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Highlights 

 The synthesized BHCs showed very good antidiabetic activity. 

 The BHB showed 5 hydrogen bonding interaction with α-amylase. 

 The BHS showed 5 hydrogen bonding interaction with α-glucosidase. 

 The BHA showed highest α-amylase inhibition than others. 

 The BHS showed highest α-glucosidase inhibition than others. 
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Abstract 

 Bis-hydrazone of terephthalic dihydrazide was designed and synthesized using terephthalic 

dihydrazide and picolinaldehyde. Various bioactive benzoic acids such as benzoic acid, aspirin and 

salicylic acid were selected as a counter ion moiety for preparing bis-hydrazone complexes (BHCs). 

The prepared BHCs were well characterized using spectroscopic techniques like 
1
H NMR, 

13
C NMR 

and FT-IR. The BHCs showed very good in vitro antidiabetic activity in the α-amylase enzyme 

inhibitory method and moderate activity in the α-glucosidase inhibitory method. The molecular 

docking interactions of BHCs were performed against the human pancreatic α-amylase enzyme 

(1HNY.pdb) and homology model of α-glucosidase (3A4A.pdb) to prove the enzyme inhibitory 

activity. The BHCs showed very good binding energy, the complexes BHB showed 5 numbers of 

hydrogen bonding interactions with amino acid residues of 1HNY.pdb and BHS showed 5 numbers of 

hydrogen bonding interactions with 3A4A.pdb. Further, the molecular orbital studies were performed 

using density functional theory calculations in order to support the docking study.  

Keywords: Bis-hydrazone; terephthalic dihydrazide; α-amylase inhibition; Molecular docking; DFT 

calculations. 

                  



1. Introduction 

Type 2 diabetes mellitus is categorized by higher glucose levels in the blood and can lead to 

severe problems such as neuropathy, nephropathy, retinopathy and heart diseases[1,2]. The inhibition 

of carbohydrate digestion to the glucose unit is one of the significant therapeutic approaches for 

controlling the glucose level in the blood. The carbohydrate is hydrolyzed to glucose by hydrolyzing 

enzymes. α-amylase and α-glucosidases are the important enzymes for the hydrolysis of carbohydrates. 

The carbohydrates break down to small reducing sugars catalyzed by α-amylase and α-glucosidase and 

produce the small glucose unit [3,4]. Hence, to control hyperglycemia, the inhibition of α-amylase and 

α-glucosidase is an important therapeutic approach. 

The therapeutic efficiency of combined drugs is more effective than a single agent [5]. In 

recent years, the combination therapy using dual/multiple drugs is a hopeful strategy for curing 

complex diseases [6]. The combinations of drugs have improved drug quality and improved 

therapeutic efficiency.  For instance, both metformin and glyburide are used to treat type 2 

diabetes patients. The insulin resistance is reduced by glyburide and insulin secretion is increased 

by metformin. In the combination of two or more drugs, the therapeutic efficacy improves by the 

complementary mechanism [7-8]. The physical and chemical properties of parent drugs are 

completely altered in the complexes. This process is a significant process in pharmaceutical 

research because the complexation enhances the stability and solubility of the lead compounds 

[9].  For example, the complex of theophylline with ethylenediamine (aminophylline) showed 

very good stability [10]. Similarly, the complexation of bioactive compounds with cyclodextrin 

was used to enhance the stability of the molecules [11].   

The complexation of oppositely charged bioactive compounds has dual applications. It 

can act as a new drug complex and can act as new ionic complexes. Thus, the selection of 

                  



oppositely charged bioactive compounds for the synthesis of complexes may exhibit promising 

biological activities.  

Hydrazones are simple derivatives of hydrazines. Moreover, hydrazones possess a wide 

range of pharmacological activities [12-13] and also hydrazones reduce the toxicity of 

hydrazines[14]. The metal complexes of hydrazone derivatives showed potent biological 

activities [15], the Schiff’s base unit present in hydrazone is well-known bioactive moiety [16-

20]. Several hydrazone derivatives are reported as potent bioactive compounds. Very few reports 

are available for bis-hydrazone’s biological evaluations [21]. In this research, the bis-hydrazone 

has been selected as one of the bioactive compounds for complexation.  

