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Abstract:  

A series of compounds consisting of 25 novel oxadiazole-benzohydrazone hybrids (6-30) were 

synthesized through a five-step reaction sequence and evaluated for their β-glucuronidase inhibitory 

potential. The IC50 values of compounds 6-30 were found to be in the range of 7.14 to 44.16 µM. 

Compounds 6, 7, 8, 9, 11, 13, 18, and 25 were found to be more potent than D-saccharic acid 1,4-

lactone (48.4 ± 1.25 µM). These compounds were further subjected for molecular docking studies to 

confirm the binding mode towards human β-D-glucuronidase active site. Docking study for compound 

13 (IC50 = 7.14 ± 0.30 µM) revealed that it adopts a binding mode that fits within the entire pocket of 

the binding site of β-D-glucuronidase. Compound 13 has the maximum number of hydrogens bonded 

to the residues of the active site as compared to the other compounds, i.e., the ortho- hydroxyl group 

forms hydrogen bond with carboxyl side chain of Asp207 (2.1 Å) and with hydroxyl group of Tyr508 

(2.6 Å). The other hydroxyl group forms hydrogen bond with His385 side chain (2.8 Å), side chain 

carboxyl oxygen of Glu540 (2.2 Å) and Asn450 side-chain's carboxamide NH (2.1 Å). 
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1. Introduction 

 

Heterocycles constitute among the largest division in medicinal chemistry and are of considerable 

importance biologically and industrially. Oxadiazole, which is a heterocyclic moiety, is also of 

immense importance in pharmaceutical industry due to its versatile biological actions. Compounds 

having oxadiazole nucleus are reported to possess unique antioedema and anti-inflammatory activities 

[1-4]. Besides that, compounds possessing oxadiazole ring have been reported for other activities such 

as analgesic [3-4], antitubercular [5], anti-hepatitis B viral activities [6], antimicrobial [7], and 

anticonvulsant [8].  The level of interest in oxadiazole for over the past few years is clearly indicated 

by the number of patent applications that have been filed. Plenty of compounds containing oxadiazole 

ring were being studied and are now in late stage of clinical trials such as zibotentan as an anticancer 

agent. Raltegravir, which also has an oxadiazole ring, was being studied as antiretroviral drug to treat 

HIV infection. Research has shown clearly that oxadiazoles impacted massively various drug 

discovery programs including cancer [9], obesity [10] infections [11], diabetes [12], inflammation 

[13], analgesic [14], antimitotic [15], anticonvulsive [16], antifungal [17] diuretic [18], and muscle 

relaxants [19]. Due to these potentials, oxadiazole moiety has played pivotal role in drug discovery and 

development as an essential or a part of the pharmacophore that could contribute to ligand binding 

[20]. Oxadiazole moieties have also been employed as an aromatic linker to place substituents in the 

right positions [21] as well as orientating molecular properties by locating them at the boundary of the 

molecules [22]. A recent study showed that oxadiazole regioisomers significantly changes 

thermodynamic properties by changing the water architecture within the active site of aldose reductase 

enzyme [23]. Oxadiazoles have also been used as replacements for carbonyl containing compounds 

such as carbamates, esters, hydroxamic esters and amides [24−26].  

β-Glucuronidase is an enzyme that catalyzes cleavage of glucuronosyl-O-bonds [27]. This enzyme is 

involved in diseases such as inflammation related to joints, like rheumatoid arthritis
 
[35, 36]. While in 

some cases, over-expression of this enzyme is reported to cause hepatic diseases and AIDS. Besides 

that, β-glucuronidase also takes place in diseases such as infection of the urinary tract [28-30], epilepsy
 

[33], renal disease [31], rejection of transplantation [32], larynx and breast [34]. Various studies had 

been carried out to show that bacterial β-glucuronidase inhibitor decreases carcinogen induced colonic 

tumors [37]. 

Present work belongs to a simple and reliable synthetic protocol that has been developed for the 

synthesis of a series of benzohydrazone-oxadiazole hybrid pharmacophores in an effort towards 

developing more effective agents against β-glucuronidase enzyme. Evidence exists that hybridization 
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of two or more biologically active and new molecules with complementary pharmacophoric potentials 

or with different mechanisms of action generally render synergistic effects. This combined 

pharmacophore approach, in turn, may address the active site of different targets more effectively and 

could offer the possibility to overcome the issue of drug resistance as well as unwanted side effects 

[38]. The outcomes of this hybridization strategy have already been the subject of interest in finding 

novel antibacterial and antimalarial agents to overcome the issue of drug resistance [39]. 

 

Encouraged by these efforts, we decided to develop benzohydrazone-oxadiazole hybrids in order to 

reveal new perspectives in the biological potentials of newly synthesized hybrid molecules. β-

Glucuronidase potential of benzohydrazones and oxadiazoles that have already been reported are being 

displayed in figure-1 [40-42]. However, the β-glucuronidase potential of benzohydrazone-oxadiazole 

hybrids has never been reported before. Here in, we are unveiling the synthesis of benzohydrazone-

oxadiazole hybrids and their β-glucuronidase inhibitory potentials. 

 

Figure-1 Comparison between hydrazide, oxadiazole, hydrazone, and hybrid compound 13.  

 

2. Results and Discussion 

2.1 Chemistry 

The synthetic route towards hybrids 6-30 is shown in Scheme 1 and 2. Compound 2 was prepared by 

refluxing methyl 2-hydroxybenzoate 1 with the excess of hydrazine hydrate. The compound 2 was then 

reacted with methyl 4-formylbenzoate in methanol with catalytic amount of acetic acid to afford 

compound 3. The resulting adduct 3 underwent oxidative cyclization using phenyliododiacetate 

(PhI(OAc)2) in dry chloroform to form oxadiazole 4. The ester functional group of compound 4 was 

further transformed into corresponding hydrazide 5 by treating with hydrazine hydrate. 
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Scheme-1. Synthesis of benzohydrazide having oxadiazole ring compound 5 

 

In Scheme 2, the advanced intermediate hydrazide 5 was reacted with different aryl aldehydes in the 

presence of acetic acid to form the targeted oxadiazole benzohydrazone derivatives 6-30 (Table-1). 

The structures of oxadiazole benzohydrazone hybrids 6-30 were confirmed using spectroscopic 

techniques such as NMR, MS and were further confirmed using CHN analysis. 

 

 

Scheme-2. Synthesis of novel oxadiazole benzohydrazones 6-30 

 

Table-1. Synthesis of oxadiazole benzohydrazones 6-30 

 

Comp. no. R Comp. no. R 

6 
 

19 
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21 
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23 

 

11 
 

24 
 

12 
 

25 
 

13 
 

26 
 

14 
 

27 

 

15 
 

28 
 

16 
 

29 
 

17 
 

30 
 

18 
 

  

 

2.2 β-glucuronidase inhibition  

 

In continuation of our search on new enzyme inhibitor [43], we have evaluated (25) derivatives 6-

30 of oxadiazole bearing Schiff base linkage for their β–glucuronidase inhibition potential. The IC50 
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values for potent compounds were in the range of 7.14 to 44.16 µM (Table-2). Compound 13 that is a 

trihydroxy substituted derivative displayed exceptionally potent single-digit activity with an IC50 value 

of 7.14 ± 0.30 µM as compared to D-Saccharic acid 1,4-lactone. Compounds 6 (IC50 = 18.46 ± 0.65 

µM), 7 (IC50 = 34.46 ± 0.85 µM), 8 (IC50 = 29.15 ± 0.75 µM), 9 (IC50 = 15.14 ± 0.55 µM), 11 (IC50 = 

44.16 ± 1.20 µM, 18 (IC50 = 21.14 ± 1.05 µM) and 25 (IC50 = 42.26 ± 1.16 µM) also showed good 

inhibitory potentials better than standard. It was observed that presence of hydroxyl group on aromatic 

side chain enhanced the inhibitory potential of certain compounds against β-glucuronidase when 

compared with the compounds without having the hydroxyl substituents. These findings corroborated 

our previous results that presence of hydroxyl groups at particular sites are important and decisive 

factors for compounds to be active against β-glucuronidase [41]. However, in current series, it is 

observed that presence of an ortho- hydroxyl group on benzene ring attached to oxadiazole moiety is 

not involved in the inhibitory potential of these compounds. For example, if we look at compounds 14-

17, 20, 22, 23, and 27-30, these all compounds lack hydroxyl group on benzene ring that is directly 

attached with hydrazone part while all these compounds have an ortho- hydroxyl group on benzene 

ring attached to oxadiazole part and were found all inactive. This observation suggests that presence of 

ortho- hydroxyl group on aromatic ring attached with oxadiazole moiety is not imperative for these 

compounds to be active. One could imagine the unavailability of this hydroxyl group since it may be 

involved in hydrogen bonding with nearby oxygen atom of oxadiazole part. 

