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ABSTRACT. In this study, a series of novel phthalazine derivatives bearing 1,3,4–oxadiazolyl–1,2,3–triazole 
moiety were designed, synthesized, and evaluated for anticancer activity. The formation targeted compounds were 

confirmed for their structure by means of various spectral–analytical techniques like 1H-NMR, 13C-NMR, FT-IR, 

elemental analysis, and mass spectrum. All synthesized compounds were screened for anticancer activity against 
three different human breast cancer cell lines MCF-7, T-47D, and MDA-MB-231. From screening results, 

compound 5f exhibited the most potent anticancer activity (IC50 = 10.21 ± 2.2, 7.53 ± 0.1 µM) towards T-47D, 

MCF-7 cell lines and 4b, 5b demonstrated the highest % growth of inhibition (61.25 ± 0.52, 62.48 ± 0.20 µg/mL) 
against T-47D, and MCF-7 cell lines, respectively, which is equivalent to that reported by the standard cisplatin. 

The docking study strongly favours compound 4d, 5a, 5e, and 5f to be a dehydrogenase type 1 complexed in 

breast cancer inhibitor as it displayed a similar interaction to cisplatin (3HB4). Ligand 5f exhibited amino acid 
interactions and having docking score –11.53 kcal/mol, respectively. The in-silico pharmacokinetics studies 

support the results obtained from docking and biological evaluation and displayed favourable pharmacokinetic 

profile for a drug to be orally available. 
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INTRODUCTION 

 

      Cancer is very dangerous disease characterized by the uncontrolled multiplication of cells and is 

able to invade other tissues; which is a leading cause of mortality and morbidity worldwide. 

Most of the currently used chemotherapeutic drugs are ineffective because of the development 

of drug resistance during treatment, in spite of advances in the understanding of the molecular 

biology of cancer and the ensuing rise in the development of anticancer compounds [1]. 

According to GLOBOCAN 2018, approximately 18.1 million new cases of cancer have 

recognized and among them, lung cancer (18.4%), followed by breast (11.6%), prostate (7.1%), 

colorectal (6.1%), stomach and liver cancer are the most common [2]. Breast cancer is the most 

frequently diagnosed cancer and the leading cause of death among females, accounting for 23% 

of the total cancer cases and 14% of the cancer deaths; thus, research in this field is important to 

overcome both economical and psychological burden [3]. Human 17β-hydroxysteroid 

https://dx.doi.org/10.4314/bcse.v39i4.10
https://portal.issn.org/resource/ISSN/1726-801X
https://portal.issn.org/resource/ISSN/1726-801X
mailto:sreedhar.pandiri@gmail.com


Santosh Kumar Konda et al. 

Bull. Chem. Soc. Ethiop. 2025, 39(4) 

732 

dehydrogenase type 1 is a steroid converting enzyme that has long been known to play crucial 

roles in estradiol synthesis and more recently in dihydrotestosterone (DHT) inactivation, 

showing a dual function that promotes breast cancer cell proliferation [4]. Analyses of 17β-

hydroxysteroid dehydrogenase type 1 (17β-HSD1) mRNA expression in breast carcinoma 

specimens from patients revealed that high expression of the enzyme correlates with a weak 

prognosis for breast cancer [5, 6]. Despite these observations, the relationship between 17β-

hydroxysteroid dehydrogenase type 1 expression and that of genes and proteins involved in 

breast cancer cell growth has not been established. Multiple interactions between E2B and the 

enzyme include hydrogen bonds and hydrophobic interactions, as well as Pi–Pi interactions. 

Such strong inhibition is in agreement with our prepared oxadiazole and triazoles are extensive 

interaction with 3HB4 enzyme, suggesting its potential as a lead compound for breast cancer 

therapy [7]. 

Phthalazine moiety is of interest because they are part of many natural products, fine 

chemicals, and pharmaceuticals [8-10]. They also have attracted considerable attentions in 

recent years because of their wide range of pharmaceutical activities such as anticonvulsant 

[11], cardiotonic [12], and vasorelaxant activities [13]. Therefore, a number of methods have 

been reported for the synthesis of phthalazine derivatives using p–TSA, Me3SiCl, silica 

sulphuric acid, H2SO4, Mg(HSO4)2, and silica supported polyphosphoric acid and so forth as 

catalysts [14-17]. Most of all, these syntheses could only afford non substituted phthalazine 

framework because of only two substrates, phthalhydrazide, and phthalimide were used as raw 

materials. It means that other valuable starting materials must be used if we want to obtain 

diverse structures and phthalazine derivatives bearing substituent on the phthalazine framework. 

Moreover, 1,3,4-oxadiazoles containing are well known for their different biological activities 

like anti-inflammatory and analgesic [18], antimicrobial [19], anticancer [20], anticonvulsant 

[21], anti-spasmolytic and hypotensive [22], anti-allergic [23], anti–proliferative [24], 

hypoglycemic [25], and ability to bind to DNA [26]. 1,3,4-Oxadiazoles are also known as 

surrogates for carboxamides, esters and carboxylic acids to improve the biological activities of 

consequent molecules [27]. Raltegravir, furamizole and nesapidil are well known examples of 

antiretroviral, antibacterial and anti-arrhythmic drugs which are available in the market. Beside 

the biological activities, 1,3,4-oxadiazoles have also many industrial applications in material 

sciences [28-30] (Chart 1).  

1,2,3-Triazoles also owes a huge importance in medicinal chemistry due to their numerous 

biological activities such as antimicrobial [31], antimalarial [32], anti-HIV [33], anti-

tuberculosis [34], anticancer and herbicidal [35]. Some 1,2,3-triazoles have also shown 

application as potassium channel activators [36], cannabinoid CB1 receptor antagonists [37], 

organo-catalyst and chemo sensors [38, 39]. This heterocycle possesses high dipole moment and 

is able to participate actively in the hydrogen bond formation as well as in dipole–dipole and Pi–

Pi stacking interactions which may be helpful for its binding with bimolecular targets [40]. In 

continuation of our present work, we prepared new heterocyclic compounds via different 

procurers such as phthalazine, 1,3,4-oxadiazoles, 1,2,3-triazoles, and these scaffolds are a very 

important wide range of their antitumor activity (Chart 1).  

Molecular docking is a primary and initial approach for evaluating novel therapeutic agents. 

This method is a promising and emergent field for the reduction of complexities that occur 

during the drug discovery process. In the process of drug development, the assessment of lead 

molecules having drug-likeness and good pharmacological activities is a tedious job. The in-

silico studies are an easy approach for investigating bioactive compounds with promising 

druglikeness and desirable ADME-T (adsorption, distribution, metabolism, excretion, and 

toxicity) properties. The fundamental concept of rational drug designing is the analysis of ligand 

receptor interaction, and such interactions can be predicted by molecular docking and have 

gained a lot of importance in the area of structure-based drug design and discovery. Further the 

docking interactions of our prepared ligands were performed using the crystal structure of 17β-
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hydroxysteroid dehydrogenase type 1 complexed in breast cancer (PDB: 3HB4). Additionally, 

the target compounds were exposed to in silico molecular properties prediction and drug 

resemblance by employing online web server called SwissADME (http://www.swissadme.ch) 

[41]. In silico absorption, distribution, absorption, excretion, toxicity is currently used widely to 

determine whether it is possible for a drug candidate to reach its site of action. 
 

 
  

Chart 1. Naturally occurring phthalazine, 1,3,4-oxadiazole, and 1,2,3-triazole derivatives. 
 

RESULTS AND DISCUSSION 
 

Chemistry 
 

Our initial strategy focused on the modification of 2-(4-methyl-1-oxophthalazin-2(1H)-yl) 

acetohydrazide 1 by incorporating the 1,3,4–oxadiazole moiety and 1,2,3–triazole linkers using 

two different synthetic routes (Scheme 1) The related product, 4-methylphthalazin-1(2H)-one 

was commercially available or synthesised from 2-acetylbenzoic acid and hydrazine hydrate in 

the presence of ethanol for 5 h at reflux conditions. The key intermediate 2-(4-methyl-1-

oxophthalazin-2(1H)-yl)acetohydrazide 1 was afforded via the mixture of ethyl 2-(4-methyl-1-

oxophthalazin-2(1H)-yl)acetate in ethanol, hydrazine hydrate was added. 