Similarly, benzoic acid is a well-known bioactive moiety and several benzoic acid 

derivatives are reported as bioactive compounds[22]. Benzoic acid, aspirin and nicotinic acid are 

some of the existing drugs available in the market. Based on the above ideas, in the present 

research, bis-terephthalic dihydrazone with various benzoic acid complexes (BHCs) was planned 

to synthesize for studying the α-amylase and α-glucosidase inhibition (Fig.1). Benzoic acid, 

aspirin and salicylic acid are selected as bioactive moieties for the complexation bis-hydrazone. 

The interaction of the α-amylase and α-glucosidase by BHCs was studied using molecular 

docking studies. On continuation, DFT calculations were performed in order to support the 

molecular docking interactions. 

2. Experimental section 

2.1. Materials and methods 

The analytical grade solvents were used and purchased from Spectrochem or Sigma 

Aldrich. Reactions were monitored by the TLC plate which is on precoated silica gel 60 F254 in 

TLC sheets (0.2mm thickness, Merck plate) and 60-120 mesh Merck silica gel used for column 

                  



chromatography. Petroleum ether and ethyl acetate were used as the eluents. 
1
H and 

13
C NMR 

spectra were recorded on Bruker 500 MHz and 125 MHz instruments, CDCl3 and DMSO-d6 

were used as an internal solvent. Chemical shift values were represented in δ (ppm) and coupling 

constants are mentioned in terms of Hz with the internal reference TMS. ESI-MS spectra were 

recorded in the LCQ fleet mass spectrometer. FT-IR spectra were recorded in Thermo Scientific 

Nicolet iS50 FT-IR Spectrometer.  

2.2 Synthetic procedure for N'1,N'4-bis((E)-pyridin-2-ylmethylene)terephthalohydrazide 

(3) 

The diethyl terephthalate (2g, 9.0 mmol) was dissolved in ethanol and hydrazine 

hydrate(80% in water) (1.12 mL, 18.0 mmol) was added at room temperature. The mixture was 

allowed to reflux for three hours. The completion of the reaction was monitored by thin layer 

chromatography. After completion of the reaction, the reaction mixture was allowed to room 

temperature and the reaction mixture was acidified with acetic acid. Then picolinaldehyde (1.712 

mL, 18.0 mmol) was added and again refluxed for 3 hours. The completion of the reaction was 

monitored by thin layer chromatography. After completion of the reaction, the mixture was 

allowed to room temperature and poured into crushed ice. The obtained white precipitate was 

filtered and dried in a vaccum.[23] 

White solid. Yield 88.2%. M.p. 255-257 °C. 
1
H NMR (500 MHz, DMSO-d6) δ 12.30 (s, 2H), 

8.70 (d, J = 4.4 Hz, 2H), 8.56 (s, 2H), 8.15 (brs, 4H), 8.08 (d, J = 7.6 Hz, 2H), 7.98 (d, J = 7.6 

Hz, 2H), 7.57 – 7.45 (m, 1H).
 13

C NMR (125 MHz, DMSO-d6) δ 163.1, 153.6, 150.0, 149.1, 

137.3, 136.5, 128.4, 124.9, 120.5. ESI-MS calculated 372.13 found 373.10 [M+1]
 +

. IR (KBr 

Disc) cm
-1

: 3412, 3301, 3053, 1647, 1582, 1284, 1147, 779, 713.  

 

                  



2.3. Preparation of BHCs 

 The Intermediate 3 (5 mmol) and corresponding carboxylic acid (5 mmol) were dissolved 

in ethanol (15 mL) and heated for 15 min and cooled to room temperature. The evaporation of 

the solvent yielded target compounds.  

2.3.1 2-((E)-(2-(4-(2-((E)-pyridin-2-ylmethylene)hydrazine-1-

carbonyl)benzoyl)hydrazono)methyl)pyridin-1-ium benzoate (BHB) 

White solid. Yield 95.3 %. M.p. 249-251 °C. M.p. 
1
H NMR (500 MHz, DMSO-d6) δ 12.29 (s, 

2H), 8.69 (d, J = 3.6 Hz, 2H), 8.57 (s, 2H), 8.14 (brs, 4H), 8.08 (d, J = 7.6 Hz, 2H), 8.00 (d, J = 

7.6 Hz, 2H), 7.96 (d, J = 78.0 Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.52 – 

7.47 (m, 2H). 
13

C NMR (125 MHz, DMSO-d6) δ 168.1, 163.3, 153.7, 150.1, 149.1, 137.5, 136.6, 

133.2, 131.7, 129.8, 129.0, 128.5, 125.1, 120.6. IR (KBr Disc) cm
-1

: 3414, 3197, 3031, 2866, 

1756, 1643, 1573, 1298, 1189, 1144, 773, 706. Anal. Calculated for : C27H22N6O4; C, 65.58; H, 

4.48; N, 16.99 %. Found; C, 65.54; N, 17.01; H, 4.47 %. 