 

To better understand the inhibition mechanism of active compounds and their binding modes with 

enzyme active site, molecular modeling studies were performed. The compounds were docked into the 

binding pocket of β-glucuronidase to further confirm the inhibition potential and also the docked 

Goldscore is reported for newly synthesized 6-30 compounds (Table-2). 

     

Table-2. In vitro β-glucuronidase inhibition activity of oxadiazole derivatives 6-30 and their docking  

studies Goldscore results 

Compound Goldscore 
External H-bond 

energy 

External van 

der waals 

energy 

IC50 (M ± 

SEM
a
) 

6 64.78 11.10 46.02 18.46 ± 0.65 

7 69.07 11.04 48.25 34.46 ± 0.85 

8 73.77 11.07 49.80 29.15 ± 0.75 

9 68.78 11.13 45.29 15.14 ± 0.55 

10 68.97 7.89 50.28 64.12 ± 1.62 

11 66.02 9.84 49.11 44.16 ± 1.20 

12 71.99 6.90 49.98 82.16 ± 2.25 

13 72.89 13.74 45.93 7.14 ± 0.30 
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14 64.72 6.74 43.87 N.A 

15 67.49 5.37 47.37 N.A 

16 66.57 0.00 49.25 N.A 

17 66.33 2.32 48.36 N.A 

18 70.05 11.09 46.09 21.14 ± 1.05 

19 65.23 6.03 47.14 86.12 ± 2.15 

20 66.98 5.07 45.22 N.A. 

21 71.17 6.01 47.56 88.14 ± 2.38 

22 66.16 2.54 50.42 N.A. 

23 63.46 1.49 47.17 N.A. 

24 70.83 5.98 46.66 91.4 ± 2.45 

25 63.43 10.97 45.08 42.26 ± 1.16 

26 64.26 5.54 47.23 108.14 ± 3.14 

27 67.59 3.87 44.90 N. A. 

28 63.34 2.83 45.51 N. A. 

29 63.54 3.51 46.16 N. A. 

30 67.39 2.87 49.08 N. A. 

D-Saccharic acid 1,4-

lactone 
59.80 5.83 50.06 48.4 ± 1.25 

 

The most active compounds Goldscore and external h-bond energy are highlighted in bold. 

 

2.3 Docking study 

 

Molecular docking studies were carried out on crystallographic structure of human β-

glucuronidase (PDB code: 1BHG). Synthetic compounds 6-30 were docked into active site of human 

β-glucuronidase to reveal the binding mode of each compound. The binding mode of known substrate 

p-nitrophenyl β-glucuronide on β-glucuronidase active site reveals that glycoside bond of p-

nitrophenyl β-glucuronide was perfectly oriented towards the catalytic residues Glu540 and Glu451 

and acts as the acid/base catalyst where Glu540 functions as the nucleophilic residue. Docked binding 

mode showed p-nitrophenyl β-glucuronide perfectly fitting into the active site of β-D-glucuronidase 

forming hydrogen bonding with residues Glu451, His385 and Lys606 that could significantly interact 

with the enzyme, which is also shown in our previous study [44].  

β-D-Glucuronidase structure was employed in this docking study to reveal the favorable 

binding mode of newly synthesized derivatives 6-30. Predicted binding modes for biologically active 

and inactive compounds and their docked Goldscore are reported in Table-2. 



  

8 

 

The overall Goldscore (Mainly consist of external h-bonding energy and external van der waals 

energy) for active molecules were expected to be high when compared to the least active and inactive 

compounds. But by considering the reported Goldscore in this study as in Table-2, significant 

relationship cannot be established between Goldscore and inhibitory activity. Our previous studies 

showed that hydrophilic (h-bond) characteristic feature of β-D-Glucuronidase inhibitors are crucial for 

the inhibitory activity. Therefore, the overall activity of these compounds mainly depends on h-

bonding and hence the activities of these compounds mainly depend on external h-bonding energy, 

while the external van der waals energy (Table-2) may not significantly influence the activity profile. 

From Table-2 it could be noted that, as the external h-bond energy value increases the inhibitory 

activity profile of compounds also increases. For the most active compound 13, compound 9, 

compound 6 and compound 18, the external h-bonding energy values were 13.74, 11.13, 11.10 and 

11.09, respectively. For the inactive molecules these values were considerably low. Consequently, a 

significant relationship could be established for all compounds in Table-2 based on external h-bond 

energy value and inhibitory activity.  

Docking analysis of the binding mode for the most active compound 13 (IC50 = 7.14 ± 0.30 

µM) indicated that compound 13 adopts a binding mode that fits well the entire furrow of the binding 

site of β-D-glucuronidase. Analysis of the best ranked binding pose of compound 13 discovered that it 

has the maximum number of hydrogen bonded to the active site residues as compared to the other 

compounds and thus making compound 13 most potent. The benzenetriol group at ortho position 

forms hydrogen bond with side chain carboxyl oxygen of Asp207 (2.1 Å) and Tyr508 side chain 

hydroxyl group (2.6Å). While the other hydroxyl group at the ortho position forms hydrogen bonding 

with His385 side chain imidazole nitrogen (2.8 Å), Glu540 side chain carboxyl oxygen (2.2 Å) and 

Asn450 side-chain's carboxamide NH at a distance of 2.1 Å. Similarly, the benzohydrazide nitrogen 

forms hydrogen bond with Tyr504 side chain hydroxyl group (2.4Å), while the other NH forms 

hydrogen bond with carboxyl oxygen (2.2 Å) of Glu540. Benzohydrazide oxygen forms hydrogen 

bond with Tyr508 side chain hydroxyl group (2.6 Å). Predicted binding mode of compound 13 is 

shown in Fig.2a. Additionally, the phenyl group of the Tyr504, Tyr508 and the side chain of Asn484 

forms hydrophobic interaction with the compound 13 that stabilize the binding mode in the β-D-

glucuronidase active site.  
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Figure-2. Shows the putative binding mode of the potent compounds among the synthesized 

derivatives in the active site of β-glucuronidase. The key interacting residues are shown in magenta 

color line and compound in stick representation, while the hydrogen bonds are shown in yellow dashed 

line. Compound 13 in split pea color (1a), Compound 9 in dark green color (1b), Compound 6 in 

orange color (1c), Compound 18  in  fluorescent color (1d), Compound 8 in pale yellow (1e), 
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Compound 7 in dirty violet color (1f), Compound  25 in blue white (1g) and Compound 11 in light 

pink color (1h). 

Similarly, compound 9 which is the second most active compound (IC50 = 15.14 ± 0.30 µM) in 

the series revealed that the hydroxyl group at ortho position of dihydroxybenzylidene is involved in the 

hydrogen bond interaction with Asn450 side-chain's carboxamide NH at a distance of 2.2 Å and with 

Glu540 side chain carboxyl oxygen (2.2 Å). The benzohydrazide nitrogen forms hydrogen bonding 

with Tyr504 side chain hydroxyl group (2.4 Å), whereas oxygen of benzohydrazide forms hydrogen 

bond with Tyr508 side chain hydroxyl group (2.1Å). Benzohydrazide NH forms hydrogen bond with 

carboxyl oxygen of Glu540 (2.2 Å). Additionally, Tyr504 phenyl ring, Tyr508 side chain phenyl ring 

and Asp207 side chain methyl group forms hydrophobic interaction with the compound 9 that stabilize 

the binding mode in the β-D-glucuronidase active site. Lack of hydroxyl group at the other ortho 

position of compound 9 hinders the formation of hydrogen bonding with Asp207, hence showing 

reduction in activity profiling (Fig.2b). 

The third most active compound in the series is compound 6 (IC50 = 18.46 ± 0.65 µM), in 

which the hydroxyl group at the para position of the hydroxybenzylidene forms hydrogen bond with 

backbone carbonyl oxygen group of Glu451 at a distance of 2.9 Å. The side chain carboxyl oxygen of 

Glu451 forms hydrogen bonding with the benzohydrazide nitrogen at a distance of 1.9 Å. 

Benzohydrazide oxygen also forms hydrogen bonding with Tyr504 side chain hydroxyl group (2.5 Å). 

