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Abstract 

The present investigation elicits the development of a convenient multi-component reaction procedure for 

synthesizing pharmacologically significant 1-substituted tetrazoles using NiCl2 in ethanol at room temperature. 

The excellent yield (up to 94%), ecological compatibility and sustainability factors are the fascinating features 

of the methodology. The structures of synthesized compounds were accomplished through FT-IR, 1H-NMR, 
13C-NMR, mass, and elemental analysis data. Moreover, computational studies at the B3LYP/6-311G++(d,2p) 

level of theory were carried out to investigate the energy gap, MEP surface analysis and electron localization 

function (ELF) of the synthesized compounds.  Interestingly, correlation between theoretical and experimental 

spectral data has also been reported for optimized structures. In addition, anti-cancer and anti-diabetic 

activities of synthesized compound (4a) were  also evaluated. 
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Introduction 

 

The chemistry of nitrogen containing heterocycles are widely blossomed in recent times owing to their 

diversified applicability in various domains including  natural products and pharmaceutical chemistry.1 They 

have high chemotherapeutic value and act as a prototype for the development of variety of novel drugs.2,3 In 

particular, tetrazoles denote a noteworthy class of heterocyclic compounds4 demonstrating  their wide utility 

as antibiotic,5 anti-allergic,6 antagonists,7 antihypertensive,8 antiviral9 antifungal,10 anti-imflammatory, 11 

hormonal 12 and diuretics agents.13 These compounds have also been used as propellants, explosives, plant 

growth regulators, herbicides, and fungicides.14-15  

Hence, in view of the diversified application associated with tetrazole framework, much attention of organic 

chemists has been sought to devise synthetic approaches that can lead to develop biologically potential lead 

compounds embracing this scaffold . A thorough survey of literature eliciting synthetic approaches for 

construction of tetrazole skeleton utilizes sodium azide, isocyanides cyanides and isocyanates as the  synthetic 

equivalent16. Moreover, many of these procedures have been supported by a number of catalystic systems  

such as  Yb(OTf)3, 
17,18 In(OTf)3,

19 [HBim]BF4,
20 SSA,21 natrolite zeolite,23 (Fe3O4@AEPH2-CoII),23 Nd-Schiff-

base@BMNPs24 Mg-Al LDH@Guanidine-Cu(II) nanocatalyst25 and Fe3O4@SiO2 nanoparticles.26 

However, it was observed that many of these approaches suffer from some serious bottlenecks 

including the requirement of expensive chemicals, generation of large amount of toxic waste, poisonous and 

explosive reagents, harsh experimental conditions, excessive amount of catalysts, longer reaction time, 

tedious work-up procedure, and low yield.  Hence, keeping these shortcomings of existing protocols  in view, it 

was thought worth to develop a high-yielding, cost-effective environmentally benign protocol for synthesizing 

a library of substituted tetrazoles.  

Therefore, encouraged by these findings, in the present study, we describe an efficient strategy in assistance 

with catalytic support of nickel chloride for synthesizing 1-substituted-1H-1,2,3,4-tetrazole derivatives, 

involving cyclo-condensation reaction among aromatic amine, triethyl orthoformate and sodium azide in 

ethanolic medium at room temperature (Scheme 1). Also, the density functional  theory (DFT) studies  were 

carried out to comprehensively investigate the structural spectral and chemical reactivity parameters of the 

synthesized  tetrazoles.  