2.3.2. 2-((E)-(2-(4-(2-((E)-pyridin-2-ylmethylene)hydrazine-1-

carbonyl)benzoyl)hydrazono)methyl)pyridin-1-ium 2-acetoxybenzoate (BHA) 

White solid. Yield 94.2%. M.p. 205-207 °C.  
1
H NMR (500 MHz, DMSO-d6) δ 12.28 (s, 2H), 

8.69 (brs, 2H), 8.58 (s, 2H), 8.16 (brs, 4H), 8.07 (d, J = 7.1 Hz, 2H), 8.02 – 7.93 (m, 3H), 7.69 (t, 

J = 6.9 Hz, 1H), 7.50 (brs, 2H), 7.43 (t, J = 7.0 Hz, 1H), 7.25 (d, J = 7.7 Hz, 1H), 2.30 (s, 3H). 

13
C NMR (125 MHz, DMSO-d6) δ 169.7, 166.1, 163.1, 153.7, 150.7, 150.1, 149.1, 137.4, 136.5, 

134.3, 131.9, 128.4, 126.6, 125.0, 124.6, 124.3, 120.5, 21.3. IR (KBr Disc) cm
-1

: 3413, 3199, 

3032, 2863, 1645, 1572, 1294, 1243, 1144, 769, 705. Anal. Calculated for: C29H24N6O6; C, 

63.04; H, 4.38; N, 15.21 %. Found; C, 63.05; N, 15.18; H, 4.39 %. 

                  



2.3.3. 2-((E)-(2-(4-(2-((E)-pyridin-2-ylmethylene)hydrazine-1-

carbonyl)benzoyl)hydrazono)methyl)pyridin-1-ium 2-hydroxybenzoate hydrate (BHS) 

White solid. Yield 93.9%. M.p. 208-210 °C. 
1
H NMR (500 MHz, DMSO-d6) δ 12.28 (s, 2H), 

8.70 (brs, 2H), 8.58 (s, 2H), 8.16 (brs, 4H), 8.07 (d, J = 7.3 Hz, 2H), 7.97 (d, J = 6.8 Hz, 2H), 

7.84 (d, J = 7.0 Hz, 1H), 7.56 (d, J = 7.0 Hz, 1H), 7.50 (brs, 2H), 7.05 – 6.96 (m, 2H).
 13

C NMR 

(125 MHz, DMSO-d6) δ 172.4, 163.1, 161.7, 153.7, 150.1, 149.1, 137.4, 136.5, 135.9, 130.8, 

128.4, 125.0, 120.5, 119.5, 117.5, 113.8. IR (KBr Disc) cm
-1

: 3412, 3196, 3028, 2863, 1642, 

1572, 1290, 1143, 775, 706. Anal. Calculated for: C27H22N6O5; C, 63.52; H, 4.34; N, 16.46 %. 

Found; C, 63.56; N, 16.45; H, 4.33 %. 

2.4 Antidiabetic Activity 

2.4.1 α-amylase inhibitory activity 

The antidiabetic activity was performed using the α-amylase inhibitory method as per 

reported literature with minor modification [24]. The detailed procedure was given in supporting 

information 

2.4.2. α-glucosidase inhibitory activity 

 The antidiabetic activity was performed using the α-glucosidase inhibitory method as per 

reported literature [25]. 

2.5 Molecular docking study 

The molecular docking interactions of BHCs were performed followed by Kathiresan et 

al [26]. Molecular docking studies of BHCs were carried out with crystal structures of IHNY & 

3A4A and performed using the Hex 8.0 software. The 3D structure of BHCs was constructed 

                  



using ChemBio 3D ultra 13.0 software and then they were energetically minimized using 

MMFF94 with the maximum number of iteration of 5000 and a minimum RMS gradient of 0.10 

[27]. The crystal structure of the 1HNY & 3A4A was taken from Protein Data bank 

(www.rcsb.org) and all bound water and ligand were eliminated from the enzyme before 

docking. The docking parameters were used as default in Hex 8.0. 

2.6 Computational calculations 

All the computational calculations including representation of HOMO and LUMO in the 

checkpoint files were performed with the Gaussian 09W program using the DFT method [28]. 