The key intermediate 2-((5-mercapto-1,3,4-oxadiazol-2-yl)methyl)-4-methylphthalazin-1 

(2H)-one 2 was prepared by the reaction of 2-(4-methyl-1-oxophthalazin-2(1H)-yl) 

acetohydrazide 1, potassium hydroxide and carbon disulphide in ethanol until no H2S was 

produced and the reaction was stirred under reflux for 6 h to obtain oxadiazole [42]. The crude 

product was filtered off, washed with water, dried, and recrystallized from ethanol to obtain 

92% of compound 2 as a white solid. The crucial intermediate 2-chloro-N-phenylsubstituted 

acetamide was prepared via the acetamide coupling reaction of substituted anilines by treatment 

with 2-chloroacetyl chloride in dichloromethane and triethyl amine under refluxing for 2 h. The 

phthalazine based 2,5-disubstituted-1,3,4-oxadiazole derivatives (4a-d) were synthesized by 

carrying out the reaction starting from 2-((5-mercapto-1,3,4-oxadiazol-2-yl)methyl)-4-

methylphthalazin-1(2H)-one 2 with appropriate acetamides in presence of anhydrous potassium 

carbonate in acetone solution at room temperature for 4-4. 5 h checking TLC at regular 

intervals. The solid separated was filtered, dried and purified by column chromatography on 

silica gel (100-200 mesh) using n-hexane and ethyl acetate (8:2) mixture as eluent to isolate 

pure desired products in excellent yields (76-86%). To a solution of 2-((5-mercapto-1,3,4-

oxadiazol-2-yl)methyl)-4-methylphthalazin-1(2H)-one 2 in DMF, propargyl bromide were 

added followed by K2CO3 and stirred at room temperature for 7 h. After completion of the 
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reaction the mixture was poured into crushed ice water and extracted with EtOAc. Next, we 

designed and synthesized the 1,3,4-oxadiazolyl-1,2,3-triazole analogues 5a-f have been 

prepared by adding of 4-methyl-2-((5-(prop-2-yn-1-ylthio)-1,3,4-oxadiazol-2-yl)methyl) 

phthalazin-1(2H)-one 3 with substituted azides in DMF: water, sodium ascorbate, Cu-catalyst 

and the obtained mixture was stirred at ambient temperature for 30-45 min to obtain in excellent 

yields (70-89%). Unfortunately, the conversion of the starting material to 5a was also poor at 

room temperature for overnight (entry 3). Although the starting material 1 disappeared when the 

reaction was stirred at ambient temperature for overnight under conventional heating (entry 4), 

large amounts of different by products were produced and the conversion to product 5a was 

minor. Whereas, the model reaction produced the required product 5a in 50%, 45% yields, 

under neat reaction conditions at ambient temperature (Table 1, entry 1 and 2). However, adding 

1 mol% copper sulphate to the reaction under room temperature conditions in ethanol after 30 

min yielded the required product in 49% yield (Table 1, entry 5). In order to reduce reaction 

time, an attempt was made to implement the framework reaction conditions in DMF at room 

temperature, which resulted in a 72% increase in product yield (Table 1, entry 6). However, a 

further increment of mol% from 1.30 to 1.50 led to increasing in yields (Table 1, entries 7). 

Despite the superior yield, product 5a was prepared with 2 mol% CuSO4.5H2O in DMF to 

obtained 89% yield. After the finalization of the reaction, DCM was added to the reaction 

composition, and the organic layer was dried, filtered off, and washed with ethanol to obtained 

the pure 4-methyl-2-((5-(((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-1,3,4-oxadiazol-2-

yl)methyl)phthalazin-1 (2H)-one (5a). 

 

 
 

Scheme 1. Synthesis of novel 1,3,4-oxadiazole and 1,2,3-triazole precursors. 

 

The structures for all the derived molecules were obtained by spectroscopic analysis 

methods like IR, 
1
H NMR, 

13
C NMR, mass and elemental analysis. The results obtained from 

the spectral data were all appropriate to the suggested structures. FT-IR analysis of new 

phthalazin-1(2H)-one compound (4a) showed that ‒C=O stretching bands were recorded from 

1675 cm
-1

, ‒NH band was recorded at  3355 cm
-1

. Moreover, ‒C=N band was recorded at 1422 

cm
-1

, and COC stretching band exhibited at 1139 cm
-1

. In the 
1
H-NMR spectra of 4a, the signal 



Phthalazine bearing oxadiazolyl–triazole hybrids as selective breast cancer agents 

Bull. Chem. Soc. Ethiop. 2025, 39(4) 

735 

symbolizing most of the −NH amide proton found at δ 10.12 ppm singlet and phthalazine 

protons was recorded doublets at δ 7.67-7.80 ppm. The 
1
H NMR spectra manifested a singlet 

around δ 4.61, 3.82 ppm, attributed to –NCH2 and –SCH2 protons situated between the 

phthalazine and the chloroacetamide ring. A multiplet in the range of δ 6.84-7.35 ppm 

corresponds to protons that are aromatic, while –CH3 protons of phthalazine appeared around δ 

2.60 ppm as a singlet. 
13

C-NMR spectrum of compound 4a, the signals belonging to the −C=O 

groups have been detected at δ 167.27, 161.18 ppm for the amide and phthalazine respectively. 

Other important oxadiazole carbon signals were detected at δ 163.42 and 140.03 ppm. However, 

the 
13

C-NMR spectra exhibited a signal around δ 52.82, 34.89 ppm, corresponding to the carbon 

of the methylene group located at –NCH2 and         –SCH2. The aromatic carbons relating to this 

moiety resonated in the range between δ 151.94 and 115.67 ppm. Mass results showed the 

molecular weight and empirical formulae of this compound (C20H16ClN5O3S) and experimental 

m/z 442.11 (M + 1)
+
 value match with N-(2-chlorophenyl)-2-((5-((4-methyl-1-oxophthalazin-

2(1H)-yl)methyl)-1,3,4-oxadiazol-2-yl)thio) acetamide (4a). All compounds gave the [M + 1] 

peak at their molecular weight because of catching a hydrogen atom from a medium according 

to the used method with ESI method. 
 

Table 1. Optimization conditions for the preparation of 1,3,4-oxadiazole-1,2,3-triazole derivatives 5a. 
 

Entry Solvent Catalyst Catalyst (mol %) Reaction time Yield (%)
a
 

1 TEA neat CuSO4.5H2O 1 50 min 40 

2 DCM neat CuSO4.5H2O 1 45 min 51 

3 ACN CuSO4.5H2O 1 Overnight 28 

4 DMSO CuSO4.5H2O 1 Overnight 17 

5 EtOH CuSO4.5H2O 1 30 min 49 

6 DMF CuSO4.5H2O 1.25 25 min 72 

7 DMF CuSO4.5H2O 1.5 25 min 78 

8 DMF CuSO4.5H2O 2 30 min 89 

9 t–BuOH CuSO4.5H2O 1 25 min 75 

 
a
isolated yield. 

 

For instance, the IR spectrum of compound 5a showed the characteristics bands for aromatic 

=CH at 3085 cm
-1

 and aliphatic –CH stretching frequency at 2972 cm
-1

, –C=O at 1683 cm
-1

. The 

appearance of the absorption band of –C=N at 1430 cm
-1

, and strong absorption band of –COC 

at 1138 cm
-1

 confirmed the formation of our expected oxadiazole core. Its 
1
H-NMR spectrum 

displayed a pair of doublet signals of phthalazine protons at δ 8.17, 7.70 ppm and a singlet at δ 

7.84 ppm belongs to triazole ring. Formation of this compound was confirmed by the presence 

of two characteristic doublet protons for aromatic proton linkers at δ 7.58, 7.33 ppm and another 

two singlet peaks appeared at δ 5.14, 4.61 ppm for two methyl groups presented in n–linker, s–

linker respectively. Coming to the 
13

C NMR spectrum, the distinctive chemical shift values of 

the oxadiazole, triazole ring carbons appears at δ, 163.56, 161.56, 159.81 ppm and δ 166.59 

ppm       (–C=O) in phthalazine, whereas aromatic carbons shows in the ranging between δ 

152.98–113.13 ppm which gives the characteristic features for the formation of the 

corresponding 1,3,4-oxadiazole substituted triazole product 5a. ESI mass spectrum of 

compound 5a showed (M + 1)
+
 peaks at m/z = 446.09 which are in agreement with their 

molecular formula C22H19N7O2S. 
 

Cytotoxicity  
 

All the synthesized compounds 4(a–d), 5(a–f) were evaluated for their in vitro anti-proliferative 

activity against selected Human breast cancer cell lines (T-47D, MCF-7) and Human breast 

adenocarcinoma (MDA-MB-231) cells by using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
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tetrazolium bromide (MTT) assay [43, 44]. Cisplatin was used as reference standard and the 

screening results are summarized in Table 2. The results designated that the compounds 4b, 4d, 

5b, 5e, and 5f displayed significant cell growth inhibition with IC50 < 20 µM which are 

comparable to reference standard cisplatin against T–47D, MCF–7 and MDA-MB-231 cell 

lines. 
Table 2. Cytotoxic activity profiles against different cancer cell lines with their % of inhibition and IC50 

values.  

 

S. No. % Growth inhibition (20 µg/mL) IC50 values at 20 µM 

T-47D MCF-7 MDA-MB-231 T-47D MCF-7 MDA-MB-231 

4a 36.81 ± 0.15 48.57 ± 0.22 40.28 ± 0.13 44.21 ± 0.2 32.49 ± 1.3 18.17 ± 2.1 

4b 31.87 ± 0.30 62.48 ± 0.20 58.14 ± 0.52 7.30 ± 1.4 8.86 ± 0.4 9.73 ± 0.2 

4c 35.87 ± 0.12 38.40 ± 0.31 53.47 ± 0.26 16.80 ± 1.05 22.43 ± 0.5 > 100 

4d 29.48 ± 0.24 28.37 ± 0.22 26.39 ± 0.34 20.77 ± 0.4 12.29 ± 1.9 15.30 ± 1.0 

5a 28.67 ± 0.30 38.56 ± 0.23 41.29 ± 0.11 > 100 16.21 ± 1.3 11.37 ± 2.3 

5b 61.25 ± 0.52 54.18 ± 0.41 23.49 ± 0.32 10.15 ± 3.2 7.90 ± 1.7 7.11 ± 2.1 

5c 20.18 ± 0.11 19.43 ± 0.10 25.60 ± 0.12 57.30 ± 2.0 79.31 ± 0.2 > 100 

5d 21.08 ± 0.32 26.74 ± 0.40 32.15 ± 0.41 13.47 ± 3.1 > 100 15.90 ± 2.7 

5e 55.03 ± 0.28 57.42 ± 0.33 67.29 ± 0.25 9.50 ± 1.5 7.53 ± 0.1 7.88 ± 1.1 

5f 57.21 ± 0.33 44.91 ± 0.22 43.28 ± 0.10 10.21 ± 2.2 12.46 ± 0.2 13.20 ± 0.3 

Cisplatin 61.27± 0.12 67.13 ± 0.12 69.84 ± 0.12 8.30 ± 1.9 9.24 ± 1.3 9.16 ± 2.0 

IC50 (μM): 1-10 (very strong); 11-20 (strong); 21-50 (moderate); > 100 (not active). 
 

