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An electrochemically environmentally benign synthetic strategy has been developed for preparation of substituted 
pyridine by condensation of structurally diverse aldehydes with various thiols and malononitrile. 
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Heterocycles compounds are important essential 
material having multiple use in our daily life. The 
most commonly used heterocyclic have five or six 
membered ring containing hetero atoms like Nitrogen 
(N), Oxygen (O), Sulphur (S). Among all the 
available heterocyclics, N heterocyclic compounds 
have wide range of applications in pharmaceuticals, 
natural products and functional materials2. Some of N 
substituted heterocyclic compound play a vital role in 
genetic material information as they are linked with 
DNA and RNA. Genetic material DNA and RNA 
have privileged structural motifs composed by 
heterocyclics nitrogenous bases like pyrimidine and 
purines (Scheme 1). 
 

The pyridine moiety got significant attention in the 
recent years as it has been found in a wide variety of 
both naturally occurring and synthetic bioactive 
compounds1. 

Biological properties of pyridine containing 
heterocyclics may be enhanced by incorporation of 
substituting organosulfur group2. Numerous patents 
have been filed on the specific medicinal utility of 
various substituted pyridine moiety. As, some of these 

compounds acts as potassium channel openers used to 
treat urinary incontinence as they exhibit anti-
bacterial, anti-biofilm properties3. Beside these 
pyridine derivatives are extensively investigated to 
treat various disease4 such as, Alzheimer, asthma, 
epilepsy, hypoxia, Parkinson’s disease, kidney disease 
and cancer. 
 

In the last decades, several new innovative 
methods have been developed which includes 
Vilsmeier reactions5, Diels–Alder6, Ni/Ru-catalysed 
cycloadditions of alkynes and nitriles7, cycloadditions 
of oximinosulfonates8, reaction of imines with 
enamines or carbonyl compounds9, condensation of 
α,β-unsaturated esters or nitriles with thiols10, and 
transformation of ketene dithioacetals to pyridine 
derivatives11, Ionic liquid containing12 nanocrystalline 
magnesium oxide13. These reactions are catalyzed by 
acid, base, ionic liquid, microwave irradiation and 
nano crystalline metal oxides in their experimental 
conditions. In addition to these reactions several MCR 
methods are also reported for synthesis of diverse 
substituted pyridines, using condensations of 
aldehyde, malononitrile, thiol and suitable base. 
 

Scheme 1 — Electrocatalytic pathway for synthesis of highly substituted pyridine 
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Thus, during the development of novel synthetic 
methods consideration of efficiency, mild condition is 
fundamental need for sustainable and progressive 
research. Keeping the view of sustainable 
development electrochemically catalyzed multi 
component reactions may play significant role in 
synthesizing wide range of both naturally and 
synthetic bioactive substituted pyridine compounds. 
Therefore, searching mild efficient sustainable 
method for the synthesis of highly substituted sulphur 
containing pyridine compounds is aim of organic 
synthesis. 

The electrochemical method allows to offer rapid 
and direct construction of complex molecules without 
isolation and purification of intermediates, 
minimizing waste, labour cost, effort, and time from 
available starting materials using greener and 
sustainable technologies14. 

As part of the ongoing studies on the development 
of efficient and straightforward methods to prepare 
bioactive compounds, using electrochemical 
methods15, it was found that pyridines could be 
efficiently prepared using electrochemical-mediated 
synthesis under mild reaction conditions. Herein, is 
reported an efficient and simple synthetic pathway to 
synthesise polysubstituted pyridines under mild 
conditions. 

