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Heterocyclization of α-aminonicotinonitrile: A new approach for synthesis of 

triazolo[1,5-a]pyridine-8-carbonitrile 

Dina El-Sayed1, H. A. El-Sayed1, A. H. Moustafa1 

1Department of Chemistry, Faculty of Science, Zagazig University, Zagazig, 44519 Egypt. 

ABSTRACT : A new series of 1,2,4-triazolo[1,5-a]pyridine and pyrido[1,2-b]triazine was synthesized. The 

synthesis commenced with one-pot synthesis of pyran from 4-chlorobenzaldehyde, acetyl acetone and 

malononitrile in the presence of piperidine. The pyran 1 undergo ring transformation to pyridine derivatives 2 

and 3 via reaction with amm.acetate and hydrazine hydrate. 1-Aminopyridine intermolecular cyclized to a new 

triazolo[1,5-a]pyridines 4-7 via reaction with acetic anhydride, carbon disulfide, formic acid and triethyl 

orthoformate. The triazine 8 was synthesized via cyclization of pyridine 1 with acetyl acetone in the presence 

of pyridine. 
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1. Introduction 

 

Triazolo[1,5-a]pyridine derivatives is a one of biologically active N-bridged 5,6-bicyclic heterocyclic 

molecules that have considerable interests in the medicinal and material science .1,2 For instance, several series of 

triazolo[1,5-a]pyridines have antidiabetic,3,4 antibacterial,5 anti-oxidant,6 anti-inflammatory,7 antidepressant8  and 

antiproliferative,9 activity. Morevere, a series of such molecules have been used as effective ligands for several 

transition metals10–12 and herbicidal agents.13 Following on with our approaches, herein we described metal-free, 

an effective and environmentally friendly protocol for the synthesis of a new derivatives of triazolo[1,5-

a]pyridines utilizing 1,2-diaminopyridine as a starting molecule.   

 

2.Results and discussion 

 

The present work introduce a new approach for 1,2,4-triazolo[1,5-a]pyridine derivatives. The work 

commenced with one-pot condensation of 4-chlorobenzaldehyde, acetyl acetone and malononitrile in the presence 

of piperidine as a mild basic catalyst to afford the respective pyran derivative 1 in 75% (Scheme 1). The pyran 1 

has two main bands in its IR spectrum at 2221 and 1634 for C≡N, 1634 C=O, respectively. Its 1H NMR assigned 

four singlets at 2.10, 2.30, 4.56 and 9.10 ppm for methyl, acetyl, pyran-4-H and NH2 protons, respectively. In 

addition, the aromatic protons split as two doublets at 7.41 and 7.60 ppm. The 13C NMR is another evidence for 

formation of pyran 1 and account 13 signals at 22.10, 31.81, 51.47, 115.3, 121.8, 128.7, 128.7, 130.6, 130.6, 

134.2, 156.2, 156.2, and 201.6 for sp3, sp2 and sp carbons. 
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Pyran 1 can be underwent ring transformation to a new interested heterocyclic scaffolds. For example, reaction of 

compound 1 with amm. acetate in acetic acid for 10 hours afforded 2-iminopyridine 2 in 75%. At the same manner, 

reaction with hydrazine hydrate in ethanol afforded 1-aminonicotinonitrile 3 in 79% yield (Scheme 2). The IR 

spectrum of compound 2 contain three main bands at 3346, 2221, 1651 cm-1 for NH, C≡N and C=O functions, 

respectively. In addition,  four singlets at 1.82, 2.23, 4.20 and 8.30 ppm for methyl, acetyl, NH and endo-cyclic 

NH, respectively in its 1H NMR spectrum. The IR spectrum of compound 3 indicate the presence of NH2, C≡N 

and C=O at 3322, 2230, 1643 cm-1. 