The chemical structure of the BHCs was optimized with the B3LYP/6-31G basis set. The Gauss 

view software package was used to visualize the computed structures including HOMO, LUMO 

and Molecular electrostatic potential (MEP) representations. 

3. Results and Discussions 

3.1. Chemistry 

 The designed BHCs were synthesized from the commercially available 

diethylterephthalate. The reaction of diethylterephthalate with hydrazine hydrate gives the 

terephthalohydrazide (2). The Intermediate 2 was taken to the next step without isolation. The 

major Intermediate 3 was prepared from Intermediate 2 via the in situ manner using 2-

pyridinecarbaldehyde by regular Schiff base synthesis.  The acetic acid was used as a catalyst 

and ethanol is used as a solvent for the synthesis of Schiff base. The final complexes were 

prepared from Intermediate 3 with the reaction of aromatic carboxylic acids like benzoic acid, 

aspirin and salicylic acid. The outline for the synthesis of BHCs was represented in Scheme 1.    

  

 

                  



3.1.1. Characterization 

 The Intermediate 3 and BHCs were characterized by 
1
H NMR, 

13
C NMR and FT-IR 

spectroscopies. The Intermediate 3 was additionally characterized by ESI-Mass spectroscopy. 

The selected 
1
H NMR and 

13
C NMR chemical shifts are represented in Fig. 2.  

3.1.1.1. Bis-hydrazone-benzoic acid complex (BHB) 

 The total number of protons in BHB was calculated to be 22 includes the pyridinium 

proton.  The 
1
H NMR spectrum very clearly showed that the integrated spectrum contains 21 

numbers of protons (The pyridinium quarternary proton is a labile proton it may not appear in the 

spectrum). Similarly, the BHB contains 10 sets of protons excludes the pyridinium proton, the 

peaks appeared for 10 sets of protons. The singlet that appeared at 12.29 ppm indicates the 

presence of a hydrazone NH unit. The appearance of singlet at 8.57 ppm for 2 protons indicates 

the presence of imine CH unit which confirms the formation of hydrazone derivative. The 

doublet at 8.69 ppm for 2 protons has appeared for 2a & 25a protons of BHB. The appearance of 

peaks at 8.08, 7.96 and 7.55 ppm indicates the presence of a pyridine unit. The broad peak at 

8.16 ppm for 4 protons appeared which is belongs to the phenylene unit of bis-hydrazone. The 

appearance of the triplet at 7.66 ppm has appeared for 30a proton. Similarly, the peaks at 7.52-

7.47 & 8.00 ppm appeared for 29a & 31a, 28a & 32a protons respectively. It confirms the 

presence of the benzoate unit.  

 In 
13

C NMR, the total number of carbon signal count was calculated to be 14. The BHB 

contains 14 sets of carbon. The appearance of the carbon signal at 168.1 ppm showed that the 

presence of carboxylate carbon which is present in the benzoate unit. The hydrazone carbonyl 

signal has appeared at 163.3 ppm. The peaks at 153.7 and 150.1 ppm have appeared for 6a & 

                  



21a, 2a & 25a carbon respectively which confirms the presence of the pyridine unit. The imine 

carbon signal has appeared at 149.1 ppm. The phenylene CH carbon signals have appeared at 

128.5 ppm respectively. The peaks at 129.8, 129.0 and 133.2 ppm appeared for ortho, meta and 

para carbons of benzoate moiety correspondingly.  

 The FT-IR spectrum gave some additional information for the formation of BHB. The 

aromatic CH stretching frequencies absorbance was identified at 3196 and 3028 cm
-1

 

respectively. The absorbance at 3412 cm
-1

 was identified which is appeared due to the presence 

of NH moiety which is present in hydrazone. The absorbance at 1756 cm
-1

 appeared due to the 

presence of a carboxylate unit which is present in benzoate moiety. The stretching frequency at 

1643 cm
-1

was appeared for the carbonyl unit present in the hydrazone moiety. The absorbance at 

1573 cm
-1

 indicates the presence of an imine unit. The absorbance at 1298 cm
-1 

indicates the 

presence of C-N stretching vibrations.  

3.1.1.2. Bis-hydrazone-aspirin complex (BHA) 

 The total number of protons in BHA is calculated to be 24 includes pyridinium proton. 

