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Abstract 

We report the synthesis, structural characterization and pharmaceutical activity of four coumarin-quinone 
hybrids. The compounds were significantly active against Staphylococcus aureus, Pseudomonas aeoginosa 
and Candida albicans. Promising antioxidant activity was observed when compared to ascorbic acid. Two 
compounds, DTBSB and DTBSN, also showed commendable in vitro antiproliferative activities against the 
cells of human cancer cell lines MCF-7, MDA-MB-231, COLO-205, HT-29 and A549 along with appreciable 
tumor selectivity with distinct selectivity index. Molecular docking studies using cyclooxygenase-2 (PDB ID: 
6COX) revealed strong binding affinities for the COX-2 active site. Moreover, ADMET properties of the 
synthesized compounds were determined using the pKCSM and SwissADME online tools and all the 
compounds had accurate pharmacokinetic profiles. Hence, the new coumarin-quinone hybrids DTBSB and 
DTBSN can be considered for optimization and lead development. 

©2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative Commons 
Attribution license (http://creativecommons.org/licenses/by/4.0/). 
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Introduction 

Natural and synthetic coumarins have gathered much attention based on a broad spectrum of 

pharmacological and biological properties. In the literature, coumarin and its derivatives exhibit 

comprehensive biological activities [1] like anticancer [2-5], antioxidant and anti-inflammatory [6], 

antimicrobial [7], antifungal [8] and anti-HIV [9] activities. Natural and synthetic coumarin compounds like 

esculetin and scopoletin have potential as anticancer agents. Naturally, coumarin displayed antiproliferative 

effects on various types of cancers such as prostate, renal, breast, laryngeal, lung, colon, CNS, leukemia and 

melanoma [10-11]. Coumarins are used in the treatment of different types of cancers like prostate cancer, 

renal cell carcinoma and leukemia and to inhibit the spread of tumors [12]. The wide scope of biological 

activities attributed to coumarins and their medicinal impact on various disorders have received considerable 

attention. Furthermore, the stability and solubility of coumarins are intriguing, which are important criteria 

for drug development [13]. 
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Natural quinones such as juglone and plumbagin exhibited growth inhibitory effects on microorganisms 

[14]. Benzoquinones play an important role in oxidative phosphorylation electron transfer processes and 

bioenergetic transport [15]. Quinones showed diverse pharmacological properties such as anti-inflammatory 

[16], antimicrobial [17] and anticancer [18-20]. 1,4-benzoquinone derivatives were applied as antibiotics [21-

22], antitumor [23-25], antimalarial [26] and anticoagulant compounds [27]. The anticancer properties of 

quinones are well described and there are several clinically important antitumor drugs based on quinone 

scaffolds, e.g., anthracyclines, mitoxantrones and saintopin [28]. 

Cheminformatic tools, including the Prediction of Activity Spectra for Substances (PASS), Lipinski’s rule of 

five, and ADMET (absorption, distribution, metabolism, and excretion – toxicity) predictions, are useful 

applications for the optimization of drug discovery [29]. ADMET, which constitutes the pharmacokinetic 

profile of a drug molecule, is essential for the evaluation of its pharmacodynamic properties [30]. ADMET 

Predictor is a program designed for the estimation of pharmacokinetic parameters or properties based on 

molecular structures of drug candidates [31]. The ideal oral drug is rapidly and completely absorbed by the 

gastrointestinal tract, is distributed specifically to its site of action in the body, is metabolized in a way that 

does not instantly diminish its activity, and is eliminated without causing harm. Therefore, ADMET properties 

are important determinants of the test compound for any future therapeutic application in humans [32]. 

In this work, we combined coumarin and quinone moieties to obtain new hybrid molecules with promising 

biological activities such as antimicrobial, antioxidant and anticancer properties. The interaction and binding 

affinities of the new test compounds with cyclooxygenase (COX) were determined via docking calculations. 

The drug-like potential of these hybrids was evaluated using in silico methods. Of the four synthesized 

coumarin-quinone hybrids, DTBSB and DTBSN were found to be more effective biological agents among the 

synthesized analogs. 