 

Results and Discussion 
 

Initially cyclo-condensation reaction among aromatic amines (1 mmol), triethyl orthoformate (1 mmol), and 

sodium azide (1 mmol),) were carried out in the absence of catalyst in aqueous medium at room temperature, 

however, no product was resulted even after 24 h (Table 1, entry 1) of the reaction. Further, when the same 

reaction was carried out in the presence of NiCl2 (1 mmol) in DMF at room temperature for 24 h, it resulted in 

25% yield (Table 1, entry 2) of the product. It was inferred from these observations that thermal conditions are 

the pre-requisite for the reaction to proceed to some extent. Similarly,  when the same reaction was  carried 

out in aqueous conditions  using NiCl2 (0.02 mmol) at 100 ℃, gave the 25% yield (Table 1, entry 15) of the 

product.  Furthermore, various catalysts were also tried, but the results were not encouraging, (Table 1, 

entries 3–13). Interestingly, 94% yield of the product (Table 1, entry 14), was obtained when the reaction was 

carried out in ethanolic medium at room temperature, using NiCl2 (0.2mmol) as catalyst for 1h time. A 

comparative account of all these findings is depicted in Table 1.  
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Table 1. Effects of different catalyst and solvent on the reaction 

Entry Catalyst Solvent Time (h) Temp. (°C) Yield (%) 

1 ------- Water 24 r.t. No product 

2 NiCl2 DMF 24 r.t. 25 

3 ------- Ethanol 24 r.t. 30 

4 ZnCl2 Ethanol 24 80 30 

5 Al2O3 Ethanol 8 60 30 

6 TEA DMF 24 100 Trace 

7 CuO DMF 14 60 Trace 

8 ZnO THF 24 r.t. 30 

9 CuCl2 THF 10 80 30 

10 Fe2O3 Ethanol 24 70 No product 

11 TEA THF 24 r.t. 25 

12 TEA Ethanol 24 70 25 

13 TEA THF 6 100 25 

14 NiCl2 Ethanol 1 r.t. 94 

15 NiCl2 water 24 100 25 

16 NiCl2 ---- 24 r.t No product 

 

 

 

 

 

 

 

 

 

 

Table 2.  Library of Synthesis of 1-substituted-1H-1,2,3,4-tetrazole   
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Entry Aromatic amine ( 

R) 

Product Time(h) Yield % M.P. (°C) 

1. H 

 
4a 

1 94 63-64 

 

2. 

3- Cl 

 
4b 

1 85 152-154 

3. 4-Br 

 
4c 

1 85 168-170 

4. 4-Cl 

 
4d 

1 87 152-154 

5. 2-Cl 

 
4e 

1.5 85 142-144 

6. 

3-NO2 
 

4f 

1.5 90 200-201 

7. 4-NO2 

 
4g 

1 80 200-201 

8. 4-CH3 

 
4h 

1.5 81 91-101 

9. 4-F 

 
4i 

1 86 180-182 
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10. 3-F 

 
4j 

1.5 90 175-177 

        

Reaction conditions : aromatic amine (1 mmol), triethyl orthoformate (1 mmol), sodium azide (1 mmol), NiCl2 (0.02 mmol) as 

catalysts, in ethanol at room temperature. 

Additionally, the effect of catalytic amount on the rate of the reaction was also studied using various 

concentrations of the catalyst (Table 3) under similar conditions.  The highest yield (94 %) was obtained with 

0.02 mmol of NiCl2. 

Table 3. Effects of catalytic amount of NiCl2 on the product at room temperature 

Entry NiCl2(mmol) Yield (%) 

1 0.005  20  

2 0.01  30 

3 0.02 94 

4 0.03 20 

5 0.04 10 

6 0.12 20 

 

Reaction conditions : Triethyl orthoformate (1 mmol), aromatic amine, (1 mmol), sodium azide (1 mmol)   NiCl2 (0.02 mmol) as 

catalysts, in ethanol at room temperature. 

2.1. Plausible mechanism  

The proposed mechanism for the synthesis of 1H-1,2,3,4-tetrazoles derivatives through a multicomponent 

reaction (MCR),  catalyzed by NiCl2 is illustrated in Scheme 2. The role of NiCl2   was to activate the ethoxy 

group of triethyl orthoformate, cleaving C–O bonds to give carbenium ion. The   sequential nucleophilic 

displacement by amine and azide anions generate intermediates A and B.  At this point,  NiCl2 assisted in 

elimination of ethanol from B,  leading to the formation of  intermediate C,  which  upon cyclization yields the 

final product.19 
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Scheme 2. Proposed reaction mechanism for the synthesis of 1H-1,2,3,4-tetrazoles. 

