
IOSR Journal of Applied Chemistry (IOSR-JAC)  

e-ISSN: 2278-5736.Volume 17, Issue 2 Ser. I (February 2024), PP 18-33 

www.iosrjournals.org 

DOI: 10.9790/5736-1702011833                         www.iosrjournals.org                                                    18 | Page  

Synthesis ,characterization, biological evaluation of 

substituted 1,2,3-traizole derivatives as a potential 

antidiabetic, antibacterial, antioxidant agents and 

molecular docking studies. 
 

1Chudamani R Savajjera,1* Lokesh A Shastri, 2Praveen Kumar S.K,  
2Nagarjuna Prakash Dalbanjan, 3Shrinivas D  Joshi, 4Vinay Sunagar 

1Department Of Chemistry, Karnatak University Dharwad-580003, Karnataka, India. 
2 Department Of Biochemistry, Karnatak University Dharwad-580003, Karnataka, India. 

3Novel Drug Design And Discovery Laboratory, Department Of Pharmaceutical Chemistry, S.E.T’s College Of 

Pharmacy, Sangolli Rayanna Nagar, Dharwad 580002, Karnataka, India. 
4 Department Of Chemistry, GSS .College ,Belagavi, Karnataka, India. 

*Corresponding author: Lokesh A Shastri  

Abstract 
In the present study, a series of 1,2,3-triazole were synthesized by employing the regioselective copper(I)-

catalyzed azide-alkyne via  1,3-dipolar cycloaddition reaction. The synthesized moieties were  screened for α-

amylase and glucose uptake assay. The moieties displayed moderate to good inhibitory activity in the range of 

IC50 value of 0.290-2.879 µM and 0.288-1.528 µM against α-amylase and glucose uptake assay respectively. Out 

of all the synthesized compounds, compound 6a with IC50 value of 0.290µM and 0.288µM with methoxy 

substitution at aryl ring were found to be most active. Further, the moieties were screened for in vitro antibacterial 

activity. Among  the synthesized compounds, compounds 6b,6c,7b and 7c with -Cl and -Br substitution on aryl 

ring were found to be most active against E.coli and S. aureus bacterial strains. The synthesized moieties also 

showed moderate DPPH radical scavenging ability when compared to standard ascorbic acid. Furthermore, the 

docking studies were employed to determine the binding confirmation of the most active compounds. 
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I. Introduction 
One of the most common chronic diseases is diabetes mellites(DM) , that is typified by hyperglycemia, 

which is brought via insufficient insulin secretion or  resistance to insulin  action, or both. Chronic hyperglycemia  

raises the risk of cardiovascular diseases [1] and is associated with microvascular issues that affect the kidneys 

,nerves and eyes. Owing to the increasing prevalence of DM ,numerous  approaches have been developed to 

handle and regulate the illness and its causes . However ,a typical method to treat or reduce these metabolic 

disorders [2] is the inhibition of carbolytic  enzymes like  α-amylase and α-glucosidase. α-Amylase is a key 

enzyme of hydrolase family bearing calcium atom as a metal co-factor[3] , it hydrolyzes starch to produce glucose 

and maltose [4] and it is widely distributed across the animals, plants, fungi and bacteria. The human body requires 

the enzymes α-amylase and α-glucosidase to catalyze the hydrolytic action of starch intake[5]. Therefore, the 

development of significant α-amylase inhibitors  can be implemented as chemotherapeutic agents and it may be 

a more effective strategy for DM treatment[6] . 

Moreover ,there is a close relationship between hyperglycemia and infections[7]. While hyperglycemia 

in mouse model inferable leukocytes have been explained , particularly infected by S. aureus[8]. Moreover, 30% 

DM patients have high risk for bacterial infections, most often wound infection(WI) and urinary tract 

infections(UTI) and pneumonia are common compared to non-diabetic. However, the DM patients have 

cumulative  lifetime risk, mainly foot ulcer , this can get infected easily, which leads to gangrene[9]. Moreover 

,hyperglycemia initiates auto-oxidation of glucose to form free radicals, these free radicals beyond the scavenging 

ability of endogenous antioxidants defenses, which leads to macro and micro vascular dysfunction[10]. While, 

hyperglycemia induced oxidative stress has also been related with increased endothelial cell apoptosis[11]. For 

instance, most of the hospital acquired, and community acquired infections are caused by Gram-positive pathogen 

S. aureus and Gram-negative pathogen like E.coli  [12,13]. The world’s scientific and public health communities 

are gravely concerned about the startling rates of new and emerging microbial threats as well as increasing 
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antimicrobial resistance to current antibiotics[14]. The necessity for developing novel classes of antimicrobial 

resistance towards present antibiotics. The new  agents with distinct chemical structures and modes of action and 

broad range of  medications with less resistance has been necessary at present with  their safety and 

bioavailability[15]. 

The discovery and development of novel, safe  pharmaceutical is the main goal of current research[16]. 

Nitrogen heterocycles make up a substantial portion of most pharmacological scaffolds. The concept of molecular 

hybridization[17] approach has been explored in medicinal chemistry, applying this method  two or more 

biologically active compounds can be joined together to form molecular hybrids. Compared with their parent 

pharmacophoric units , these hybrid molecules are expected to have a novel mechanism of action and high 

potency.  In  this scenario , 1,2,3-triazole plays a significant role in medicinal chemistry by their broad spectrum 

of biological activities such as anti-HIV[18,19], antiviral[20,21], antiallergenic[22], antifungal[23–25], 

anticonvulsant[26,27], antidiabetic[28], antibacterial[29,30], antioxidant[31], anti-tubercular[32,33] and anti-

inflammatory agents[34]  and some of the 1,2,3-triazole molecules are listed in Fig. 1. 1,2,3-Triazole have  high 

stability  in basic, acidic, oxidative, and reductive conditions[35,36]. Moreover, their favorable property  is  

binding with biological targets. Therefore, adding the triazole motif in  the synthesized organic  compounds is a 

promising idea. In this context ,we have prepared various 1,2,3- triazole compounds containing ether, ester, and 

acid groups in order to investigate the effect of these groups on biological activity. 
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Fig. 1. Triazole validated products on the market. 