The phenyl ring of Tyr504 and Tyr508 forms hydrophobic interaction with benzene ring of compound 

6 (Fig.2c). The next active molecule in the list is compound 18 (IC50 = 21.14 ± 1.05 µM). Even though 

the benzenetriol moiety for compound 18 has hydroxyl group at ortho, meta and para position, the 

hydroxyl group at the ortho and meta position does not interact with any key residue. Hydroxyl group 

at para position forms hydrogen bond with backbone carbonyl oxygen of Glu451 at a distance of 1.9 

Å, while the oxygen of side chain carboxyl for residue Glu451 forms hydrogen bond with the 

benzohydrazide nitrogen at a distance of 2.2 Å. Additionally, the benzohydrazide oxygen forms 

hydrogen bond with Tyr508 side chain hydroxyl group (2.3 Å). On the other hand phenyl ring of 

Tyr504 and Tyr508 form hydrophobic interaction with benzene of compound 18 (Fig.2d). As for 

compound 3 which is the fifth active compound among the list (IC50 = 29.15 ± 0.75 µM), oxygen of 

para hydroxyl group forms hydrogen bond with the backbone NH of Asp207 at a distance of 2.2 Å, 

while the meta hydroxyl group forms hydrogen bond with carboxyl oxygen of Glu451 side chain (1.6 

Å). Similarly, the benzohydrazide nitrogen forms hydrogen bond with Glu540 side chain carboxyl 

oxygen (2.2 Å) and benzohydrazide oxygen hydrogen bond with Tyr508 side chain hydroxyl group 

(2.0 Å). For compound 8, phenyl group of the Tyr504, Tyr508 and Tyr504 forms hydrophobic 

interaction with the oxygen of benzohydrazide and the other 2 hydroxyl groups to stabilize the binding 

mode (Fig.2e).  
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Compound 7 with activity (IC50 = 34.46 ± 0.85 µM) shows that the benzohydrazide nitrogen 

forms hydrogen bonding with Glu540 side chain carboxyl oxygen (2.4 Å) and benzohydrazide oxygen 

forms hydrogen bonding with Tyr508 side chain hydroxyl group (2.0 Å). While the hydroxyl 

benzylidene meta positioned hydroxyl oxygen hydrogen bond with the backbone NH of Asp207 at a 

distance of 2.2 Å. Aromatic ring of Tyr504 and Tyr508 forms hydrophobic interaction with benzene 

ring of compound 7 (Fig.2f). 

The binding mode observed of compound 25 (IC50 = 42.26 ± 1.16 µM) suggests that the 

benzohydrazide NH forms hydrogen bonding with Glu540 side chain carboxyl oxygen (1.9 Å), while 

the other nitrogen forms hydrogen bond with the Tyr504 side chain hydroxyl group (2.4 Å). It was also 

observed that the benzohydrazide oxygen forms hydrogen bond with Tyr508 side chain hydroxyl 

group (2.1 Å). The presence of pyridine ring did not play any key role in the activity profile, since 

there were no key residues to interact with in the binding mode of compound 25. Hydrophobic 

interaction was established by the aromatic ring of Tyr504 and Tyr508 with the benzene ring of 

compound 25 (Fig.2g). Compound 11 being the last compound among the considerable activity series 

with activity (IC50 = 42.26 ± 1.16 µM), shows that the benzohydrazide nitrogen forms hydrogen bond 

with Tyr508 side chain hydroxyl group (2.3 Å).  

In contrast, the presence of nitrobenzene moiety could not influence the activity profile since 

there were no key residues to interact with nitro group in the binding orientation of compound 11 

(Fig.2h). Furthermore, there were some compounds with marginal activity profile, like compound 10 

(IC50 = 64.12 ± 1.62 µM), compound 12 (IC50 = 82.16 ± 2.25 µM), compound 19 (IC50= 86.12 ± 2.15 

µM), compound 21 (IC50 = 88.14 ± 2.38 µM), compound 24 (IC50 = 91.4 ±2.45 µM), compound 25 

(IC50 = 108.14 ±3.14 µM). Altogether these compounds could only partially stabilize the binding 

interaction within the key residues of human β-D-glucuronidase, which ultimately results in low 

inhibitory profile. 

Among the 25 compounds, the order of inhibitory potency tends to increase with tri-substituted 

position rather than di and mono substitution at benzylidene ring. Presence of the hydrogen bond donor 

group at ortho, meta and para position gives higher inhibitory activity. In contrast, hydrophobic group 

substituted at these positions show less inhibitory activity and thus elucidates the significance of 

chemical moiety in chemical space for activity profiling. Alternatively, the top ranked binding poses of 

inactive compounds i.e. compounds 14, 15, 16, 17, 20, 22, 23, 27, 28, 29, and 30 are shown in Fig.3a. 

The binding mode instability clearly elucidates the inactive profiling of these compounds. As shown in 

Fig.3a, these compounds do not make significant hydrogen bonding interaction with the crucial active 

site residues. Binding mode analysis suggested that inactivity of these compounds is dependent upon 

hydrophobic substituted group, while the active site residues are of hydrophilic in nature. The top 

ranked binding poses of active compounds are shown in Fig.3b.  
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Figure-3. Shows the binding mode of the synthesized derivatives in the active site of β-glucuronidase. 

(2a) inactive compounds binding modes and (2b) active compounds binding modes. 

 

The binding mode of the potent compounds illuminates the activity profile, where the 

hydrophilic nature of these compounds form stable hydrogen bond network with the key hydrophilic 

residues in the active site. Consistently, the activity profile of the compounds directly depends on 

magnitude of hydrogen bonding. 

Conclusions 

In conclusion, the molecular docking studies have evidently demonstrated the interaction pattern of the 

synthetic compounds in correspondence with biological inhibitory assay. Analysis of the binding mode 

clearly demonstrated that the presence of hydrophilic group, such as hydroxyl group on benzene ring 

next to hydrazone part plays a key role in the activity profile. However, ortho- hydroxyl group of 

benzene ring next to oxadiazole moiety did not seem to involve in inhibitory potentials. 
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3. Experimental 

3.1 General 

NMR experiments were performed on UltraShield Bruker FT NMR 500 MHz, CHN analysis was 

performed on a Carlo Erba Strumentazion-Mod-1106, Italy. Electron impact mass spectra (EI-MS) 

were recorded on a Finnegan MAT-311A, Germany. Thin layer chromatography (TLC) was performed 
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on pre-coated silica gel aluminum plates (Kieselgel 60, 254, E. Merck, Germany). Chromatograms 

were visualized by UV at 254 and 365 nm. 

 

3.2 β-glucuronidase inhibition activity 

β-glucuronidase (E.C. 3.2.1.31 from bovine liver, G-0251) inhibition activity of the compounds had 

been evaluated by using method as reported in [41]. In this study, D-saccharic acid 1,4-lactone has 

been used as a standard inhibitor [45]. 

3.3 Molecular Docking studies 

In order to computationally demonstrate our experimental findings, molecular docking studies were 

performed for all synthesized compounds to reveal their binding mode in human β-D-glucuronidase 

active site. The human β-D-glucuronidase crystal structure was first retrieved from the protein data 

bank (PDB code: 1BHG) [46] and the structure was optimized by removing the hetero atoms, B-chain 

and co-factors. Hydrogen atoms, missing atoms, bonds and charges were computed using chimera 

[47]. Similarly, the 3D chemical structures for all 25 synthesized compounds were built and optimized 

using Marvin Sketch [48].  

Docking studies were done using GOLD (Genetic Optimization for Ligand Docking) version 5.1 for 

all the 25 synthesized compounds targeting the active site of human β-D-glucuronidase [49]. GOLD 

uses genetic algorithm method for protein–ligand docking and it is well-known for its performance and 

accuracy specifically for the protein targets with buried active site. [50]. GOLD software has four 

scoring functions namely ChemPLP, Goldscore, Chemscore, and ASP (the Astex Statistical Potential) 

which takes into account the hydrogen bonding, van der Waal and intramolecular energies. In our 

previous GOLD docking study on human β-D-glucuronidase, Goldscore scoring function 

outperformed well over the other scoring function [47]. Therefore, in the present study we chose 

Goldscore scoring function. Docking was carried out with settings of population size (100); selection-

pressure (1.1); number of operations (10,000); number of islands      niche size  2   operator  ei hts 

for  i rate        tate        and cross-over         he active site  as defined  ith a cavity  2     

radius with specified centroid (x, y, z coordinates: 80.43, 84.41, 90.48) and with 100 GA run. Results 

divergent by less than 0.75 Å in ligand-all atom RMSDs were clustered together. Top ranked score and 

best cluster poses were saved and analyzed by PyMOL [51]. 