  

Computational studies 

  

The optimized molecular structure with minimum energy was obtained through Gaussian 09 and Gauss view 

6.0 software.27 The geometry was optimized by B3LYP/6–311++ G(d,2p) basis set. Various molecular 

properties such as HOMO-LUMO energy, MEP surface analysis, atoms in molecule (AIM) theory has been 

utilized to calculate electrophilicity index, electron density, and electron localization function (ELF) of the 

synthesized compounds and the results were plotted. 

 

Optimized molecular geometry.  The optimized geometrical parameters of the least energy in terms of 

bond length and bond angles are shown in Table 4 and Fig. 1. The experimental results were compared with 

the optimized geometry of the compound (4a) derived by DFT/B3LYP using 6–311++G(d,2p) and Hartree-fock 

Method 28 B3LYP, which was used in the optimization process to identify the best data which agreed with the 

experimental values. The data acquired by B3LYP with 6–311++G(d,2p) is the best match with experimental 

data. We can see from Table-4 that there is a tiny discrepancy between the theoretical and experimental 

values which is due to the fact that the experimental calculations were conducted in a solid phase and, 

theoretical calculations were conducted in the gas phase. The picture of the optimized geometric structure 

with marked atoms is  presented in Table 5. 
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Fig. 1. Optimized molecular geometrical structure with atom numbering of 1-phenyl-1H-tetrazole: all 

nitrogen shown by blue, carbon by grey, hydrogen by white color. 

 

Table 5. Optimized geometry of the synthesized 1-substituted-1H-1,2,3,4-tetrazoles 

  

S. No. Structure Optimized Geometry 

1.   

 
4a 

 

 

2.   

 
4b 

 

 

3.   

 
4c  

4.   

 
4d  

5.   

 
4e 
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6.   

 

4f 

 

 
 

7.  

 

4g  
 

8.   

 
4h 

 

 

9.   

 
4i 

 

 
 

10.   

 
4j 

 

 
 

 

Frontier molecular orbital (FMO). The evaluation of frontier molecular orbitals of the compounds is a 

significant study in drug design in recognizing their reactivity.29−31 The highest occupied molecular orbital 

(HOMO) and the lowest unoccupied molecular orbital (LUMO) of the synthesized 1-substituted-1H-1,2,3,4-

tetrazoles are shown in Fig. 2, and Fig. 3. HOMO is the electron donor orbital which shows how much 

tendency a molecule may have to transfer an electron whereas LUMO is the electron acceptor orbital, which 

shows how much capacity a molecule can have to accept an electron. The HOMO- LUMO energy gap between 

of the synthesized compounds (4a-j) are shown in Fig. 4 which is crucial for charge transfer interaction (CTI) or 

electron transition (ET) activities. From the results, the maximum energy gap is observed in the compound 4e 

(-5.7494 eV), therefore, the charge transfer interaction or electron transition (ET) CTI/ET is expected to be 

difficult in it. The compound 4g have lowest energy gap i.e., -4.6520 eV; there by the charge transfer 

interaction (CTI) or electron transition (ET) activities were expected to undergo easily. 

Many other significant variables such as ionization potential (I.E), electrophilicity index (ω), chemical Potential 

[µ], chemical hardness (η), electron affinity (E.A) and dipole moment were calculated using Koopman’s 

theorem,32-38 providing information about the electronic properties and reactivity of the molecules. The 
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compound 4g exhibits the maximum electrophilicity index value (7.2679), may be due to the interaction with 

the nucleophilic species, while the lowest electrophilicity index value (3.7724) is obtained for the compound 4h. 

Likewise, compound 4e demonstrates the highest negative value (-2.8747) for chemical hardness, indicating its 

heightened stability and reduced susceptibility to decomposition into constituent elements. These findings are 

summarized in Table 6. 