Precisely, compound 4b exhibited potent cytotoxic activity against T-47D [IC50 = 7.30 ± 

1.4, 20.77 ± 0.4 µM] cell line and 4d active against MCF-7 cell line with IC50 values [8.86 ± 

0.4, 12.29 ± 1.9 µM], respectively, whereas the compound 4a exhibited moderate to good 

cytotoxic activity against all the cell lines with IC50 values range 18.17-44.21 µM. Interestingly, 

the dual core compound 5e was the most active compound in this series which is revealed most 

potent growth of inhibition [57.42 ± 0.33 µg/mL] on MCF-7 cell line with IC50 7.53 ± 0.1 µM 

and % of inhibition 67.29 ± 0.25 µg/mL on MDA-MB-231 cell line with IC50 value 7.88 ± 1.1 

µM, respectively. The final prepared compounds 5b, 5f were found to be most efficient 

anticancer activity towards          T-47D breast cancer cell line with IC50 10.15 ± 3.2, 10.21 ± 

2.2, and against MCF-7 cell line with IC50 7.90 ± 1.7, 7.53 ± 0.1 µM, respectively. The IC50 

values depicted in Figure 1 for compound 4c, and 5b against T-47D, MDA-MB-231 breast 

cancer cells line were found 16.80 ± 1.05, 7.11 ± 2.1 µM, respectively. The compound 4c have 

not identified to more efficient against MDA-MB-231 cell line whereas, 5a, 5b were not active 

against T-47D, MCF-7 cell line, respectively. The compounds 4b, 5e were found more potent % 

of inhibition 62.48 ± 0.20 µg/mL, 57.42 ± 0.33 µg/mL towards MCF-7 cell line and derived 

triazoles 5b, 5f are active against T-47D cell line with % of inhibition 61.25 ± 0.52, 57.21 ± 

0.33 µg/mL, respectively. The % of inhibition of compounds 4b, 5e were found to be 58.14 ± 

0.52 µg/mL, 67.29 ± 0.25 µg/mL against MDA-MB-231 cell line when tested for the standard 

drug cisplatin [69.84 ± 0.12 µg/mL]. The final scaffolds 4a, 4c, 5a, and 5f showed moderate to 

good % growth of inhibition values of 40.28 ± 0.13, 53.47 ± 0.26, 41.29 ± 0.11 and 43.28 ± 0.10 

µg/mL, respectively. The compounds 4a [48.57 ± 0.22 µg/mL], 5b [54.18 ± 0.41 µg/mL], 5f 

[44.91 ± 0.22 µg/mL] exhibits better activity against MCF-7 cell line whereas 4d, 5a, 5d were 

found to be non-potent anticancer activity against T-47D cell line with growth of inhibition 

values 29.48 ± 0.24, 28.67 ± 0.30, 21.08 ± 0.32 µg/mL, respectively. Structural activity 

relationship (SAR) profiles for these derivatives demonstrated that electron-withdrawing groups 

such as 2-nitrophenyl oxadiazole (4b), 2-chloro-4-fluoro phenyl triazole (5e) and electron-

donating groups like 4-methoxyphenyl oxadiazolyl triazole (5b) exhibited significant anticancer 

activity compared to other prepared heterocyclic compounds.  
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Docking studies  
 

To validate the accuracy of Autodock 4.2 as an appropriate docking tool for the present purpose, 

the most active co-crystallized ligands were docked with 17β-hydroxysteroid dehydrogenase 

type 1 complexed in breast cancer (PDB: 3HB4) (Table 3, Figure 2) [45-47]. According to this 

method validation the successful scoring function is one in which the RMSD of the best docked 

conformation is ≤ 2.0 Å from the experimental one. The novel ligand 5e has the highest docking 

score ΔG = –13.76 kcal/mol and it forms hydrophobic amino acids like PheX:226, ValX:143 

(Pi-alkyl), ProX:187, LeuX:149 (Pi-alkyl, Pi-Pi stackings), PheX:192 (Pi-sulphur and Pi-Pi 

stackings), and conventional hydrogen bondings with LysX;159 (2.543 Å), ValX:188 (2.864 Å), 

ValX:143 (2.130 Å), and GlyX:144 (1.948 Å). Compound 4d having a binding score of –11.79 

kcal/mol makes hydrogen bonding with the nearby amino acid residues AsnX:90 (H…O), 

LysX:159 (O…H), GlyX:92 (F…H) with their bond distance 2.341 Å, 2.927 Å, 1.840 Å, 

respectively and remaining interacting residues like Pi-alkyl amino acids IleX:14, MetX:193, 

LeuX:96, ValX:196, PheX:192 (Pi-Pi, van der Waals), TyrX:155 (Pi-sulphur, Pi-Pi stackings), 

GlyX:94 (van der Waals). Further the ligand 5a having a binding score of –11.59 kcal/mol 

makes hydrogen bonding with the nearby amino acid residue TyrX:155, CysX:185 (Pi-Pi), 

ValX:196, ValX:188, LeuX:96, ProX:187 (Pi-alkyl and alkyl-alkyl), PheX:192 (Pi-sigma and 

Pi-Pi), MetX:193 (Pi-sigma), GlyX:186 (van der Waals), LysX:159 (hydrogen bonding) of E2B 

protein. Another most active ligand 5f having a binding score ΔG = –11.53 kcal/mol makes a 

different bonding interactions like Pi-sigma bonding with ThrX:140, and Pi-alkyl interactions 

with AlaX:191, MetX:193, ValX:196 amino acids and Pi-sulphur, Pi-Pi stackings, carbon 

hydrogen bonding with these amino acids PheX:192, TyrX:155, and finally hydrogen bondings 

with three amino acids LysX:159 (3.018 Å), LeuX:95 (2.942 Å), IleX:14 (1.876 Å), 

respectively. From the Table 3 compounds 4d, 5a, 5e, and 5f having a dissociation constant of 

2.28 nM, 3.21 nM, 82.76 µM and 3.54 nM makes good binging energy within the active site this 

protein. From this evident the binding interaction of the reference compound (cisplatin) shows 

different substantial attractions between the ligand and 17β-hydroxysteroid dehydrogenase type 

1 complexed with E2B inhibitor. From the results of docking studies, compound 3c, 5b, 5d have 

the lowest binding scores and out of the ten 1,3,4-oxadiazolyl-1,2,3-triazole derivatives 

analysed, compounds 4d, 5a, 5e, and 5f forms the best interaction patterns with 3HB4 protein. 

 

 

Figure 1. The inhibition effects of compound 4c and 5b on cell viability. The IC50 values 

depicted for compound 4c, and 5b against T-47D, MDA-MB-231 breast cancer cells 

line was found in IC50 values 16.80 ± 1.05, 7.11 ± 2.1 µM, respectively. 
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Table 3. Docking analysis of the most active compounds against breast cancer therapy. 

 

Entry ΔG Kl 2D–Interacting amino acids 3D–Interacting amino acids 

4d –11.79 

kcal/mol 

2.28 nM IleX:14, MetX:193, LeuX:96, 

ValX:196, PheX:192, TyrX:155, 

GlyX:94, AsnX:90, LysX:159, 

GlyX:92 

Val143, Gly144, Lys159, 

Tyr155, Val196, Met193, 

Val188, Phe226, Phe269, gly166, 

Cys194 

5a –11.59 

kcal/mol 

3.21 nM TyrX:155, CysX:185, ValX:196, 

ValX:188, LeuX:96, ProX:187, 

PheX:192, MetX:193, GlyX:186, 

LysX:159 

Asn152, Leu95, Val168, Gly94, 

Lys159, Thr140, Ile14, Ser142, 

Cys185, Pro187, Phe126, Val188  

5e –13.76 

kcal/mol 

82.76 µM PheX:226, ProX:187, LeuX:149, 

PheX:192, LysX;159, ValX:188, 

ValX:143, GlyX:144, 

Thr14, Gly92, Lys159, Ser142, 

Tyr155, Gly94, Ile14, Ser12, 

Gly13, Phe192, Leu95, Val196, 

Phe192, Ala191, Thr190 

5f –11.53 

kcal/mol 

3.54 nM AlaX:191, MetX:193, ValX:196, 

ThrX:140, PheX:192, TyrX:155, 

AsnX:90, LysX:159, LeuX:95, 

IleX:14 

Leu96, Val196, Gly94, Gly92, 

Lys159, Asn152, Phe192, Gly13, 

Ile14, Asn90 

Cisplatin –10.24 

kcal/mol 

3.34 nM CysX:185, ValX:188, LeuX:96, 

MetX:193, PheX:192, AsnX:90, 

LysX:159, LeuX:95, AsnX:90, 

GlyX:92 

Gly94, Ile14, Thr14, Lys159, 

Ser12, Gly13, Cys194 Val196, 

Val188, Phe226, Gly166  

 

ADMET studies  

 

