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ABSTRACT: 
This work describes a four component reaction of aldehydes, acetophenones, thiophenols and 

malononitrile under microwave conditionfor the synthesis of 2-thiopyridines in presence of 
imidazole as an organocatalyst. This process involves an almost neutral reaction medium and 
provides product 2-thiopyridinesin high yields with short reaction time.        
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INTRODUCTION: 
The pyridine nucleus is of a great interest because the ring is major member component in a 

series of biological privileged compounds both for naturally occurring as well as synthetic scaffolds 

with measurable complexity1. A thiopeptide antibiotic cyclothiazomycin has a considerable attention 

due to their intriguing structure and bacterial protein inhibition potentially preventing the growth of 

gram positive bacteria S-aureus2. The antibiotic bears a central 2, 3, 6-tri-substituted pyridine ring as 

structural motif shown in figure-1, which is structurally similar to berninamycin, eninthiocin, 

promothiocins, radamycin, and thioxamycin3-4. 
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Figure-1: Structures of pyridine thiopeptide antibiotic 

 Pyridine scaffolds are important class of nitrogen containing heterocycles isolated from many 

natural product and found in active pharmaceuticals and functional compounds5-8, Diploclidine9, 

Nakinadine10 are structurally diverse natural product having pyridine as core structural moiety, 

pyridine containing active pharmaceutical ingredient Atazanavir11 act as HIV drug chronic 

myelogenous leukemia, camptothecin is a cytotoxic pyridine structure based alkaloid which inhibits 

the DNA enzyme topoisomerase-I (topo-I) and can act as anticancer drugs its different analogues like 

Irinotecan can also be used as cancer therapeutics12 depicted in figure-2. 
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Figure-2: Pyridine containing natural products 

Pyridine and cyanopyridine scaffolds are privileged intermediates in nicotinamide, nicotinic 

acid, and isonicotinic acid13, and also exhibits in many synthetic organic entities14 with wide 

spectrum of biological activities15-16.The pharmacological and physiological active non glycosidic 

cardiotonic agent Milrinone17-18, and substituted pyridines active against herpes virus, and human 

immune deficiency virus19-20, the alkaloid structure Ricinine, pyridine structure based anti-

tubercular21, anti-cancer22-23, Adenosine receptor antagonists24, antihypertensive25, antihistaminic26, 

anti-inflammatory27, analgesic and anti-pyretic28-29properties based motifs are exemplified in figure-

3. 
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Figure-3:Cyanopyridine motif containing medicinal scaffolds 
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         Among several cycnopyridines, synthesis of 2-thiopyridines tethered with cyano functionality 

is very limited. X. H. Wang and et al has reported an efficient and direct synthesis of 2-thiopyridines 

by three component coupling under microwave irradiation30, the synthesis concludes a series of 2-p-

tolylthiopyridines scaffolds via three component direct condensation of chalcones, malononitrile, and 

4-methylthiophenol catalyzed by trimethylamine and DMF as solvent under microwave irradiation. 

The synthetic strategy claims promising methodology with comparable results in terms of reaction 

time, yield and operational simplicity. Similarly, M.R.P Heravi and Amir Soufi has reported a four 

component condensation of substituted acetophenones, substituted aldehydes malononitrile and 

arylthiol by employing a non-ionic surfactant (Triton X-100)31 with good to moderate yield. 

In multicomponent reactions imidazole has been explored as an efficient organocatalyst.32In light of 

green and sustainable chemistry we have developed an efficient method using imidazole as an 

organocatalyst employing environmentally benign PEG-400 as a solvent under microwave 

irradiation.  

RESULTS AND DISCUSSIONS 
For our initial study benzaldehyde (0.5 mmol), acetophenone (0.5 mmol), malononitrile (0.5 

mmol) and thiophenol (0.5 mmol) was chosen as a reaction model. Under catalyst-free conditions 

with PEG-400 as a solvent and at room temperature the above combinations provided the desired 

product 5a only in trace amount after 24h. (Table 1, entry1). With the same substrates combination 

and at the same reaction condition when imidazole 10 mol% as a catalyst was added; 15% yield of 

the desired product was obtained (Table 1, entry2). Increase in yield 60% was observed in heating 

condition (Table1, entry3) that also reduced the reaction time. Increase in loading of imidazole 

increases the yield and reduces the reaction time (Table1, entry 4). Interestingly a trial reaction of 

this model substrates in PEG-400 medium and with imidazole catalyst in presence of microwave 

irradiation showed very significant increase in yield (92%) within 15 min (Table1, entry5). The 

effect of catalyst loading was also checked. Lowering the amount of imidazole from 20 mol% to 10 

mol% simultaneously lowers the yield of the desired product (Table1, entry6). Similarly effect of 

temperature on yield of the product was also checked and it was found that lowering the temperature 

lowed the yield of the product (Table1, entry 7). Further we have checked the reaction model with 

various organic/inorganic and acid/base catalysts such as TEA, DABCO, Benzoic acid, KOH, HCl 

(Table1, entries 8-13) but were not so efficient compared to imidazole. Finally, we have also 

screened the model reaction with polar protic solvents such as acetic acid, H2O, and ethanol (Table 1, 
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entries 14-16) and polar aprotic solvents such as DMF, THF, DMSO and acetonitrile respectively 

(Table1, entries 17-20) but no significant impact on yield was observed. Non-polar solvent such as 

toluene (table1, entry 21) was tested in this reaction but yields was discouraging.  