 

Table 6. Calculated the quantum mechanical parameters for 1-substituted-1H-1,2,3,4-tetrazole  derivatives 

Comp. EHOMO (eV) ELUMO (eV) ∆E (HOMO-

LUMO) (eV) 

Ƞ(eV) µ(eV) ω(eV) Dipole 

moment 

µ (Debye) 

4a -7.4062 -1.9434 -5.4628 -2.7314 -4.6748 4.0004 6.5598 

4b -7.5382 -2.1864 -5.3518 -2.6759 -4.8623 4.4175 6.3458 

4c -7.2691 -2.1768 -5.0923 -2.5461 -4.7229 4.3803 5.0900 

4d -7.3453 -2.1572 -5.1881 -2.5940 -4.7610 4.3691 5.0079 

4e -7.5948 -1.8454 -5.7494 -2.8747 -4.7201 4.0516 6.6474 

4f -8.0819 -3.4008 -4.6811 -2.3405 -5.7413 7.0417 7.0645 

4g -8.1407 -3.4887 -4.6520 -2.3260 -5.8147 7.2679 1.8500 

4h -7.1183 -1.8234 -5.2949 -2.6474 -4.4708 3.7724 7.1538 

4i -7.4207 -2.0310 -5.3897 -2.6948 -4.7258 4.1437 4.9428 

4j -7.6081 -2.1741 -5.4340 -2.7170 -4.8911 4.4024 6.3701 

 

Values highlighted in bold represents the highest and lowest values of each quantum mechanical parameter 

 

 

 

 

 

Molecular electrical potential (MEP) surface. Molecular electrical potential surface was employed to evaluate 

the physicochemical properties of the synthesized compounds in 3D surface.39 The method evaluates  the 

charged area of the synthesized compound in a view to determine  the molecular interaction and the nature 

of the chemical bonds. Significantly,  it shows the molecular size, shape, negative, positive, and neutral 

electrostatic potential through colour marking.  

The MEP surface envisaging the reactive sites in the optimized structure of all of the synthesized compounds 

4(a-j) is mapped as shown in Fig. 5. In this visualization the increasing order of electrostatic potential is found 

in the order of red< brick red< green<blue. The red color in the map signifies an electronegative region with 

minimum electrostatic potential that divulges its susceptibility to electrophilic attack. Conversely, the blue 

color signifies an electropositive region liable for the nucleophilic attack, while green is a region of zero 

potential.40,41  

Analysis of the MEP diagrams revealed that the red colour exhibited an electrophilic attack over the nitrogen 

atom of the tetrazole ring and green display the chlorine atom, whereas the  brick red color indicates the 

bromine atom. In our target molecule red region displays the corresponding oxygen atom of the nitro group, 

which is the most reactivity toward the intramolecular hydrogen bonding.  
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Electron localization function (ELF). ELF analysis offers evidence about the data of the chemical structure, 

molecular bonding reactivity, and quantitative analysis of the aromaticity of the compound. It gives 

information of electron pair with opposite spin’s and also estimates the spatial localization or delocalization of 

the reference electron. The value of ELF is based on Pauli's repulsion. If the value of ELF is one then that region 

is called the maximum Pauli repulsion region and is represented by red color whereas if the value of ELF is zero 

or near zero then the region is called the minimum Pauling repulsion region which is denoted by blue color.  

The compound's C5, C6, and C7 atoms were selected in a single plane, as seen in Fig. 6. The high value of ELF 

was represented by red colour, the middle ELF value expressed as yellow to green colour and the lowest value 

of ELF is shown by blue color.  