All the synthesized compounds (4 and 5) were analyzed for toxicity and other ADMET 

properties by using an online web server called SwissADME (http://www.swissadme.ch) to 

identify the leads as bestowed molecules for clinical trials and other management. The 

compound toxicity was also established by ProTox-II chemical toxicity predictions 

(http://tox.charite.de/protox_II/). After the performance of synthesized compounds with final 

conventional biological actions, the 10th series of compounds were then assessed for the 

physicochemical parameters along with the pharmacokinetic properties and drug–likeness with 

an aid of freely available SwissADME web source [48-50]. As acknowledged in the model 

study, the compounds were stand alone as a potent satisfactory with their performance in 

bioavailability (oral). Furthermore, in combination of topological surface polarity (TPSA), 

lipophilic nature, molecular weight and flexibility, solubility, saturation shown better drug 

likeness. The synthesized all compounds have showed an acceptable range of the above listed 

parameters and are graphically displayed in radar plots as mentioned in Figure 3. The pink area 

in radar figure represents the appropriate range of physicochemical space for optimal oral 

bioavailability (SIZE: MWt, LIPO: Lipophilicity, INSOLU: Solubility, POLAR: TPSA, 

INSATU: Insaturation, FLEX: Flexivbility). Here in Figure 3, the red line represents the ability 

range of compounds tested. Ability of compounds for drug–likeness was determined by number 

of free rotatable bonds and Lipinski’s rule along with Eagan’s, Veber’s rules. Thus, these 

compounds were fulfilled with good pharmacokinetic profiles with satisfied criterion of drug–

likeness (Table 4). In comparison with above all synthesized compounds, the specific molecules 

like 5a–f were identified as prominent antibacterial agents than 4a–d. Hence, they were also 

characterized for further pharmacokinetic analysis for future drug development. The Table 5 

shows the outcome of listed properties and suggested with no significant violations of Lipinski’s 

rule and the calculated physicochemical and pharmacokinetic descriptors are found to be within 

the projected thresholds (Drug–likeness acceptance, No. of violations. 
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Figure 2. A). 3D Surface flexibility docking images of 4d, 5a, and 5e in the possible PDF 

binding pocket, performed by Autodock within the active site of 17β-hydroxysteroid 

dehydrogenase type 1 complexed in breast cancer (3HB4). B). 2D–structures; 

Superposition of the docked conformations of 4, 5 (stick model with atom type color: 

carbon-lime, nitrogen-blue, oxygen-red, hydrogen-gray, fluorine-light green). The 

backbone of 17β-hydroxysteroid dehydrogenase is shown as ribbon representation 

(red, sandy brown blue, light green color).  

 
Table 4. List of calculated physicochemical properties using SwissADME web server. 

 

S.No. MW nRB nHBA nHBD TPSA mLogp cLogp Logs Synthetic 

accessibility 

4a 441.89 7 6 1 128.21 2.93 3.21 -5.29 3.45 

4b 452.44 8 8 1 174.03 1.62 2.14 -6.00 3.65 

4c 441.89 7 6 1 128.21 2.93 3.21 -5.29 3.43 

4d 425.44 7 7 1 128.21 2.82 3.02 -4.74 3.45 

5a 445.50 6 7 0 129.82 3.22 3.24 -5.10 3.85 

5b 461.50 7 8 0 139.05 2.72 2.90 -4.89 3.86 

5c 447.47 6 8 1 150.05 2.50 2.50 -4.78 3.79 

5d 476.47 7 9 0 175.64 2.20 2.19 -5.51 3.84 

5e 483.91 6 8 0 129.82 3.87 3.65 -5.48 3.73 

5f 476.47 7 9 0 175.64 2.20 2.14 -5.51 3.96 

 

 Table 5. Determination of drug–likeness acceptance. 

 

S.No. Bioavail 

ability 

score 

GI 

absorption 

BBB 

permeant 

CYP1A2 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

Lipinski Veber/ 

muegge 

4a 0.55 High No Yes Yes No Yes Yes Yes/Yes 

4b 0.55 Low No No Yes No Yes Yes No/No 

4c 0.55 High No Yes Yes No Yes Yes Yes/Yes 

4d 0.55 High No Yes Yes No Yes Yes Yes/Yes 

5a 0.55 High No Yes Yes No Yes Yes Yes/Yes 

5b 0.55 Low No Yes Yes No Yes Yes Yes/Yes 

5c 0.55 Low No No Yes No Yes Yes No/No 

5d 0.55 Low No Yes No No Yes Yes No/No 

5e 0.55 Low No No Yes No Yes Yes Yes/Yes 

5f 0.55 Low No Yes No No Yes Yes No/No 
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Figure 3. Bioavalibity radar of the most active compounds [4b, 4d, 5b, 5e, and 5f]. 
 

EXPERIMENTAL 
 

Chemistry 
 

All commercially available chemicals, reagents and solvents were used as received. Thin layer 

chromatography (TLC) was used with Merck silica gel 60F-254 plates and ethyl acetate: hexane 

to monitor the reactions (1:9) and compounds were visualized by UV light. All melting points 

were determined in open capillaries on an IKON melting point apparatus and are uncorrected. 

Silica gel (60-120 mesh) was used for column chromatography. Purity of all the synthesized 

anthracenyl pyrazole products was confirmed by binary gradient HPLC-3000 system. IR spectra 

were recorded on Perkin-Elmer spectrophotometer (Spectrum-Two) using KBr disk and values 

are expressed in cm
-1

. The 
1
H-NMR and 

13
C-NMR spectra were recorded at Bruker 300-400 

MHz, 100-125 MHz, respectively. The chemical shifts (δ) are reported in parts per million 

(ppm) downfield to TMS (δ = 0) and coupling constants (J) are expressed in Hertz (Hz). Mass 

spectra for the compounds were performed on Advion Expression-S CMS system.  
 

Synthesis of 2-(4-methyl-1-oxophthalazin-2(1H)-yl)acetohydrazide 1 
 

The related product, 4-methylphthalazin-1(2H)-one was commercially available or synthesised 

from 2-acetylbenzoic acid and hydrazine hydrate in ethanol for 5 h under reflux conditions. 

Then followed by N-alkylation with ethyl chloroacetate in the presence of potassium carbonate 

in acetone at rt for 4 h. The key intermediate 2-(4-methyl-1-oxophthalazin-2(1H)-yl) 

acetohydrazide 1 was afforded via the mixture of ethyl 2-(4-methyl-1-oxophthalazin-2(1H)-

yl)acetate (0.5 g, 2.0 mmol) in ethanol (10 mL), hydrazine hydrate (0.17 g, 3.0 mmol) was 

added, and the reaction mixture was refluxed for 4 h. Excess ethanol was distilled off, the 

residue was poured into ice water, and the resulting solution was extracted with ethyl acetate (2 

x 50 mL). The combined organic extracts were dried over Na2SO4 and evaporated under a 

vacuum. The crude product was purified by recrystallization from ethanol to obtain 2-(4-methyl-

1-oxophthalazin-2(1H)-yl)acetohydrazide as light-yellow solid (85%), mp 98-100 °C. 
 

Synthesis of 2-((5-mercapto-1,3,4-oxadiazol-2-yl)methyl)-4-methylphthalazin-1(2H)-one 2  
 

To a solution of 2-(4-methyl-1-oxophthalazin-2(1H)-yl)acetohydrazide 1 (0.5 g, 2.1 mmol), 

KOH (0.15 g, 2.7 mmol), and CS2 (0.24 g, 3.0 mmol) in ethanol (10 mL) was stirred under 

reflux for 6 h until H2S no longer evolved. The solvent was then distilled off, and the residue 

was poured into crushed ice, and the solution was acidified with dil. HCl until pH 5. The crude 

product was filtered off, washed with water, dried, and recrystallized from ethanol to obtain 

78% of compound 2 as a white solid, mp 123-125 °C. 
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Synthesis of 4-methyl-2-((5-(prop-2-yn-1-ylthio)-1,3,4-oxadiazol-2-yl)methyl)phthalazin-1(2H)-

one 3 
 

To a solution of 2-((5-mercapto-1,3,4-oxadiazol-2-yl)methyl)-4-methylphthalazin-1(2H)-one 2 

(0.5 g, 1.8 mmol) in DMF (12 mL), propargyl bromide (0.25 g, 0.0028 mol) were added 

followed by K2CO3 (0.20 g, 1.4 mmol) and stirred for 7 h at rt and checking TLC at regular 

intervals. After completion of the reaction the mixture was poured into crushed ice water and 

extracted with EtOAc (2 x 25 mL). Purification of the crude 1,3,4–oxadiazole intermediate 3 has 

been done in 80% yields. 
 

General procedure 4: Preparation of 2-((5-((4-methyl-1-oxophthalazin-2(1H)-yl) methyl)-1,3,4-

oxadiazol-2-yl)thio)-N-acetamide  
 

The crucial intermediate 2-chloro-N-phenylsubstituted acetamide was prepared via the 

amination reaction of substituted anilines by treatment with 2-chloroacetyl chloride in 

dichloromethane and triethyl amine under refluxing for 2 h. Finally, the target compounds 4 was 

synthesized by the condensation reaction between 2-((5-mercapto-1,3,4-oxadiazol-2-yl) 

methyl)-4-methyl phthalazin-1(2H)-one 2 (0.5 g, 1.8 mmol), an appropriate acetamides (0.37-

0.42 g, 2.1 mmol), potassium carbonate (0.199 g, 1.4 mmol) in acetone (12 mL) was stirred 

vigorously at rt. Then the progress of the reaction was monitored under refluxing for 4 h-4.5 h 

and checking TLC at regular intervals. After completion of the reaction the mixture was poured 

into crushed ice (100 g). The solid separated was filtered, dried and purified by column 

chromatography on silica gel (100-200 mesh) using n-hexane and ethyl acetate (8:2) mixture as 

eluent to isolate pure desired products in excellent yields (76–86%). 
 