Experimental 

Materials  

Solvents were purchased from commercial sources and were dried by standard protocols. The starting 

materials such as ethyl 3-hydrazinyl-3-oxopropanoate, 2,6-di-tert-butyl-1,4-benzoquinone, 5-

bromosalicylaldehyde, 5-chlorosalicylaldehyde, and 5-nitrosalicylaldehyde were obtained from Sigma-

Aldrich, India. Salicylaldehyde, trifluoroacetic acid, piperidine, acetone, methanol, ethanol and 

dichloromethane were obtained from SD-FCL Chemical Limited, Mumbai, India. DMEM and FBS were 

purchased from Himedia, Mumbai. The MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium 

bromide) reagent was obtained from G-Biosciences, USA. TLC was monitored using commercially available 

aluminium TLC plates coated with silica gel GF254, and the developed plates were visualized by UV light and 

iodine vapors. Melting points of synthesized compounds were determined with an open capillary tube using 

a VEEGO melting point apparatus. The HRMS, FTIR and NMR spectroscopic data were obtained from CIF, 

Savitribai Phule Pune University, Pune and CIF, IISc, Bangalore. The in vitro biological activities and in silico 

predictions were carried out at Advanced Scientific Research Laboratory, Abeda Inamdar Senior College, 

Pune. 

Synthesis of coumarin-quinone hybrids 

The procedure used for the synthesis of target coumarin-quinone hybrids compounds is illustrated in 

Figure 1. 2,6-di-tert-butyl-1,4-benzoquinone (1, 10 mmol) and ethyl 3-hydrazinyl-3-oxopropanoate (2, 10 

mmol) was dissolved in ethanol. After complete dissolution, a few drops of trifluoroacetic acid were added 

and the mixture was refluxed for 2 hours. The reaction mixture was poured onto an ice/water mixture and 
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the separated product was collected, washed with cold water several times, and recrystallized from ethanol 

to obtain 2,6-di-tert-butyl-1,4-benzoquinone hydrazone (3). 

A mixture of (3) and substituted salicylaldehyde (4, 1eq) was dissolved in ethanol. A few drops of 

piperidine were added to the mixture, and the reaction mixture was stirred at room temperature until the 

reaction was completed, which was monitored by TLC. After completion of the reaction, the reaction mixture 

was neutralized with dil. HCl and formed coumarin-quinone hybrids (5) were isolated by filtration and 

recrystallized in ethanol. 

The detailed physical properties and spectral characterization data are given below.  

Ethyl 2-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylideneaminocarbamoyl)acetate (DTBH): 

Yellow solid (95 %), MP 164-166 °C, HRMS (EI): C19H29N2O4, [M+H] = 349.21, FTIR(cm-1): 3739.30 (N-

H), 1744.30 (lactone C=O), 1683.55 (C=O), 1624.73 (C=O), 1536.02 (C=N), 1315.21 (C=C), 1141.65 - 

1024.98 (C-O),  , 1H-NMR (400MHz , d-DMSO,  (δ,ppm): 1.23 (s, 18H), 4.10 (q, 2H), 3.74 (s, 2H), 1.21 

(t, 3H), 6.82 d, 1H), 7.74 (d, 1H), 12.39 (s, 1H,  –NH), 13C-NMR (125MHz, d-DMSO): 186.77, 166.03, 

158.42, 154.57, 151.10, 150.61, 146.68, 135.22, 133.21, 130.26, 125.94, 118.52, 117.20, 116.13, 

35.55, 29.46 

N'-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)-2-oxo-2H-chromene-3-carbohydrazide 

(DTBSA): Light orange solid (85 %), MP 134-136 °C, HRMS (EI): C24H27N2O4, [M+H] = 407.20, FTIR(cm-

1): 3739.30 (N-H), 1712.48 (lactone C=O), 1683.15 (C=O), 1624.22 (C=O), 1525.42 (C=N), 1301.72  

(Aromatic C=C),1202.40-1024.98  (C-O), 1H-NMR (400MHz, CDCl3) (δ, ppm,): 1.34 (s, 18H), 12.78 (s, 

1H- NH), 9.15 (s, 1H), 7.40 to 7.79 (m, 4H), 8.5 (d, 1H), 7.04 (s, 1H), 6.98 (s, 1H), 13C-NMR (125MHz, 

CDCl3): 186.77, 166.03, 158.42, 154.57, 151.10, 150.61, 146.68, 135.22, 133.21, 130.26, 125.94, 

118.52, 117.20, 116.13, 35.55, 29.46. 