 

II. Materials and Methods 
The melting points were measured using the open capillary method and are uncorrected. IR spectra were 

obtained using a Nicolet IN-10 FT-IR spectrophotometer using KBr disc method. The 1H and 13C NMR spectra 

were captured with a Jeol 400 and 100 MHz spectrometer with solvents DMSO-d6. Mass spectra were collected 

using  LC-MS/ESI-MS-Waters ACQUITY TQD. CHN elemental analysis of all the products were recorded by 

LECO TRUSPEC CHN analyser. Unless otherwise noted, all the reagents were of analytical quality and were 

used without further purification. 

 

Synthesis 

Synthesis of  substituted(prop-2-ynyloxy)benzene 3(a-e) 

To a solution of substituted phenols 1(a-e )(1.2mmol) in dry acetone, anhydrous potassium carbonate 

and 3-bromoprop-1-yne(2) (1mmol) were added. The resultant mixture was heated under stirring at 50°C for 16 

h, the completion of the reaction was monitored by TLC. After cooling the solvent was removed under reduced 
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pressure. The residue obtained was diluted with water and extracted using CHCl3. The organic layer was dried 

over anhydrous Na2SO4 and was concentrated to get the desired compound 3(a-e). 

 

Synthesis of methyl 2-(azidomethyl)-3-nitrobenzoate (5) 

Compound (4) (1mmol) was taken in 15mL of acetone in 50mL round-bottom flask. To this, sodium 

azide (1.2mmol) in 3 mL of water was added drop wise with stirring, which was continued for 10 h. Atter 

completion, the reaction mixture was then poured into ice-cold water. Separated solid was filtered and 

recrystallized using ethanol to get the desired product(5). 

 

Synthesis of methyl 2-((4-((substituted)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoate 6(a-e) 

The mixture of CuSO4.5H2O (0.15 mmol) and sodium ascorbate (0.3 mmol) in water (10 mL) was added 

to the stirred solution of substituted(prop-2-ynyloxy)benzene 3(a-j) (1 mmol) in THF (10 mL), then the reaction 

mixture was kept for stirring at room temperature for about half an hour (till the mixture became lemon-yellow 

colour), preceded by addition of methyl 2-(azidomethyl)-3-nitrobenzoate  (5)(1 mmol) which was then refluxed 

on  water bath until the completion of the reaction as monitored by TLC  (5:5 ethylacetate: hexane)). The reaction 

mixture was poured over crushed ice, and the precipitated solid was filtered off, washed with water, and dried to 

get the desired 1,4 - substituted triazoles 6(a-e) in pure form. 

 

Methyl2-((4-((4-methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoate(6a) 

Light yellow solid; Yield: 96%;  MP:144-146°C  ; FT-IR(cm-1): 1719(C=O stretching, ester) ; MS (EI) 

m/z: Calcd. for C19H18N4O6 – 398.37, Found- 399.19 [M+1],400.19[M+2]; 1H-NMR (400 MHz, DMSO-d6) δ 

8.25 (d, J = 8.6 Hz, 1H,), 8.19 (d, J = 7.9 Hz, 1H,), 8.12 (s, 1H,), 7.83 (t, J = 8.3 Hz, 1H), 6.94 (d, J = 9.2 Hz, 2H), 

6.85 (d, J = 9.2 Hz, 2H), 5.97 (s, 2H), 5.02 (s, 2H), 3.83 (s, 3H  ), 3.69 (s, 3H); 13C-NMR (101 MHz, DMSO-d6)  

δ 166.4, 154.0, 152.5, 151.6, 143.0, 135.1, 134.1, 131.2, 128.7, 127.8, 125.4, 116.1, 115.1, 61.9, 55.8, 53.6, 46.2 ; 

Anal. Calcd.  for C19H18N4O6: C, 57.28; H, 4.55; N,14.06;  Found: C, 57.11; H, 4.49; N,14.00. 

 

Methyl2-((4-((4-chlorophenoxy)m-1H-1,2,3-triazol-1-yl)methyl)-3- nitrobenzoate(6b) 

Light yellow solid; Yield: 96%; MP: 148-150°C ; FT-IR(cm-1): 1719(C=O stretching, ester) ; MS (EI) 

m/z: Calcd. for C18H15ClN4O5 – 402.79, Found- 403.14 [M+1],405.14[M+3]; 1H-NMR (400 MHz, DMSO-d6); ) 

δ8.25 (d, J = 8.6 Hz, 1H), 8.20(d, J = 7.9 Hz, 1H),8.17 (s, 1H), 7.83 (t, J = 7.9 Hz, 1H), 7.33 (d, J = 8.6 Hz, 2H), 

7.05 (d, J = 8.6 Hz, 2H), 5.98 (s, 2H), 5.10 (s, 2H), 3.83 (s, 3H); 13C-NMR (101 MHz, DMSO-d6)  δ 166.4, 157.4, 

151.6, 142.4, 135.1, 134.1, 131.3, 129.8, 128.7, 127.7, 125.6, 125.0, 117.0, 61.7, 53.6, 46.2;  Anal. Calcd.  for 

C18H15ClN4O5: C, 53.67; H, 3.75;  N,13.91;  Found: C, 53.57; H, 3.55;N,13.71. 