The 
1
H NMR showed that the signals for 23 protons (pyridinium proton is labile proton which 

may not appear). The singlet at 12.28 ppm appeared for NH of the hydrazone unit and the singlet 

appeared at 8.58 ppm appeared for the imine CH unit. The proton signal at 8.69 ppm has 

appeared for 2b & 25b protons which are attached in the pyridine unit. The remaining pyridine 

protons have appeared at 7.05, 8.02-7.93 and 8.07 ppm respectively.  The phenylene CH protons 

have appeared at 8.16 ppm as the broad signal. The aspirin unit contains 4 different 

environmental aryl protons which have different chemical shift values. The aryl protons of 

                  



aspirin appeared at 8.06-7.96, 7.69, 7.43 and 7.25 ppm correspondingly. The appearance of 

singlet at 2.30 ppm indicates the presence of acetyl CH3 which is present in the aspirin unit.  

 The 
13

C NMR showed 18 numbers of signals for BHA, the BHA contains 18 sets of 

carbons. The signals at 169.7, 166.1 and 163.1 ppm indicate the presence of carboxylate, ester 

and hydrazone carbonyl units. The carbon signal at 150.1 ppm appeared for 2b & 25b carbons 

respectively. The peak at 149.1 ppm appeared for the imine CH unit which is present in 

hydrazone moiety. The phenylene CH unit has appeared at 128.44 ppm respectively. The acetate 

CH3 carbon of aspirin has appeared at 21.3 ppm, the peaks at 126.6, 131.8 and 134.3 ppm have 

appeared for aryl carbons of the aspirin unit. In addition, the FT-IR spectrum gave some 

additional information for the BHA formation. The absorbance at 3413 cm
-1

 indicates the 

presence of NH unit. The aromatic CH stretching frequencies have appeared at 3199 and 3032 

cm
-1

 respectively. The absorbance at 1645 cm
-1

 indicates the presence of C=O stretching 

frequency and absorbance at 1572 cm
-1

 indicates the presence of C=N stretching frequency. The 

absorbance at 1294 cm
-1

 indicates the presence of C-N stretching vibrations.  

3.1.1.3 Bis-hydrazone-salicylic acid complex (BHS) 

The BHS contains 24 numbers of protons includes phenolic hydroxyl and pyridinium 

proton. The 
1
H NMR clearly showed signals for 20 protons (phenolic hydroxyl and pyridinium 

protons are labile protons which may not appear). The singlet at 12.28 ppm appeared for the NH 

of hydrazone and the singlet at 8.58 ppm appeared for imine CH of the hydrazone unit. The 

signal appeared at 8.69, 8.07, 7.97 and 7.05 ppm indicates the presence of a pyridine unit. The 

phenyl CH protons have appeared at 8.16 ppm respectively. Similarly, the appearance of signals 

at 7.05-6.96, 7.56 and 7.84 ppm indicate the presence of a salicylate unit.  

                  



The BHS contains 16 sets of carbon, the 
13

C NMR clearly displayed the 16 carbon 

signals.  The carbon signal at 172.4 ppm appeared for carboxylate carbon which is present in the 

salicylate unit. Similarly, the signal at 163.1 ppm appeared for the hydrazone carbonyl unit. The 

carbon signal at 149.1 ppm appeared for the imine CH unit which is present in the hydrazone 

moiety. The carbon signal at 150.1 ppm appeared for 2c & 25c carbons and the phenylene CH 

carbon appeared at 128.45 ppm respectively. The carbon signal at 161.7 ppm appeared for 28c 

carbon which is present in the salicylate unit. The FT-IR spectrum gave some additional 

information for the formation of BHS. The absorbance at 3412 cm
-1 

appeared for NH stretching 

frequency. The aromatic CH stretching vibrations have appeared at 3196, 3028 cm
-1

 respectively. 

The absorbance at 1642 cm
-1

 indicates the presence of C=O stretching vibration and absorbance 

at 1572 cm
-1

 indicates the presence of C=N stretching vibrations. The absorbance at 1290 cm
-1

 

indicates the presence of C-N stretching vibrations.  