N'-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)-6-chloro-2-oxo-2H-chromene-3-

carbohydrazide (DTBSC): Orange solid (90 %), MP 186-188 °C, HRMS(EI): C24H26ClN2O4, [M+H] = 

441.16, FTIR (cm-1): 3739.30 (N-H), 1712.48 (lactone C=O), 1525.42 (C=N), 1301.72  (Aromatic C=C), 

1202.40- 1024.98  (C-O), 1H-NMR (400MHz, CDCl3) (δ, ppm,): 1.30 (s, 18H), 12.67 (s, 1H, -NH), 9.07 (s, 

1H), 7.75 (d, J=7.69Hz, 1H), 7.69 (dd, J=7.69 and 8.8 Hz, 1H), 7.42 (d, J=8.8Hz, 1H), 7.02 (s, 1H), 6.96 

(s, 1H), 13C-NMR (125MHz, CDCl3): 186.68, 167.08, 157.93, 154.41, 153.91, 150.52, 149.29, 146.97, 

135.07, 133.29, 129.12, 118.37, 116.09, 115.62, 35.47, 29.44. 

N'-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)-6-bromo-2-oxo-2H-chromene-3-

carbohydrazide (DTBSB): Brown solid (92 %), MP 152-156 °C, HRMS(EI): C24H26BrN2O4, [M+H] = 

485.11, FTIR (cm-1):3745.08(N-H),  1712.48 (C=O), 1640.16 (C=O), 1525.10 (C=N)  1363.43  (C=C), 

1197.58 - 1014.37 (C-O), 1H-NMR (400MHz , CDCl3) (δ, ppm,): 1.34 (s, 18H), 12.67 (s, 1H, -NH), 9.061 

(s, 1H), 7.91 (s, 1H), 7.83 (d, J=8.8 Hz, 1H), 7.36 (d, J=8.8 Hz, 1H), 7.17 (s, 1H), 6.86 (s, 1H), 13C-NMR 

(125MHz, CDCl3): 186.71, 167.08, 161.55, 157.91, 154.41, 150.50, 149.18, 146.96, 137.85, 133.09, 

132.76, 118.65, 116.36, 115.64, 36.38, 29.45. 

N'-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)-6-nitro-2-oxo-2H-chromene-3-

carbohydrazide (DTBSN): Dark brown solid (92 %), MP 118-120 °C, HRMS(EI): C24H26N3O6, [M+H] = 

452.18, FTIR (cm-1):3739.30(N-H), 1681.62 (C=O), 1337.39 to  1509.99 (Aromatic, -NO2),  1293.04 - 

1020.16(C-O), 1H-NMR (400MHz, CDCl3) (δ, ppm,): 1.28 (s, 18H), 10.00 (s, 1H, -NH), 9.21 (s, 1H), 8.70 

(d, J=2.4Hz, 1H), 8.07 (dd, J=2.4 and 2.8 Hz, 1H), 7.91 (d, J=2.8 Hz, 1H), 7.26 (s, 1H), 6.84 (s, 1H), 13C-

NMR (125MHz, CDCl3): 186.74, 165.42, 159.32, 153.62, 151.61, 149.17, 144.96, 138.61, 136.54, 
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132.96, 128.04, 118.31, 116.85, 115.80, 34.38, 29.51. 

Antimicrobial activity 

The nutrient broth was prepared and autoclaved for 20 minutes at 120 psi. Cultures of Staphylococcus 

aureus NCIM 5021 and Pseudomonas aeruginosa NCIM 5029 were inoculated and incubated at 37 °C for 24 

hours. Then, each well was inoculated with a microbial inoculum prepared in the same medium after dilution 

of standardized microbial suspension adjusted to 0.5 McFarland scale (108 CFU/mL). 180 µl of the cell 

suspension was seeded in each of the 96 well plates and 20 µl of different concentrations of the test 

compounds and the standard was added. The wells without test compound were considered as control and 

streptomycin was used as standard. After mixing, the 96-well plates were incubated at 37 °C for 24 hours. 