Prior to the docking study of the 25 synthetic compounds, our previous study docked bound state 

conformation of the substrate p-nitrophenyl β-glucuronide on β-glucuronidase was considered as 

reference in the present study [46].  
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3.4 Synthesis of 2-hydroxybenzohydrazide (2) 

Methyl 2-hydroxybenzoate (1) (7.60 g, 53 mmol) and 20 ml of hydrazine hydrate were mixed in 

methanol (50 mL). The mixture was refluxed for 6 hours. Methanol was then evaporated and the 

product formed was being rinsed with plenty of water to remove excess hydrazine hydrate. The 

product formed was left to dry at room temperature and yielded 7.21 g (94.9 %). White solid, m.p.149-

150 °C. 
1
H NMR (500 MHz, DMSO-d6):   4.10  (s, 2H, NH2); 6.96  (dd, J = 7.0, 2.0 Hz, 1H), 7.25 (t, 

J = 7.0 Hz, 1H), 7.53 (t, J = 7.0 Hz, 1H), 7.82 (dd, J = 7.0, 2.0 Hz, 1H,), 9.98 (s, 1H, NH); 
13

C-NMR 

(150 MHz, DMSO-d6): δ 167.8, 159.1, 133.6, 129.3, 119.7, 118.2, 115.7; Anal. Calcd for C7H8N2O2, C 

= 55.26, H = 5.30, N = 18.41, found C = 55.28, H = 5.28, N = 18.42; EI MS m/z (% rel. abund.): 152 

(M
+
, 47), 121 (100), 93 (31), 76  (28). 

 

3.5 Synthesis of (E)-methyl 4-((2-(2-hydroxybenzoyl)hydrazono)methyl)benzoate (3) 

A mixture of compound 2 (7.00 g, 46 mmol), methyl 4-formylbenzoate (7.56 g, 46 mmol) and catalytic 

amount of acetic acid in methanol (50 mL) was refluxed for 3 hours. The solvent was evaporated and 

the residue (3) was washed with diethyl ether, filtered, dried, and then crystallized from ethanol and 

gives white solid, (12.8 g, 93%). m.p. 275-277 °C. 
 1

H NMR (500 MHz, DMSO-d6):  3.88 (s, 3H, 

CH3), 6.97 (d,  J = 8.0 Hz. 1H)7.01  (t,1H, J = 8.0 Hz), 7.47 (t, J = 7.5 Hz, 1H), 7.90 (d, J = 8.0 Hz, 

3H) 8.06 (d, J = 8.0 Hz, 2H), 8.52 (s, 1H)  11.97 (s, 1H, NH), 11.73 (s, 1H, OH); 
13

C-NMR (150 MHz, 

DMSO-d6): δ 167.5, 161.6, 160.6, 149.5, 137.1, 134.5, 134.5, 129.8, 128.7, 128.7, 127.8, 127.8, 119.0, 

118.8, 114.2, 52.0; Anal. Calcd for C16H14N2O4, C = 64.42, H = 4.73, N = 9.39, found C = 64.43, H = 

4.74, N = 9.37; EI MS m/z (% rel. abund.): 298 (M
+
, 50.), 267 (30), 239 (40), 121 (100), 93 (20). 

 

3.6 Synthesis of methyl 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzoate (4) 

A mixture of compound 3 (11.0 g, 37 mmol) and equivalent amount of PhI(OAc)2 was stirred in 

dichloromethane (100 ml) at room temperature overnight [52]. The solvent was evaporated and the 

residue (4) was washed with diethyl ether, filtered, dried, and then crystallized from ethanol to gives 

white solid, (9.8 g, 89 %). m.p. 274-276 °C. 
 1

H NMR (500 MHz, DMSO-d6): δ 3.91 (s, 3H, CH3), 

7.54 (t, J = 7.5 Hz, 1H), 7.60 (t, J = 8.0 Hz, 1H), 8.14 (d, J = 8.5Hz, 1H), 8.16 (d, J = 8.0 Hz, 2H), 

8.28 (d, J = 8.5 Hz, 2H,) 10.13 (s, 1H); 
13

C-NMR (150 MHz, DMSO-d6): δ 167.8, 165.3, 158.7, 155.1, 

131.0, 130.5, 129.7, 129.7, 129.1, 128.7, 125.3, 125.3, 119.8, 118.0, 111.4, 52.3; Anal. Calcd for 

C16H12N2O4, C = 64.86, H = 4.08, N = 9.46, found C = 64.87, H = 4.10, N = 9.48; EI MS m/z (% rel. 

abund.): 296 (M
+
, 100), 265 (38), 237 (50), 161 (30), 93 (60). 
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3.7 Synthesis of 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide (5) 

Compound 4 (9.00 g, 30 mmol) and 15 ml of hydrazine hydrate were mixed in methanol (50 mL). The 

mixture was refluxed for 6 hours. Methanol was then evaporated and the product formed was being 

rinsed with plenty of water to remove excess hydrazine hydrate. The product formed (5) was left to dry 

at room temperature and yielded 8.50 g (94 %). m.p. 291-292 °C. 
 1

H NMR (500 MHz, DMSO-d6):   

4.59  (br. s, 2H, NH2);  7.64 (dt, J = 2.0 Hz, 6.0 Hz, 1H), 7.71 (dt, J = 2.0 Hz, 6.0 Hz, 1H), 7.77 (d, J = 

7.5 Hz, 1H), 8.06 (d, J = 8.5 Hz, 2H), 8.18 (dd, J = 2.0 Hz, 7.0 Hz, 1H), 8.20 (d, J = 8.5 Hz, 2H), 

10.02 (s, 1H, NH); 
13

C-NMR (150 MHz, DMSO-d6): δ 167.7, 165.4, 158.2, 155.6, 132.5, 132.5, 131.2, 

130.1, 127.1, 127.1, 126.3, 126.3, 119.6, 118.8, 111.1; Anal. Calcd for C15H12N4O3, C = 60.81, H = 

4.08, N = 18.91, found C = 60.82, H = 4.09, N = 18.89; EI MS m/z (% rel. abund.): 296 (M
+
, 30), 265 

(100), 237 (30), 161 (20), 93 (40). 

 

3.7.1 General procedure for synthesis of oxadiazole benzohydrazones (6-30) 

Equimolar quantities (1 mmol) of compound 5 and substituted benzaldehydes (1 mmol) in methanol 

(25 mL) were refluxed for 3 h, in the presence of catalytic amount of glacial acetic acid. The resulting 

solid was filtered and recrystallized from methanol in good yields.  

 

3.7.1.1. N'-(4-hydroxybenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(6) 

Brown solid. Yield: 84.1%. m.p.: 274-275 °C. IR (cm
-1

, KBr): 3233.82 (N-H), 1646.10 (C=N). 
1
H 

NMR (500 MHz, DMSO-d6 : δ 6 85 (d, J = 8.5 Hz, 2H), 7.06 (t, J = 7.5 Hz, 1H) 7.12 (d, J = 8.5 Hz, 

1H), 7.50 (t, J = 7.0 Hz, 1H), 7.59 (d, J = 8.5 Hz, 2H), 7.96 (dd, J = 1.5 Hz, 8.0 Hz, 1H), 8.13 (d, J = 

8.5 Hz, 2H), 8.24 (d, J = 8.0 Hz, 2H), 8.39 (s, 1H), 11.90 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 

165.7, 164.3, 158.4, 158.2, 155.1, 149.3, 133.1, 132.0, 131.7, 130.1, 129.2, 129.2, 128.3, 128.3, 126.2, 

126.0, 126.0, 119.8, 118.8, 115.6, 115.6, 111.0; Anal. Calcd for C22H16N4O4, C = 66.00, H = 4.03, N = 

13.99, Found C = 66.02, H = 4.01, N = 13.97; EI MS m/z (% rel. abund.): 400 (M
+
, 41), 280 (10), 265 

(100), 161 (15), 93 (20). 