3.2 Biological evaluation 

3.2.1 antidiabetic activity 

3.2.1.2 α-amylase inhibitory method 

 The α-amylase enzyme present in the pancreas plays a crucial role in 

starch/carbohydrates digestion which breaks down the carbohydrates/starch to small reducing 

sugars. The inhibition of α-amylase leads to the reduction of postprandial hyperglycemia in 

diabetic conditions.  The BHCs were tested for their antidiabetic activity using α-amylase 

enzyme by the DNSA method followed by Al-Zuhair et al and Kavitha et al with minor 

modification [24,29]. The α-amylase inhibition was performed in concentration dependent 

manner, the concentration of enzyme and substrate is fixed and starch has been used as a 

substrate. The % inhibitions against α-amylase enzyme were tested at various concentrations (10, 

                  



25, 50, 100 and 200 μg/mL) of BHCs and acarbose was used as a reference drug. The BHCs 

showed very good α-amylase inhibitory activity and their % inhibitions are nearer to standard 

acarbose. The increasing concentration showed increasing percentage inhibition of the enzyme. 

Amid three BHCs, BHB showed the highest inhibition than others. Comparatively, the α-

amylase inhibitory activity of BHCs was in the order of BHB>BHS>BHA respectively. The % 

inhibitions at various concentrations were represented in Fig 3. On continuation, 50% inhibitory 

concentrations (IC50) were also calculated for the α-amylase inhibition and the IC50 of BHB, 

BHA, BHS and Acarbose are calculated to be 101.11±3.51, 80.77±2.03, 91.64±2.21 and 

66.32±1.84µg/mL respectively. 

3.2.1.3 α-glucosidase inhibitory method 

 The α-glucosidase plays a similar role as α-amylase which converts the 

starch/polysaccharides to small glucose unit. . The inhibition of α-glucosidase also leads to the 

reduction of postprandial hyperglycemia in diabetic conditions Thus, the BHCs were tested for 

their antidiabetic activity using α-glucosidase enzyme followed by literature report [25]. The α-

glucosidase inhibition was also studied by concentration dependent manner. The %inhibitions 

against α-glucosidase enzyme were tested at various concentrations (10, 25, 500, 100 and 200 

μg/mL) of BHCs and acarbose was used as a reference drug. The increasing concentration of 

BHCs and standard showed increasing percentage inhibition of the enzyme. The BHCs showed 

very moderate α-glucosidase inhibition and their % inhibitions are moderate to reference. Amid 

three BHCs, BHS showed the highest inhibition than others. Comparatively, the α-glucosidase 

inhibition of BHCs was in the order of BHS>BHB>BHA respectively. The % inhibitions at 

various concentrations were represented in Fig 4. On continuation, 50% inhibitory 

concentrations (IC50) were also calculated α-glucosidase inhibition and the IC50 of BHB, BHA, 

                  



BHS and Acarbose are calculated to be 120.62±1.65, 131.43±1.14, 113.06±1.01 and 

72.34±1.51µg/mL respectively. 

3.3 Computational studies.  

3.3.1.1.Molecular docking studies for α-amylase inhibition. 

Molecular docking is the significant computational tool which has been using to design the 

structure-based drug, predict the interaction of ligand to the applicable binding site of the 

enzyme and to develop the new bioactive compound [30]. α-amylase present in the pancreas and 

α-glucosidase present in the intestine is a crucial enzyme catalyzes the hydrolysis of 

starch/carbohydrates. The α-amylase inhibitors possess a vital role in minimizing diabetic 

complications. Thus the research is planned to select the pancreatic α-amylase enzyme and 

homology model of α-glucosidase for the molecular docking studies [31]. 

All the BHCs showed excellent binding energy with a α-amylase enzyme. The hydrogen 

bonding interactions play an important role in enzyme inhibition. Amid three BHCs, BHB and 

BHS showed more hydrogen bonding interaction with amino acid residues of α-amylase. The 

BHB showed 5 numbers of hydrogen bonding interactions. The BHB showed the binding energy 

of -361.59 KJ/mol and it forms the hydrogen bonding with LYS227, SER3, ASN5, THR6 and 

ARG291. The oxygen of hydrazone forms hydrogen bonding interaction with NH of LYS227 

and the bond distance is found to be 1.98Å. The oxygen of benzoate ketone forms hydrogen 

bonding interaction with THR6 and the bond distance is found to be 3.06Å. The same oxygen 

forms another hydrogen bonding interaction with ASN5 and the bond distance is found to be 

2.36Å. Similarly, the same oxygen forms hydrogen bonding with OH of SER3 and bond distance 

was found to be 2.81Å respectively.  