General procedure 5: Preparation of 4-methyl-2-((5-(((1-phenylsubstituted-1H-1,2,3-triazol-4-

yl)methyl)thio)-1,3,4-oxadiazol-2-yl)methyl)phthalazin-1(2H)-one  
 

In 15 mL of dry N,N–dimethylformamide, a mixture of 4-methyl-2-((5-(prop-2-yn-1-ylthio)-

1,3,4-oxadiazol-2-yl)methyl)phthalazin-1(2H)-one 3 (0.5 g, 1.6 mmol), an appropriate azides 

(0.22-0.35 g, 1.9 mmol), sodium ascorbate (0.158 g, 0.8 mmol), and copper sulphate 

pentahydrate (0.11 g, 0.4 mmol) were agitated for 30-45 min at ambient temperature. TLC was 

used to track the progress of the reaction at regular intervals. After the completion, the reaction 

mass was poured on to crushed ice (50 g). The solid obtained was filtered, dried and purified by 

column chromatography using ethyl acetate and hexane mixture as eluent to afford compound 5 

(70-89% yield).   
 

Spectral characterization of final compounds  
 

N-(2-Chlorophenyl)-2-((5-((4-methyl-1-oxophthalazin-2(1H)-yl)methyl)-1,3,4-oxadiazol-2-yl) 

thio)acetamide 4a. White crystalline solid, 86% yield, mp: 184-186 °C, IR (KBr, cm
-1

): ν 3355 

(NH), 3064 (=CH), 2931 (–CH), 1675 (C=O), 1527 (C=C), 1422 (C=N), 1139 (COC), 850 

(CCl); 
1
H NMR (400 MHz, DMSO-d6): δ ppm 10.12 (s, 1H, NH), 7.80 (d, J = 7.6 Hz, 1H, Ar-

H), 7.67 (d, J = 7.6 Hz, 1H, Ar-H), 7.35 (d, J = 7.6 Hz, 1H, Ar-H), 7.23 (m, 2H, Ar-H), 7.12 (t, J 

= 7.9 Hz, 2H, Ar-H), 6.84 (t, J = 7.9 Hz, 1H, Ar-H), 4.61 (s, 2H, –NCH2), 3.82 (s, 2H, –SCH2), 

2.60 (s, 3H, CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 167.27, 163.42, 161.18, 151.94, 

140.03, 139.34, 134.93, 133.47, 132.40, 130.88, 130.01, 128.75, 126.09, 120.77, 115.67, 52.82, 

34.89, 20.24; m/z 442.11 (M + 1)
+
. Found, %: C, 54.32; H, 3.60; Cl, 8.04; N, 15.24; S, 7.19. 

C20H16ClN5O3S. Calculated, %: C, 55.13; H, 3.27; Cl, 8.29; N, 15.63; S, 7.86. 
 

2-((5-((4-Methyl-1-oxophthalazin-2(1H)-yl)methyl)-1,3,4-oxadiazol-2-yl)thio)-N-(2-nitrophenyl) 

acetamide 4b. Yellow crystalline solid, 81% yield, mp: 170-172 °C, IR (KBr, cm
-1

): ν 3364 
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(NH), 3076 (=CH), 2951 (–CH), 1688 (C=O), 1531 (C=C), 1410 (C=N), 1145 (COC); 
1
H NMR 

(400 MHz, DMSO-d6): δ ppm 10.05 (s, 1H, NH), 8.13 (d, J = 7.6 Hz, 1H, Ar-H), 7.67 (d, J = 

7.5 Hz, 2H, Ar-H), 7.31 (m, 2H, Ar-H), 7.20 (dd, J = 8.1, 2.8 Hz, 1H, Ar-H), 6.93 (t, J = 7.9 Hz, 

2H, Ar-H), 4.82 (s, 2H, –NCH2), 3.71 (s, 2H, –SCH2), 2.90 (s, 3H, CH3); 
13

C NMR (100 MHz, 

DMSO-d6): δ ppm 166.82, 163.31, 160.20, 149.73, 140.29, 139.15, 134.37, 133.13, 132.25, 

130.49, 129.73, 128.55, 126.21, 121.11, 116.46, 53.27, 33.19, 22.62; m/z 453.06 (M + 1)
+
. 

Found, %: C, 53.10; H, 3.58; N, 18.64; S, 7.04. C20H16N6O5S. Calculated, %: C, 54.21; H, 3.94; 

N, 19.13; S, 7.55. 
 

N-(4-Chlorophenyl)-2-((5-((4-methyl-1-oxophthalazin-2(1H)-yl)methyl)-1,3,4-oxadiazol-2-yl) 

thio)acetamide 4c. White crystalline solid, 80% yield, mp: 190-192 °C, IR (KBr, cm
-1

): ν 3348 

(NH), 3044 (=CH), 2923 (–CH), 1676 (C=O), 1525 (C=C), 1430 (C=N), 1158 (COC), 864 

(CCl); 
1
H NMR (400 MHz, DMSO-d6): δ ppm 10.06 (s, 1H, NH), 7.76 (d, J = 7.6 Hz, 1H, Ar-

H), 7.49 (d, J = 7.7 Hz, 2H, Ar-H), 7.21 (d, J = 7.7 Hz, 2H, Ar-H), 7.14 (dd, J = 8.0, 3.0 Hz, 1H, 

Ar-H), 6.84 (t, J = 7.9 Hz, 2H, Ar-H), 4.65 (s, 2H, –NCH2), 3.89 (s, 2H, –SCH2), 2.80 (s, 3H, 

CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 167.33, 163.70, 161.47, 151.20, 140.30, 139.96, 

139.34, 133.99, 130.85, 129.97, 128.74, 128.27, 126.75, 120.77, 118.77, 51.42, 35.31, 21.43; 

m/z 442.09        (M + 1)
+
. Found, %: C, 54.20; H, 3.51; Cl, 8.37; N, 15.66; S, 7.01. 

C20H16ClN5O3S. Calculated, %: C, 54.87; H, 3.84; Cl, 8.34; N, 16.13; S, 7.64. 
 

N-(2-Fluorophenyl)-2-((5-((4-methyl-1-oxophthalazin-2(1H)-yl)methyl)-1,3,4-oxadiazol-2-yl) 

thio)acetamide 4d. Brownish color solid, mp. 142-144 °C, yield: 76%; IR (ν, cm
-1

): 3324 (NH), 

3085 (=CH), 2972 (CH), 1683 (C=O), 1561 (C=C), 1430 (C=N), 1225 (C–S–C), 1138 (C–O–

C), 953 (C–F). 1H NMR (400 MHz, DMSO-d6): δ ppm 10.03 (s, 1H, NH), 7.82 (d, J = 7.6 Hz, 

1H, Ar-H), 7.70 (d, J = 7.7 Hz, 2H, Ar-H), 7.40 (m, 2H, Ar-H), 7.35 (t, J = 7.9 Hz, 2H, Ar-H), 

7.09 (d, J = 7.4 Hz, 1H, Ar-H), 6.88 (t, J = 7.9 Hz, 2H, Ar-H), 4.68 (s, 2H, –NCH2), 4.08 (s, 2H, 

–SCH2), 2.02 (s, 3H, CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 165.00, 160.50, 156.35, 

151.39, 150.72, 147.87, 138.92, 136.85, 134.55, 130.21, 128.79, 128.19, 126.76, 126.03, 

124.77, 110.28, 51.44, 38.18, 21.33; m/z: 426.15 (M + 1)
+
. Anal. calcd. C20H16FN5O3S: C, 

56.24; H, 3.71; F, 4.43; N, 16.41; S, 7.30. Found: C, 56.88; H, 3.30; F, 4.27; N, 16.76; S, 7.11.  
 

4-Methyl-2-((5-(((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-1,3,4-oxadiazol-2-yl) methyl) 

phthalazin-1(2H)-one 5a. Light brown solid, mp. 201-203 °C, yield: 89%; IR (ν, cm
-1

): 3085 

(=CH), 2972 (CH), 1683 (C=O), 1561 (C=C), 1430 (C=N), 1225 (C–S–C), 1138 (C–O–C), 953 

(C–F). 
1
H NMR (400 MHz, DMSO-d6): δ ppm 8.17 (d, J = 7.5 Hz, 1H, Ar-H), 7.84 (s, 1H, 

triazole-H), 7.70 (d, J = 7.5 Hz, 1H, Ar-H), 7.58 (d, J = 7.4 Hz, 2H, Ar-H), 7.33 (d, J = 7.4 Hz, 

2H, Ar-H), 7.23 (dd, J = 8.1, 2.8 Hz, 2H, Ar-H), 5.14 (s, 2H, –NCH2), 4.61 (s, 2H, –SCH2), 2.91 

(s, 3H, CH3), 2.68 (s, 3H, CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 166.59, 163.56, 

161.56, 159.81, 152.98, 147.15, 140.42, 138.14, 134.03, 130.55, 128.33, 125.00, 124.28, 

121.70, 118.70, 115.47, 113.13, 55.48, 36.47, 20.86, 19.46; m/z: 446.09 (M + 1)
+
. Anal. calcd. 

C22H19N7O2S: C, 59.31; H, 4.30; N, 22.01; S, 7.20. Found: C, 59.75; H, 4.94; N, 22.87; S, 7.44. 
 