 

3.7.1.2. N'-(3-hydroxybenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(7) 

Yellowish white solid. Yield: 72.9%. m.p.: 254-255 °C. IR (cm
-1

, KBr): 3233.92 (N-H), 1656.93 

(C=N); 
1
H NMR (500 MHz, DMSO-d6 : δ 6 85 (d, J = 7.5 Hz, 1H); 7.07 (t, J = 7.5 Hz, 1H), 7.12-7.15 

(m, 2H), 7.23 (s, 1H), 7.28 (t, J = 8.0 Hz, 1H), 7.50 (t, J = 8.0 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 8.14 

(d, J = 8.0 Hz, 2H), 8.25 (d, J = 8.0 Hz, 2H), 8.40 (s, 1H), 9.67 (s, 1H), 12.01 (s, 1H); 
13

C NMR (150 

MHz, DMSO-d6 : δ 165.6, 164.5, 158.8, 156.8, 155.5, 148.6, 137.3, 133.7, 132.0, 131.5, 130.9, 130.4, 
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128.38, 128.38, 126.7, 126.7, 120.0, 119.5, 119.4, 118.3, 114.6, 111.8; Anal. Calcd for C22H16N4O4, C 

= 66.00, H = 4.03, N = 13.99, Found C = 65.98, H = 4.02, N = 14.01; EI MS m/z (% rel. abund.): 400 

(M
+
, 26), 280 (15), 265 (100), 161 (21), 93 (17). 

 

3.7.1.3. N'-(3,4-dihydroxybenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzo-

hydrazide (8) 

Yellow solid. Yield: 80.9%. m.p.: 258-259 °C. IR (cm
-1

, KBr): 3241.92 (N-H), 1593.98 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6 : δ 6.96 (d, J = 6.5 Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H), 7.12 (d, J = 6.0 Hz, 

1H), 7.27 (s, 1H), 7.51 (t, J = 7.0 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 8.14 (d, J = 8.0 Hz, 2H), 8.25 (d, J 

= 8.0 Hz, 2H), 8.30 (s, 1H), 9.27 (s, 1H), 9.41 (s, 2H), 11.78 (s, 1H); 
13

C NMR (150 MHz, DMSO- 

d6): δ 165.7, 164.3, 158.4, 155.5, 148.6, 148.3, 145.6, 133.7, 132.1, 131.6, 130.4, 128.3, 128.3, 127.9, 

126.0, 126.0, 121.02, 119.8, 118.4, 116.3, 115.7, 111.2; Anal. Calcd for C22H16N4O5, C = 63.46, H = 

3.87, N = 13.46, Found C = 63.48, H = 3.89, N = 13.44; EI MS m/z (% rel. abund.): 416 (M
+
, 15), 398 

(17), 265 (100), 161 (22), 93 (19). 

 

3.7.1.4.N'-(2,5-dihydroxybenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-

yl)benzohydrazide (9) 

Pale yellow solid. Yield: 74.7%. m.p.: 268-269 °C. IR (cm
-1

, KBr): 3236.03 (N-H), 1654.27 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6 : δ 6 73-6.77 (m, 2H), 7.00 (s, 1H), 7.05 (t, J = 8.0 Hz, 1H), 7.12 (d, J = 

8.5 Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 8.16 (d, J = 8.0 Hz, 2H), 8.24 (d, J = 

8.0 Hz, 2H), 8.61 (s, 1H) 8.91 (s, 2H), 10.31 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6 : δ 165.4, 164.8, 

158.7, 155.2, 152.6, 151.7, 149.8, 133.2, 132.8, 131.1, 130.5, 128.8, 128.8, 126.5, 126.5, 122.7, 121.4, 

119.6, 118.4, 118.4, 116.7, 111.5; Anal. Calcd for C22H16N4O5, C = 63.46, H = 3.87, N = 13.46, Found 

C = 63.49, H = 3.85, N = 13.47; EI MS m/z (% rel. abund.): 416 (M
+
, 16), 398 (20), 265 (100), 161 

(20), 93 (15). 

 

3.7.1.5. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(3-nitrobenzylidene)benzohydrazide (10) 

Dark brown solid. Yield: 78.2%. m.p.: 272-273 °C. IR (cm-1, KBr): 3236.24 (N-H), 1654.53 (C=N); 

1
H NMR (500 MHz, DMSO-d6): δ 6.87 (dd, J = 6.5, 2.0 Hz, 1H ), 7.14 (d, J = 7.0 Hz, 1H), 7.17 (t, J = 

7.0 Hz, 1H), 7.24 (s, 1H), 7.11 (d, J = 8.5 Hz, 1H), 7.28 (t, J = 8.0 Hz, 1H), 7.33 (d, J = 8.5 Hz, 1H), 

7.33 (dt, J = 7.5,2.0  Hz, 1H), 8.02 (dd, J = 7.0, 2.0  Hz, 1H),  8.16 (d, J = 8.0 Hz, 2H), 8.25 (d, J = 8.0 

Hz, 2H); 8.41 (s, 1H) 9.66 (s, 1H, OH); 12..01 (s, 1H, NH); 
13

C NMR (150 MHz, DMSO-d6): δ 165.6, 

164.3, 158.2, 155.2, 148.1, 147.7, 137.6, 133.8, 132.2, 132.2, 131.2, 130.5, 129.4, 128.3, 128.3, 126.7, 

126.7, 124.8, 122.2, 119.5, 118.7, 111.3; Anal. Calcd for C22H15N5O5, C = 61.54, H = 3.52, N = 16.31, 
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Found C = 61.55, H = 3.57, N = 16.32; EI MS m/z (% rel. abund.): 429 (M
+
, 20), 383 (18), 265 (100), 

161 (14), 93 (19). 

 

3.7.1.6. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(4-nitrobenzylidene)benzohydrazide (11) 

White solid. Yield: 74.4%. m.p.: 306-307 °C. IR (cm
-1

, KBr): 3236.30 (N-H), 1660.79 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.49-7.53 (t, J = 7.0 

Hz, 1H), 7.96 (dd, J = 1.5 Hz, 7.5 Hz, 1H), 8.03-8.06 (m, 2H), 8.17 (d, J = 8.0 Hz, 2H), 8.27 (d, J = 

8.0 Hz, 2H), 8.32 (d, J = 8.0 Hz, 2H), 8.59 (s, 1H), 10.39 (s, 1H), 12.33 (s, 1H); 
13

C NMR (150 MHz, 

DMSO-d6): δ 165.3, 164.1, 158.8, 155.1, 149.4, 148.8, 139.1, 133.4, 132.4, 131.7, 130.1, 128.4, 128.4, 

127.5, 127.5, 126.3, 126.3, 124.8, 124.8, 119.1, 118.6, 111.0; Anal. Calcd for C22H15N5O5, C = 61.54, 

H = 3.52, N = 16.31, Found C = 61.56, H = 3.53, N = 16.29; EI MS m/z (% rel. abund.): 429 (M
+
, 25), 

383 (40), 265 (100), 161 (19), 93 (22). 

 

3.7.1.7.4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(2,4,6-

trihydroxybenzylidene)benzohydrazide (12) 

Yellowish solid. Yield: 72.1%. m.p.: 314-315 °C. IR (cm
-1

, KBr): 3229.75 (N-H), 1637.93 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6 : δ 5 86  s  2H   7  7 (t, J = 8.0 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.51 (t, 

J = 8.0 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 8.16 (d, J = 8.5 Hz, 2H), 8.25 (d, J = 8.0 Hz, 2H), 8.85 (s, 

1H), 9.86 (s, 1H), 10.35 (s, 1H), 11.10 (s, 1H), 12.08 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6 : δ 

165.3, 164.8, 163.1, 161.3, 161.7, 158.5, 155.3, 144.5, 133.9, 132.4, 131.2, 130.9, 128.6, 128.6, 126.1, 

126.1, 119.8, 118.7, 111.2, 106.4, 95.4, 95.4; Anal. Calcd for C22H16N4O6, C = 61.11, H = 3.73, N = 

12.96, Found C = 61.13, H = 3.71, N = 12.94; EI MS m/z (% rel. abund.): 432 (M
+
, 5), 414 (20), 265 

(100), 161 (22), 93 (19). 

 

3.7.1.8. N'-(3-hydroxy-4-methoxybenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-

yl)benzohydrazide (13) 

Yield: 75.5%. m.p.: 244-245 °C. IR (cm
-1

, KBr): 3242.90 (N-H), 1655.22 (C=N); 
1
H NMR (500 MHz, 

DMSO-d6): δ 3.83 (s, 3H), 6.99 (d, J = 8.0 Hz, 1H); 7.06 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 6.0 Hz, 1H), 

7.13 (d, J = 8.5 Hz, 1H), 7.31 (s, 1H), 7.51 (t, J = 7.0 Hz, 1H), 7.97 (dd, J = 1.5 Hz, 8.0 Hz, 1H), 8.14 

(d, J = 8.0 Hz, 2H), 8.24 (d, J = 8.0 Hz, 2H), 8.35 (s, 1H), 9.32 (s, 1H), 10.34 (s, 1H), 11.87 (s, 1H); 

13
C NMR (150 MHz, DMSO-d6): δ 165.1, 164.7, 158.3, 155.1, 149.9, 148.3, 146.7, 133.4, 132.2, 

131.7, 130.1, 129.4, 128.3, 128.3, 126.5, 126.5, 120.2, 119.7, 118.1, 115.6, 115.6, 111.4, 56.7; Anal. 

