, Table 2). Other aldehydes e.g. 

heteroaryl (entries 12-15, Table 2) and aliphatic aldehydes 

(entries 16-19, Table 2) also afforded the corresponding products 

(entry 12-19, Table 2). The use of three types of carbonyl group 

containing reactants e.g. ethyl acetoacetate (2a), methyl 3-

oxovalerate (2b) and acetyl acetone (2c) was examined. All these  

Table 1: Effect of reaction conditions on the MCR of 1a, 2a, 

3a and 4.
a
 

EtO

O

O
N NH

EtO

O

H3C

CN

CN

CN

NH2

+ + +

Catalyst

Solvent

1a 2a 3a 4 5a

CHO

CH3

H3C

 
 

Entry Catalyst Solvent Temp (°C)/ 
Time (h) 

Yield (%)b 

1 PMA-SiO2 H2O 80/10 40 

2 Amberlite H2O 80/10 30 

3 Indion resin H2O 80/10 32 

4 SiO2 H2O 80/10 15 

5 SnCl2.2H2O H2O 80/10 82  

6 BiCl3 H2O 80/11 65 

7 L-proline H2O 80/10 40 

8 Clay H2O 80/10 17 

9 CeCl3.7H2O H2O 80/10 50 

10 Citric acid H2O 80/10 35 

11 PTSA H2O 80/10 30 

12 SnCl2.2H2O CH3OH 65/10 60 

13 SnCl2.2H2O iPrOH 80/10 50 

14 SnCl2.2H2O CH3CN 80/14 15 

15 SnCl2.2H2O PEG-400 90/10 65 

16 SnCl2.2H2O H2O 60/8 82  

17 No catalyst H2O 60/8 15c 

a
 Reactions were carried out using 1a (1 mmol), 2a (1 mmol), 

3a (1 mmol), 4 (1 mmol) and 10 mol% catalyst in solvent (4 mL) 

under open air.  

b
 Isolated yield.  

 c
 Reaction was performed without catalyst. 

reactants participated well in this MCR. Similarly, arylamines (in 

addition to aniline) containing substituents like CH3, F and Br 

(3a-d) also participated well in the reaction. Thus, all the 

polysubstituted pyridine derivatives were isolated in good yields 

(82-91%). Since alkyl / heteroaryl aldehydes (in addition to aryl 

aldehydes) and 1,3-diketones (in addition to β-keto esters) were 

used in the present MCR hence the methodology offers wider 

substrate scope compared to that reported earlier.
11

  

Except compound 3d all other synthesized compounds are 

new and are characterized by spectral (NMR, IR, MS and 

HRMS) data. The presence of –CN and carbonyl group (ketone 

or ester) was confirmed by the IR absorptions near 2210 and 

1710 or 1690 cm
-1

,
 
respectively. Additionally, a signal near 167 

or 203 ppm in the 
13

CNMR spectra indicated the presence of 

ester or keto group. 

Our earlier synthesis of pyridine derivative via an MCR 

involved the use of microwave irradiation.
10 

We examined if the 

same pyridine derivative can be prepared by using the present 

MCR without using any microwave irradiation. Accordingly, the 

MCR of 1a, 2a, 4 and EtOH was performed under the present 

condition and the desired product 6 was obtained in 80% yield 

(Scheme 2). 
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Table 2: Synthesis of poly substituted pyridines in aqueous 

media
a
 

R1
R3

R2

O

O

N

R1

NH

R2

O
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CN
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CHO

NH2
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SnCl2.2H2O

(10 mol%)

H2O, 60 oC
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R4
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Entry 

 

Aldehyde  

R1 (1) 

Ketone 

R2, R3 
(2) 

Aniline  

R4 (3) 

Time 

 (h) 

Product  

R1, R2, R3, 
R4 (5) 