 

 
 

Nicotinonitrile 3 contains two adjacent amino functions, that enable such compound to undergo intermolecular 

cyclization with electrophile-containing compounds to form more interested bicyclic pyridines such triazol[1,5-

a]pyridine and pyrido[1,2-b]triazine. Thus, reflux of compound 3 with an excess of acetic anhydride, formic acid, 

and triethyl orthoformate afforded the desired 1,2,4-triazolo[1,5-a]pyridine derivatives 4,6 and 7, respectively in 

45-78.5% yield (Scheme 3). Reaction of carbon disulfide with aminopyridine 3 in the presence of potassium 

hydroxide afforded 6-acetyl-7-(4-chlorophenyl)-2-mercapto-5-methyl-[1,2,4]triazolo[1,5-a]pyridine-8-

carbonitrile (5) in 82% yield.  

Finally, the pyrido[1,2-b]triazine 8 was synthesized via intermolecular cyclization of pyridine derivative 3 with 

chloroacetyl chloride in the presence of pyridine (Scheme 3). 
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The structure of the target compounds 4-8 were confirmed from the spectral data. For exampl1e, the IR of 

compound 4 assigned two main bands at 2217 and 1648 cm-1 for C≡N and C=O functions. Its 1H NMR indicate 

the presence of a new methyl group at 2.10 ppm for methyl at C-2 of the compound. The 13C NMR accounted 15 

signals at 20.45, 22.51, 31.82, 100.15, 115.46, 120.62, 128.7, 128.7, 129.3, 129.3, 133.2, 135.1, 151.3, 159.7, 

172.0, and 200.1 for sp3, sp2 and sp carbons. 

Another example, is triazine 8 that has bands at 3300, 2218, 1694, and 1679 cm-1 for NH, C≡N, and C=O functions. 

The 1H NMR spectrum showed the presence of cyclic methylene (CH2) protons at 4.30 ppm as a singlet. The 13C 

NMR assigned 15 signals at 18.04, 31.81, 53.62, 115.2, 117.12, 121.02, 128.7, 128.7, 129.9, 129.9, 130.6, 133.5, 

157.13, 158.9, 165.6, 168.9, and 200.1. 

   

 
 

2. Experimental 

All melting points are uncorrected and were detected using an Electro-thermal IA 9100 apparatus. IR spectra 

(KBr) were detected on a Nexus 670 FTIR Nicolet, Fourier transform infrared spectrometer. The 1H and 13C NMR 

spectra were determined with a JEOL-JNM-LA 400 MHz spectrometer and 100 MHz for 13C NMR. The chemical 

shifts are expressed on the δ (ppm) scale using TMS as the standard reference. TLC was carried out on Merck 

Silica Gel 60F254 and detected by UV light. Elemental analysis measured on a PerkinElmer 240 (microanalysis), 

Microanalysis Center, Cairo University Cairo, Egypt (E. Merck).  The chemicals and solvents used in the synthesis 

of pyridine and triazolo[1,5-a]pyridine derivatives were obtained from Merck and Aldrich. 

5-Acetyl-2-amino-4-(4-chlorophenyl)-6-methyl-4H-pyran-3-carbonitrile 
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A mixture of 4-chlorobenzaldehyde (10 mml), malononitrile (10 mml) and acetyl acetone (10 mml) was heated 

with reflux for 6 hours in absolute ethanol and 3 drops of piperidine. The formed solid after cooling was filtered 

and crystallized from benzene and petroleum ether as pale yellow powder. Yield 75%, m.p = 160-162℃ .IR 

spectrum, ʋ, cm-1: 2221 (C≡N), 1634 (C=O). 1H NMR spectrum, δ, ppm: 2.10 s (3H, CH3), 2.30 s (3H, CH3CO), 

4.56 s (1H, H-4), 7.41 d (2H, J = 5.2 Hz, Haryl), 7.60 d (2H, J = 10.4 Hz, Haryl), 9.10 s (2H, NH2). 13C NMR 

spectrum, δ, ppm: 22.10, 31.81, 51.47, 115.3, 121.8, 128.7, 128.7, 130.6, 130.6, 134.2, 156.2, 156.2, 201.6. Found, 

%:  C, 62.29; H, 4.57; N, 9.75. C15H13ClN2O2 (288.73). Calculated, %:  C 51.58; C, 62.40; H, 4.54; N, 9.70 

5-Acetyl-4-(4-chlorophenyl)-2-imino-6-methyl-1,2-dihydropyridine-3-carbonitrile 

 

 
A mixture of pyran (2.88 g, 10mml) and amm.acetate (6.16 g, 10 mml) were refluxed for 12 hours in acetic acid. 

