
Synthesis, Anticancer, and Molecular Docking Studies of 
3-Benzyl-N-aryl-1H-1,2,4-triazol-5- amines

Sandeep Bhatia1,3, Mohammad Yusuf2, Shiv Kumar Garg3, Salahuddin4, Md. Afroz Bakht5, Neeraj Sharma1, 
Mohamed Jawed Ahsan1*

1Faculty of Pharmacy, Bhagwant University, Ajmer, Rajasthan, India
2Department of Clinical Pharmacy, College of Pharmacy, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia

3Department of Pharmaceutical Chemistry, Maharishi Arvind College of Pharmacy, Ambabari Circle, Jaipur, 
Rajasthan, India

4Department of Pharmaceutical Chemistry, Noida Institute of Engineering and Technology (Pharmacy Institute), 
Knowledge Park-2, Greater Noida, Uttar Pradesh, India

5Department of Chemistry, College of Science and Humanity Studies, Prince Sattam Bin Abdulaziz University, 
P.O. Box- 83, Al-Kharj 11942, Saudi Arabia

ABSTRACT Six new triazole analogues (4a-f) and the antiproliferative activity of four analogues have 
been described in this study. The triazoles were synthesized in three steps starting from aromatic anilines. 
A series of six triazoles were synthesized, and their structures (4a-f) were confirmed using nuclear magnetic 
resonance and mass spectral data, followed by anticancer testing of four compounds at 10 µM against nine 
different panels of human cancer cell lines using the National Cancer Institute (NCI US) standard protocol. 
All the four compounds were found to have moderate to low antiproliferative activity. 3-Benzyl-N-(2,5-
dimethoxyphenyl)-1H-1,2,4-triazol-5-amine (4d) was discovered to have significant antiproliferative 
activity with higher sensitivity toward NCI-H522, MOLT-4, PC-3, HL-60(TB), HT29, CCRF-CEM, UO-31, 
UACC-257, and A549 cell lines with percent growth inhibitions (GIs) of 32.59, 26.53, 23.03, 21.84, 19.81, 
17.97, 12.70, 12.29, and 12.19, respectively. The binding affinities of the title ligands (4a-f) against the 
colchicine binding site of tubulin were investigated using a molecular docking simulation. All of the ligands 
had similar types of binding interactions (H-bond interaction between the residue Ala317 and NH function 
of triazole), with the exception of ligand 4d, which had two H-bonds (Asn258; NH function of triazole and 
secondary amine function) and a π-cationic interaction with the residue Lys254 and triazole ring.

INTRODUCTION

Cancer is one of the most dreadful diseases, surpassing 
cardiovascular disease as the leading cause of death now a 
day.[1] In 2020, an estimated 19.3 million new cancer cases and 
nearly 10.0 million cancer deaths occurred worldwide. By 

2040, the situation is expected to worsen, with an estimated 
28.4 million new cancer cases.[2] Lung cancer is the most 
common type of cancer, followed by female breast cancer 
and colorectal cancer.[3] For the year 2020, India’s cancer 
patient population is expected to be 1,392,179.[4] Cancer 
diagnosis and treatment were hampered in 2020 due to the 
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8.38 (1H, s, ArNH); 13C NMR (100 MHz, CDCl3): 
δ 159.32, 156.11, 142.37, 136.21, 131.31, 129.12, 
129.02, 128.61, 126.51, 125.71, 123.84, 123.79, 33.94, 
17.61; Anal. calc. for C16H16N4: C, 72.70; H, 6.10; N, 
21.20; found: C, 72.67; H, 6.13; N, 21.24%. EIMS m/z 
= 265.10 [M+1]+.