After incubation, the absorbance of each well was recorded at 620 nm using Readwell Touch Automatic Elisa 

Plate Reader (Robonik India Private Limited). All the experiments were performed in triplicates and the 

growth percentage was calculated using the formula:  

Percentage growth inhibition= Ti/C  x 100 

where Ti = Growth of the microorganisms in the presence of a drug, and C = Control growth. 

A similar procedure was applied for the antifungal activity test with slight changes. Potato dextrose broth 

(PDB) was used for fungal culture pre-enrichment, dilutions and inoculations. The antifungal activity was 

evaluated using the Candida albicans NCIM 3100 strain. 180 µl of the cell suspension was seeded in each of 

the 96-well plates and 20 µl of different concentrations of the test compounds and the standard was added 

to the respective wells in the plate. The wells without test compound were considered as control and 

itraconazole was used as standard. After mixing, the 96-well plates were incubated at 37 °C for 24 hours. 

After incubation, the absorbance of each well was recorded at 620 nm using Readwell Touch Automatic Elisa 

Plate Reader (Robonik India Private Limited). All the experiments were performed in triplicates and the 

growth percentage was calculated using the formula mentioned above. 

Antioxidant activity (DPPH scavenging activity) 

The DPPH free radicals scavenging activity was assessed using the microplate assay standard method with 

slight modifications. Drug stock solutions (1000 µg/ml) were diluted to final concentrations of 1, 5, 10, 20, 

25, 40, 50, 60, 80, 100, 125 and 150 µg/ml in methanol. 0.004 g DPPH reagent was dissolved in 100 ml 

methanol. 50 µl of the sample and 150 µl of the DPPH solution were added to 96 well plates. The plate was 

incubated for 30 min at room temperature in the dark. The absorbance (Abs) was recorded at 520 nm 

wavelength with a microplate reader (Readwell Touch Automatic Elisa Plate Reader (Robonik India Private 

Limited) and converted to the percentages. Methanol was used as a solvent and ascorbic acid as standard. 

The percentage radical scavenging was calculated from the absorbance using the following formula:  

% Radical scavenging activity = ((Abs of control-Abs of sample))/(Abs of control)   x  100 

Cell viability inhibition assay (MTT Assay) 

The in vitro antiproliferative activities of the test compounds were evaluated against five human cancer 

cell lines, which include two human breast cancer cell lines (MCF-7 and MDA-MB-231), two human colon 

carcinoma cell lines (COLO-205 and HT-29), and one human lung carcinoma (A549) using the MTT assay. 5-

Fluorouracil (5-FU) was used as a positive control. The tested cell lines were purchased from The National 

Centre for Cell Science (NCCS), Pune, and cultivated in the appropriate growth medium. The growth medium 

was supplemented with 100 mg/mL of streptomycin, 100 units/mL of penicillin, and 10 % of heat-inactivated 

fetal bovine serum in a humidified 5 % (v/v) CO2 atmosphere at 37 °C. Then 1x106 cells per well were seeded 
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into 96-well well plates. The medium was replaced after 24-48 hours with a fresh medium containing 

different dilutions of the test compounds (diluted using the DMEM). After 48 hours, 5 % MTT solution was 

added. After incubation for additional 4 hours, the formazan formed by metabolically viable cells was 

dissolved in DMSO, and after 10-20 minutes, absorbance was recorded at 570 nm using Readwell Touch 

Automatic Elisa Plate Reader (Robonik India Private Limited). The metabolic viability of cancer cells treated 

with test compounds was compared with the viability of untreated cells (taken as 100% viable). All 

experiments were performed in triplicates and the growth percentage was calculated using the formula:  

Percentage growth inhibition= Ti/C  x 100 

where, Ti = Growth of the microorganisms in the presence of test compound and C = Control growth. 