2-((5-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-1,3,4-oxadiazol-2-yl) methyl)-

4-methylphthalazin-1(2H)-one 5b. Light brown solid, mp. 215-217 °C, yield: 74%; IR (ν, cm
-1

): 

3094 (=CH), 2966 (CH), 1702 (C=O), 1555 (C=C), 1424 (C=N), 1230 (C–S–C), 1120 (C–O–

C). 
1
H NMR (400 MHz, DMSO-d6): δ ppm 8.06 (d, J = 7.6 Hz, 1H, Ar-H), 7.70 (s, 1H, triazole-

H), 7.54 (d, J = 7.6 Hz, 1H, Ar-H), 7.43 (d, J = 7.2 Hz, 2H, Ar-H), 7.30 (d, J = 7.2 Hz, 2H, Ar-

H), 7.16 (dd, J = 8.0, 2.9 Hz, 1H, Ar-H), 6.97 (dd, J = 8.0, 2.9 Hz, 1H, Ar-H), 5.12 (s, 2H, –

NCH2), 4.75 (s, 2H, –SCH2), 3.26 (s, 3H, OCH3), 2.88 (s, 3H, CH3); 
13

C NMR (100 MHz, 

DMSO-d6): δ ppm 165.20, 163.44, 161.11, 150.74, 145.33, 140.46, 137.17, 134.19, 131.35, 

129.10, 125.73, 124.22, 122.58, 119.00, 115.44, 113.30, 56.88, 37.10, 22.47, 20.55; m/z: 462.10 
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(M + 1)
+
. Anal. calcd. C22H19N7O3S: C, 57.41; H, 4.19; N, 21.32; S, 6.84. Found: C, 57.01; H, 

4.64; N, 21.77; S, 7.23. 
 

2-((5-(((1-(4-Hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-1,3,4-oxadiazol-2-yl) methyl)-

4-methylphthalazin-1(2H)-one 5c. Brown color solid, mp. 222-224 °C, yield: 70%; IR (ν, cm
-1

): 

3422 (OH), 3073 (=CH), 2915 (CH), 1710 (C=O), 1536 (C=C), 1416 (C=N), 1253 (C–S–C), 

1130 (C–O–C). 
1
H NMR (400 MHz, DMSO-d6): δ ppm 7.86 (d, J = 7.2 Hz, 1H, Ar-H), 7.72 (d, 

J = 7.0 Hz, 2H, Ar-H), 7.58 (d, J = 7.0 Hz, 2H, Ar-H), 7.30 (s, 1H, triazole-H), 7.18 (d, J = 7.2 

Hz, 1H, Ar-H), 7.03 (t, J = 8.0 Hz, 2H, Ar-H), 5.50 (s, 1H, OH), 5.10 (s, 2H, –NCH2), 4.80 (s, 

2H, –SCH2), 3.52 (s, 3H, CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 167.51, 163.68, 

161.84, 151.44, 140.54, 139.31, 137.34, 134.21, 131.50, 130.36, 128.48, 126.96, 120.68, 

118.46, 115.56, 114.39, 50.04, 35.90, 19.03; m/z: 448.12 (M + 1)
+
. Anal. calcd. C21H17N7O3S: 

C, 56.37; H, 3.83; N, 21.91; S, 7.17. Found: C, 56.85; H, 3.91; N, 22.34; S, 7.46. 
 

4-Methyl-2-((5-(((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-1,3,4-oxadiazol-2-yl) 

methyl)phthalazin-1(2H)-one 5d. Yellow color solid, mp. 185-187 °C, yield: 87%; IR (ν, cm
-1

): 

3102 (=CH), 2939 (CH), 1677 (C=O), 1510 (C=C), 1425 (C=N), 1213 (C–S–C), 1129 (C–O–

C). 
1
H NMR (400 MHz, DMSO-d6): δ ppm 7.90 (d, J = 7.5 Hz, 1H, Ar-H), 7.76 (d, J = 7.5 Hz, 

1H, Ar-H), 7.57 (d, J = 7.4 Hz, 2H, Ar-H), 7.36 (s, 1H, triazole-H), 7.24 (d, J = 7.4 Hz, 2H, Ar-

H), 7.16 (d, J = 7.5 Hz, 1H, Ar-H), 7.02 (d, J = 7.5 Hz, 1H, Ar-H), 4.82 (s, 2H, –NCH2), 4.26 (s, 

2H, –SCH2), 2.81 (s, 3H, CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 166.79, 163.73, 

161.64, 152.27, 147.76, 140.13, 136.32, 134.63, 132.93, 131.73, 131.51, 129.04, 128.91, 

128.63, 125.67, 124.97, 116.50, 115.89, 51.49, 35.31, 21.40; m/z: 477.04 (M + 1)
+
. Anal. calcd. 

C21H16N8O4S: C, 52.94; H, 3.38; N, 23.52; S, 6.73. Found: C, 52.31; H, 3.73; N, 23.88; S, 6.10. 
 

2-((5-(((1-(2-Chloro-4-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-1,3,4-oxadiazol-2-yl) 

methyl)-4-methylphthalazin-1(2H)-one 5e. Brown solid, mp. 164-166 °C, yield: 81%; IR (ν, cm
-

1
): 3110 (=CH), 2942 (CH), 1710 (C=O), 1556 (C=C), 1423 (C=N), 1211 (C–S–C), 1142 (C–O–

C), 967 (CF), 859 (CCl). 
1
H NMR (400 MHz, DMSO-d6): δ ppm 8.13 (d, J = 7.5 Hz, 1H, Ar-

H), 7.87 (s, 1H, triazole-H), 7.80 (d, J = 7.5 Hz, 1H, Ar-H), 7.60 (m, 2H, Ar-H), 7.50 (d, J = 7.5 

Hz, 1H, Ar-H), 7.19 (d, J = 7.5 Hz, 1H, Ar-H), 7.03 (t, J = 7.9 Hz, 1H, Ar-H), 4.72 (s, 2H, –

NCH2), 4.17 (s, 2H, –SCH2), 2.26 (s, 3H, CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 

164.02, 161.41, 159.71, 146.33, 140.44, 139.12, 138.36, 131.03, 130.25, 126.67, 125.18, 

121.70, 121.57, 120.58, 118.33, 115.22, 112.50, 55.48, 36.47, 22.15; m/z: 484.16 (M + 1)
+
. 

Anal. calcd. C21H15ClFN7O2S: C, 52.38; H, 3.61; Cl, 7.10; F, 3.22; N, 19.31; S, 6.20. Found: C, 

52.76; H, 3.98; Cl, 7.24; F, 3.84; N, 20.86; S, 6.55. 
 

4-Methyl-2-((5-(((1-(3-nitrophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-1,3,4-oxadiazol-2-yl) 

methyl)phthalazin-1(2H)-one 5f. Yellow crystalline solid, mp. 170-172 °C, yield: 87 %; IR (ν, 

cm
-1

): 3075 (=CH), 2963 (CH), 1704 (C=O), 1534 (C=C), 1418 (C=N), 1216 (C–S–C), 1134 

(C–O–C). 
1
H NMR (400 MHz, DMSO-d6): δ ppm 8.10 (d, J = 7.5 Hz, 1H, Ar-H), 7.84 (d, J = 

7.5 Hz, 1H, Ar-H), 7.55 (s, 1H, triazole-H), 7.43 (s, 1H, Ar-H), 7.35 (d, J = 7.2 Hz, 2H, Ar-H), 

7.26 (m, 1H, Ar-H), 7.13 (d, J = 7.5 Hz, 1H, Ar-H), 6.98 (t, J = 7.9 Hz, 1H, Ar-H), 4.87 (s, 2H, 

–NCH2), 4.24 (s, 2H, –SCH2), 3.10 (s, 3H, CH3); 
13

C NMR (100 MHz, DMSO-d6): δ ppm 

162.15, 160.30, 153.18, 147.37, 141.21, 135.33, 134.55, 132.46, 131.28, 130.21, 129.22, 

128.15, 127.24, 125.10, 124.42, 116.81, 115.23, 53.37, 33.99, 22.43; m/z: 477.12 (M + 1)
+
. 

Anal. calcd. C21H16N8O4S: C, 53.06; H, 3.52; N, 23.34; S, 6.67. Found: C, 53.24; H, 3.67; N, 

23.99; S, 6.13.  
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CONCLUSION 
 

In summary, we have developed phthalazine with 1,3,4-oxadiazole substituents and 1,2,3-

triazoles displayed excellent anticancer activity and examined evidencing some interesting 

relationship between the synthesised structures, their anticancer activity and in silico docking. 

All the results demonstrated that phthalazin-1(2H)-one-1,3,4-oxadiazoles 4a–d, phthalazin-

1(2H)-one-1,3,4-oxadiazolyl-1,2,3-triazoles 5a–f possess promising and wonderful in vitro 

antitumor activity versus breast cancer cell lines when compared to the cisplatin. Cytotoxic 

results concluded that compound 5e bearing o-chloro-p-fluoro phenyl ring was found to be the 

most active which blocks proliferation of breast cancer cells with IC50 9.50 ± 1.5, 7.53 ± 0.1, 

and 7.88 ± 1.1 µM, respectively. Additionally, the conducted molecular docking studies assured 

the binding affinities of the afforded compounds to the breast cancer, particularly compound 4d 

and 5e, which displayed a binding score exceeding that shown by cisplatin. Furthermore, the 

established ADMET studies have put eyes on the eligible pharmacokinetics of the afforded 

compounds, particularly their oral bioavailability. The dedicated SAR elicited the usefulness of 

the 1,3,4-oxadiazole and 1,2,3-triazole moiety for activity and can pave the way for future 

structural modifications with anticipated activity. 