Calcd for C23H18N4O5, C = 64.18, H = 4.22, N = 13.02, Found C = 64.19, H = 4.24, N = 13.01; EI MS 

m/z (% rel. abund.): 430 (M
+
, 15), 399 (18), 265 (100), 161 (20), 93 (22). 
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3.7.1.9. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(2-methylbenzylidene)benzohydrazide 

(14) 

White solid. Yield: 82.2%. m.p.: 228-229 °C. IR (cm
-1

, KBr): 3239.07 (N-H), 1656.16 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 2.38 (s, 3H), 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.28 (d, 

J = 7.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H),  7.52 (t, J = 7.0 Hz, 1H), 7.54 (d, J = 7.5 Hz, 1H), 7.60 (s, 

1H), 7.96 (dd, J = 1.5 Hz, 7.5 Hz, 1H), 8.16 (d, J = 8.5 Hz, 2H), 8.25 (d, J = 8.5 Hz, 2H), 8.46 (s, 1H), 

10.34 (s, 1H), 12.03 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 165.4, 164.3, 158.4, 155.1, 145.8, 

136.3, 133.4, 132.8, 132.2, 131.7, 130.9, 130.1, 128.3, 128.2, 126.9, 126.9, 126.0, 119.6, 118.8, 111.7, 

20.5;  Anal. Calcd for C23H18N4O3, C = 69.34, H = 4.55, N = 14.06, Found C = 69.36, H = 4.56, N = 

14.08; EI MS m/z (% rel. abund.): 398 (M
+
, 36), 384 (6), 265 (100), 161 (22), 93 (21), 91 (22). 

 

3.7.1.10. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(3-methylbenzylidene)benzohydrazide 

(15) 

White solid. Yield: 68.9%. m.p.: 248-249 °C. IR (cm-1, KBr): 3236.93 (N-H), 1650.89 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6 : δ 2 48  s  3H   7  7  t  J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.28-

7.32 (m, 2H), 7.35 (d, J = 7.5 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 7.87 (d, J = 7.5 Hz, 1H), 7.97 (d, J = 

7.5 Hz, 1H), 8.17 (d, J = 8.0 Hz, 2H), 8.26  (d, J = 8.0 Hz, 2H), 8.79 (s, 1H), 10.35 (s, 1H), 12.02 (s, 

1H); 
13

C NMR (150 MHz, DMSO-d6 : δ 165.4, 164.3, 158.4, 155.8, 145.8, 136.1, 133.8, 133.5, 132.1, 

131.5, 130.5, 130.1, 128.2, 128.2, 128.0, 126.7, 126.7 126.3, 125.4, 119.8, 118.1, 111.4, 20.2; Anal. 

Calcd for C23H18N4O3, C = 69.34, H = 4.55, N = 14.06, Found C = 69.33, H = 4.53, N = 14.04; EI MS 

m/z (% rel. abund.): 398 (M
+
, 32), 384 (5), 265 (100), 161 (20), 93 (20), 91 (18). 

 

3.7.1.11. N'-(2-chlorobenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(16) 

White solid. Yield: 61.2%. m.p.: 251-252 °C. IR (cm
-1

, KBr): 3216.59 (N-H), 1650.86 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.47-7.54 (m, 3H), 

7.56 (d, J = 7.0 Hz, 1H),  7.97 (dd, J = 1.5 Hz, 6.5 Hz, 1H), 8.06 (d, J = 7.5 Hz, 1H), 8.18 (d, J = 8.0 

Hz, 2H), 8.27 (d, J = 8.0 Hz, 2H), 8.92 (s, 1H), 10.35 (s, 1H), 12.27 (s, 1H); 
13

C NMR (150 MHz, 

DMSO-d6): δ 165.7, 164.6, 158.2, 155.8, 149.4, 133.4, 132.4, 132.3, 131.7, 131.1, 130.5, 130.1, 128.8, 

128.8, 128.6, 127.8, 127.2, 126.6, 126.6, 119.3, 118.4, 111.6; Anal. Calcd for C22H15ClN4O3, C = 

63.09, H = 3.61, N = 13.38, Found C = 63.08, H = 3.59, N = 13.37; EI MS m/z (% rel. abund.): 420 

(M
+
+2, 10), 418 (M

+
, 20), 383 (12) 265 (100), 161 (19), 93 (18). 
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3.7.1.12. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(4-methylbenzylidene)benzohydrazide 

(17) 

White solid. Yield: 77.3%. m.p.: 270-271 °C. IR (cm
-1

, KBr): 3233.75 (N-H), 1655.19 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6 : δ 2.37 (s, 3H), 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.29 (d, 

J = 8.0 Hz, 2H), 7.51 (t, J = 7.5 Hz, 1H),  7.65 (d, J = 7.5 Hz, 2H), 7.97 (d, J = 7.0 Hz, 1H), 8.15 (d, J 

= 8.0 Hz, 2H), 8.25  (d, J = 8.0 Hz, 2H), 8.46 (s, 1H), 10.35 (s, 1H), 11.98 (s, 1H); 
13

C NMR (150 

MHz, DMSO-d6 : δ 165.8, 164.7, 158.2, 155.6, 149.1, 138.0, 133.4, 132.9, 131.9, 131.7, 130.1, 129.5, 

129.5, 128.2 128.2, 127.5, 127.5, 126.3, 126.3, 119.8, 118.1, 111.4, 21.2; Anal. Calcd for C23H18N4O3, 

C = 69.34, H = 4.55, N = 14.06, Found C = 69.35, H = 4.57, N = 14.07; EI MS m/z (% rel. abund.): 

398 (M
+
, 30), 384 (8), 265 (100), 161 (18), 93 (24), 91 (25). 

 

3.7.1.13.4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(2,4,5-

trihydroxybenzylidene)benzohydrazide (18) 

Yellow solid. Yield: 89.7%. m.p.: 296-297 °C. IR (cm
-1

, KBr): 3233.51 (N-H), 1626.54 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 6.36 (s, 1H), 6.93 (s, 1H), 7.07 (t, J = 7.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 

1H), 7.51 (t, J = 7.5 Hz, 1H), 7.97 (d, J = 6.5 Hz, 1H), 8.15 (d, J = 8.5 Hz, 2H),  8.25 (d, J = 8.0 Hz, 

2H), 8.51 (s, 1H), 8.57 (s, 1H), 9.56, (s, 1H), 10.35 (s, 1H), 10.53 (s, 1H), 11.98 (s, 1H); 
13

C NMR 

(150 MHz, DMSO-d6): δ 165.5, 164.2, 158.6, 155.8, 153.3, 150.5, 149.2, 140.7, 133.1, 132.5, 131.6, 

130.8, 128.6, 128.6, 126.5, 126.5, 119.7, 118.4, 117.4, 112.2, 111.1, 102.5; Anal. Calcd for 

C22H16N4O6, C = 61.11, H = 3.73, N = 12.96, Found C = C = 61.10, H = 3.75, N = 12.97; EI MS m/z 

(% rel. abund.): 432 (M
+
, 10), 414 (30), 265 (100), 161 (20), 93 (15). 