The formed solid after cooling was filtered off and crystallized from ethanol / petrolum ether (80:20%) as pale 

yellow powder. Yeild 86%, m.p = 240-242℃. IR spectrum, ʋ, cm-1: 3346 (NH), 2221 (C≡N), 1651 (C=O). 1H 

NMR spectrum, δ, ppm: 1.82 s (3H, CH3), 2.23 s (3H, CH3CO), 4.20 s (1H, NH), 7.31 d (2H, J = 6.40 Hz, Haryl), 

7.72 d (2H, J = 6.80 Hz, Haryl), 8.3 s (1H, NHpyridine). Found, %:  C, 63.13; H, 4.20; N, 14.77. C15H12ClN3O 

(285.73). Calculated, %:  C, 63.05; H, 4.23; N, 14.71. 

5-Acetyl-1-amino-4-(4-chlorophenyl)-2-imino-6-methyl-1,2-dihydropyridine-3-carbonitrile 

 

 
 

A mixture of 2-iminopyridine (2.88 g, 10 mml) and hydrazine hydrate (0.75 mL, 15 mml) were refluxed for 4 

hours in absolute ethanol. The formed solid after cooling and crystallized from benzene and petroleum ether as 

pale yellow powder. Yield 79%, m.p = 220-222℃. IR spectrum, ʋ, cm-1:3322 (NH2), 2230 (CN), 1643 (C=O). 

Found, %:  C, 59.84; H, 4.39; N, 18.69. C15H13ClN4O (300.08). Calculated, %:  C, 59.91; H, 4.36; N, 18.63. 

6-Acetyl-7-(4-chlorophenyl)-2,5-dimethyl-[1,2,4]triazolo[1,5-a]pyridine-8-carbonitrile 

 

 
A mixture of 1-aminonicotinonitrile (10 mml) and acetic anhydrite (25 mL) were heated with reflux for 8 hours. 

The formed solid after cooling was filtered off and crystallized from ethanol as pale yellow powder. Yield 78.5%, 

m.p = 142-144 ℃. IR NMR spectrum, ʋ, cm-1: 2217 (C≡N), 1648 (C=O). 1H NMR spectrum, δ, ppm: 1.92 s (3H, 

CH3), 2.10 s (3H, CH3), 2.35 s (3H, CH3CO), 7.40 d (2H, J = 6.8 Hz, Haryl), 7.65 d (2H, J = 2.0 Hz, Haryl). 13C 

NMR spectrum, δ, ppm: 18.11, 20.45, 22.51, 31.82, 100.15, 115.46, 120.62, 128.7, 128.7, 129.3, 129.3, 133.2, 
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135.12, 151.38, 159.74, 172.02, 200.19 (sp3, sp2 and sp carbons). Found, %:  C, 62.96; H, 4.00; N, 17.31. 

C17H13ClN4O (324.77). Calculated, %:  C, 62.87; H, 4.03; N, 17.25.          

 

6-Acetyl-7-(4-chlorophenyl)-2-mercapto-5-methyl-[1,2,4]triazolo[1,5-a]pyridine-8-carbonitrile 

 
 

A mixture of 1-aminonicotinonitrile (10 mml) (10mml), carbon disulfide (10mml) and potassium hydroxide 

(10mml) were refluxed for 4 hours in absolute ethanol. The formed solid after cooling was filtered off and 

crystallized from benzene and petrolum ether as pale yellow powder. Yield 82%, m.p = 250-252℃. IR NMR 

spectrum, ʋ, cm-1: 2919 (SH), 2222 (C≡N), 1621 (C=O). 1H NMR spectrum, δ, ppm: 1.82 s (3H, CH3), 2.36 s 

(CH3CO), 7.21 d (2H, J = 9.20 Hz, Haryl), 7.52 d (2H, J = 9.2 Hz, Haryl), 13.05 s (1H, SH). Found, %:  C, 57.13; 

H, 3.27; N, 16.28. C16H11ClN4OS (342.80). Calculated, %:  C, 56.06; H, 3.23; N, 16.34. 