In vitro cytotoxicity assay against non-cancerous cells 

To study the toxicity against non-malignant cells, the compounds were tested against non-cancerous 

normal human peripheral blood mononuclear cells (PBMCs). Isolation of peripheral blood mononuclear cells 

was done using Ficoll-Hypaque according to the standard method [33] and an MTT assay was used to evaluate 

the cytotoxicity of the synthesized hydrazones. 1×106 cells per well were seeded in a 96-well plate before 

they were exposed to different concentrations of tested compounds for 48 hrs along with a control well. 

After 48 hrs, the culture medium containing hydrazones was removed by washing with PBS. Then 10 μl of 

MTT solution (5mg/ml) was added and incubated for 4 hours, followed by the addition of 100 μl of DMSO. 

After 10-20 minutes, absorbance was recorded at 570 nm using Readwell Touch Automatic Elisa Plate Reader 

(Robonik India Private Limited). 

Furthermore, the selectivity index was calculated by using the following formula. 

Selectivity index = IC50 value from PBMC/IC50 value of the same compound in cancer cells 

Molecular docking 

Molecular docking studies were carried out with the COX-2 protein model [34]. Essential hydrogen atoms, 

Kollman united atom type charges and salvation parameters were added with the aid of AutoDock 4.2 tools. 

Molecular docking was conducted in these protein cavities by using Autodock Vina. Auto Dock 4.2 (MGL tools-

1.5.6) was used to perform all docking calculations, and finally, Pymol viewer was used to visualize docking 

results. 

ADMET and pharmacokinetic studies 

ADMET and pharmacokinetic properties were determined using pkCSM (A Cambridge online source, link: 

http://biosig.unimelb.edu.au/pkcsm/prediction). The structures of all test compounds and their 

physicochemical properties were drawn and calculated using ChemDraw 12.0 software. Simultaneously, the 

SMILE file format of all compounds was obtained from ChemDraw 12.0 to obtain the drug-likeness data. 

pkCSM predictor provides information regarding absorption parameters like human intestinal absorption 

(HIA), oral bioavailability, Caco-2 permeability, distribution parameters like plasma protein binding (PPB), 

blood-brain barrier (BBB), metabolism parameters like cytochrome P450 2D6 (CYP2D6) inhibition and 

cytochrome P450 3A4 (CYP3A4) inhibition, excretion parameters like renal clearance, and toxicity parameters 

like organ toxicity and genomic toxicities. The pharmacological properties and drug-likeness of the test 

compounds were evaluated using the online source SwissADME (link: http://www.swissadme.ch/). 

Results and discussion 

Chemistry 
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The target compounds were synthesized in two steps, as shown in Figure 1. Initially, 2,6-di-tert-butyl-1,4-

benzoquinone hydrazone (3) was prepared from the reaction of 2,6-di-tert-butyl-1,4-benzoquinone (1) with 

ethyl 3-hydrazinyl-3-oxopropanoate (2). The intermediate (3) was obtained as a yellow compound in high 

yield. The structure of (3) was confirmed based on its HRMS, IR, 1H-NMR and 13C-NMR spectra. 

Subsequently, the coumarin-quinone hybrids (5) were obtained from (3) and the corresponding 

salicylaldehyde (4) in the presence of a few drops of piperidine, followed by neutralization with diluted HCl. 

Four coumarin-quinone hybrids abbreviated as DTBSA, DTBSC, DTBSB and DTBSN were obtained and purified, 

followed by characterization using HRMS, FTIR, 1H-NMR and 13C-NMR spectroscopy.  

The HRMS (EI) spectra of all coumarin-quinone hybrids showed the major peaks corresponding to the 

expected M+1 or M+H fragment at 407.20, 441.16, 485.11 and 452.18, respectively. The IR spectra of these 

analogs showed characteristic peaks for –NH, lactone carbonyl and >C=O (amide). The IR spectrum of all 

analogs showed one peak between 3739.30 to 3745.08 cm-1 for –NH. The peaks at 1712 to 1714 cm-1 is due 

to >C=O (lactone moiety) and at 1624.73 to 1683.55 cm-1 are amide >C=O. The peak for the imine group was 

detected between 1525 to 1536 cm-1. The 1H-NMR spectra of the hybrid compounds showed the olefin 

proton of the coumarin ring as a sharp singlet at 9.06 to 9.5 ppm. The amide protons appeared as singlet 

from 10 to 12.78 ppm. The 13C-NMR of all these analogs exhibited signals for all aromatic carbon atoms in 

the estimated range and characteristic peaks of imine, lactone carbonyl, amide and ketone carbonyl carbons 

in the range of 153-154, 157-159, 165-167 and 186 ppm, respectively. 
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Figure 1. Synthesis of coumarin-quinone hybrids (5)  