3-Benzyl-N-(4-methylpheyl)-1H-1,2,4-triazol-5-
amine (4f)

IR (KBr): 3298 (NH), 1450 (C=N) cm-1; 1H NMR (400 
MHz, CDCl3): δ 2.12 (3H, s, CH3), 3.32 (2H, s, CH2), 
4.61 (1H, s, NH), 6.92 (2H, d, J = 6.0 Hz, ArH), 7.18-
7.31 (5H, m, ArH), 7.36 (2H, d, J = 6.0 Hz, ArH), 8.38 (1H, 
s, ArNH); Anal. calc. for C16H16N4: C, 72.70; H, 6.10; 
N, 21.20; found: C, 72.68; H, 6.12; N, 21.25%. EIMS 
m/z = 265.14 [M+1]+.

Anticancer activity

The compounds (4a-f) were evaluated for anticancer 
activity against nine panels of 60 cancer cell lines. 
To test the anticancer activity at one dose (10 µM), 
the National Cancer Institute (NCI) protocol was 
followed.[36-39]

Molecular docking

The 3D X-ray crystallographic structure of tubulin 
(PDB ID: 1AS0) with resolution 3.58 Å and r-value 0.233 
(obs.) was accessed from protein database.[40] The molecular 
docking was performed as per the reported method.[41,42]

CONCLUSION

All the compounds were synthesized in good yields 
and confirmed by spectral data. Some of the compounds 
displayed significant anticancer activity in single dose 
assay (at 10 µM). The compound 4d was found to be the 
most promising compound exhibited significant anticancer 
activity. The molecular docking simulation was performed 
against the colchicine binding site of tubulin (PDB ID: 
1AS0) to characterize the binding affinities of these 
ligands (4a-f). The docking scores were found ranging 
between -6.584 and -6.942 kcal/mol showed an efficient 
binding against the active site of tubulin and a plausible 
mechanism of action of the title compounds (4a-f). All of 
the ligands (4a-f) had similar types of binding interactions 
(H-bond interaction between the residue Ala317 and NH 
function of triazole), with the exception of ligand 4d, which 
had two H-bonds (Asn258; NH function of triazole and 
secondary amine function) and a π-cationic interaction with 
the residue Lys254 and triazole ring. The present work is 
expected to potentiate the future anticancer drug discovery 
program.

ACKNOWLEDGMENT

The current research is supported by Taif University 
Researchers Supporting Project number (TURSP - 2020/293), 
Taif University, Taif, Saudi Arabia.

REFERENCES

[1] Dagenais, G.R., Leong, D.P., Rangarajan, S., Lanas, F., 
Lopez-Jaramillo, P., Gupta, R., Diaz, R., Avezum, A., 
Oliveira, G.B.F., Wielgosz, A., Parambath, S.R., Mony, P., 
Alhabib, K.F., Temizhan, A., Ismail, N., Chifamba, J., 
Yeates, K., Khatib, R., Rahman, O., Zatonska, K., Kazmi, 
K., Wei, L., Zhu, J., Rosengren, A., Vijayakumar, K., 
Kaur, M., Mohan, V., Yusufali, A.H., Kelishadi, R., 
Teo, K.K., Joseph, P., Yusuf, S. Variations in common 
diseases, hospital admissions, and deaths in middle-aged 
adults in 21 countries from five continents (PURE): 
A prospective cohort study, Lancet, 2019, 395, 785–794.

[2] Sung, H., Ferley, J., Siegel, R.L., Laversanne, M., 
Soerjomartaram, I. Jemal, A., Bray, F. Global cancer 
statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries, CA 
Cancer J. Clin., 2021, 71, 209–249.

[3] World Health Organization. WHO Cancer Reports, 
World Health Organization, Geneva, 2020.

[4] Mathur, P., Sathishkumar, K., Chaturvedi, M., Das, P., 
Lakshminarayan, K., Santhappan, S., Nallasamy, V, 
John, A., Narasimhan, S., Roseland, F.S. Cancer 
statistics, 2020: Report from national cancer 
registry programme, India, JCO Glob. Oncol., 2020, 
6, 1063–1075.

[5] Siegel, R.L., Miller, K.D., Fuchs, H.E., Jemal, A. Cancer 
statistics, 2021. CA Cancer J. Clin., 2021, 71, 7–33.