 

ACKNOWLEDGEMENTS 

 

One of the author (SK) is thankful to Osmania University, Hyderabad for providing us required 

facilities and motivation for completion of the research work. We also extend our gratitude 

towards School of Science, GITAM University, Hyderabad. 

 

Funding  

 

None. 

  

Conflict of interest  

 

The authors declare that they have no competing interests. 

 

REFERENCES 

 

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2016. CA Cancer J. Clin. 2016, 66, 7.  

2. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer 

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers 

in 185 countries. CA Cancer J. Clin. 2018, 68, 394. 

3. Sarah, E.B.; Andrew, M.H.; Mark, R.J.L.; Valerie, S. Breast cancer cell lines: Friend or foe. 

Breast Cancer Res. 2003, 5, 89.  

4. Aka, J.A.; Mazumdar, M.; Chen, C.Q.; Poirier, D.; Lin, S.X. 17β-Hydroxysteroid 

dehydrogenase Type 1 stimulates breast cancer by dihydrotestosterone inactivation in 

addition to estradiol production. Mol. Endocrinol. 2010, 24, 832. 

5. Gunnarsson, C.; Jerevall, P.L.; Hammar, K.; Olsson, B.; Nordenskjold, B.; Jansson, A.; Stal, 

O. Amplification of HSD17B1 has prognostic significance in postmenopausal breast cancer. 

Breast Cancer Res. Treat. 2008, 108, 35.  

6. Meier, M.; Moller, G.; Adamski, J. Perspectives in understanding the role of human 17beta-

hydroxysteroid dehydrogenases in health and disease. Ann. N. Y. Acad. Sci. 2009, 1155, 15.  

7. Mazumdar, M.; Fournier, D.; Zhu, D.W.; Cadot, C.; Poirier, D.; Lin, S.X. Binary and 

ternary crystal structure analyses of a novel inhibitor with 17beta-HSD type 1: A lead 

compound for breast cancer therapy. Biochem. J. 2009, 424, 357. 



Santosh Kumar Konda et al. 

Bull. Chem. Soc. Ethiop. 2025, 39(4) 

746 

8. Jain, R.P.; Vederas, J.C. Structural variations in keto-glutamines for improved inhibition 

against hepatitis A virus 3C proteinase. Bioorg. Med. Chem. Lett. 2004, 14, 3655.  

9. Carling, R.W.; Moore, K.W.; Street, L.J.; Wild, D.; Isted, C.; Leeson, P.D.; Thomas, S.; 

Connor, D.; McKernan, R.M.; Quirk, K.; Cook, S.M.; Atack, J.R.; Wafford, K.A.; 

Thompson, S.A.; Dawson, G.R.; Ferris, P.; Castro, J.L. 3-phenyl-6-(2-pyridyl)methyloxy-

1,2,4-triazolo[3,4-a]phthalazines and analogues: high-affinity gamma-aminobutyric acid-A 

benzodiazepine receptor ligands with alpha 2, alpha 3, and alpha 5-subtype binding 

selectivity over alpha 1. J. Med. Chem. 2004, 47, 1807.  

10. (a) Bagley, M.C.; Davis, T.; Dix, M.C. Rapid synthesis of VX-745: p38 MAP kinase 

inhibition in Werner syndrome cells. Bioorg. Med. Chem. Lett. 2007, 17, 5107. (b) Conchon, 

E.; Anizon, F.; Aboab, B.; Prudhomme, M. Synthesis and biological activities of new 

checkpoint kinase 1 inhibitors structurally related to granulatimide. J. Med. Chem. 2007, 50, 

4669.  

11. Grasso, S.; DeSarro, G.; Micale, N.; Zappala, M.; Puia, G.; Mario, B.; Carlo, D.M. Synthesis 

and anticonvulsant activity of novel and potent 6,7-methylenedioxyphthalazin-1(2H)-ones. 

J. Med. Chem. 2000, 43, 2851.  

12. Watanabe, N.; Kabasawa, Y.; Takase, Y.; Matsukura, M.; Miyazaki, K.; Ishihara, H.; 

Kodama, K.; Adachi, H. 4-Benzylamino-1-chloro-6-substituted phthalazines: synthesis and 

inhibitory activity toward phosphodiesterase 5. J. Med. Chem. 1998, 41, 3367. 

13. (a) Ghahremanzadeh, R.; Shakibaei, G.I.; Bazgir, A. An efficient one-pot synthesis of 1H-

pyrazolo [1, 2-b] phthalazine-5, 10-dione derivatives. Synlett 2008, 8, 1129; (b) 

Ghahremanzadeh, R.; Ahadi, S.; Sayyafi, M.; Bazgir, A. Reaction of phthalhydrazide and 

acetylenedicarboxylates in the presence of N-heterocycles: An efficient synthesis of 

phthalazine derivatives. Tetrahedron Lett. 2008, 49, 4479; (c) Liu, L.P.; Lu, J.M.; Shi, M. 

PhI(OAc)2-mediated novel 1,3-dipolar cycloaddition of methylenecyclopropanes (MCPs), 

vinylidenecyclopropanes (VCPs), and methylenecyclobutane (MCB) with phthalhydrazide. 

Org. Lett. 2007, 9, 1303-1306. 

14. Sayyafi, M.; Seyyedhamzeh, M.; Khavasi, H.R. One-pot, three-component route to 2H-

indazolo[2,1-b]phthalazine-triones. Tetrahedron 2008, 64, 2375.  

15. (a) Shaterian, H.R.; Ghashang, M.; Feyzi, M. Silica sulfuric acid as an efficient catalyst for 

the preparation of 2H-indazolo[2,1-b]phthalazine-triones. Appl. Catal. A Gen. 2008, 345, 

128. (b) Shaterian, H.R.; Rigi, F. Starch sulfate as an efficient and biodegradable polymer 

catalyst for one-pot, four-component reaction of 2H-indazolo[2,1-b]phthalazine-triones. 

Starch 2011, 63, 340. (c) Wang, H.J.; Zhang, X.N.; Zhang, Z.H. Starch sulfate as an 

efficient and biodegradable polymer catalyst for one-pot, four-component reaction of 2H-

indazolo[2,1-b]phthalazine-triones. Monatsh Chem. 2010, 141, 425.  

16. (a) Khurana, J.M.; Magoo, D. Efficient one-pot synthesis of 2H-indazolo[2,1-b] phthalazine-

triones by catalytic H2SO4 in water ethanol or ionic liquid. Tetrahedron Lett. 2009, 50, 7300. 

(b) Mosaddegh, E.; Hassankhani, A. A rapid, one-pot, four-component route to 2H-

indazolo[2,1-b]phthalazine-triones. Tetrahedron Lett. 2011, 52, 488. (c) Ramin, G.V.; 

Rahman, K.N.; Zahra, T.S.; Mostafa, A.; Mehdi, G. One-pot synthesis of aliphatic and 

aromatic 2H-indazolo[2,1-b]phthalazine-triones catalysed by N-halo sulfonamides under 

solvent-free conditions. Tetrahedron 2011, 67, 1930. 

17. (a) Gaurav, S.; Rajiv, K.V.; Maya, S.S. Solvent-free sonochemical one-pot three-component 

synthesis of 2H-indazolo[2,1-b]phthalazine-1,6,11-triones and 1H-pyrazolo[1,2-b] 

phthalazine-5,10-diones. Tetrahedron Lett. 2011, 52, 7195-7198. (b) Dushyant, S.R.; 

Krishna, N.S. A highly efficient green synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-

dione derivatives and their photophysical studies. Tetrahedron Lett. 2011, 52, 5702-5705.  

18. Bhandari, S.V.; Bothara, K.G.; Raut, M.K.; Patil, A.A.; Sarkate, A.P.; Mokale, V.J. Design, 

synthesis and evaluation of antiinflammatory, analgesic and ulcerogenicity studies of novel 



Phthalazine bearing oxadiazolyl–triazole hybrids as selective breast cancer agents 

Bull. Chem. Soc. Ethiop. 2025, 39(4) 

747 

S-substituted phenacyl-1,3,4-oxadiazole-2-thiol and Schiff bases of diclofenac acid as 

nonulcerogenic derivatives. Bioorg. Med. Chem. 2008, 16, 1822-1831.  

19. Kucukguzel, S.G.; Oruc, E.E.; Rollas, S.; Sahin, F.; Ozbek, A. Synthesis, characterisation 

and biological activity of novel 4-thiazolidinones, 1,3,4-oxadiazoles and some related 

compounds. Eur. J. Med. Chem. 2002, 37, 197-206.  

20. Al-Soud, Y.A.; Al-Dweri, M.N.; Al-Masoudi, N.A. Synthesis, antitumor and antiviral 

properties of some 1,2,4-triazole derivatives. Farmaco 2004, 59, 775-783.  

21. Zarghi, A.; Tabatabai, S.A.; Faizi, M.; Ahadian, A.; Navabi, P.; Zanganesh, V.; Shafiee, A. 

Synthesis and anticonvulsant activity of new 2-substituted-5-(2-benzyloxy phenyl)-1,3,4-

oxadiazoles. Bioorg. Med. Chem. Lett. 2005, 15, 1863-1865.  

22. Mishra, P.; Joshi, G.K.; Shakya, A.K.; Agarwal, R.K.; Patnaik, G.K. Pharmacological 

screening of few new 2-(substituted acetyl) amino-5-alkyl-1,3,4-oxadiazoles. Ind. J. Physiol. 