 

Methyl2-((4-((4-bromophenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-nitrobenzoate(6c) 

Light yellow  solid; Yield: 97%; MP:150-152°C  ; FT-IR(cm-1): 1720(C=O stretching , ester) ; MS (EI) 

m/z: Calcd.  for C18H15BrN4O5–447.24, Found- 447.06 [M],449.06[M+2]; 1H-NMR (400 MHz, DMSO-d6 ) δ8.25 

(d, J = 7.9 Hz, 1H), 8.19 (d, J = 7.4 Hz, 1H),8.16(s,1H) 7.83 (t, J = 8.3 Hz, 1H), 7.45 (d, J = 8.6 Hz, 2H), 7.00 (d, 

J = 9.2 Hz, 2H), 5.98 (s, 2H), 5.10 (s, 2H), 3.83 (s, 3H )13C-NMR (101 MHz,  DMSO-d6)  δ166.4, 157.8, 151.6, 

142.4, 135.1, 134.1, 132.6, 131.3, 128.7, 127.7, 125.6, 117.5, 112.8, 61.6, 53.6, 46.2; Anal. Calcd. for 

C18H15BrN4O5: C, 48.34; H, 3.38;  N,12.53;Found: C, 48.14; H, 3.28;  N,12.43. 

 

Methyl2-((4-((3,5-dimethylphenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-   nitrobenzoate(6d) 

Light yellow solid; Yield: 95%; MP:146-148°C  ; FT-IR(cm-1): 1724(C=O stretching, ester) ; MS (EI) 

m/z: Calcd.  for C20H20N4O5–396.40, Found- 397.21 [M+1],398.21[M+2]; 1H-NMR (400 MHz, DMSO-d6 )  δ8.25 

(d, J = 7.9 Hz, 1H), 8.19 (d, J = 7.3 Hz, 1H), 8.13 (s, 1H), 7.82 (t, J = 7.9 Hz, 1H), 6.62-6.57 (m, 3H), 5.98 (s, 

2H), 5.04 (s, 2H), 3.83 (s, 3H), 2.22 (s, 6H);13C-NMR (101 MHz,DMSO-d6) δ 166.4, 158.6, 151.6, 143.0, 139.1, 

135.1, 134.1, 131.2, 128.7, 127.8, 125.4, 123.0, 112.9, 61.2, 53.6, 46.2, 21.6; Anal. Calcd. for C20H20N4O5: C, 

60.60; H, 5.09; N,14.13;  Found; C, 60.40; H, 5.07; N,14.10. 

 

Methyl2-((4-((p-tolyloxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoate(6e) 

Light yellow solid; Yield: 97%; MP: 140-142°C ; FT-IR(cm-1): 1720(C=O stretching, ester) ; MS (EI) 

m/z: Calcd.  for C19H18N4O5–382.37, Found- 383.19[M+1],384.19[M+2]; 1H-NMR (400 MHz, DMSO-d6 )  δ 

8.20 (d, J = 7.9 Hz, 1H), 8.14 (d, J = 7.3 Hz, 1H), 8.10 (s, 1H), 7.78 (t, J = 7.9 Hz, 1H), 7.03 (d, J = 7.9 Hz, 2H), 

6.85 (d, J = 8.6 Hz, 2H), 5.94 (s, 2H), 5.00 (s, 2H,), 3.79 (s, 3H ), 2.18 (s, 3H);13CNMR (101 MHz, DMSO-d6) δ 

166.4, 156.4, 151.6, 142.9, 135.1, 134.1, 131.2, 130.3, 130.0, 128.7, 127.8, 125.4, 115.0, 61.4, 53.6, 46.2, 20.6 ;  

Anal. Calcd. for C19H18N4O5 : C, 59.68; H, 4.74; N,14.65;  Found;  C, 59.48; H, 4.54; N,14.35. 
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Synthesis of 2-((4-((substituted)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-   nitrobenzoic acid 7(a-e) 

Methyl 2-((4-((substituted)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoate 6(a-e) was taken in 5 

mL of 1,4-dioxane in a 15mL  round-bottom flask. To this, sodium hydroxide(10%)  was added drop wise with 

stirring, which was continued for 4 h (reaction was monitored by TLC). The reaction mixture was then poured 

into ice-cold water. Separated solid was filtered and recrystallized using ethanol to get the desired acid derivatives 

as product 7(a-e). 

 

2-((4-((4-methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoic acid(7a) 

White solid; Yield: 96%; MP:154-156°C ; FT-IR(cm-1): 1707(C=O stretching , acid) ; MS (EI) m/z: 

Calcd.  for C17H13ClN4O5–384.34, Found- 385.18[M+1],386.18[M+2]; 1H-NMR (400 MHz, DMSO-d6 ) δ8.10 

(d, J = 7.9 Hz, 1H), 8.04 (d, J = 7.3 Hz, 1H), 8.00 (s, 1H), 7.67 (t, J = 7.9 Hz, 1H), 6.93 (d, J = 7.9 Hz, 2H), 6.75 

(d, J = 8.6 Hz, 2H), 5.83 (s, 2H), 4.90 (s, 2H), 3.68 (s, 3H);13C-NMR(101 MHz, DMSO-d6) δ 154.0, 152.5, 151.6, 

143.0, 135.1, 134.1, 131.2, 128.7, 127.8, 125.4, 116.1, 115.1, 61.9, 55.8, 46.2;Anal. Calcd. for C17H13ClN4O5 : C, 

52.52; H, 3.37; N,14.41;  Found;  C, 52.42; H, 3.22; N,14.38. 

 

2-((4-((4-chlorophenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoic acid(7b) 

White solid; Yield: 96%; MP:158-160°C ; FT-IR(cm-1): 1697(C=O stretching , acid) ; MS (EI) m/z: 

Calcd.  for C17H13ClN4O5–388.76, Found- 389.13[M+1],391.12[M+3]; 1H-NMR (400 MHz, DMSO-d6 )δ 8.15-

8.01 (m, 3H), 7.78 (s, 1H), 7.28 (d, J = 7.9 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 6.00 (s, 2H), 5.05 (s, 2H);13C-NMR 

(101 MHz, DMSO-d6) δ157.4, 151.8, 142.4, 135.3, 131.2, 129.8, 128.3, 125.6, 125.0, 117.0, 61.7, 46.2;Anal. 

Calcd. for C17H13ClN4O5 : C, 52.52; H, 3.37; N,14.41;  Found;  C, 52.42; H, 3.22; N,14.38. 