In the titled molecule, it is observed that the C-C and C-N covalent bonds have maximum LOL value and 

maximum degree of ELF in that region. The blue ring region signifies valence and the inner shell of heavy 

nucleus. As a result of the hydrogen and carbon atoms' repulsion, the density was lower in the space between 

the C-H bonds. The huge changes from yellow to green for medium ELF values of 0.7 and lower ends, as shown 

by blue, while high ELF values were red in colored 1.4–1.0.  Basis of measurement in ELF diagram is Pauli 

repulsion, ELF value ranges from 0 to 1. When ELF is 1, that is the area of maximum Pauli repulsion, and 

electrons were well localized, similarly when ELF is 0, that region is of minimum Pauli repulsion and electrons 

were delocalized in this region. 42, 43 

 

 
Fig 6. ELF (A) Color filled map and (B) Shaded surface map with projection effect of hydrogen bonding region 

in 1-substituted-1H-1,2,3,4-tetrazoles  

 

NMR analysis. The theoretical 13C-NMR and H-NMR spectral data of compound (4a) were calculated in 

methanol using Gaussian 09 and 1 Gauss view 6.0 software27 at the B3LYP level with 6–311++G (d,2p) basis set. 

Experimental and computed chemical shifts are listed in Table 7. 

In the experimental 1H-NMR spectrum (Fig. 7), chemical shifts at δ 10.69, 7.50, 7.48, 7.25, 7.01, and 7.13 were 

observed for synthesized compound 4a, while corresponding theoretical values (ppm) are illustrated in the 
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simulated spectra (Fig. 8). Minor discrepancies between the NMR values of experimental and theoretical 

peaks are attributed to solvent effects. Similarly, the simulated 13C-NMR experimental chemical shifts (Fig. 9) 

for carbon atoms C1, C2, C3, C4, C5, C6, and C8 were found to be 137.0, 129.3, 129.5, 129.2, 145.1, 128.9 and 

149.8 ppm, respectively. Corresponding theoretical values are assigned as, 135.1, 134.0, 135.1, 124.0, 140. 0, 

122.0, and 144.0 ppm (Fig. 10) respectively. 

 
Fig. 1. Optimized molecular geometrical structure with atom numbering of compound (4a) 

 

Table 7. 1H-NMR and 13C-NMR data expérimental and theoretical values of compound 4a in ppm 

 

S. NO. 1H-NMR  DFT(B3LYP) Expérimental 13C-NMR DFT(B3LYP Expérimental 

1.  17-H 9.61 10.69 1-C 135.1 137.0 

2.  16-H 8.20 7.50 2-C 134.0 129.3 

3.  15-H 8.49 7.48 3-C 135.1 129.5 

4.  14-H 8.01 7.47 4-C 124.0 129.2 

5.  13-H 7.09 7.04 5-C 140.0 145.1 

6.  12-H 8.10 7.24 6-C 122.0 128.9 

7.     8-C 144.0 149.8 
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Fig. 7. 1H-NMR Expérimental spectra of 1-phenyl-1H-tetrazole (4a) 

 

 
 

Fig. 8.  Theoretical 1H-NMR spectra of compound (4a) 

 
Fig. 9. 13C-NMR Expérimental spectra of 1-phenyl-1H-tetrazole (4a) 
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Fig. 10.  Theoretical 13C-NMR Spectra of compound (4a) 

 

Conclusions 
 

An efficient and environmentally benign protocol has been developed for the synthesis of biologically 

important 1-substituted tetrazoles involving multi-component reaction strategy assisted by catalytic influence 

of NiCl2 in ethanol at room temperature. This methodology is amenable to multigram-scale production, 

rendering it economically viable for large-scale preparation.  

The operational simplicity, high purity of the products, ability to isolate products without chromatographic 

purification, and utilization of eco-friendly catalysts could pave the way for both academic research and 

practical applications. Also,  DFT analysis corroborates these findings, elucidating the molecular structure and 

properties of the synthesized compounds. Moreover, the synthesized compound 1-phenyl-1H-tetrazole 

indicated their potential to be used as an anticancer and anti- diabetic drug. 