Antimicrobial activity 

The coumarin-quinone hybrids (5) were tested for their antimicrobial activity using Staphylococcus aureus 

NCIM 5021, Pseudomonas aeruginosa NCIM 5029 and Candida albicans NCIM 3100 strains. Different 

concentrations of the hybrids were used for screening. The obtained results were compared with the values 

produced from the standard drugs streptomycin (antibacterial) and itraconazole (antifungal). Growth curves 

are shown in Figure 2. Each compound showed plausible antimicrobial activity in a dose-dependent way. 

Among the synthesized derivatives, DTBSB was most active against Staphylococcus aureus,  followed by 

DTBSN, DTBSA and DTBSC. DTBSB was most active against Gram-negative organism Pseudomonas aeruginosa 
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by 90 % at the highest concentration. DTBSC was found to be the least active analog, with about 20 % 

bacterial growth at higher concentrations. The screening data indicated that DTBSB showed significant 

activity against Candida albicans.  

 

Figure 2. Results of antimicrobial activity 

IC50 was calculated and tabulated in Table 1. In terms of the IC50 values, all the analogs have good to 

moderate antimicrobial activity against the three microorganisms. The standard compounds streptomycin 

(STR) and itraconazole (ITR) exhibited the IC50 value of 76.96 ± 4.46 μM and 56.49 ± 0.82 μM, respectively. 

Compared to STR, DTBSB exhibited good antibacterial activity against Gram-positive bacteria Staphylococcus 

aureus (IC50 = 107.28 ± 1.23 μM). In terms of the IC50 value, the analogs DTBSB was also most active against 

Pseudomonas aeruginosa (IC50 = 129.63 ± 2.50 μM), while DTBSC was the least active analog. The IC50 value 

of DTBSB was close to the IC50 value of the control compound STR. When compared with STR, the synthesized 

analogs exhibited good to moderate antibacterial potential against Gram-positive bacteria Pseudomonas 

aeruginosa. Further, all analogs possessed moderate antifungal activity against Candida albicans. Among the 

synthesized compounds, the most potent analog is DTBSB and exhibited an IC50 value of 121.04 ± 1.10 μM. 

The IC50 value of standard ITR was 56.49 ± 0.82 μM. The other derivative expressed higher IC50 values, which 

makes them less susceptible to Candida albicans. When compared with ITR, the new analogs have moderate 

antifungal potential. 

Table 1. IC50 concentration values of coumarin-quinone hybrids 

Microorganism Staphylococcus aureus Pseudomonas aeruginosa Candida albicans 

Compound IC50 Drug Concentrations (µM) 

DTBSA 236.42 ± 2.90 225.26 ± 3.08 260.19 ± 0.78  

DTBSC 250.04 ± 3.37 275.70 ± 0.77 246.19 ± 8.18 

DTBSB 107.28 ± 1.23  129.63 ± 2.50 121.04 ± 1.10 

DTBSN 134.67 ± 2.94 172.59 ± 2.08 163.75 ± 2.58 

STR 76.96 ± 4.46 93.14 ± 7.64 -- 

ITR -- -- 56.49 ± 0.82 

The most active derivative, DTBSB, can be selected for further development and optimization as an 

antimicrobial agent can be selected for further development and optimization as an antimicrobial agent. 

Antioxidant activity 

All coumarin-quinone hybrids were evaluated for their antioxidant activity using the DPPH assay. The 

obtained results after drug treatment are depicted in Figure 3. 