Table1:Optimization of reaction conditionsa 

O

H

O

H3C+
CN

CN
SH

+ + Conditions N

NC
S

1 2 3 4 5a
 

 

Entry Catalyst Reaction conditionsa Yieldb(%) 
1 --- PEG-400 rt 24h trace 
2 Imidazole (10 mol%) PEG-400 rt 24h 15 
3 Imidazole (10 mol%) PEG-400, 130oC, 12h 60 
4 Imidazole (20 mol%) PEG-400, 130oC, 8h 75 
5 Imidazole (20 mol%) PEG-400, MW, 130oC, 15 min 92 
6 Imidazole (10 mol%) PEG-400, MW, 130oC, 15 min 80 
7 Imidazole (20 mol%) PEG-400, MW, 100oC, 15 min 75 
8 L-Proline (20 mol%) PEG-400, MW, 130oC, 15 min 55 
9 TEA (20 mol%) PEG-400, MW, 130oC, 15 min 80 
10 DABCO (20 mol%) PEG-400, MW, 130oC, 15 min 70 
11 Benzoic acid (20 mol%) PEG-400, MW, 130oC, 15 min trace 
12 KOH (20 mol%) PEG-400, MW, 130oC, 15 min 65 
13 HCl (20 mol%) PEG-400, MW, 130oC, 15 min trace 
14 Imidazole (20 mol%) Acetic acid, MW, 130oC, 15 min 35 
15 Imidazole (20 mol%) H2O, MW, 130oC, 15 min 69 
16 Imidazole (20 mol%) Ethanol, MW, 130oC, 15 min 70 
17 Imidazole (20 mol%) DMF, MW, 130oC, 15 min 30 
18 Imidazole (20 mol%) THF, MW, 130oC, 15 min 62 
19 Imidazole (20 mol%) DMSO, MW, 130oC, 15 min 43 
20 Imidazole (20 mol%) Acetonitrile, MW, 130oC, 15 min 65 
21 Imidazole (20 mol%) Toluene, MW, 130oC, 15 min 15 

aReaction of benzaldehyde (0.5 mmol), acetophenone (0.5 mmol), malononitrile (0.5 mmol) and  thiophenol (0.5 
mmol) at different reaction conditions.b Isolated yield 

 
From the optimization table-1 imidazole as a catalyst and PEG-400 as a solvent was observed to be 

the most suitable for this type of reactions under microwave heating. 

With the optimized conditions in hand we turned our attention 

toinvestigatethescopeandgeneralapplicabilityofthismethodologybycarryingoutthesynthesisof 2-

thiopyridinesusingdifferentaldehydesandthiols (Table2).  

 

 
Table2: Synthesis of substituted 2-thiopyridinesa 
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O
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+
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SH
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       130 oC

N
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R1

1 2 3 5
R2

R2
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Entry R1 R2 Product Time (min) Yield (%)b Melting Point (oC) 
1 H H 5a 15 90 234-2360 C 
2 4-Cl H 5b 15 92 191-1930C 
3 2-Cl H 5c 15 91 187-1890C 
4 4-CH3 H 5d 15 90 241-2430C 
5 2-CH3 H 5e 15 89 236-2380C 
6 4-NO2 H 5f 15 92 247-2490C 
7 4-Cl 4-CH3 5f 15 92 194-1960C 
8 4-NO2 4-CH3 5h 15 91 264-2660C 
9 4-OMe 4-CH3 5i 15 91 251-2530C 

a Reaction of aldehydes (0.5 mmol), acetophenone (0.5 mmol), malononitrile (0.5 mmol), thiols (0.5 mmol), 
imidazole (20 mol%), PEG-400 (1.0 ml) in MW at 130 oC for 15 min. b Isolated yield 

 
A wide range of aromatic aldehydes such as unsubstituted as well as tethered with either 

electron-withdrawing or electron-donating groups were tested and was found to be suitable in this 

reaction (Table 2, entries 1-9) and corresponding 2-thiopyridine were obtained in good yields. 

Aliphatic aldehyde such as formaldehyde was also tested in this reaction but resulted in inseparable 

mixtures. Apart from simple thiophenol (Table 2, entries 1-6) that resulted in good yields 4-methyl 

thiophenols were aslo tested and produced the desired product substituted 2-thiopyridines in good 

yield (Table2, entries 7-9). It is to mention that in all the cases except in case of aliphatic aldehydes 

the reactions were found remarkably clean and isolation of the products was easy. All products were 

characterized by IR, 1H NMR, 13C NMR and by elemental analysis. 