 

 

Experimental Section 
 

General.  All chemical reagents and solvents were purchased from Merck and Sigma-Aldrich chemical 

companies and utilized without further purification. The melting points of compounds were determined using 

a vego melting point apparatus and remained uncorrected. Fourier-transform infrared (FTIR) spectra were 

acquired in the range of 400–4000 cm-1 utilizing a Perkin Elmer Spectrum IR version 10.7.2 spectrometer. The 

purity determinations of the products were accomplished by TLC on silica gel polygram STL G/UV 254 plates. 

The spectra were recorded employing a Bruker Advance Neo spectrometer at frequencies of 500 MHz (1H -

NMR) and 125 MHz (13C-NMR), with DMSO-d6 as the solvent and tetramethylsilane as the internal standard.  

All the yields refer to isolated products after purification by thin-layer chromatography or recrystallization. 

 

General synthesis for the preparation of 1H-1,2,3,4-tetrazoles. A mixture of triethyl orthoformate (1.2 mmol), 

sodium azide (1 mmol), and aromatic amine (1 mmol) were taken in a 100 ml round-bottomed flask and 

stirred at room temperature for the duration specified in Table 2. The progress of the reaction was monitored 

by thin-layer chromatography (TLC) using an ethyl acetate and n-hexane (3:7) mixture as the mobile phase. 
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After completion of the reaction, the mixture was filtered, and the filtrate was washed with distilled water to 

remove the catalyst. The resulting solid was isolated by suction filtration to afford the crude product, which 

was further purified by recrystallization from ethyl acetate to yield the crystalline pure product.  

1-Phenyl-1H-tetrazole (4a). White solid (94% yield); mp: 63-64℃. 1H NMR (500 MHz, DMSO-d6): 10.69 (s, 1H), 

7.50 (t, 1H, J 08 Hz, Ar-H), 7.21 (t, 1H J 08 Hz, Ar-H) 7.05 (t, 1H, J 08Hz, Ar-H), 7.08 (d, 2H, J 7.5 Hz, Ar-H) ppm. 
13C NMR (125 MHz, DMSO-d6): 149.8, 145.1, 137.0, 139.5, 129.3, 129.2, 128.9 ppm.  MS (ESI mass) m/z 

[M+H] +: 146.16; FTIR (cm−1): 3070 (=CH, sp2), 2883 (-CH, sp3), 1679 (N=N), 1536, (C=C), 1478, 1421, 1311 

1095, 871 (C=C Str. Ar). Analytical Calculated Formula C7H6N4: C, 57.53; H, 4.14; N, 38.34; Found: C, 57.45; H, 

4.10; N, 38.28. 

1-(3-Nitrophenyl)-1H-tetrazole (4b). Gray White solid (90% yield); mp:152-154 ℃. 1H NMR (500 MHz, DMSO-

d6): 10.02 (s, 1H), 8.69 (s, 1H, Ar-H), 7.36 (t, 1H, J 08 Hz, Ar-H), 7.14 (d, 1H, J 08 Hz, Ar-H) 7.05 (t, 1H, J  08 Hz, 

Ar-H), ppm. 13C NMR (125 MHz, DMSO-d6): 153. 3, 147.6, 130.4, 130.2, 130.0, 125.2, 124.8 ppm. FTIR (cm−1): 

3063(=CH, sp2), 2927(-CH, sp3), 1666, (N=N), 1583, (C=C), 1484, 1387, 1203, 1088, 827 (C=C Str. Ar), cm-1. 

Analytical Calculated Formula C7H5ClN4: C, 46.55; H, 2.79; Cl, 19.63, N, 31.02; Found: C, 46.45; H, 2.70; Cl, 

19.53; N, 31.00. 

1-(4-Bromophenyl)-1H-tetrazole (4c). Brown solid (90% yield); mp:168-170 ℃. 1H NMR (500 MHz, DMSO-d6): 

10.35 (s, 1H), 7.50 (dd, 2H, J 08 Hz, Ar-H), 7.43 (dd, 2H, J 7.5 Hz, Ar-H), ppm. 13C NMR (125 MHz, DMSO-d6). 