 

2-((4-((4-bromophenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoic acid(7c) 

White solid; Yield: 96%; MP:160-162°C ; FT-IR(cm-1): 1696(C=O stretching, acid)) ; MS (EI) m/z: 

Calcd.  for C17H13BrN4O5–433.21, Found- 433.04[M],435.04[M+2]; 1H-NMR (400 MHz, DMSO-d6 ); δ8.21-

8.14 (m, 3H), 7.79 (s, ,1H), 7.44 (d, J = 6.7 Hz, 2H), 7.00 (d, J = 6.7 Hz, 2H), 6.05 (s, 2H), 5.08 (s, 2H);13C-NMR 

(101 MHz, DMSO-d6) δ167.8, 157.6, 151.6, 142.4, 135.2, 132.5, 130.9, 128.1, 127.4, 125.6, 117.5, 112.8, 61.5, 

46.1;  Anal. Calcd. for C17H13BrN4O5 : C, 47.13; H, 3.02; N,12.93;  Found;  C, 47.10; H, 3.00; N,12.73. 

 

2-((4-((3,5-dimethylphenoxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoic acid(7d) 

White solid; Yield: 95%; MP: 154-156°C ; FT-IR(cm-1): 1694(C=O stretching , acid)) ; MS (EI) m/z: 

Calcd.  for C19H18N4O5 –382.37, Found- 383.19[M+1],384.20[M+2]; 1H-NMR (400 MHz, DMSO-d6 ) δ 8.15-

8.07 (m, 3H), 7.77 (s, 1H), 6.55 (d, J = 20.2 Hz, 4H), 6.00 (s, 2H), 4.99 (s, 2H), 2.17 (s, 6H);13C-NMR (101 MHz, 

DMSO-d6) δ 158.9, 151.8, 142.9, 139.4, 135.7, 131.0, 128.2, 125.6, 123.0, 113.0, 61.3, 46.1, 21.6; Anal. Calcd. 

for C19H18N4O5 : C, 59.68; H, 4.74; N,14.65;  Found;  C, 59.58; H, 4.54; N,14.55. 

 

2-((4-((p-tolyloxy)methyl)-1H-1,2,3-triazol-1-yl)methyl)-3-nitrobenzoic acid(7e) 

White solid; Yield: 96%; MP:150-152°C ; FT-IR(cm-1): 1703(C=O stretching , acid)) ; MS (EI) m/z: 

Calcd.  for C18H16N4O5 –368.34, Found- 369.17[M+1],370.18[M+2]; 1H-NMR (400 MHz, DMSO-d6 ) δ8.19-

7.96 (m, 3H), 7.83 (s, 1H), 7.08 (d, J = 6.1 Hz, 2H), 6.91 (d, J = 6.1 Hz, 2H), 6.08 (s, 2H), 5.05 (s, 2H), 2.22 (s, 

3H);13C-NMR (101 MHz, DMSO-d6) δ 156.7, 151.5, 143.7, 135.9, 131.3, 130.3, 130.0, 128.2, 125.5, 115.0, 61.5, 

46.1, 20.6; Anal. Calcd. for C18H16N4O5 : C, 58.65; H, 4.38; N,15.21;  Found; C, 58.53; H, 4.28; N,15.10. 

 

Pharmacological screening 

α- Amylase inhibitory activity 

The α- amylase inhibitory activity was determined according to the method[37] with slight modification. 

In an Eppendorf tube 0.5mL of phosphate buffer saline (PBS) solution of pH 6.9 was mixed with 0.5mL  of 

different concentrations of samples (10,20,40,80 and 160 µg/mL) with standard solution and 50µL of 0.5mg/mL  

α- amylase followed by 150 µL of 4µg/mL starch solution and incubated  for 10mins at room temperature starch 

was taken as control. The reaction was stopped by adding 250 µL of dinitro salicylic acid (DNS) solution. The 

mixture were then incubated on a water bath for 5 mins and cooled to room temperature. The absorbance was 

measured at 540nm(Labman UV visible spectrophotometer). The percentage(%) of enzyme inhibition was 

calculated using the following formula. 

% α- amylase Inhibition = 
AbC - AbS

AbC

x 100 

Where Abc denotes the absorbance of control and Abs denotes the absorption of test compounds at 

540nm. (All the experiments were carried out in triplicates) 
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Glucose uptake activity 

The glucose uptake activity was determined according to the method[38] with slight modification. 

Repeated centrifugation (3000Xg,5min) of the yeast saccharomyces cerevisiae, in distilled water was performed 

until clear supernatant fluid was prepared in distilled water. Different concentrations of compounds (10,20,40,80 

and 160 µg/mL) were placed in test tubes. 1mL of glucose solution (5mM) was added to this and the mixture was 

incubated at 37°C for 120 mins. The tubes were centrifugated (2500Xg,5min) and glucose content in the 

supernatant was calculated . The absorbance was measured at 540nm(Labman UV visible spectrophotometer). 

The standard drug used was Pioglitazone and the percentage(%) increase in glucose uptake by yeast cell was 

calculated using the following formula. 

% increase in glucose uptake = 
AbC - AbS

AbC

x 100 

Where Abc denotes the absorbance of control and Abs denotes the absorption of test         compounds at 

540nm. (All the experiments were carried out in triplicates) 

 

In vitro antibacterial activity 

Methods 

MIC of the newly synthesized compounds was determined by resazurin based micro-broth dilution 

method according to the guidelines of CLSI document M07 and M27-A2[39] with slight modifications. 10 µL 

culture inoculums were added with 180 µL sterile broth in a sterile flat bottom 96 well plate and 10 µL of (20 x 

concentration) compounds were added to make final concentration from 2-256 µg/mL in a serial dilution manner. 

Ampicillin (AMP), ciprofloxacin (CIP) was used as standard drug for Gram- positive, Gram- negative bacteria 

respectively. The plate was incubated for 24 h at 37°C. After incubation period, each of the wells were added 

with 20 µL of resazurin solution (0.015%) and mixed thoroughly and allowed to stand for half an hour to one 

hour for colour change. 

