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A simple and benign one-pot protocol for the synthesis of 2-

amino selenopyrindine derivatives 4 has been developed using 

ultrasound assisted multicomponent reactions of aldehydes, 10 

malononitrile and benzeneselenol in polyethylene glycol 

(PEG-400). Under the similar reaction conditions, sterically 

hindered o,o´-disubstituted aromatic aldehydes provide the 

corresponding functionalized seleno dihydropyridines 5. In 

this process in total four new bonds (two C-C, one C-N and 15 

one C-Se) forms in one pot.  

 

Selenium is one of the important nutritional elements both for 

animals and human beings.1a  Organoselenium compounds exhibit 

wide range of pharmacological and biological activities such as 20 

antioxidants, enzyme modulators, antimicrobials, antitumor, 

antiviral, antihypertensive agents, cytokine inducers, anticancer 

agent etc.2 Although selenium containing heterocycles  posses 

considerable amount of cyctotoxic properties still they are less  

explored which may be due to their low stability compared to 25 

their sulphur analogues. Very recently, development of 

organoselenium compounds have gained considerable interest in 

synthetic organic chemistry and several novel organoselenides 

have been reported in the literature.3 A few representative Se 

containing heterocyles having promising medicinal properties are 30 

depicted in Figure 1. Ebselen (A) is a mimic of glutathione 

peroxidase and which has been investigated for possible 

treatment of  reperfusion injury, stroke, hearing loss, tinnitus and 

bipolar disorder.4 Similarly, Selenazofurin (B) containing the 

five-member base  nucleoside is highly effective against both 35 

viral infections and animal tumors.5 Among several BTX series , 

BTX-51077 (C) is an analogue of ebselen that has been found to 

be efficient inhibitors of the TNFα-induced proinflammatory 

responses of endothelial cells.6 Functionalized pyridines are 

abundant in various bioactive natural as well as synthetic 40 

compounds.7 Considering the importance of functionalized 

pyridines and Se-containing heterocycles we were motivated to 

design a simple and efficient method for the preparation of 

selenopyridine derivatives (D) as shown in Figure 1. 

 45 

Literature studies have revealed that methods for the preparation 

of selanyl intact pyridines are still limited.8 Most of the literature 

reported methods use nucleophilic substitution of halopyridines 

using either diselenides or salt of selenols. To the best of our 

knowledge selenols have not been explored fully in 50 

multicomponent reactions. Thus there are lot of scope to design 

new multicomponent reactions using directly selenols for the 

facile access of pyridine tethered selenides. From green chemistry 

point of view designing an atom and step economic method under 

eco-friendly conditions is one of the very important requirements 55 

in organic synthesis. Multicomponent reactions (MCRs) in which 

more than two reactants react in a single step to form multiple 

bonds has become very popular strategy for the synthesis of 

library of molecules within a short time. Unconventional media 

with high boiling points are considered as ecofriendly solvents in 60 

organic synthesis and recently it has  gained considerable 

attention in MCRs.9 PEG is one of the most explored 

unconventional media in organic synthesis.10 Recently we have 

used PEG as a reaction medium cum promoter in MCRs for the 

synthesis of functionalized dihydropyridines.11  65 

 

Figure 1 Structures of some Se-containing bioactive heteocycles 

and our target molecules. 

 

Similarly, we have also recently developed catalyst free MCRs 70 

for the synthesis of functionalized pyrroles12 and thiazoles.13 In 

continuation of our work on design of MCRs14 in this paper we 

have reported an ultrasound assisted multicomponent reactions of 

aldehydes, malononitrile and phenylselenol in PEG-400 as shown 

in Scheme 1. 75 
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Scheme 1 Synthesis of highly functionalized seleno-tethered 

pyridines. 

 

Polyethylene glycols (PEG) posses a wide range of virtues such 5 

as low volatility, good solubilising power, high boiling point 

reactions, nonhazardous, water solubility and ease of workup.15 

In addition, it is readily available with very low cost, and suitable 

for energy dissipation with ultrasonication and microwaves. 

Among the several class of polyethylene glycols, PEG-400 is a 10 

hydrophilic polymer and acts as an efficient reaction medium for 

the synthesis of a large number of organic transformations.16 In 

continuation with our endeavour to further explore PEGs in 

MCRs for green synthesis we turned our attention to design a 

MCR for the synthesis of functionalized amino pyridines tethered 15 

with phenyselenium using PEG as reaction medium. In 

ultrasound assisted reactions, the cavitations process generates 

energetic bubbles that absorbs energy from the wave of 

ultrasound which then collapse with pressure changes and high 

temperature that results in concentration of high-energy particles 20 

and leads to intermolecular reactions.17 

 

Taking cue from our previous work for the synthesis of 2-amino-

3,5-dicyano-6-thiopyridines18 we wanted to use a similar 

approach for selenopyridines using phenyl selenium in place of  25 

thiol. Considering a wide range of applications of thiopyridines,19 

several catalytic methods are available for the multicomponent 

synthesis of 2-amino-3,5-dicyano-6-thiopyridines however, 

synthesis of corresponding selenopyridines have not been yet 

explored. It is believed that these Se-containing pyridines will 30 

also attract the attention of medicinal chemists and may exhibit 

very useful medicinal properties. 