Yield 

(%)b 

1 Ph, 1a 

OEt, 
CH3 

2a 

2-CH3, 
3a 

8 
Ph, OEt, 
CH3, 2-
CH3, 5a 

82 

2 1a 

OMe, 
Et 

2b 

3a 8 

Ph, OMe, 
Et, 2-CH3, 

5b 

85 

3 1a 

CH3, 
CH3 

2c 

3a 9 

Ph, CH3, 
CH3, 2-
CH3, 

5c 

89 

4 1a 2a H, 3b 8 

Ph, OEt, 
CH3, H, 

5d 

84 

5 
4-MeO-
Ph, 1b 

2a 3a 8 

4-OMe-
Ph, OEt, 
CH3, 2-
CH3, 5e 

86 

6 1b 2a 
2,3-di 
CH3, 3c 

10 

4-OMe-
Ph, OEt, 
CH3, 2,3-
di CH3, 5f 

88 

7 
4-Br-Ph, 
1c 

2c 3a 8 
4-Br-Ph, 
CH3, CH3, 
2-CH3, 5g 

86 

8 
2-F-Ph, 
1d 

2c 4-F, 3d 8 
2-F-Ph, 
CH3, CH3, 
4-F, 5h 

90 

9 1d 2c 
4-Br, 
3e 

9 
2-F-Ph, 
CH3, CH3, 
4-Br, 5i 

87 

10 
4-CN-Ph, 
1e 

2a 3a 7 
4-CN-Ph, 
OEt, CH3, 
2-CH3, 5j 

90 

11 
4-NO2-
Ph, 1f 

2a 3a 7 
4-NO2-Ph, 
OEt, CH3, 
2-CH3, 5k 

89 

12 
2-
Thienyl, 
1g 

2a 3b 9 
2-Thienyl, 
OEt, CH3, 
H, 5l 

86 

13 1g 2c 3b 8 
2-Thienyl, 
CH3, CH3, 
H, 5m 

91 

14 
2-Furyl, 
1h 

2c 3b 10 
2-Furyl, 
CH3, CH3, 
H, 5n 

85 

15 1h 2c 3d 9 
2-Furyl, 
CH3, CH3, 
4-F, 5o 

88 

16 iBu, 1i 2c 3a 9 

iBu, CH3, 
CH3, 2-
CH3, 

5p 

85 

17 1i 2c 3b 8 
iBu,CH3, 
CH3, H, 

90 

5q 

18 n-Pr, 1j 2c 3a 8 
n-Pr, CH3, 
CH3, 2-
CH3 5r 

81 

19 i-Pr, 1k 2c 3a 8 
i-Pr, CH3, 
CH3, 2-
CH3 5s 

78 

a 
Reactions were carried out using 1a (1 mmol), 2a (1 mmol), 

3a (1 mmol), 4 (1 mmol) and 10 mol% catalyst in H2O (4 mL) at 

60 °C under open air.  

b 
Isolated yield.  
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Scheme 2: Synthesis of 2-ethoxy substituted pyridine. 

 

A probable reaction mechanism of the present one-pot 4-

component reaction is shown in Scheme 3. The aqueous solution 

of SnCl2 is known to produce SnCl4 in situ in the presence of 

air.
14

 Moreover, comparison of the DSC (Differential Scanning 

Calorimetry) thermal analysis and IR spectra obtained for the 

commercially available SnCl2.2H2O used in the MCR and the 

solid obtained from the reaction mixture after completion of the 

reaction (by treating the mixture with EtOAc followed by 

filtration) clearly indicated a change in the nature of Sn(II) salt 

employed (see Fig.S-1 and S-2 in the supplementary data file). 

Thus, Sn(IV) species appeared to be the actual catalysts in the 

present reaction.
15

 Consequently, coordination of the nitrogen 

lone pair of intermediate E-1 (formed via the Knoevenagel 

condensation between 1 and 4) with the Sn(IV) species could 

facilitate the Michael type of reaction with the enol form of 2 

affording the intermediate E-2. A further coordination of nitrogen 

lone pair of E-2 with the SnCl4 could facilitate a nucleophilic 

attack by the arylamine 3 followed by isomerization of the 

resulting species to give the intermediate E-3. An intramolecular 

cycloaddition of E-3 (via the loss of a water molecule) followed 

by oxidative aromatization afforded the desired product 5. 

Overall, four new bonds were formed in a single pot operation to 

afford the polysubstituted pyridines 5 under environmentally 

friendly conditions.  
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Scheme 3. The probable reaction mechanism 
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In conclusion, SnCl2·2H2O has been found to be an effective 

precatalyst for the synthesis of pyridine derivatives via an MCR 

in pure water. The methodology involved 4-component reaction 

of alkyl / (hetero)aryl aldehydes, β-keto esters (or 1,3-diketones), 

anilines and malononitrile in the presence of air. The reaction 

seemed to proceed via in situ generation of Sn(IV) species that 

actually catalyzed the MCR in water. This operationally simple 

methodology afforded a range of polysubstituted pyridines 

including 4-alkyl/heteroaryl derivatives in good (78-91%) yields. 

Many of these pyridines are amenable for further 

functionalization to generate diversity based library of molecules 

of potential pharmacological interest. The use of less expensive 

catalyst in aqueous media and good yield of products with wider 

substrate scope are the key features of this methodology. The 

methodology therefore may find applications both in organic and 

medicinal chemistry.  
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