 

Microorganisms and media 

The synthesized compounds were tested for in vitro antibacterial activity against two microbial cultures. 

Inoculum was prepared by resuspending the pure loop full of exponentially growing culture on LB agar in a 5mL 

of sterile saline (0.85%). The newly synthesized compounds were vortexed/sonicated in ultrasonic bath till 

dissolved and the solution become homogenous (final concentration of < 1% DMSO). Using spectrophotometer, 

the cell density was fixed to 70% transmittance at 530nm (Labman, LMSP UV-1200) which contained 1×106 to 

5×106cells per mL[40]. MIC values for bacteria was determined in Miller Hilton broth as recommended by 

CLSI[41]. 

 

The minimum inhibitory concentration(MIC) and minimum bactericidal concentration (MBC) 

The MIC was defined as the lowest concentration of synthesized compounds or standard drug resulting 

in persistent blue colour. After determining the MIC, an aliquot of 50 µL sample was withdrawn from each blue 

colour well up to 8 folds of the MIC and spread onto respective agar plates. Inoculated plates were incubated, and 

MBC was recorded after 36 hrs. The compound is said to be static in action if there’s growth at eight folds the 

MIC whose MBC is not determined (ND). The MBC is defined as the lowest concentration of each compound 

that resulted in total inhibition or ≥99% inhibition of the growth[42]. 

 

In vitro antioxidant activity 

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay was determined according to   the 

method[43] with slight modification employed to examine the free radical scavenging ability of the synthesized 

compounds 6(a-e) and 7(a-e). The ability of test samples to donate the hydrogen atoms was governed by the 

decolorization of methanol solution of 1,1-diphenyl-2-picryl hydrazyl (DPPH). In methanol solution, DPPH 

produces violet colour and in the presence of antioxidants, it turns to yellow colour. To 0.1 mM methanolic 

solution of DPPH (300µL), 10 µL of different concentrations of each of the test samples was added and after 

shaking vigorously the tubes were allowed to stand at room temperature in dark for 30 minutes. Then the changes 

in absorbance of samples were measured at 517 nm. Using methanol, a control reading was obtained instead of 

the extract. The radical scavenging ability of the test compounds were compared with the standard drug Ascorbic 

acid. The percentage of inhibition was measured by the following formula. 

% DPPH radical scavenging activity  = 
AbC - AbS

AbC

x 100. 

Where Abc denotes the absorbance of control and Abs denotes the absorption of test compounds at 

517nm. (All the experiments were carried out in triplicates) 
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Molecular docking 

Molecular modeling was carried out using Sybyl-X, version 2.0[44], running on a Intel® CoreTM i3-2130 

CPU@ 3.40GHz processor using Windows 7 professional workstation. Surflex-Dock algorithm of sybyl-X 2.0 

was used to dock designed compounds. The crystral Structure of the Human pancreatic α-amylase in complex 

with montbretin A was downloaded from the Protein Data Bank (PDB entry code 4W93 (X-Ray Diffraction; 

1.35 Å); PDB extracted from the Brookhaven Protein Database http://www.rcsb.org/pdb) and used for initial 

docking studies. Co-crystalized ligand was removed from the structure, water molecules were removed, essential 

H atoms were added, and side chains were fixed during protein preparation. The structure was then subjected to 

an energy refinement procedure. Gasteigere-Huckel charges[45] were calculated for the ligand, while 

Amber7FF02 were used for the protein. The model was then subjected to energy minimization following the 

gradient termination of the Powell method for 3000 iterations using Tripos force field with non-bonding cutoff 

set at 9.0 and the dielectric constant set at 4.0. The binding of the substituted indole derivatives was also estimated 

using a variety of scoring functions that have been compiled into the single consensus score (C score). 

 

III. Results and Discussion 
Chemistry 

The desired target structures 6(a-e) and 7(a-e)  were designed and synthesized stepwise. The required 

key intermediate compounds 3(a-e) [46,47]and (5)[48] were synthesized as per literature reports and are 

illustrated in scheme 1.   Compound 3(a-e) was obtained by the reaction of substituted phenols 1(a-j )and 

propargyl bromide(2) via SN reaction in excellent yield. Further, the required one more intermediate structure (5) 

is synthesized by the reaction of methyl 2-(bromomethyl)-3-nitrobenzoate (4) with sodium azide in aqueous 

acetone at room temperature led to compound( 5).  Finally, the desired 1,4 -substituted 1,2,3-traizole 6(a-e )was 

obtained by the reaction of terminal alkynes 3(a-e) with dipolar azide (5) in presence of copper sulphate and 

sodium ascorbate in THF/H2O (1:1) under reflux condition, in excellent yield and high purity scheme 1. Further, 

the ester derivatives 6(a-e) were subject to saponification in presence of sodium hydroxide to obtain respective 

substituted acid derivatives 7(a-e). 

The synthesized molecules were subjected to spectral analysis to validate the formation of the proposed 

structures. FT-IR spectrum of 6c showed a band at 1720 cm-1 due to the ester carbonyl stretching . The mass of 

the compound was confirmed by LC-MS analysis  where in [M] and [ M+2] peak were observed at 447.06 and 

449.06 confirming the mass of the compound 6c. 1H-NMR of 6c singlet at δ 8.16 ppm indicates triazole ring 

proton and methylene protons linked to nitrogen and oxygen are resonated as singlet at δ 5.98 and δ 5.10 ppm 

respectively. Methyl  protons of ester are resonated as singlet  at δ 3.83 ppm. Signals in the range δ 8.25 to δ 7.00 

ppm represents the remaining 7 aromatic protons. In 13C-NMR of compound 6c, the ester carbonyl carbon 

resonated at δ 166.4 ppm. Whereas, the carbon attached to nitrogen and oxygen are resonated at δ61.6 and δ53.6 

ppm respectively and methyl  carbons of ester  are resonated at δ46.2ppm . Signals in the range from δ 157.8 to  

δ112.8 ppm represents the remaining 12 carbons. Further, the saponification of the compound 7a was confirmed 

by the decrease in the value of carbonyl stretching frequency in FT-IR spectrum from 1720 to 1696 cm-1 and 

disappearance of singlet at δ 3.83 ppm in  1H-NMR corresponding to methyl protons of ester. 
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Scheme 1. Synthesis of 1,4 substituted 1,2,3-triazole derivatives 6(a-e) and acid                                                                                           

derivatives 7(a-e). 