We began our studies by investigating 
benzaldehyde (1a, 1.1 mmol), malononitrile (2a, 2.2 
mmol) and thiophenol (3a, 1 mmol) as the model 
substrates to optimize the reaction conditions. The 
suspension of benzaldehyde and malononitrile were 
electrolysed at constant potential (2.0 volt), reaction 
mixture stirred until benzaldehyde was completely 
consumed (30 minutes) in an undivided cell using 
LiClO4 (0.1 M) electrolyte, EtOH (20.0 mL), as 
solvent and platinum as the working and counter 
electrodes. Thiophenol was added, in the stirred 
reaction mixture of benzaldehyde, malononitrile and 
LiClO4 for a period of time until completion of the 
reaction (TLC). No conversion occurs in the absence 
of electricity (Table 1, entry 1). In the presence of 
electricity 40% of expected result was obtained 
(Table 1, entry 2). Subsequently, various solvents 
were extensively examined, and it was found that 
solvent (Table 1, entries 1-5) played a crucial role in 
the reactivity. Among them EtOH proved to be a 
suitable solvent in view of excellent yield. 
Pleasingly, when the reaction duration was 6h 
(Table 1, entry 6) product yields was increased to 

90%, no further change in yield was observed by 
increasing the reaction time (Table 1, entry 7). No 
variation in either conversion or product yield were 
observed by changing the concentration of electrolyte 
LiClO4 while other electrolyte nBu4NClO4, Bu4NBF4, 
NaBr, LiBr, NH4I exhibited lower reactivity (Table 1, 
entries 8-12). We observed negative effects for the 
reaction when cell voltage or current were changed 
(entries 13-16). It is necessary to mention that 
reaction works well in absence of nitrogen 
atmosphere also. while increasing the amount of 
benzaldehyde product 4a afforded no further change 
in yield. With the aforementioned optimal reaction 
conditions, transformation was investigated by 
exposing wide range of substituted aromatic as well 
as heteroaromatic aldehydes, with several substituted 
thiophenols and malononitrile to produce 2-amino-
3,5-dicyano-6-sulfanyl pyridines as summarized in 
Scheme 2. However, when thiophenol was replaced 
by heptane thiol we observed slightly poor yield 
(Table 2 entry 4m). Notably, the reaction of aliphatic 
aldehyde malononitrile and thiophenol resulted to 
formation undefined product. However, in our finding 
the reaction conditions are compatible for aromatic 
aldehyde with good yields. Aromatic aldehyde having 
electron withdrawing groups (-NO2, -Cl, - Br) 
generally gave expected product (Table 2, entries 
2, 4, 5) formed in shorter time with higher current at 

Table 1 — Optimization of the synthesis of 2-amino-3,5-dicyano-
6-sulfanyl pyridines, 4a

Entry Solvent Potential 
(V) 

Time 
(h) 

Current 
(mA) 

Electrolyte Yield 
(%) 

1 MeOH 0.0 4 0.0 LiClO4 No 
Rxn. 

2 MeOH 2.0 4 10.0 LiClO4 40 
3 CH3CN 2.0 4 10.0 LiClO4 65 
4 iPrOH 2.0 4 10.0 LiClO4 50 
5 EtOH 2.0 4 10.0 LiClO4 80 
6 EtOH 2.0 6 10.0 LiClO4 90 
7 EtOH 2.0 10 10.0 LiClO4 90 
8 EtOH 2.0 10 10.0 nBu4NClO4 70 
9 EtOH 2.0 10 10.0 nBu4NBF4 70 
10 EtOH 2.0 6 10.0 NaBr 61
11 EtOH 2.0 6 10.0 LiBr 65 
12 EtOH 2.0 6 10.0 NH4I 50
13 EtOH 2.0 6 10.0 LiClO4 70 
14 EtOH 2.0 6 10.0 LiClO4 65 
15 EtOH 1.5 6 5.0 LiClO4 60 
16 EtOH 1.5 6 15.0 LiClO4 55 

a Optimized conditions: Benzaldehyde 1 (1.1 mmol), malononitrile 2
(2.2 mmol), thiophenol 3 (1 mmol), LiClO4 (0.1 M), EtOH solvent 
(20 mL), Pt electrode at RT. b Isolated yield of product 4a 
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constant potential than electron-donating groups 
(-OCH3, -CH3) (Table 2, entries 6, 7). Therefore, we 
concluded that the electronic nature of the substituents 
on the aryl ring has no effect in the yield of the final 
products. 