[6] Islam, S., Wang, S., Bowden, N., Martin, J., Head, R. 
Repurposing existing therapeutics, its importance in 
oncology drug development: Kinases as a potential 
target, Br J. Clin. Pharmacol., 2021, 88, 64–74.

[7] Cox, J.R., Woodcock, S., Hillier, I.H., Vincent, M.A. 
Tautomerism of 1,2,3- and 1,2,4-triazole in the gas 
phase and in aqueous solution: A combined ab Initio 
quantum mechanics and free energy perturbation study, 
J. Phys. Chem., 1990, 94, 5499–5501.

[8] Aggarwal, R., Sumran, G. An insight on medicinal 
attributes of 1,2,4-triazoles, Eur. J. Med. Chem., 2020, 
205, 112652.

[9] Strzelecka, M., Świątek, P. 1,2,4-Triazoles as important 
antibacterialagents, Pharmaceuticals 2021, 14, 224.

[10] Maddila, S., Pagadala, R., Jonnalagadda, S.B. 
1,2,4-triazoles: A review of synthetic approaches and the 
biological activity. Lett. Org. Chem., 2013, 10, 693–714.

[11] Sameliuk, Y.G., Al-Zedan, F., Kaplaushenko, T.M. 
1,2,4-Triazole derivatives in medicine and pharmacy 
and application prospects, J. Fac. Pharm. Ankara, 2021, 
45, 598–614.

[12] Ouyang, X., Chen, X., Piatnitski, E.L., Kiselyov, A.S., 
He, H.Y., Mao, Y., Pattaropong, V., Yu, Y., Kim, K.H., 
Kincaid, J., Smith, L. 2nd., Wong, W.C., Lee, S.P., 
Milligan, D.L., Malikzay, A., Fleming, J., Gerlak, J., 
Deevi, D., Doody, J.F., Chiang, H.H., Patel, S.N., 
Wang, Y., Rolser, R.L., Kussie, P., Labelle, M., Tuma, 
M.C. Synthesis and structure-activity relationships 
of 1,2,4-triazoles as a novel class of potent tubulin 
polymerization inhibitors, Bioorg. Med. Chem. Lett., 
2005, 15, 5154–5159.



Sandeep Bhatia et al. 

 215

[13] Kaur, R., Dwivedi, A. R., Kumar, B., Kumar, V. Recent 
developments on 1,2,4-triazole nucleus in anticancer 
compounds: A review, Anticancer Agents Med. Chem., 
2016, 16, 465–489.

[14] Ahsan, M.J. Synthesis and cytotoxicity evaluation 
of [(2,4-dichlorophenoxy)methyl]-5-aryl-1,3,4-
oxadiazole/4H-1,2,4-triazole analogues, Turk. J. Chem., 
2018, 42, 1334–1343.

[15] Sanghvi, Y.S., Bhattacharya, B.K., Kini, G.D., 
Matsumoto, S.S., Larson, S.B., Jolley, W.B., 
Robins, R.K., Revankar, G.R. Growth inhibition 
and induction of cellular differentiation of human 
myeloid leukemia cells in culture by carbamoyl 
congeners of ribavirin, J. Med. Chem., 1990, 33, 
336–344.

[16] Mahanti, S., Sunkara, S., Bhavani, R. Synthesis, 
biological evaluation and computational studies of 
fused acridine containing 1,2,4-triazole derivatives 
as anticancer agents, Synth. Commun., 2019, 49, 
1729–1740.

[17] Romagnoli, R., Baraldi, P.G., Salvador, M.K., 
Prencipe, F., Bertolasi, V., Cancellieri, M., 
Brancale, A., Hamel, E., Castagliuolo, I., 
Consolaro, F., Porcù, E., Basso, G., Viola, G. 
Synthesis, antimitotic and antivascular activity 
of 1-(3’,4’,5’-trimethoxybenzoyl)-3-arylamino-
5-amino-1,2,4-triazoles, J. Med. Chem., 
2014, 57, 6795–6808.