Furthermore, to synthesis desired series of compounds 6(a-e) in good yields and purity the optimisation 

reaction condition has been made for selection of suitable solvent, temperature and amount of copper sulphate, 

using reactants (3a) and (5) (scheme 1). The optimised results obtained are tabulated in Table 1. and we noticed 

that THF-water (entry-3,4) found to be excellent. Under optimized reaction conditions a series of compounds 

were synthesized and are listed in Fig.2. 

 

Table 1: Optimization of reaction conditions for scheme 1 compound 6a 

O

R

5

O

O

CH3

N3

NO2
O

N
N

N
NO2

O

O
H3C

R
3a

6a  

 
 

Entry Solvent (1:1) Temperatu

re (0C) 

CuSO4.5H2O 

(mM) 

Sodium 

ascorbate(mM) 

Time 

(hours) 

Yield 

(percentage) 

1 THF: H2O RT 0.10 0.20 10 80 

2 THF: H2O 60 0.10 0.20 7 80 

3 THF: H2O 76 0.10 0.20 4 94 

4 THF: H2O 76 0.10 0.40 4 96 

5 THF: H2O 76 0.10 0.60 4 96 

6 DMSO:H2O RT 0.10 0.20 10 86 

7 DMSO:H2O 80 0.10 0.40 4 90 
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Fig.2. Structures of all the synthesized compounds 6(a-e) and 7(a-e). 

 

Antidiabetic activity 

The in vitro inhibition of 𝛼 − amylase and glucose uptake assay were employed for the synthesized 

compounds 6(a-e) and 7(a-e) using standard drug acarbose (ACB) and pioglitazone (PCZ). A drug’s half -

maximal inhibitory concentration (IC50) was determined, which  indicates the amount needed to halve a biological 

process and also  indicates the substance’s capacity to prevent a particular biological or biochemical function[49]. 

 

In vitro 𝜶 − amylase inhibition activity 

From the Table 2, we noticed that the synthesized compounds 6(a-e) and 7(a-e) showed varying effects 

on 𝛼 − amylase inhibition activity. Among the series 6(a-e)  which having  nitro and methyl ester groups are 

common substituents, compounds 6a and 6e having methoxy and methyl groups on aryloxy systems have  shown 

maximum inhibition with  IC50 values 0.290 µM and 0.363 µM respectively, while standard drug acarbose (ACB) 

showed 0.144µM. Further the compounds 6d  and 6b showed moderate inhibition  with  IC50 value 0.393 µM and 

0.583µM respectively. Wherein 7(a-e) series having  nitro and carboxy  groups are common substituents, 

compounds 7e and 7a having methyl and methoxy groups on aryl systems have  shown maximum inhibition with 

IC50 values 0.364 µM and 0.374 µM respectively. Further the compounds 7d  and 7b showed minimum  inhibition  

with  IC50 value 0.463 µM and 1.162 µM respectively. The percentage  of enzyme inhibition increases with 

increase in concentration up to 80µg/mL, further increasing the concentration yields the saturated inhibition of 

enzyme 𝛼- amylase and is presented in   Fig.3. 
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Fig.3. Results of in vitro α-amylase inhibitory activity of various concentrations of newly synthesized 

compounds, and standard drug acarbose (ACB), expressed in % enzyme inhibition. All the experiments were 

performed in triplicates and mean absorbance was taken for calculating % inhibition. Error bars represent 

standard error. 

 

In vitro glucose uptake activity 

Different  concentration of compounds were tested in vitro using modified  method [38] for glucose 

absorption ,with yeast acting as a model. The results were compared with standard drug Pioglitazone (PCZ). 

Among the series, compound 6a shows maximum glucose absorption with  IC50 value 0.288µmol/mL which is 

very close to the standard drug Pioglitazone (IC50 = 0.273µM) and the compounds 6e,7a,7e and 7d showed 

medium glucose absorption with IC50 value 0.324,0.327,0.345 and 0.364 µM respectively. Further the compounds 

6d,6b,7b,6c and 7c showed minimal glucose absorption with IC50 value 0.413,0.450,0.614,1.469 and 1.586 µM 

respectively. The percentage  of glucose absorption increases with increase in concentration up to 80µg/mL, 

further increasing the concentration showed the saturated increase point of glucose absorption and is presented in  

Fig.4. 

The results obtained from above two activities,  𝛼 -amylase inhibition activity and glucose uptake 

activity provide summary of structure activity relationship (SAR) for this class of compounds. Introduction of 

electron donating groups (EDG) such as 4-methoxy (6a,7a), 4-methyl(6e,7e), 3,5-dimethyl (6e,7e) into the 

aryloxy ring results in increased inhibition as well as glucose uptake activity. While the introduction of 

electronegativity  groups such as 4-chloro (6b and 7b) and 4-bromo(6c and 7c) into the aryl ring  displayed 

decreased inhibition as well as glucose uptake activity. In summary, the results suggested that the substitution on 

the aryl ring has a direct effect on the biological activity of this class of compounds. The present investigation 

showed that the  synthesized compounds 6(a-e) and 7(a-e) are  effective agents against diabetes. 