                  



The binding energy of BHA was calculated to be -386.89 KJ/mol and the BHA forms 

hydrogen bonding interaction with amino acid residues like TRP269 and ARG319. The oxygen 

of hydrazone forms hydrogen bonding interaction with indole NH of TRP269 and the bond 

distance is found to be 1.77Å. The calculated binding energy of BHS was found to be -357.53 

KJ/mol. The pyridyl CH forms the hydrogen bonding interaction with the oxygen of THR6 and 

the bond distance is found to be 2.42Å. THR6 has another hydrogen bonding interaction with the 

oxygen of carboxylate and the bond distance is found to be 2.79Å. The same carboxylate forms 

another hydrogen bonding interaction with NH of ASN5 and the bond distance is found to be 

1.94Å. The hydroxyl oxygen forms hydrogen bonding interaction with carboxamide NH of 

GLN8 and the calculated bond distance is found to be 3.09Å. Along with hydrogen bonding 

interactions, some other interactions like pi-cation interaction, pi-alkyl interaction, pi-sigma 

interaction, unfavorable pump interactions and attractive charge interactions were also identified 

between BHCs and 1HNY. The binding energy and hydrogen bonded amino acid residues were 

represented in Table 1. The docking interactions of the BHCs-1HNY complex are represented in 

Fig 5.  

3.3.1.2. Molecular docking studies for α-glucosidase inhibition. 

The α-glucosidase present in the intestine is a significant enzyme that catalyzes the 

hydrolysis of starch/carbohydrates. The α-glucosidase inhibitors also possess a vital role in 

minimizing diabetic complications. Thus the research is planned to select the homology model of 

α-glucosidase enzymes for the molecular docking studies as followed by Rahim et al [32].  

The BHCs showed very good binding energies with enzyme and their binding energies are 

better than α-amylase inhibition. And also, the hydrogen bonding interactions are similar to α-

amylase enzyme inhibition. The BHB showed two hydrogen bonding with the binding energy of 

                  



-371.29 KJ/mol. The BHB forms the hydrogen bonding interaction with the amino acid residues 

of HIS280 and ASP325 and hydrogen bonding distances are found to be 2.75 and 1.65Å 

respectively. The binding energy of BHA is found to be -411.47 KJ/mol and it showed the 

highest binding energy than others. The BHA forms three hydrogen bonding interactions with 

the amino acid residues of HIS423, GLU422 and ARG315 and the hydrogen bonding distance 

was found to be 2.60, 2.95 and 2.90Å correspondingly. Similarly, the BHS showed five 

hydrogen bonding interactions with the amino acid residue of ASP352, GLN279, ARG315 and 

SER240. The BHS showed two hydrogen bonding interactions with ARG315. The hydrogen 

bonding distance with ASP352, GLN279, ARG315 and SER240 was found to be 1.61Å, 2.84, 

2.69 & 3.18 and 2.38Å correspondingly. The binding energy of BHS is found to be -383.54 

KJ/mol. Among BHCs, the BHS showed the highest number of hydrogen bonding interactions. 

A similar result was obtained in in vitro α-glucosidase inhibition because BHS showed the 

highest inhibition than others. The binding energy and hydrogen bonded amino acid residues 

were represented in Table 2. The docking interactions of the BHCs-3A4A complex are 

represented in Fig 6.  

3.3.2. Frontier molecular orbitals 

 The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular 

orbital (LUMO) are used to predict the chemical properties, electrical properties, biological 

activity, reactivity and stability of the complexes [33-34]. The molecular orbitals play a crucial 

role in the calculation of the HOMO, LUMO, bandgap and other parameters. The electron 

densities in the molecule are ready to form the interaction with enzymes. In BHCs, the electrons 

are localized over benzoate moiety in HOMO. But in the case of LUMO, the electron density is 

shifted to hydrazone moiety. Thus these regions (benzoate to hydrazone) are responsible for 

                  



making interaction with the enzyme. The same results were obtained in the molecular docking 

studies. Most of the hydrogen bonding interactions were identified in the carboxylate and 

hydrazone moieties.  

The negative energies of HOMO (-5.4219 to -5.5202 eV) and LUMO (-2.7258 to -2.9280 

eV) indicate the BHCs are stable molecules. The bandgap values are used to predict the chemical 

reactivity and stability of the molecule. Comparatively, the calculated bandgaps of BHCs are 

similar to each other.  The bandgap values of BHCs were in the range of 2.493 to 2.784 eV 

respectively. The electrophilicity index is the tendency to accept electrons from the environment. 