 

In the initial investigation, the reaction of 4-

methoxybenzaldehyde (1.0 mmol), malononitrile (2.0 mmol) and 35 

benzeneselenol (1.0 mmol) was chosen as a model reaction. 

Under catalyst-free conditions and at room temperature, the 

above reagents in ethanol provided the desired product 4b only in 

trace amount (Table 1, entry1). Attempted refluxing conditions 

did not provide any advantage (Table 1, entry 2). Next we tried 40 

this model reaction in ethanol in the presence of a catalytic 

amount (10 mol%) of various organocatalysts such as 

triethylamine, L-proline and DABCO under reflux conditions. In 

all these cases the yields obtained were higher than the catalyst-

free conditions; however the observed yields were below 30% 45 

(Table 1, entries 3-5). Even in the presence of (10 mol%) NaOH 

the reaction did not provide good yield. Interestingly, by using 

imidazole (10 mol%) as catalyst, significant improvement in 

yield was observed (Table 1, entry 7).  Next we wanted to explore 

glycols such as glycerol or PEGs to optimize this reaction. Under 50 

catalyst free conditions when the model reaction was performed 

at room temperature using glycerol and PEG-200 as reaction 

medium the observed yields were only 15 and 20% respectively. 

Interestingly, when PEG-400 was used as reaction medium it 

provided 40% yield of desired selenopyridine at room 55 

temperature within 8h. After having this encouraging result using 

PEG-400, we wanted to optimize the reaction condition by 

changing reaction temperature. Catalyst free reaction in PEG-400 

at 100 oC shows decrease in the reaction time as well as increase 

in yield compared to the room temperature reaction. When the 60 

model reaction in PEG-400 medium was subjected to microwave 

heating at 100 oC for 15 minutes using a microwave reactor, very 

poor yield was observed (Table 1, entry 12). Interestingly a trial 

reaction of this model substrates in PEG-400 medium under 

catalyst free conditions and in the presence of ultrasound 65 

irradiation showed very significant increase in yield (82%) within 

5h (Table1, entry13). The effect of temperature was also studied 

and we observed that increase in temperature from 25 oC to 50 oC 

reduces the reaction time but also reduces the yield of the desired 

product. Under solvent free and US conditions the desired 70 

product was observed only in trace amount even after 7h reaction 

time (Table 1, entry 15). Finally, from Table 1, we realized that 

the optimum conditions to obtain good yield for the desired 

product is PEG-400 as a solvent in the presence of ultrasound 

irradiation at room temperature without any inert atmosphere. 75 

 

Table 1 Optimization of reaction conditionsa 

 

 

 
80 

 

 

Entry Catalyst Solvent Time/(h) Yieldb  

(%) 

1 No catalyst EtOH/RT 10 tracec 

2 No catalyst EtOH/Reflux 10 trace 

3 TEA EtOH/Reflux 6 20 

4 L-proline EtOH/Reflux 7 15 

5 DABCO EtOH/Reflux 5 25 

6 NaOH EtOH/Reflux 2 20 

7 Imidazole EtOH/Reflux 2 76 

8 No catalyst Glycerol/RT 9 10 

9 No catalyst PEG-200/RT 9 15 

10 No catalyst PEG-400/RT 8 40 

11 No catalyst PEG-400/100oC 3 65 

12 No catalyst PEG-400/MW 0.25 20 

13 No catalyst PEG-400/US/rt 5 82 

14 No catalyst PEG-400/ US/50 oC 4 75 

15 No catalyst Solvent free/ US/rt 7 trace 
aReaction conditions: 4-Methoxybenzaldehyde (1.0 mmol), 

malononitrile (2.0 mmol), benzeneselenol (1.0 mmol) in PEG-400 

(2.0 ml) sonicated at rt. bIsolated yields. cReaction at room 

temperature. 

With the optimized conditions in hand, we turned our attention to 

investigate the scope and general applicability of this 

methodology by carrying out the synthesis of 2-amino-4-85 

aryl/alkyl-6-(phenylselanyl)pyridine-3,5-dicarbonitriles using 

different aldehydes (Table 2). 

A wide range of aromatic aldehydes tethered with either electron-

withdrawing or electron-donating groups underwent this 

multicomponent reaction and the corresponding selenopyridines 90 

NH2N Se

CNNC

+ 2
CN

CN
+

catalyst

solvent

CHO

OMe

SeH

OMe

4b
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were obtained in moderate to good yields (Table 2, entries 1-5 

and 8-11). Heteroaromatic aldehyde such as thiophene-2-

carbaldehyde (Table 2, entry 6) also provided the corresponding 

selenopyridine in 87% isolated yield using the same reaction 

conditions. Aliphatic aldehyde such as phenylacetaldehyde was 5 

also tested and was found to be suitable in this multicomponent 

reaction to obtain the desired selenopyridines (Table 2, entry 7). 