Pharmacol. 1992, 36, 247-250. 

23. Musser, J.H.; Brown, R.E.; Love, B.; Bailey K.; Jones, H.; Kahen, R.; Huang, Fu.; 

Khandwala, A, Leibowitz, M.; Sonnino-Goldman, P.; Donigi-Ruzza, D. Synthesis of 2-(2,3-

dihydro-2-oxo-1,3,4oxadiazol-5-yl) benzo heterocycles. A novel series oforally active 

antiallergic agents. J. Med. Chem. 1984, 27, 121.  

24. Zhang, X.M.; Qiu, M.; Sun, J.; Zhang, Y.B.; Yang, Y.-S.; Wang, X.-L.; Tang, J.-F.; Zhu, 

H.-L. Synthesis, biological evaluation, and molecular docking studies of 1,3,4-oxadiazole 

derivatives possessing 1,4-benzodioxan moiety as potential anticancer agents. Bioorg. Med. 

Chem. 2011, 19, 6518-6524.  

25. O'Neal, J.B.; Rosen, H.; Russell, P.B.; Adams, A.C. Potential hypoglycemic agents: 1,3,4-

Oxadiazoles and related compounds. J. Med. Chem. 1962, 5, 617-626.  

26.  Keshk, E.M.; Abu-Hashem, A.A.; Girges, M.M.; AbdelRahman, A.H.; Badria, F.A. 

Synthesis of benzo[1,2-b: 5,4-b′]-difuranyl-triazoles, -oxadiazoles, -thiazolidinones,                    

-thiadiazoles, and the use of DNA in evaluation of their biological activity. Phosphorus 

Sulfur Silicon Relat. Elem. 2004, 179, 1577-1593.  

27. Bostrom, J.; Hogner, A.; Llinàs, A.; Wellner, E.; Plowright, A.T. Oxadiazoles in medicinal 

chemistry. J. Med. Chem. 2012, 55, 1817-1830.  

28. Tao, Y.; Wang, Q.; Yang, C.; Zhong, C.; Qin, J.; Ma, D. Multifunctional 

triphenylamine/oxadiazole hybrid as host and exciton-blocking material: high efficiency 

green phosphorescent OLEDs using easily available and common materials. Adv. Funct. 

Mater. 2010, 20, 2923-2929.  

29. Rajakumar, P.; Raja, R. Synthesis and photophysical properties of chiral dendrimers with 

quinoline surface group via click chemistry. Tetrahedron Lett. 2010, 51, 4365-4370.  

30. Salassa, G.; Terenzi, A. Metal complexes of oxadiazole ligands: An overview. Int. J. Mol. 

Sci. 2019, 20, E3483.  

31. Zhao, X.; Lu, B.W.; Lu, J.R.; Xin, C.W.; Li, J.F.; Liu, Y. Design, synthesis and 

antimicrobial activities of 1,2,3-triazole derivatives. Chin. Chem. Lett. 2012, 23, 933-935.   

32. Raj, R.; Singh, P.; Singh, P.; Gut, J.; Rosenthal, P. J.; Kumar, V. Azide-alkyne cycloaddition 

enroute to 1H-1,2,3-triazole-tethered 7-chloroquinoline-isatin chimeras: Synthesis and 

antimalarial evaluation. Eur. J. Med. Chem. 2013, 62, 590-596.  

33. Al-Masoudi, N.A.; Pfleiderer, W.; Pannecouque, C. Nitroimidazoles Part 7. Synthesis and 

anti-HIV activity of new 4-nitroimidazole derivatives. Zeitschrift fur Naturforschung B 

2012, 67b, 835-842.  

34. Patpi, S.R.; Pulipati, L.; Yogeeswari, P.; Sriram, D.; Jain, N.; Sridhar, B.; Murthy, R.; Devi, 

T.A.; Kalivendi, S.V.; Kantevari, S. Design, synthesis, and structure–activity correlations of 

novel dibenzo[b,d]furan, dibenzo[b,d]thiophene, and N-methylcarbazole clubbed 1,2,3-

triazoles as potent inhibitors of mycobacterium tuberculosis. J. Med. Chem. 2012, 55, 3911-

3922.  



Santosh Kumar Konda et al. 

Bull. Chem. Soc. Ethiop. 2025, 39(4) 

748 

35. Pertino, M.W.; Theoduloz, C.; Butassi, E.; Zacchino, S.; Schmeda-Hirschmann, G. 

Synthesis, antiproliferative and antifungal activities of 1,2,3-triazole-substituted carnosic 

acid and carnosol derivatives. Molecules 2015, 20, 8666-8686.  

36. Calderone, V.; Fiamingo, F.L.; Amato, G.; Giorgi, I.; Livi, O.; Martelli, A.; Martinotti, E. 

1,2,3-Triazol-carboxanilides and 1,2,3-triazol-(N-benzyl)-carboxamides as BK-potassium 

channel activators-XII. Eur. J. Med. Chem. 2008, 43, 2618-2626.  

37. Hou, D.R.; Alam, S.; Kuan, T.C.; Ramanathan, M.; Lin, T.P.; Hung, M.S. 1,2,3-Triazole 

derivatives as new cannabinoid CB1 receptor antagonists. Bioorg. Med. Chem. Lett. 2009, 

19, 1022-1025.  

38. Beckendorf, S.; Asmus, S.; Mück-Lichtenfeld, C.; Mancheño, O.G. “Click” bis-triazoles as 

neutral C-H⋅⋅⋅anion-acceptor organocatalysts. Chem. A Eur. J. 2013, 19, 1581-1585.  

39. Tang, Y.-H.; Qu, Y.; Song, Z.; He, X.-P.; Xie, J.; Hua, J.; Chen, G.-R. Discovery of a 

sensitive Cu(II)-cyanide “off-on” sensor based on new C-glycosyl triazolyl bis-amino acid 

scaffold. Org. Biomol. Chem. 2012, 10, 555-560.  

40. Bock, V.D.; Speijer, D.; Hiemstra, H.; van Maarseveen, J.H. 1,2,3-Triazoles as peptide bond 

isosteres: Synthesis and biological evaluation of cyclotetrapeptide mimics. Org. Biomol. 

Chem. 2007, 5, 971-975.  

41. Sampath, B.; Gayatri, A.A.; Muralidhar, P.R.; Vijaya Kumar, B.; Jagadeshwar, V.; Ramulu, 

D.; Bhaskar, K.; Devender, K.; Someswar Rao, S.; Krisham Raju, A. Design and synthesis, 

biological evaluation of bis-(1,2,3- and 1,2,4)-triazole derivatives as potential antimicrobial 

and antifungal agents. Bioorg. Med. Chem. Lett. 2021, 41, 128004. 

42. Allaka, T.R.; Kummari, B.; Polkam, N.; Kuntala, N.; Chepuri, K.; Anireddy, J.S. Novel 

heterocyclic 1,3,4–oxadiazole derivatives of fluoroquinolones as a potent antibacterial agent: 

Synthesis and computational molecular modelling. Mol. Divers. 2022, 26, 1581-1596.  

43. Mosmann, T. Rapid colorimetric assay for cellular growth and survival: application to 

proliferation and cytotoxicity assays. J. Immunol. Methods 1983, 65, 55-63. 

44. Erdoğan, M.; Onder, F.C. Synthesis, anticancer activity and molecular modeling study of 

novel substituted triazole linked tetrafluoronaphthalene hybrid derivatives. J. Biomol. Struct. 

Dyn. 2024, 42, 9767-9786.   

45. O'Boyle, N.M.; Banck, M.; James, C.A.; Morley, Ch.; Vandermeersch, T.; Hutchison, G.R. 

Open babel: An open chemical toolbox. J. Cheminform. 2011, 3, 33.  

46. Mazumdar, M.; Fournier, D.; Zhu, D.W.; Cadot, C.; Poirier, D.; Lin, S.X. Binary and 

ternary crystal structure analyses of a novel inhibitor with 17beta-HSD type 1: A lead 

compound for breast cancer therapy. Biochem. J. 2009, 424, 357-366.  

47. Morris, G.M.; Huey, R.; Lindstrom, W.; Sanner, M.F.; Belew, R.K.; Goodsell, D.S.; Olson, 

A.J. Autodock4 and AutoDockTools4: Automated docking with selective receptor flexiblity. 

J. Comput. Chem. 2009, 16, 2785-2791.  

48. Reddy, A.B.; Avuthu, V.S.R.; Kishore, P.V.V.N.; Allaka, T.R.; Nagarajaiah, H. New 

triazole based oxadiazolo/thiadiazolo–phthalazines as potent antimycobacterial agents: 

Design, synthesis, molecular modelling and in silico ADMET profiles. ChemistrySelect 

2024, 9, e202304020.  

49. Hassan, A.S.; Morsy, N.M.; Aboulthana, W.M.; Ragab, A. In vitro enzymatic evaluation of 

some pyrazolo[1,5-a]pyrimidine derivatives: Design, synthesis, antioxidant, anti-diabetic, 

anti-Alzheimer, and anti-arthritic activities with molecular modeling simulation. Drug Dev. 

Res. 2023, 84, 3.  

50. Siva Kumar, G.; Amit, A.K.; Tejeswara Rao, A.; Kalyani, C.; Anjali, J. New indazole–

1,2,3–triazoles as potent antimicrobial agents: Design, synthesis, molecular modeling and in 

silico ADME profiles. J. Mol. Struct. 2024, 1295, 136714. 