Especially, the higher value of electrophilicity index has a higher ability to accept electrons from 

enzymes. But in BHCs, electrophilicity index values similar to each other. Hence the BHCs 

showed more or less similar α-amylase enzyme inhibitory activity and binding energy in 

molecular docking studies. The calculated electrophilicity index values of BHCs in the range of 

5.9496 to 6.9890. In addition, some other DFT parameters like chemical potential, global 

hardness and global softness are also calculated and presented in Table 3. The optimized 

structure, HOMO and LUMO images were represented in Fig 7.  

3.3.1 Molecular electrostatic potential 

The binding region of a ligand with the biomolecules can be predicted using molecular 

electrostatic potential. In molecular electrostatic potential, the most positive potential is 

represented in blue colour and the most negative potential is represented in red colour. These 

potentials are significant for understanding the binding region responsible for the biological 

interactions of the ligand [34]. Particularly, the ligand’s negative potential region is important 

because which makes hydrogen bonding interaction with the enzyme. In BHCs, the negative 

potential was identified in the region of carboxylate oxygen, oxygen of hydrazone and nitrogen 

                  



of pyridine. Comparatively the carboxylate oxygen showed more negative potential than others. 

And also hydrazone oxygen has a moderate negative potential. These regions showed more 

hydrogen bonding interactions with the 1HNY enzyme. The pyridine nitrogen displayed very 

little negative potential, this nitrogen does not forms any hydrogen bonding interaction with α-

amylase. And also the most positive potential was identified in NH of hydrazone moiety. This 

region also forms hydrogen bonding interaction with the enzyme. From the molecular 

electrostatic potential results, the research concludes that the molecular docking results are 

coherent with molecular electrostatic potential. The molecular electrostatic potential image was 

represented in Fig 8.  

4. Conclusions 

The BHCs were successfully synthesized and well characterized using the spectroscopic 

technique. As expected, the BHCs showed α-amylase as well as α-glucosidase inhibitions. The 

binding energies are also similar to each other and BHB showed 5 hydrogen bonding interactions 

with the amino acid residue of 1HNY. The BHS showed 5 numbers of hydrogen bonding 

interactions with the amino acid residue of 3A4A. The reactivity or stability of the BHCs was 

also similar which is confirmed by the bandgap results of molecular orbital studies. The 

molecular electrostatic potential results were coherent with molecular docking interactions.  
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Fig 1: 2D structures of designed BHCs 

 

                  



 

Fig 2: Selected 
1
H and 

13
C NMR chemical shifts of BHCs. 
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Fig 3: α-amylase inhibition of BHCs. 
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Fig. 4: α-glucosidase inhibition of BHCs 
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Fig 5: Docking interactions BHCs with 1HNY. 

 

Fig. 6: Docking interactions BHCs with 3A4A. 

 

                  



 

Fig 7: Frontier molecular orbitals of BHCs 

 

 

 

 

Fig 8: Molecular electrostatic potential of BHCs. 

 

 

                  



Scheme 1: Synthetic route for BHCs. 

 

 

Table 1: Docking interaction of BHCs against 1HNY 

S. No Compound 

name 

Binding 

energy 

KJ/mol 

No. of 

hydrogen 

bonding 

Interacted amino acid residue 

1. BHB -361.59 5 LYS227,SER3,ASN5,THR6 

,ARG291 

2. BHA -386.89 2 TRP269,ARG319 

3. BHS -357.53 4 GLN8,ASN5,THR6(2) 

 

 

 

 

 

 

 

                  



 

 

Table 2: Docking interaction of BHCs against 3A4A 

S. No Compound 

name 

Binding 

energy 

KJ/mol 

No. of 

hydrogen 

bonding 

Interacted amino acid residue 

1. BHB -371.29 2 HIS280, ASP325 

2. BHA -411.47 3 HIS423, GLU422, ARG315 

3. BHS -383.54 4 ASP352, GLN279, ARG315(2), 

SER240 

 

 

 

 

 

 

 

Table 3: DFT calculations of BHCs. 

 

Graphical Abstract 

S. 

No 

Compoun

d name 

HOMO LUMO Bandgap

(E) 

Chemical 

potential  

Global 

hardness 

Global 

softness 

Electrophillicity 

index 

1. BHB -5.5202 -2.7358 2.784 -4.1280 1.3921 0.3591 6.1202 

2 BHA -5.7308 -2.7258 3.005 -4.2283 1.5025 0.3327 5.9496 

3 BHS -5.4219 -2.9280 2.493 -4.1750 1.2469 0.4009 6.9890 

                  



 

 

 

 

 

                  