159.5, 148.0, 131.7, 131.5, 131.3, 120.9, 119.2 ppm. FTIR (cm−1): 3093 (=CH, sp2), 2926 (-CH, sp3), 1621 (N=N), 

1521(C=C), 1485, 1389, 1345, 1086, 867(C=C Aromatic stretching ). Analytical Calculated Formula C7H5BrN4: C, 

37.36; H, 2.24; Br, 35.51, N, 24.90; Found: C, 37.30; H, 2.20; Br, 35.41; N, 24.80. 

1-(4-Chlorophenyl)-1H-tetrazole (4d). White solid (90% yield); mp:152-154 ℃. 1H NMR (500 MHz, DMSO-d6): 

9.93 (s, 1H), 7.40 (dd, 2H, J 08 Hz, Ar-H), 7.37 (dd, 2H, J 7.5 Hz, Ar-H), ppm. 13C NMR (125 MHz, DMSO-d6):  

159.4, 148.1, 137.0, 129.0, 128.8, 128.6, 128.4 ppm. FTIR (cm−1): 3163(=CH, sp2), 2932 (-CH, sp3), 1652, (N=N), 

1592(C=C), 1386, 1314, 1113, 870 (C=C Str. Ar). Analytical Calculated Formula C7H5ClN4: C, 46.55; H, 2.79; Cl, 

19.63, N, 31.02; Found: C, 46.45; H, 2.70; Cl, 19.53; N, 31.00. 

1-(2-Chlorophenyl)-1H-tetrazole (4e). White solid (90% yield); mp:142-144℃. 1H NMR (500 MHz, DMSO-d6):  

9.28 (s, 1H), 7.47 (d, 1H, J 7.5 Hz, Ar-H), 7.45 (d, 1H, J 7.5 Hz, Ar-H), 7.32 (t, 1H, J 08 Hz, Ar-H), 7.05 (t, 1H, J 08 

Hz, Ar-H), ppm. 13C NMR (125 MHz, DMSO-d6): 160.2, 149.0, 129.2, 128.8, 127.7, 127.4, 127.2 ppm. FT-IR 

(KBr) (cm-1) 3062(=CH, sp2), 2867(-CH, sp3), 1665(N=N), 1584(C=C), 1471, 1386, 1311, 1054, 864 (C=C Str. Ar). 

Analytical Calculated Formula C7H5ClN4: C, 46.55; H, 2.79; Cl, 19.63, N, 31.02; Found: C, 46.45; H, 2.70; Cl, 

19.53; N, 31.00. 

1-(3-Nitrohenyl)-1H-tetrazole (4f).  Yellow solid (90% yield); mp: 200-201℃. 1H NMR (500 MHz, DMSO-d6): 

10.49 (s, 1H), 8.58 (s, 1H, Ar-H), 7.51 (d, 1H, J 07 Hz, Ar-H), 7.40 (d, 1H J 08 Hz, Ar-H), 7.29 (t, 1H J 7.5 Hz, Ar-H) 

ppm. 13C NMR (125 MHz, DMSO-d6): 160.8, 148.6, 130.1, 128.9, 123.2, 120.9, 119.8 ppm. FT-IR (KBr) (cm-1): 

3149 (=CH, sp2), 2926(-CH, sp3), 1650(N=N), 1592 (C=C), 1386, 1114, 777 (C=C Str. Ar ). Analytical Calculated 

Formula C7H5N5O2: C, 43.98; H, 2.64; N, 36.64. Found: C, 43.90; H, 2.60; N, 36.54. 

 

Evaluation of anticancer activity  

The compound 4a was subjected to in-vitro anticancer activity assay against human liver cancer cell line 

(HepG2), using MTT assay (Fig. 11). An appropriate positive control was run in each expriment and was 

repeated thrice. The compound 4a inhibited the growth of HepG2 cells at IC 50 (concentration of compound 

causing 50% inhibition of cell growth) of less than 50.0 l M. 