It is noteworthy to mention that when sterically hindered o,o′-

disubstituted aldehydes were tested, it gave the final product as 

unaromatized 1,4-dihydroselenopyridines (Table 3, entries 1-2). 10 

All the products were fully characterized by IR, 1H NMR, 13C 

NMR spectra and by elemental analysis. The molecular structure 

of a representative compound 4b was established unambiguously 

by single crystal X-ray diffraction (Fig. 2). The compound 4b  

 15 

Table 2 Synthesis of 2-amino-4-aryl/alkyl-6-(phenylselanyl)- 

pyridine-3,5-dicarbonitrile derivativesa 

 

 

 20 

 

Entry R Ph Producta Time 

(hour) 

Yield b  

(%) 

1. C6H5 C6H5 4a 5 76 

2. 4-OMeC6H4 C6H5 4b 4 82 

3. 3-OPh-C6H4 C6H5 4c 4 84 

4. 4-Br-C6H4 C6H5 4d 5 71 

5. 4-CN-C6H4 C6H5 4e 3 85 

6. Thiophene-

carboxaldehyde 

C6H5 4f 4.5 87 

7. C6H5CH2 C6H5 4g 9 67 

8. 4-Me-C6H4 C6H5 4h 8 68 

9. 3-Cl-C6H4 C6H5 4i 5 81 

10. 3,4-OMe-C6H3 C6H5  4j 7 86 

11. 3,4-Cl-C6H3 C6H5  4k 7 78 
aAll products were fully characterized by IR, 1H NMR, 13C NMR 

and elemental analysis;  bIsolated yield. 

 

Table 3 Synthesis of 2-amino-4-o’,o’-phenyl-6-(phenylselanyl)-

1,4-dihydropyridine-3,5-dicarbonitrile derivativesa 

 25 

 

 

 

 

 30 

Entry  R1             R2           Producta       Time  

(hour) 

Yield b 

  (%) 

1.    -Cl -Cl 5a 7 87 

2.    -OMe -OMe 5b 8 90 

      
aAll products were fully characterized by IR, 1H NMR, 13C NMR 

and elemental analysis;  bIsolated yield. 

 

was recrystallized in acetonitrile and the crystal belongs to P 21/n 

space group with Z: 4 Z’: 0. In this molecule intra molecular 35 

hydrogen bonding has been observed between the ‘N3’of nitrile 

with the ‘H1’ of the –NH2 due to their close proximity (Figure 3).  

 

It is noteworthy to mention that in all the cases the reactions were 

found remarkably clean and isolation of the products was easy.  40 

Next we attempted to check the recyclability of the solvent (PEG) 

in this methodology. The reaction of 4-methoxybenzaldehyde 

(1.0 mmol), malononitrile (2.0 mmol) and benzeneselenol (1.0 

mmol) in 2.0 ml PEG-400 for the synthesis of 4b was chosen as 

the model reaction for this purpose.  After completion of the 45 

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 was washed with diethyl ether to obtain clean 

PEG-400. This recovered PEG was further used for the next cycle 50 

and the same procedure was repeated two more times without 

significant loss of activity. The % of yield obtained in different 

runs was 82(1st), 82 (2nd) and 81%(3rd) respectively. 

 

On the basis of the above results a plausible reaction mechanism 55 

has been shown in Scheme 2. We believe that in the initial step 

Knoevenagel condensation occurs in the presence of PEG-400. It 

is assumed that PEG activates both aldehyde and malononitrile to 

form yilidine intermediate. Next step is the simultaneous 

nucleophilic attack of the benzeneselenol and another equivalent 60 

of malononitrile for simultaneous intramolecular cyclization and 

tautomerization leading to the formation of intermediate 1,4-

dihydroselenopyridine. The intermediate finally undergoes aerial 

oxidation and providing the final product.  

 65 

 

 

 

 

 70 

 

Figure 2 ORTEP plot of compound 4b (CCDC 1004592).20 

 

 

 75 

 

 

 

 

 80 

Figure 3 The Hydrogen bonding pattern in molecule 4b 

In case of sterically hindered o,o′-disubstituted aldehydes the 

reaction stops at the 1,4-dihydroselenopyridine stage, which may 

be due to the steric crowding  in the dihydropyridine 

intermediate. 85 

 

 

 

 

 90 

 

 

 

 

Scheme 2 Proposed mechanism for the synthesis of 2-amino-4-95 

aryl/alkyl-6-(phenylselanyl)pyridine-3,5-dicarbonitrile 

derivatives. 
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In conclusion, we have developed a simple and efficient 

multicomponent reaction using PEG-400 as a reusable green 

solvent assisted by ultrasonication for the easy access to a series 

of selenopyridine derivatives. The virtues of this synthetic 

methodology are: a mild single step reaction conditions without 5 

metal catalyst or volatile organic solvent. The isolated products 

are pure enough for the characterization without any column 

chromatography. Considering the presence of selenium element 

with pyridine moiety in these products, this type of molecules 

may be useful in medicinal chemistry.  10 
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