The scavenging activity (in %) versus the concentration of test compounds was plotted and presented in 

Figure 3. The IC50 concentration values were determined from an online source (http://www.IC50.tk). The 
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results obtained were compared with the IC50 value of ascorbic acid (Standard/STD). The results revealed that 

DTBSB and DTBSN were highly active. The other analogs showed good antioxidant activity when compared 

with the standard. The scavenging effect of the test compounds increased in a dose-dependent manner. The 

IC50 values for the hybrids were 10.82, 19.20, 18.71, 11.63 and 13.90 μg/ml, respectively, which were 

comparable to the IC50 value of ascorbic acid. Among the new hybrid compounds, DTBSN exhibited the best 

antioxidant activity.  

 

Figure 3. Results of antioxidant activity (1=STD, 2=DTBSA, 3=DTBSC, 4=DTBSB, 5=DTBSN) 

Anticancer studies 

All coumarin-quinone hybrids were evaluated for their in vitro antiproliferative activity against a set of 

human cancer cell lines, which includes two breast cancer cell lines (MCF-7 and MDA-MB-231), two colon 

carcinoma cell lines (COLO-205 and HT-29) and one lung carcinoma (A549). All experiments were performed 

in triplicates and the obtained results are expressed as the percent growth (%) at different concentrations of 

test compounds expressed in μM. 5-Fluorouracil (5-FU) was used as standard. Drug concentration causing 50 

% inhibition of cell growth was characterized as IC50 value. The results revealed that all coumarin-quinone 

hybrid compounds exhibited considerable activity against all tested cancer cell lines. Graphs of the dose-

dependent effects of the hybrids on these cell lines are shown in Figure 4. 

 

Figure 4. Effect of coumarin-quinone hybrids concentration on cancer cell growth at the indicated doses, µM 
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From the antiproliferative screening data, it is apparent that with an increase in the concentrations of the 

tested compounds, the antiproliferative potential of the hybrids increases, too. The IC50 values were 

calculated using the graph in Figure 4. The results are shown in Table 2. The hybrids DTBSB and DTBSN 

exhibited good antiproliferative activity against all cancer cell lines. DTBSB was more active against MCF-7 

and HT-29 cell lines showing remarkable IC50 values. However, DTBSN exhibited its highest potential against 

MDA-MB-231, COLO-205 and A-549 cancer cells. The IC50 values of both analogs were in the range of 50 to 

100 µM making these compounds relevant for further lead development. Some of the IC50 values of DTBSB 

and DTBSN were comparable with the IC50 value of standard 5-FU. All the derivatives are active against all 

tested cancer cell lines.  

Table 2. Calculated IC50 values (µM) and Selectivity Index (SI) of coumarin-quinone hybrids 

Cell Lines MCF-7 MDA-MB-231 COLO-205 HT-29 A-549 PBMC 

Compounds IC50 Drug Concentrations  

DTBSA 120.5 ± 2.54 69.18 ± 6.45 109.99 ± 2.93 112.33 ± 1.58 103.30 ± 0.17 429.85 ± 3.63 

DTBSC 107.88 ± 2.47 58.81 ± 7.38 108.93 ± 0.76 107.02 ± 2.43 88.50 ± 2.01 423.97 ± 2.06 

DTBSB 63.93 ± 2.61 50.68 ± 4.31 78.18 ± 0.45 71.82 ± 3.61 65.62 ± 4.33 537.51 ± 5.37 

DTBSN 76.84 ± 4.17 53.29 ± 2.22 78.19 ± 2.81 100.30 ± 1.97 66.12 ± 0.04 492.3 ± 4.75 

5-FU 39.72 ± 1.68 46.76 ± 8.59 62.23 ± 2.04 56.46 ± 2.64 48.15 ± 1.56 --- 

 Selectivity Index (SI) 

DTBSA 3.57 6.21 3.91 3.83 4.16 --- 

DTBSC 3.93 7.21 3.89 3.96 4.79 --- 

DTBSB 8.41 10.61 6.88 7.48 8.19 --- 

DTBSN 6.41 9.24 6.30 4.91 7.45 --- 

In addition, all hybrids were virtually non-toxic to human normal peripheral blood mononuclear cells 