Cell lines and culture 
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The National Centre for Cell Science (NCCS), Pune, India provided the human liver cancer cell line (HepG2), 

which was cultured. The cell lines were kept in ambient condition in an incubator with 5% CO2 and 37 ˚C. They 

were further supplemented with 10% fetal bovine serum, 100 U/ml penicillin, and 100 mg/ml streptomycin in 

Dulbecco's modified Eagle medium. 

 

Antiproliferative assay  

Cell proliferation inhibition was investigated according to a previously reported protocol with minor 

modifications.44-49 HepG-2 cells were used for the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide (MTT) test in accordance with established procedures. A 96-well plate was used for cell plating, with 

5,000–7,000 cells per well. Fresh medium was added to the cells, and an aqueous extract that had been 

refrigerated for the previous night using a rotary shaker was added. Each well received 20 μl of MTT dye (5 

mg/ml) after 24 hours, and then there was a 4-hr incubation period. Formazon crystal precipitates were 

dissolved in 200 μl of dimethyl sulfoxide (DMSO) for fifteen minutes on a shaker. Following the addition of 

MTT dye, every step was carried out in the dark. At 550 nm, absorbance was measured. Tamoxifen was the 

typical anticancer medication. The % cell inhibition was calculated using the following formula: 

                                 Cell proliferation inhibition (%) = [1- (As/Ac)] x 100 

where: As – absorbance of sample; Ac – absorbance of control. 

 

Antiproliferative effects of compound 4a on the HepG2 cancer cells 

 The selection of HepG2 cancer cell lines was based on the persistence of numerous desirable characteristics. 

Although the liver is the body's primary organ for detoxification and mostly in control of drug metabolism and 

drug-drug interactions, hepatic cells play a significant role in the drug discovery process. HepG2 cells are 

therefore often employed in toxicity testing and drug development.  

Using the MTT evaluation, the antiproliferative effect of multiple extracts on HepG2 cell lines was established. 

The compound antiproliferative values were tested against tamoxifen, a positive anticancer medication. After 

24 h treatment, HepG2 cancer cells revealed antiproliferative activity with value of 67.25 ± 2.7 % for 

compound 4a that was comparable to standard drug (88.8 ± 5.2 %). 
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Fig. 11.   Morphological changes (Magnification 10X) in HepG2 cell line after treating with synthesized 

compound (4a)  

 
Determination of antidiabetic activity 
α-Glucosidase inhibition assay 

The α-glucosidase inhibitory activity was determined as per the protocol of Yu et al.50 with 

slight modifications. The enzyme α-glucosidase reacts with the substrate p-nitrophenyl-α-D-glucopyranoside 

(pNPG) and releases p-nitrophenol (pNP) which can be measured at 

405 nm. Compound (4a) was pre-incubated with 1 ml of α- glucosidase (1 U/ml) in 0.1 M phosphate buffer (pH 

6.9) at 25ºC for 10 min. To this, 1 ml of 5 mM pNPG was added and incubated at 25ºC for 10 min. Then, 2 ml of 

Na2CO3 was added to terminate the reaction before reading the absorbance at 405 nm. Acarbose was used as 

positive control. The results of α-glucosidase inhibition was expressed as inhibition percentage as given under; 

                              

Inhibition %= ((A control- A sample)/ A control) x 100% 

 

α-Glucosidase Inhibitory Activity  

α-glucosidase is another key enzyme involved in starch digestion that breaks terminal α-1 to 4-linked glucose 

releasing a single glucose molecule that can be absorbed by the body. The assay for α-glucosidase inhibitory 

activity of compound (4a) was measurable with IC50 92.7 ± 1.44 µg/ml in comparison to acarbose (IC50 value 

55.12 ± 2.35 µg/ml). This suggests that compound have the potential to be developed into functional 

ingredients for diabetic care. 
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