A plausible reaction scenario for the reaction is 
presented in Scheme 2. The first step is believed to be 
Knoevenagel condensation between an aldehyde I and 
malononitrile II to generate corresponding 
Knoevenagel product (III). Thiolate addition to CN of 
the Knoevenagel product (III), intermediate (IV) was 

obtained. After proton absorption the intermediate 
adduct (IV) undergoes Michael addition to the second 
molecule of malononitrile, which leads to substituted 
pyridine via N-cyclization followed by aromatization. 

In summary, we have developed a simple and 
efficient, electrocatalyst, one pot three component, 
green method for the preparation of substituted 
pyridine. The method has several advantages 
including green reaction, atom economy, eco-friendly, 
mild reaction condition and environmentally friendly 
catalyst. The strategy may offer green approach for 

Scheme 2 — Plausible electro-catalyzed pathway for the synthesis of substituted pyridine derivatives 
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synthesizing N-heterocyclic compound containing 
pyridine nucleus which is proceeded without using 
base or ligand, the developed procedure provides new 

route in modern synthetic organic chemistry for target 
and diversity oriented highly substituted pyridine 
derivatives. 

Table 2  Electro-catalyzed synthesis of substituted pyridine derivatives under optimized conditionsa 



CHANDRA et al.: ELECTROCATALYTIC ASSISTED ONE POT REACTION 
 
 

511

Supplementary Information 
Supplementary information is available in the website 

http://nopr.niscpr.res.in/handle/123456789/58776. 
 
Acknowledgements 

Vinay K. Singh is grateful to SERB, New Delhi, 
for the award of Tare fellowship award No. 
TAR/2020/00013. All authors are sincerely thankful 
to Prof. Yougesh Kumar Principal D.N.P.G. College, 
Gulaothi for providing research infrastructure. 
 
References 
1 (a) Boger D L & Nakahara S, J Org Chem, 56 (1991) 880; (b) 

Boger D L & Kasper A M, J Am Chem Soc, 111 (1989) 1517; 
(c) Zhang T Y, Stout J R, Keay J G, Scriven E F V, Toomey J 
E & Goe G L, Tetrahedron, 51 (1995) 13177; (d) Ma X & 
Gang D R, Nat Prod Rep, 21 (2004) 752. 

2 (a) Ingall A H, In Comprehensive Heterocyclic Chemistry II, 
(Pergamon Press: Oxford) 1996; (b) Schneller S W, In 
Advances in Heterocyclic Chemistry, (Academic Press) 1975, 
p. 59; (c) Chauhan P, Mahajan S & Enders D, Chem Rev, 114 
(2014) 8807; (d) Majumdar K C, Ponra S & Ghosh T, RSC 
Adv, 2 (2012) 1144. 

3 (a) Anderson D R, Stehle N W, Kolodziej S A & Reinhard E 
J, PCT Int Appl WO 2004055015 A1 20040701, 2004; (b) 
Nirschl A A & Hamann L G, US Pat Appl Publ US 
2005182105 A1 20050818, 2005; (c) Harada H, Watanuki S, 
Takuwa T, Kawaguchi K, Okazaki T, Hirano Y & Saitoh C, 
PCT Int Appl WO 2002006237 A1 20020124, 2002; (d) Chen 
H, Zhang W, Tam R & Raney A K, PCT Int Appl WO 
2005058315 A1 20050630, 2005; (e) Levy S B, Alekshun M 
N, Podlogar B L, Ohemeng K, Verma A K, Warchol T, 
Bhatia B, Bowser T & Grier M, US Pat Appl Publ US 
2005124678 A1 20050609, 2005. 