 

 
Fig.4.Results of in vitro glucose uptake assay of various concentrations of newly synthesized compounds, and 

standard drug Pioglitazone hydrochloride (PGZ), expressed in % increase in glucose uptake by yeast cells. All 

the experiments were performed in triplicates and mean absorbance was taken for calculating % increase in 

glucose uptake. Error bars represent standard error. 
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Fig.5. Comparison of mean IC50 values (µmol/mL) of   𝛼 -amylase inhibition  and glucose uptake activities of 

all the synthesized compounds 6(a-e) and 7(a-e). Error bars represent standard error. 

 

Table 2.  In  vitro antidiabetic activities of synthesized compounds. 
Compound name α-amylase inhibition activity Glucose uptake activity 

IC50(µM) IC50(µM) 

6a 
0.290 

0.288 

6b 
0.583 

0.450 

6c 
1.231 

1.469 

6d 
0.394 

0.413 

6e 
0.363 

0.324 

7a 
0.374 

0.327 

7b 
1.162 

0.614 

7c 
2.879 

1.586 

7d 
0.463 

0.364 

7e 
0.364 

0.345 

Pioglitazone - 0.273 

Acarbose 0.144 - 

Data represents in terms of mean of three independent experiments. 

 

Antibacterial activity 

All the synthesized compounds 6(a-e) and 7(a-e) were analyzed for their in vitro antibacterial capacity 

by resazurin based micro-broth dilution method[39]. The antibacterial assay was studied against   Gram-positive 

bacteria S. aureus (ATCC 6538), Gram-negative bacteria E.coli (ATCC 10799) .The compounds showed moderate 

to minimum activity against   both bacterial strains. The results are represented in Table 3. 

From the antibacterial activity results it was revealed that the compound 6b showed excellent activity 

against Gram-negative bacteria E.coli with MIC value 8µg/mL compared to standard drug ampicillin (AMP). 

Whereas , compounds 6c and 7c showed good activity with MIC value 16µg/mL and compound 7b showed 

moderate activity with MIC value 32µg/mL. While , in case of Gram-positive bacteria compound 7b showed 

moderate  activity with MIC value16µg/mL compared to the standard drug ciprofloxacin (CIP) . Whereas , 

compounds 6b and 7c showed minimum activity with MIC value 32µg/mL compared to the standard drug. Among 

the ester and acid substituted series , acid substituted series found to be more active than ester substituted series. 

Antibacterial performed experiments is placed in Fig.6.  Summarised results from the Table 3  halogen substituted 

compounds showed good activity against both bacterial strains compared to the other substitution . 

 

Table 3 . Results of the MIC and MBC of newly synthesized compounds along with standard drug as 

determined by resazurin based micro-broth dilution method and colony forming units (CFU). 

Compound name 

Concentration in µg/mL 

Gram negative E. coli Gram positive S. aureus 

MIC MBC MIC MBC 

6a 64 ND 128 ND 
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6b 8 256 32 ND 

6c 16 256 64 ND 

6d 128 ND ND ND 

6e 256 ND 256 ND 

7a 64 ND 128 ND 

7b 32 ND 16 256 

7c 16 256 32 ND 

7d 128 ND 256 ND 

7e 256 ND 256 ND 

AMP 4 16 ND ND 

CIP ND ND 2 8 

(ND: Not determined). 

 

 
Fig.6. Results of MIC of the newly synthesized compounds along with standard drug as determined by 

resazurin based micro-broth dilution method against A) E. coli; B) S. aureus; B: broth; S:solvent; C: culture . 

 

Antioxidant activity 

In vitro antioxidant activity by DPPH free radical scavenging assay 

In the present work ,the free radical scavenging activity of the synthesized compounds 6(a-e) and 7(a-e) 

was achieved against the stable free radicals of (DPPH) and compared with ascorbic acid(Asco) as a standard 

antioxidant agent. For more investigations ,the minimum active concentration and IC50 (concentration required to 

scavenge 50% of the radicals) values of the synthesized compounds 6(a-e) and 7(a-e) were determined by 

evaluating their antioxidant activity at five different concentrations (10,20,30,40,50 µg/mL) of each compound. 

The scavenging activity with respect to different concentrations and IC50 values are listed in the Table 4 and 

represented in  Fig.7 and 8 respectively.  It is evident from the test results that most of the compounds have shown 

moderate activity with lower IC50 values and also noticed that antioxidant capacity increases with increasing the 

concentration. Compounds 6a and 7a with 4-methoxy substitution on the aryloxy ring exhibited good antioxidant 

activity with IC50 values 41.04 and 42.38 µg/mL respectively. Whereas , compounds 7e and 6e bearing 4-methyl 

substitution on aryloxy ring exhibited moderate antioxidant activity with IC50 values 51.93 and 53.28 µg/mL 

respectively. Among the ester and acid substituted series , ester series 6(a-e) showed good antioxidant activity as 

that off the acid series 7(a-e). Summarised results from the table the electron donating groups  bearing compounds 

showed good antioxidant activities and electronegative groups  bearing compounds showed moderate antioxidant 

activities. 

 

Table 4. Results of DPPH radical scavenging assay of synthesised molecules 6(a-e)  and 7(a-e). 
Compound 

name 

Scavenging activity (%) IC50 

µg/mL 10 µg/Ml 20 µg/mL 30 µg/mL 40 µg/mL 50 µg/mL 

6a 13.76 24.21 37.09 49.05 60.92 41.04 
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6b 7.17 13.76 23.39 31.00 37.69 66.32 

6c 5.65 10.11 15.08 20.76 24.92 100.34 

6d 9.40 18.32 27.15 36.58 45.00 55.56 

6e 10.01 19.24 29.28 38.30 46.92 53.28 

7a 12.95 23.69 36.38 47.43 58.99 42.38 

7b 5.85 10.21 16.50 21.47 25.52 97.95 

7c 5.24 9.60 14.67 20.05 24.21 103.28 

7d 8.18 15.79 24.81 32.32 40.33 61.99 

7e 10.62 20.05 30.19 39.11 48.14 51.93 

Asco 19.30 38.03 57.00 76.94 94.76 26.38 

 

 
Fig.7. Graphical representation of antioxidant assay of compounds 6(a-e) and 7(a-e). 