6-Acetyl-7-(4-chlorophenyl)-5-methyl-[1,2,4]triazolo[1,5-a]pyridine-8-carbonitrile 

 

 
A mixture of 1-aminonicotinonitrile (10 mml) and formic acid (25 mL) were heated with reflux for 10 hours. The 

formed solid after cooling was filtered off and crystallized from methanol and petrolum ether as pale yellow 

powder. Yield 51%, m.p = 198-200℃. IR NMR spectrum, ʋ, cm-1: 2250 (C≡N), 1699 (C=O). 1H NMR spectrum, 

δ, ppm: 1.92 s (3H, CH3), 2.33 s (3H, CH3CO), 7.46 d (2H, J = 6.80 Hz, Haryl), 7.72 d (2H, J = 6.80 Hz, Haryl), 

8.67 s (1H, Htriazole). Found, %:  C, 61.77; H, 3.60; N, 18.08. C16H11ClN4O (310.74). Calculated, %:  C, 61.84; H, 

3.57; N, 18.03. 

6-Acetyl-7-(4-chlorophenyl)-2-ethoxy-5-methyl-[1,2,4]triazolo[1,5-a]pyridine-8-carbonitrile 

 

 
A mixture of 1-aminonicotinonitrile (10 mml) and triethylorthoformate (20 mL) were heated with reflux for 8 

hours. The formed solid after cooling was filtered and crystallized from methanol and petrolum ether as pale 

yellow powder. Yield 45%, m.p = 180-182℃. IR spectrum, ʋ, cm-1: 2222 (C≡N), 1685 (C=O). 1H NMR spectrum, 

δ, ppm: 1.35 t (3H, J = 8.4 Hz, CH2CH3), 1.96 s (3H, CH3), 2.15 s (3H, CH3CO), 4.45 q (2H, J = 7.2 Hz, CH2CH3), 

7.43 d (2H, J = 9.6 HZ, Haryl), 7.64 d (2H, J = 8.8 HZ, Haryl). Found, %:  C, 60.85; H, 4.22; N, 15.84. C18H15ClN4O2 

(354.79). Calculated, %:  C, 60.94; H, 4.26; N, 15.79. 

 7-Acetyl-8-(4-chlorophenyl)-6-methyl-2-oxo-3,4-dihydro-2H-pyrido[1,2-b][1,2,4]triazine-9-carbonitrile 
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A mixture of 1-aminonicotinonitrile (10 mml) and chloroacetyl chloride (10 mml) were heated with reflux for 8 

hours in pyridine (15 mL). The formed solid after cooling was filtered off and crystallized from methanol and 

petroleum ether as pale yellow powder. Yield 65%, m.p = 178-190℃. IR spectrum, ʋ, cm-1: 3300 (NH), 1694, 

1679 (C=O). 1H NMR spectrum, δ, ppm: 1.92 s (3H, CH3), 2.31 s (3H, CH3CO), 4.3 s (2H, CH2), 7.35 d (2H, J = 

7.80 HZ, Haryl), 7.65 d (2H, J = 7.80 HZ, Haryl), 10.9 s (1H, NH) 13C NMR spectrum, δ, ppm: 18.04, 31.81, 53.62, 

115.2, 117.12, 121.02, 128.7, 128.7, 129.9, 129.9, 130.6, 133.5, 157.13, 158.9, 165.6, 168.9, 200.1. Found, %:  C, 

60.01; H, 3.81; N, 16.49. C17H13ClN4O2 (340.77). Calculated, %:  C, 59.92; H, 3.85; N, 16.44. 

 

References 

1. Y. Chai, C. Li, L. Meng, X. Zhou, Z. Xia, W. Li and Y. He, The diverse supramolecular synthons formed by 

2-substituted 5-morpholinomethylphenyl triazolo[1,5-a]pyridines in solid state, J. Mol. Struct., 2019, 1176, 

149–156. 