PROPOSED MECHANISM 
In the first catalytic cycle-I, we believed that imidazole promotes to condense acetophenone 

(1) and aldehyde (2) to form the intermediate A as shown in the mechanism (scheme-1). In the next  

catalytic cycle-II malononitrile undergoes Michael addition with the in situ generated intermediate 

A. and forms an another intermediate B. Thiophenol subsequently attacks to the nitrile functionality 

of the intermediate B and forms a cyclic  intermediate C which further on dehydration and 

tautomerization forms the an another intermediate D a 1,4-dihydropyridine.  In the final step this 

intermediate 1,4-dihydropyridine forms the desired pyridine molecule upon aerial oxidation. 
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Scheme-1: Imidazole catalyzed 2-thiopyridine 

EXPERIMENTAL 

GENERAL 
All reagents were used without further purification and were procured from commercial 

sources. Microwave irradiation was carried out with Initiator 2.5 microwave synthesizers from 

Biotage (Uppsala, Sweden). A Shimadzu FTIR spectro-photometer was used for recording IR 

spectra. 1H NMR and 13C NMR spectra were recorded on Bruker 400MHz spectrometers in DMSO-

d6 using TMS asan internal reference. Elemental analysis was carried out in a Perkin Elmer 2400 
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automatic CHN analyzer or Elementer Vario ELIII. All compounds were characterized by the ir 

meltingpoints, 1H NMR and 13C NMR spectra and elemental analysis. 

General procedure for the synthesis of 2-amino-4-(aryl/alkyl)-4H-benzo[h]chromene-3 

carbonitrile (5a-5i) 

A mixture of aldehyde (0.5mmol), acetophenone (0.5 mmol), malononitrile (0.5mmol), thiols 

(0.5 mmol) and imidazole (20 mol%) in PEG-400 (1.0 mL) was taken in a sealed 0.5-2.0 mL vial 

containing aTeflon-coated magnetic stirring bar and irradiated at 130 oC at 120W power for the 

appropriate time (Table 2) using a microwave reactor. The resulting mixture was cooled to 50 oC by 

an air flow. After completion of the reaction, 2.0 ml ethanol was added for the precipitation of the 

product. The product was separated by filtration and ethanol was removed from the filtrate using 

rotary evaporator. Finally recovered PEG-400 was washed with diethyl ether to obtain clean PEG-

400. This recovered PEG-400 was further used for the next cycle and the same procedure was 

repeated two more times without significant loss of activity. 

The%ofyieldobtainedindifferentrunswas90(1st),90(2nd)and85%(3rd)respectively. 

4,6-Diphenyl-2-(phenylthio)nicotinonitrile (5a): White solid; 90% yield; mp 234-236oC; IR (KBr): 

3110, 2216, 1572, 1527, 1454, 1387, 1090, 978, 865, 748, 732 cm-1; 1H NMR (DMSO-d6, 400 

MHz): δ = 8.68 (d, 2H, J = 7.4 Hz, ArH), 7.94 (d, 2H, J = 8.1 Hz, ArH), 7.85-7.63 (m, 3H, ArH), 

7.52-7.45 (m, 3H, ArH), 7.41-7.30 (m, 2H, ArH), 7.31-7.27 (m, 4H, ArH); 13C NMR (DMSO-d6, 100 

MHz): δ = 180.1, 160.3, 159.4, 139.7, 138.3, 137.9, 136.8, 135.7, 134.8, 133.5, 132.3, 131.0, 130.4, 

129.6, 128.3, 126.3, 125.4, 124.3, 123.1, 122.5, 121.4, 117.2, 112.8, 101.6; Anal. Calcd. for 

C24H16N2S: C, 79.09; H, 4.42; N, 7.69; Found: C, 79.11; H, 4.37; N, 7.66. 

2-(p-Tolylthio)-6-(4-methoxyphenyl)-4-phenylpyridine-3-carbonitrile (5i): IR (KBr): 3019, 

2974,2218, 1611, 1571, 1530, 1494, 1408, 1371, 1317, 1171,1021, 837,809,772,756,699 cm-

1;1HNMR(DMSO-d6): δ = 7.89-7.87 (m,3H,ArH),7.76-7.75 (m,2H,ArH),7.62-7.58 (m,5H,ArH), 7.38 

(d,J = 8.1 Hz,2H,ArH), 6.91 (d,J = 8.7 Hz,2H,ArH), 3.80 (s,3H,OCH3), 2.47 

(s,3H,CH3).Anal.Calcd.forC26H20N2OS:C,76.44;H,4.93;N,6.86;Found:C,76.48;H,4.89;N, 6.81. 
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CONCLUSIONS: 
In summary, the present work describes imidazole-mediated multicomponent reaction sinvolving in 

situ-generated chalcone of aldehydes and acetophenone intermediates for easy access to a wide range 

of highly substituted 2-thiopyridines. This protocol has the advantages of a wide scope of substrates, 

ready availability, lower cost of the catalyst, operational simplicity, short reaction time and no need 

for column chromatographic separation with good to high isolated yields. 
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