4 (a) Fredholm B B, Ijzerman A P, Jacobson K A, Klotz K N & 
Linden J, J Pharmacol Rev, 53 (2001) 527; (b) Samadi A, 
Marco-Contelles J, Soriano E, Alvarez-Perez M, Chioua M, 
Romero A, Gonzalez-Lafuente L, Gandia L, Roda J M, Lopez 
M G, Villarroya M, Garcia A G & Rios C, Bioorg Med Chem, 
18 (2010) 5861;.(c) Zhang X, Qiu Y, Li X, Bhattacharjee S, 
Woods M, Kraft P, Lundeen S G, Sui Z, Bioorganic Med 
Chem, 17 (2009) 855; (d) Beukers M W, Chang L C W, 

Kunzel J K, Mulder-Krieger T, Span-jersberg R F, Brussee J 
& Ijzerman A P, J Med Chem, 47 (2004) 3707. 

5 Thomas A D & Asokan C V, J Chem Soc Perkin Trans, 1 
(2001) 2583; (b) Thomas A D & Asokan C V, Tetrahedron 
Lett, 43 (2002) 2273. 

6 (a) Fletcher M D, Hurst T E, Miles T J & Moody J, 
Tetrathedron, 62 (2006) 5454; (b) Meerpoel L, Deroover G, 
Aken K V, Lux G & Hoornaert G, Synthesis, (1991) 765.  

7 (a) McCormick M M, Duong H A, Zuo G & Louie J, J Am 
Chem Soc, 127 (2005) 5030; (b) Varela J A, Castedo L & 
Saa C, J Org Chem, 68 (2003) 8595.  

8 (a) Renslo A R & Danheiser R L, J Org Chem, 63 (1998) 
7840; (b) Mashraqui S H and Karnik M A, Tetrahedron 
Lett, 39 (1998) 4895.  

9 Komatsu M, Ohgishi H, Takamatsu S, Ohshiro Y & Agawa 
T, Angew Chem Int Ed, 21 (1982) 213; (b) Vijin R J, Arts H 
J, Green R & Castelijns A M, Synthesis, (1994) 573. 

10 (a) Kambe S & Saito K, Synthesis, (1981) 531; (b) Kambe 
S, Saito K, Kishi H, Hayashi T & Sakurai A, Synthesis, 
(1977) 839. 

11 (a) Anabha E R, Nirmala K N, Thomas A & Asokan C V, 
Synthesis, (2007) 428; (b) Anabha E R & Asokan C V, 
Synthesis, (2006) 151. 

12 Ranu B C, Jana R & Sowmiah S, J Org Chem, 72 (2007) 
3152. 

13 Kantam M L, Koosam M & Bhargava S, J Chem Sci, 122 
(2010) 63. 

14 (a) Anastas P T& Kirchhoff M M, Acc Chem Res, 35 (2002) 
686; (b) Anastas P T & Warner J C, Green Chemistry, 
Theory and Practice, (Oxford University Press: New York) 
1997. 

15 (a) Singh V K, Chandra P, Srivastava S & Singh R, Indian J 
Chem, 62 (2023) 816; (b) Singh V K, Upadhyay A, Dubey 
R, Prakash V, Patel M K, Sharma L K & Singh R K P, 
Indian J Chem, 62 (2023) 31; (c) Sharma L K & Singh R K 
P, Tetrahedron Lett, 57 (2016) 407; (d) Upadhyay A, 
Sharma L K, Singh V K & Singh R K P, Tetrahedron Lett, 
57 (2016) 5599; (e) Singh V K, Upadhyay A & Singh R K 
P, Tetrahedron Lett, 58 (2017) 156; (f) Upadhyay A, 
Sharma L K, Singh V K, Dubey R, Kumar N & Singh R K 
P, Tetrahedron Lett, 58 (2017) 1245; (g) Dubey R, Singh V 
K, Sharma L K, Upadhyay A, Kumar N & Singh R K P, 
New J Chem, 41 (2017) 7836; (h) Singh V K, Dubey R, 
Upadhyay A, Sharma L K & Singh R K P, Tetrahedron 
Lett, 58 (2017) 4227. 

 