[18] Reddy, C.S., Rao, L.S., Sunitha, B., Nagaraj, A. Synthesis 
and antibacterial activity of N-substituted-[1,2,4]
triazoles and 1,2,4-triazole[3,4-b][1,3,4]thiadiazines, 
Indian J. Chem., 2015, 54B, 1283–1289.

[19] Zou, Y., Yu, S., Li, R., Zhao, Q., Li, X., Wu, M., 
Huang, T., Chai, X., Hu, H., Wu, Q. Synthesis, 
antifungal activities and molecular docking studies of 
novel 2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-
triazol-1-yl)propyl dithiocarbamates, Eur. J. Med. 
Chem., 2014, 74, 366–374.

[20] Krishna, K.M., Inturi, B., Pujar, G.V., Purohit, M.N., 
Vijaykumar, G.S. Design, synthesis and 3D-QSAR 
studies of new diphenylamine containing 1,2,4-triazoles 
as potential antitubercular agents, Eur. J. Med. Chem., 
2014, 84, 516–529.

[21] Ibrar, A., Zaib, S., Jabeen, F., Iqbal, J., Saeed, A. 
Unraveling the alkaline phosphatase inhibition, 
anticancer, and antileishmanial potential of 
coumarin triazolothiadiazine hybrids: Design, 
synthesis, and molecular docking analysis, 
Arch. Pharm. Chem. Life Sci., 2016, 349, 
553–565.

[22] Mustafa, M., Abdelhamid, D., Abdelhafez, E.M.N., 
Ibrahim, M.A.A., Gamal-Eldeen, A.M., Aly, O.M. 
Synthesis, antiproliferative, anti-tubulin activity, and 
docking study of new 1,2,4-triazoles as potential 
combretastatin analogues, Eur. J. Med. Chem., 2017, 
141, 293–305.

[23] Chu, X.M., Wang, C., Wang, W.L., Liang, L.L., Liu, W., 
Gong, K.K., Sun, K.L. Triazole derivatives and their 
antiplasmodial and antimalarial activities, Eur. J. Med. 
Chem., 2019, 166, 206–223.

[24] El-Saghier, A.M., Mohamed, M.A., Abd-Allah, O.A., 
Kadry, A.M., Ibrahim, T.M., Bekhit, A.A. Green 
synthesis, antileishmanial activity evaluation, and in 
silico studies of new amino acid-coupled 1,2,4-triazoles, 
Med. Chem. Res., 2019, 28, 169–181.

[25] Cao, X., Wang, W., Wang, S., Bao, L. Asymmetric 
synthesis of novel triazole derivatives and their in vitro 
antiviral activity and mechanism of action, Eur. J. Med. 
Chem., 2017, 139, 718–725.

[26] Kapron, B., Czarnomysy, R., Wysokinski, M., 
Andrys, R., Musilek, K., Angeli, A., Supuran, C.T., 
Plech, T. 1,2,4-Triazole-based anticonvulsant agents 
with additional ROS scavenging activity are effective in 
a model of pharmacoresistant epilepsy, J. Enzym. Inhib. 
Med. Chem., 2020, 35, 993–1002.

[27] Han, S., Zhang, F.F., Xie, X., Chen, J.Z. Design, synthesis, 
biological evaluation, and comparative docking study of 
1,2,4-triazolones as CB1 receptor selective antagonists, 
Eur. J. Med. Chem., 2014, 74, 73–84.

[28] Qin, M., Yan, S., Wang, L., Zhang, H., Zhao, Y., 
Wu, S., Wu, D., Gong, P. Discovery of novel diaryl 
urea derivatives bearing a triazole moiety as potential 
antitumor agents, Eur. J. Med. Chem., 2016, 115, 1–13.