2. H. Oloney, N. A. Magnus, J. Y. Buser and M. C. Embry, Cyclization of methylcoumalate-derived methyl 1-

benzamido-6-oxo-1,6-dihydropyridine-3-carboxylates: assembly of the [1,2,4]triazolo[1,5-a]pyridine ring 

system, J. Org. Chem., 2017, 82, 6279–6288. 

3. C. Hamdouchi and P. Maiti, Phenyl-triazolo-pyridine compounds, WO 2015105786A1, 2015. 

4. S. D. Edmondson, A. Mastracchio, R. J. Mathvink, J. He, B. Harper, Y.-J. Park, M. Beconi, J. D. Salvo, G. J. 

Eiermann, H. He, B. Leiting, J. F. Leone, D. A. Levorse, K. Lyons, R. A. Patel, S. B. Patel, A. Petrov, G. 

Scapin, J. Shang, R. S. Roy, A. Smith, J. K. Wu, S. Xu, B. Zhu, N. A. Thornberry and A. E. Weber, (2S,3S)-

3-Amino-4-(3,3-difuoropyrrolidin-1-yl)-N,N-dimethyl-4-oxo-2-(4-[1,2,4]triazolo[1,5-a]-pyridin-6-

ylphenyl)butanamide: a selective a-amino amide dipeptidyl peptidase IV inhibitor for the treatment of type 

2 diabetes, J. Med. Chem., 2006, 49, 3614–3627. 

[5] Sadana, A. K.; Mirza, Y.; Aneja, K. R.; Prakash, O. Eur. J. Med. Chem. 2003, 38, 533–536. 

6. R. A. Mekheimer, A. A. R. Sayed and E. A. Ahmed, Novel 1,2,4-triazolo[1,5-a]pyridines and their fused ring 

systems attenuate oxidative stress and prolong lifespan of caenorhabiditis elegans, J. Med. Chem., 2012, 55, 

4169–4177. 

[7] Aiguadé, J.; Balagué, C.; Carranco, I., Caturla, F.; Domيnguez, M.; Eastwood, P.; Esteve, C.; Gonzلlez, J.; 

Lumeras, W.; Orellana, A.; et al. Med. Chem. Lett. 2012, 22, 3431–3436. 

 [8] Cid, J. M.; Tresadern, G.; Vega, J. A.; de Lucas, A. I.; Matesanz, E.; Turrino, L.; Linares, I. M.; Garcia, L. 

A.; Andres, J. I.; Macdonald, G. J.; et al. J. Med. Chem. 2012, 55, 8770–8789. 

[9] Zheng, H.; Wang, K.; Zhang, W.; Liu, R. Synth. Commun. 2015, 45, 2849–2856. 

10. K. Liu, W. Shi and P. Cheng, The coordination chemistry of Zn(II), Cd(II) and Hg(II) complexes with 1,2,4-

triazole derivatives, Dalton Trans., 2011, 40, 8475–8490. 

11. P. L. Wu, X. J. Feng, H. L. Tam, M. S. Wong and K. W. Cheah, Efficient Three-Photon Excited Deep Blue 

Photoluminescence and Lasing of Diphenylamino and 1,2,4-Triazole Endcapped Oligo uorenes, J. Am. 

Chem. Soc., 2009, 131, 886–887. 

12. Y. Tao, Q. Wang, L. Ao, C. Zhong, C. Yang, J. Qin and D. Ma, Highly Efficient Phosphorescent Organic 

Light-Emitting Diodes Hosted by 1,2,4-Triazole-Cored Triphenylamine Derivatives: Relationship between 

Structure and Optoelectronic Properties, J. Phys. Chem. C, 2010, 114, 601-609. 

13. Y. Nakaya, D. Tanima, M. Inaba, Y. Miyakado, T. Furuhashi and K. Maeda, Heterocyclic Amide Compound, 

PCT/JP2014/ 064492, 2014. 