 

 

3.7.1.14. N'-(4-chlorobenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(19) 

White solid. Yield: 81.6%. m.p.: 278-279 °C. IR (cm
-1

, KBr): 3233.34 (N-H), 1655.06 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 7.06 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.50 (t, J = 8.5 Hz, 

1H), 7.54 (d, J = 8.0 Hz, 2H), 7.79 (d, J = 8.0 Hz, 2H), 7.96 (dd, J = 1.5 Hz, 7.5 Hz, 1H), 8.15 (d, J = 

8.0 Hz, 2H), 8.26 (d, J = 8.0 Hz, 2H), 8.49 (s, 1H), 10.34 (s, 1H), 12.12 (s, 1H); 
13

C NMR (150 MHz, 

DMSO-d6): δ 165.5, 164.7, 158.1, 155.3, 149.6, 135.2, 134.7, 133.1, 132.8, 131.6, 130.1, 129.8, 129.8, 

129.5, 129.5, 128.4, 128.4, 126.7, 126.7, 119.6, 118.0, 111.0; Anal. Calcd for C22H15ClN4O3, C = 

63.09, H = 3.61, N = 13.38, Found C = 63.11, H = 3.63, N = 13.39; EI MS m/z (% rel. abund.): 420 

(M
+
+2, 8), 418 (M

+
, 16), 383 (10) 265 (100), 161 (17), 93 (14). 
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3.7.1.15. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(2-nitrobenzylidene)benzohydrazide 

(20) 

White solid. Yield: 83.1%. m.p.: 256-257 °C. IR (cm-1, KBr): 3191.20 (N-H); 1649.84 (C=N) 1H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 8.5 Hz, 

1H), 7.71 (t, J = 7.5 Hz, 1H), 7.85 (t, J = 7.5 Hz, 1H), 7.96 (d, J = 1.5 Hz, 1H), 8.10 (d, J = 8.5 Hz, 

1H), 8.18-8.20 (m, 3H), 8.26 (d, J = 8.5 Hz, 2H), 8.93 (s, 1H), 10.35 (s, 1H), 12.36 (s, 1H);  
13

C NMR 

(150 MHz, DMSO-d6): δ  165.7, 164.2, 158.5, 155.9, 147.1, 142.4, 133.8, 133.5, 132.1, 131.3, 130.7, 

130.1, 129.0, 128.6, 128.6, 128.0, 126.5, 126.5, 125.9, 119.3, 118.6, 111.7; Anal. Calcd for 

C22H15N5O5, C = 61.54, H = 3.52, N = 16.31, Found C = 61.56, H = 3.53, N = 16.29; EI MS m/z (% 

rel. abund.): (M
+
, 10), 383 (26), 265 (100), 161 (20), 93 (25). 

 

3.7.1.16. N'-(2-hydroxy-5-methoxybenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-

yl)benzohydrazide (21) 

White solid. Yield: 77.2%. m.p.: 282-283 °C. IR (cm
-1

, KBr): 3226.13 (N-H), 1649.59 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 3.75 (s, 3H), 6.88 (d, J = 9.0 Hz, 1H), 6.93 (dd, J = 3.0 Hz, 9.0 Hz, 

1H), 7.06 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.17 (d, J = 3.0 Hz, 1H), 7.52 (t, J = 8.5 Hz, 

1H), 7.97 (dd, J = 1.5 Hz, 7.5 Hz, 1H), 8.17 (d, J = 8.5 Hz, 2H ), 8.27 (d, J = 8.0 Hz, 2H), 8.69 (s, 

1H), 10.34 (s, 1H), 10.61 (s, 1H), 12.26 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 165.6, 164.2, 

158.7, 155.5, 154.4, 152.2, 149.6, 133.4, 132.9, 131.9, 130.1, 128.5, 128.5, 126.3, 126.3, 121.0, 119.8, 

118.7, 116.4, 116.1, 112.4, 111.5, 56.0; Anal. Calcd for C23H18N4O5, C = 64.18, H = 4.22, N = 13.02, 

Found C = 64.20, H = 4.20, N = 13.03; EI MS m/z (% rel. abund.): 430 (M
+
, 20), 399 (21), 265 (100), 

161 (22), 93 (19). 

 

3.7.1.17. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(pyridin-3-ylmethylene)benzohydrazide 

(22) 

Brown solid. Yield: 84.7%. m.p.: 241-242 °C. IR (cm
-1

, KBr): 3414.14 (N-H), 1655.04 (C=N); 1H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 6.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.52 (t, J = 8.5 Hz, 

1H), 7.97 (dd, J = 1.5 Hz, 8.0 Hz, 1H), 8.17-8.19 (m, 3H), 8.27 (d, J = 8.0 Hz, 2H), 8.56 (s, 1H), 8.64 

(d, J = 4.0 Hz, 1H), 8.90 (s, 1H), 10.34 (s, 1H), 12.22 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 

165.6, 164.3, 158.7, 155.6, 149.5, 146.1, 145.7, 135.5, 133.1, 133.0, 132.9, 131.9, 130.1, 128.6, 128.6, 

126.9, 126.9, 124.1, 119.6, 118.0, 111.7; Anal. Calcd for C21H15N5O3, C = 65.45, H = 3.92, N = 18.17, 

Found C = 65.47, H = 3.93, N = 18.15; EI MS m/z (% rel. abund.): 385 (M
+
, 29), 265 (100), 161 (20), 

93 (18), 77 (17). 
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3.7.1.18. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(pyridin-4-ylmethylene)benzohydrazide 

(23) 

Yield: 80.1%. m.p.: 261-262 °C. IR (cm
-1

, KBr): 3229.73 (N-H), 1656.60 (C=N); 
1
H NMR (500 MHz, 

DMSO-d6): δ 7.07 (t, J = 8.0 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.52 (t, J = 8.5 Hz, 1H), 7.70 (d, J = 

4.0 Hz, 2H), 7.97 (dd, J = 1.5 Hz, 8.0 Hz, 1H), 8.17 (d, J = 7.5 Hz, 2H), 8.27 (d, J = 8.0 Hz, 2H), 8.50 

(s, 1H), 8.68 (d, J = 4.0 Hz, 2H), 10.34 (s, 1H), 12.32 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 

165.4, 164.3, 158.4, 155.7, 150.4, 150.4, 149.1, 140.5, 133.8, 132.1, 131.4, 130.7, 128.5, 128.5, 126.7, 

126.7, 122.5, 122.5, 119.8, 118.0, 111.4; Anal. Calcd for C21H15N5O3, C = 65.45, H = 3.92, N = 18.17, 

Found C = 65.46, H = 3.94, N = 18.18; EI MS m/z (% rel. abund.): 385 (M
+
, 31), 265 (100), 161 (21), 

93 (16), 77 (21). 

 

3.7.1.19 N'-(2-hydroxybenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(24) 

White solid. Yield: 46.8%. m.p.: 284-285 °C. IR (cm-1, KBr): 3228.83 (N-H); 1625.63 (C=N) 1H 

NMR (500 MHz, DMSO-d6): δ 6.93-6.97 (m, 2H), 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 

7.31 (t, J = 7.0 Hz, 1H), 7.50-7.54 (t, J = 8.5 Hz, 1H), 7.59 (d, J = 6.5 Hz, 1H), 7.97 (dd, J = 1.5 Hz, 

8.0 Hz, 1H), 8.18 (d, J = 8.0 Hz, 2H), 8.27 (d, J = 8.5 Hz, 2H), 8.70 (s, 1H), 10.34 (s, 1H), 11.21 (s, 

1H), 12.32 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 165.3, 164.6, 158.9, 158.2, 155.4, 151.3, 133.8, 

132.7, 131.6, 130.5, 129.7, 128.4, 128.4, 128.4, 126.7, 126.7, 121.9, 120.3, 119.8, 118.0, 117.3, 111.2;  

Anal. Calcd for C22H16N4O4, C = 66.00, H = 4.03, N = 13.99, Found C = 66.01, H = 4.04, N = 14.02; 

EI MS m/z (% rel. abund.): 400 (M
+
, 30), 280 (22), 265 (100), 161 (25), 93 (21). 