 

 
Fig.8. Graphical representation IC50 values of compounds6 (a-e)and 7(a-e). 

 

Molecular docking 

To investigate the detailed intermolecular interactions between the ligand and the target protein, a 

program Surflex-Dock was used. Docking studies give a fair idea related to drug-receptor interactions. Three-

dimensional structure information on the target protein was taken from the PDB entry 4W93. Processing of the 

protein included the deletion of the ligand and the solvent molecules as well as the addition of hydrogen atoms. 

All the inhibitors were docked into the active site of enzyme as shown in Fig.9. The predicted binding energies 

of the compounds are listed in Table 5. 

As depicted in the Fig.10(A-C), the compound 7b makes three hydrogen bonding interactions at the 

active site of the enzyme (PDB ID: 4W93), oxygen atom of C=O of  -COOH group of 3-nitro benzoic acid makes 

a hydrogen bonding interaction with hydrogen atom of LYS200 (C=O----H-LYS200, 2.68 Å), oxygen atom of 

OH of -COOH group of 3-nitro benzoic acid makes a hydrogen bonding interaction with hydrogen atom of 

ILE235 (O----H-ILE235, 1.89 Å), and remaining interaction came from the hydrogen atom of OH of  -COOH 

group of 3-nitro benzoic acid with oxygen atom of GLU233 (-OH----O-GLU233, 2.33 Å). 

As depicted in the Fig.11(A-C), the compound 7c makes two hydrogen bonding interactions at the active 

site of the enzyme (PDB ID: 4W93), oxygen atom of C=O of -COOH group of 3-nitro benzoic acid makes a 
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hydrogen bonding interaction with hydrogen atom of ARG195 (C=O----H-ARG195, 2.15 Å), and remaining 

interaction came from the hydrogen atom of OH of -COOH group of 3-nitro benzoic acid with nitrogen atom of 

HIS299 (-OH----N-HIS299, 2.19 Å). 

The binding interaction of acarbose with enzyme active sites shows nine bonding interactions and the 

docked view of the same has been depicted in Fig.12(A-C). As depicted in Fig.13(A-B) represents the 

hydrophobic and hydrophilic amino acids surrounded to the studied compounds 7b & 7c. 

All the compounds showed consensus score in the range 6.32-4.98, indicating the summary of all forces 

of interaction between ligands and the enzyme and also, we saw that the studied compounds have showed same 

type of interactions with amino acid residues (LYS200, GLU233 and ARG195) as that of reference drug acarbose. 

This indicates that molecules preferentially bind to enzyme in comparison to the reference drug acarbose (Table 

5). 

 

 
Fig.9. Docked view of all the compounds at the active site of the enzyme PDB ID: 4W93 

 

 
Fig.10. Docked view of compound 7b at the active site of the enzyme PDB: 4W93 

 

 
Fig.11. Docked view of compound 7c at the active site of the enzyme PDB: 4W93 
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Fig.12. Docked view of compound acarbose at the active site of the enzyme PDB: 4W93 

 

 
Fig.13. A) Hydrophobic amino acids surrounded to compounds 7b (green colour) and 7c (cyan colour). B) 

Hydrophilic amino acids surrounded to compounds 7b and 7c. 

 

Table 5. Surflex Docking score (kcal/mol) of the derivatives on PDB ID: 4W93. 

 
a C Score (Consensus Score) combines a number of widely used scoring methods to rank the affinity of 

ligands attached to a receptor's active site and provides the total score. 
b The inadequate penetration into the binding site is revealed by the crash-score. Crash scores of less 

than 0 are considered favourable. Penetration is indicated by negative values. 
c The contribution of polar interactions to the total score is indicated by the polar score. The polar score 

can help to rule out docking outcomes that don't make any hydrogen bonds. 
d Charge and van der Waals interactions between the protein and the ligand are given as D-score. 

e The Helmholtz free energy of interactions for protein-ligand atom pairs are indicated by the PMF-score 

(Potential of Mean Force, PMF). 
f Hydrogen bonding, complex (ligand-protein), and internal (ligand-ligand) energies are shown in as G-score. 

Compounds C Scorea 
Crash 

Scoreb 
Polar Scorec D Scored PMF Scoree G Scoref Chem Scoreg 

7b 6.32 -1.34 1.39 -142.425 -74.804 -190.306 -23.157 

7c 6.04 -2.13 2.45 -143.329 -86.665 -215.404 -26.202 

7d 5.96 -1.08 3.15 -117.309 -90.123 -159.112 -28.109 

6c 5.77 -0.91 1.14 -141.730 -89.810 -186.098 -22.849 

6d 5.75 -1.63 1.35 -153.996 -125.858 -213.080 -27.795 

6b 5.71 -1.05 2.34 -150.933 -109.057 -196.587 -25.588 

6a 5.42 -1.40 2.36 -160.552 -97.694 -191.797 -23.232 

7a 5.14 -0.83 1.66 -108.670 -38.011 -137.850 -20.754 

6e 5.00 -1.27 0.30 -138.885 -81.866 -218.665 -25.124 

7e 4.98 -0.54 1.74 -135.710 -118.369 -145.570 -24.654 

Acarbose 

 
4.15 -2.72 6.98 -164.918 -159.389 -279.622 -10.393 
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g H-bonding, lipophilic contact, and rotational entropy are all given chem-score points, as well as an 

intercept term. 

 

IV. Conclusion 
We have synthesized biologically more potent 1,2,3-triazole moieties in excellent yield with high purity 

and their antidiabetic activities were evaluated. Compound 6a exhibited potent antidiabetic activity against α-

amylase and glucose uptake assy. Further, the molecules have shown good antibacterial activity and also moderate 

antioxidant activity in DPPH assay. The molecular docking studies of the molecules at the active site of α-amylase 

enzyme have shown similar interactions as that of standard acarbose drug. 
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