[29] Huang, L., Ding, J., Li, M., Hou, Z., Geng, Y., Li, X., 
Yu, H. Discovery of [1,2,4]-triazolo[1,5-a]pyrimidine-
7(4H)-one derivatives as positive modulators of 
GABAA1 receptor with potent anticonvulsant activity 
and low toxicity, Eur. J. Med. Chem., 2020, 185, 111824.

[30] Miyamoto, D.T., Perlman, Z.E., Mitchison, T.J., 
Shirasu-Hiza, M. Dynamics of the mitotic spindle-
potential therapeutic targets, Prog. Cell Cycl. Res., 
2003, 5, 349–360.

[31] Singh, S., Ahmad, A., Raghuvanshi, D.S., Hasanain, M., 
Agarwal, K., Dubey, V., Fatima, K., Alam, S., Sarkar, J., 
Luqman, S., Khan, F., Tandon, S., Gupta, A. Synthesis 
of 3,5-dihydroxy-7,8-dimethoxy-2-(4-methoxyphenyl)
benzopyran-4-one derivatives as anticancer agents, 
Bioorg. Med. Chem. Lett., 2016, 26, 5322–5327.

[32] Binarová, P., Tuszynski, J. Tubulin: Structure, functions 
and roles in disease. Cells, 2019, 8, 1294.

[33] Muhlethaler, T., Gioia, D., Prota, A.E., Sharpe, M.E., 
Cavalli, A., Steinmetz, S. Comprehensive analysis of 
binding sites in tubulin, Angew. Chem. Int. Ed., 2021, 
60, 13331–13342.

[34] Ahsan, M.J. Rationale design, synthesis and anticancer 
activity of 2,5-disubstituted-1,3,4-oxadiazole analogues, 
ChemistrySelect, 2016, 1, 4713–4720.

[35] Yeung, K.S., Farkas, M.E., Kadow, J.F., Meanwell, N.A. 
A base-catalyzed, direct synthesis of 3,5-disubstituted 
1,2,4-triazoles from nitriles and hydrazides, Tetrahedron 
Lett., 2005, 46, 3429–3432.

[36] DTP Developmental Therapeutic Programs. Available 
from: http://dtp.nci.nih.gov [Last accessed on 
2021 May 09].

[37] Monks, A., Scudiero, D., Skehan, P., Shoemaker, R., 
Paull, K., Vistica, D., Hose, C., Langley, J., Cronise, P., 
Vaigro-Wolff, A. Feasibility of a highflux anticancer 
drug screening using a diverse panel of cultured human 
tumor cell lines, J. Nat. Cancer Inst., 1991, 83, 757–766.



216

 Indian Journal of Heterocyclic Chemistry  Vol. 32, No. 02

[38] Boyd, M.R., Paull, K.D. Some practical considerations 
and applications of the national cancer institute in vitro 
anticancer drug discovery screen, Drug Dev. Res., 1995, 
34, 91–109.

[39] Shoemaker, R.H. The NCI60 human tumour cell 
line anticancer drug screen. Nat. Rev. Cancer, 
2006, 6, 813–823.

[40] X-Ray Crystallographic Data of Tubulin. Available 
from: https://www.rcsb.org/structure/1sa0 [Last 
accessed on 2022 Jan 24].

[41] Ravelli, R.B., Gigant, B., Curmi, P.A., Jourdain, I., 
Lachkar, S., Sobel, A., Knossow, M. Insight into 
tubulin regulation from a complex with colchicine 
and a stathmin-like domain. Nature, 2004, 428, 
198–202.

[42] Ahsan, M.J., Choupra, A., Sharma, R.K., 
Jadav, S.S., Padmaja, P., Hassan, M.Z., Al-Tamimi, A.B., 
Geesi, M.H., Bakht, M.A. Rationale design, synthesis, 
cytotoxicity evaluation and molecular docking studies 
of 1,3,4-oxadiazole analogues, Anticancer Agents Med. 
Chem., 2018, 18, 121–138.

Received: 07 Feb 2022; Accepted: 15 Mar 2022