 

3.7.1.20.4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(pyridin-2-ylmethylene)benzohydrazide 

(25) 

Brown solid. Yield: 84.7%. m.p.: 232-233 °C. IR (cm
-1

, KBr): 3213.98 (N-H), 1649.98 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.45 (t, J = 6.0 Hz, 

1H), 7.49 (t, J =  7.0 Hz, 1H), 7.91 (t, J = 7.5 Hz, 1H), 7.96 (dd, J = 1.5 Hz, 8.0 Hz, 1H), 8.01 (d, J = 

8.0 Hz, 1H), 8.17 (d, J = 8.0 Hz, 2H), 8.27 (d, J = 8.0 Hz, 2H), 8.53 (s, 1H), 8.64 (d, J = 4.0 Hz, 1H), 

10.35 (s, 1H), 12.25 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 165.7, 164.3, 158.3, 155.4, 154.9, 

148.6, 146.1, 137.4, 133.2, 132.8, 131.9, 130.1, 128.3, 128.3, 126.4, 126.4, 123.0, 119.8, 119.8, 118.1, 

111.0; Anal. Calcd for C21H15N5O3, C = 65.45, H = 3.92, N = 18.17, Found C = 65.43, H = 3.90, N = 

18.16; EI MS m/z (% rel. abund.): 385 (M
+
, 22), 265 (100), 161 (18), 93 (21), 77 (16). 
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3.7.1.21.N'-(2-fluorobenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(26) 

White solid. Yield: 69.2%. m.p.: 267-268 °C. IR (cm
-1

, KBr): 3235.10 (N-H); 1655.10 (C=N) 1H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.31 (t, J = 7.5 Hz, 

1H), 7.49-7.62 (m, 4H), 7.96 (dd, J = 1.5 Hz, 7.5 Hz, 1H), 8.16 (d, J = 8.0 Hz, 2H), 8.26 (d, J = 8.0 

Hz, 2H), 8.51 (s, 1H), 10.35 (s, 1H), 12.17 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 165.4, 164.6, 

160.5 (d, J = 262.0 Hz), 158.4, 155.5, 149.6, 149.1, 133.9, 132.0, 131.7, 130.7, 130.2, 130.1, 129.8, 

129.0, 128.3, 128.3, 126.0, 126.0, 125.3, 125.3, 124.6, 124.5, 119.1, 118.7, 117.2, 117.0, 111.70;  

Anal. Calcd for C22H15FN4O3, C = 65.67, H = 3.76, N = 13.92, Found C = 65.69, H = 3.75, N = 13.90; 

EI MS m/z (% rel. abund.):  402 (M
+
, 27), 383 (18) 265 (100), 161 (23), 93 (20), 76 (11). 

 

3.7.1.22. 4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)-N'-(2-methoxybenzylidene)benzohydrazide 

(27) 

Yield: 78.6%. m.p.: 222-223 °C. IR (cm
-1

, KBr): 3233.17 (N-H), 1655.39 (C=N); 
1
H NMR (500 MHz, 

DMSO-d6 : δ 3.84 (s, 3H), 7.05 (t, J = 8.5 Hz, 2H), 7.12 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 7.0 Hz, 2H), 

7.40 (t, J = 8.0 Hz, 1H), 7.51 (t, J =8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 8.15 (d, J = 8.0 Hz, 2H), 

8.26 (d, J = 8.0 Hz, 2H), 8.48 (s, 1H), 10.39 (s, 1H), 12.07 (s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 

165.7, 164.4, 159.8, 158.6, 155.3, 150.1, 133.7, 132.4, 131.3, 130.6, 128.5, 128.5, 128.3, 127.9, 126.0, 

126.0, 125.1, 121.5, 119.6, 118.8, 113.6, 111.0, 56.9;  Anal. Calcd for C23H18N4O4, C = 66.66, H = 

4.38, N = 13.52, Found C = 66.68, H = 4.36, N = 13.54; EI MS m/z (% rel. abund.): 414 (M
+
, 22), 383 

(15) 265 (100), 161 (18), 93 (19), 76 (8). 

 

3.7.1.23. N'-(4-fluorobenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(28) 

White solid. Yield: 82.3%. m.p.: 225-226 °C. IR (cm
-1

, KBr): 3228.43 (N-H), 1651.10 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6 : δ 7  7  t  J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.33 (t, J = 9.0 Hz, 

2H), 7.51 (t, J = 8.5 Hz, 1H), 7.83 (t, J = 8.5 Hz, 2H), 7.96 (dd, J = 1.5 Hz, 8.0 Hz, 1H), 8.15 (d, J = 

8.0 Hz, 2H), 8.26 (d, J = 8.5 Hz, 2H), 8.50 (s, 1H), 10.36 (s, 1H), 12.07 (s, 1H); 
13

C NMR (150 MHz, 

DMSO-d6): 165.4, 164.3, 161.2 (d, J = 262.0 Hz), 158.4, 155.8, 149.5, 133.2, 132.9, 131.6, 130.8, 

130.3, 130.3, 130.1, 128.3, 128.3, 126.0, 126.0, 119.6, 118.0, 115.7, 115.7, 111.4; Anal. Calcd for 

C22H15FN4O3, C = 65.67, H = 3.76, N = 13.92, Found C = 65.68, H = 3.73, N = 13.94; EI MS m/z (% 

rel. abund.): 402 (M
+
, 40), 383 (22) 265 (100), 161 (21), 93 (19), 76 (20). 
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3.7.1.24. N'-(3-fluorobenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide 

(29) 

White solid. Yield: 61.8%. m.p.: 254-255 °C. IR (cm
-1

, KBr): 3219.38 (N-H), 1651.54 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 8.0 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.31-7.35 (m, 2H), 

7.49-7.53 (m, 2H), 7.96-8.00 (dd, J = 1.5 Hz, 8.0 Hz, 2H), 8.17 (d, J = 8.0 Hz, 2H), 8.26 (d, J = 8.0 

Hz, 2H), 8.76 (s, 1H), 10.35 (s, 1H), 12.17 (s, 1H); 13C-NMR (150 MHz, DMSO-d6): δ 165.7, 164.3, 

162.7 (d, J = 265.0 Hz), 158.4, 155.1, 148.8, 138.5, 133.4, 132.9, 131.7, 130.1, 130.0, 128.7, 128.7, 

126.5, 126.5, 121.4, 119.8, 118.0, 116.3, 114.1, 111.0;  Anal. Calcd for C22H15FN4O3, C = 65.67, H = 

3.76, N = 13.92, Found C = 65.65, H = 3.77, N = 13.93; EI MS m/z (% rel. abund.): 402 (M
+
, 25), 383 

(15) 265 (100), 161 (20), 93 (18), 76 (8). 

 

3.7.1.25. N'-(3-chlorobenzylidene)-4-(5-(2-hydroxyphenyl)-1,3,4-oxadiazol-2-yl)benzohydrazide  

(30) 

White solid. Yield: 82.6%; m.p.: 243-244 °C, IR (cm
-1

, KBr): 3240.01 (N-H), 1657.34 (C=N); 
1
H 

NMR (500 MHz, DMSO-d6): δ 7.07 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.50-7.53 (m, 3H), 

7.73 (s, 1H), 7.82 (s, 1H), 7.96 (dd, J = 1.5 Hz, 8.0 Hz, 1H), 8.16 (d, J = 8.0 Hz, 2H), 8.26 (d, J = 8.0 

Hz, 2H), 8.48 (s, 1H), 10.35 (s, 1H), 12.20 (s, 1H); 13C-NMR (150 MHz, DMSO-d6): δ 165.4, 164.3, 

158.4, 155.8, 148.8, 135.3, 134.0, 133.4, 132.0, 131.7, 130.1, 130.1, 128.7, 128.7, 128.2, 127.6, 126.7, 

126.7, 125.3, 119.6, 118.0, 111.5;  Anal. Calcd for C22H15ClN4O3, C = 63.09, H = 3.61, N = 13.38, 

Found C = 63.07, H = 3.62, N = 13.40 EI MS m/z (% rel. abund.): 420 (M
+
+2, 6), 418 (M

+
, 17), 383 

(10) 265 (100), 161 (16), 93 (18). 
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Captions of figures and tables 

Figure-1 Comparison between hydrazide, oxadiazole, hydrazone, and hybrid compound 13.  

Figure-2 Shows the putative binding mode of the potent compounds among the synthesized 

derivatives in the active site of β-glucuronidase. The key interacting residues are shown in magenta 

color line and compound in stick representation, while the hydrogen bonds are shown in yellow dashed 

line. Compound 13 in split pea color (1a), Compound 9 in dark green color (1b), Compound 6 in 

orange color (1c), Compound 18  in  fluorescent color (1d), Compound 8 in pale yellow (1e), 

Compound 7 in dirty violet color (1f), Compound  25 in blue white (1g) and Compound 11 in light 

pink color (1h). 

Figure-3 Shows the binding mode of the synthesized derivatives in the active site of β-glucuronidase. 

(2a) inactive compounds binding modes and (2b) active compounds binding modes. 

Scheme-1. Synthesis of benzohydrazide having oxadiazole ring compound 5 

Scheme-2. Synthesis of novel oxadiazole benzohydrazones 6-30 

Table-1. Structure of oxadiazole benzohydrazones 6-30 

Table-2. In vitro β-glucuronidase inhibition activity of oxadiazole derivatives 6-30 and their docking 

studies Goldscore results. 
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Graphical Abstract 

 

 

A series consisting of 25 novel oxadiazole-benzohydrazone hybrids have been synthesized and 

evaluated for their β-glucuronidase inhibition activity. 

 

 