(PBMCs), indicating a high selectivity of these compounds for cancer cells. The selectivity index (SI) of each 

test compound for every cancer cell line was determined. The higher the SI value, the more effective and 

safer a drug would be in future in vivo experiments. The SI of a compound is a widely accepted parameter 

used to express a compound’s in vitro efficacy in the inhibition of virus replication [35]. Here, the SI values 

for the hybrid molecules were calculated from the ratio of their IC50 values in tumor cells and that of normal 

PBMCsl (Table 2). The selectivity index indicates the selectivity of a given compound between normal and 

cancer cells. The higher the magnitude of the selectivity index, the greater its tumor selectivity is [36]. The 

highest SI values were calculated for DTBSB including MCF-7 (8.41), MDA-MB-231 (10.61), COLO-205 (6.88), 

HT-29 (7.48) and A549 (8.19). In general, all the derivatives showed certain selectivity (more than 2) and the 

SI values entail that the test compounds were more selective towards cancer cells than the non-malignant 

cells. 

Molecular docking 

Recently, benzopyran derivatives were investigated as potent COX-2 inhibitors and more specifically, 

coumarin derivatives were proved to possess potent anti-inflammatory effects and, thus, were evaluated as 

COX-2 inhibitors [37]. Our interest in the identification of new COX-2 inhibitors prompted us to explore the 

use of the coumarin framework for the design of this type of inhibitors [38]. Molecular docking was used for 

the exploration of the interaction between a drug and an enzyme. The determined binding energy (B. E.) 

values and the amino acid residues of COX-2 (PDB id: 6COX) are given in Table 3. The calculated binding 

energies reveal that all coumarin-quinone hybrids fit favorably into the COX-2 active site displaying hydrogen 
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bonding with various amino acid residues of the target protein.  

Table 3. Binding energies and the interacting surfaces of the compounds 

No. Code B.E. in kcal/mol Amino acid Residue Bond Length in Å 

1 DTBSA -8.7 SER-471, ASN-43 3.2, 2.8, 3.4 

2 DTBSC -11.1 CYS-47 3.0 

3 DTBSB -11.1 CYS-47 3.0 

4 DTBSN -11.3 CYS-47 2.8, 2.9 

The docking ribbon structures of the COX-2 (6COX) protein with bound coumarin-quinone hybrids are 

given in Figure 5. The binding interactions for these hydrazones involve -NH functionalities. The best binding 

energy of -11.3 kcal/mol was exhibited by DTBSN followed by DTBSB, DTBSC and DTBSA. Thus, DTBSN has 

stronger binding interactions with COX-2 than the other derivatives. The compounds show hydrogen bonding 

interactions with amino acid residues and the hydrogen bond distances of 2.8 and 2.9 Å lengths indicate 

strong drug-enzyme interactions. These interactions lead to a stabilization of the bound compounds in the 

protein cavity. The docking results show that the hybrid compounds may have significant interactions with 

human COX-2 in vitro. 

 

Figure 5. Binding of coumarin-quinone hybrids into the active site of COX-2 (6COX) 

ADMET and pharmacokinetic studies 

ADMET Predictor is a computer program designed to predict pharmacokinetic parameters of drug-like 

compounds like absorption, distribution, metabolism, excretion and toxicity (ADMET) based on their 

molecular structures. An amenable pharmacokinetic profile with high bioactivity and low toxicities is essential 

for a compound, which should be investigated during drug discovery to reduce the wastage of time and 

resources [39-40]. The pharmacokinetic profile and drug-like properties of the new hybrid compounds were 

predicted using the online sources pkCSM and SwissADME to reassure the drug potential. The predicted 

values are shown in Table 4. 

The evaluated parameters showed that the molecules have considerable solubility in water. Log S (S in 

mol/L) is a parameter used to evaluate aqueous solubility. All compounds have good solubility values ranging 

from -5.287 to -5.938 mol/L. DTBSB is more soluble in water than all other analogs. A Papp coefficient greater 

than 0.90 indicates that that compound has high Caco-2 permeability and is easily absorbed in the 
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gastrointestinal tract. However, all test compounds exhibited lower Papp coefficients. DTBSN showed the 

highest value among all analogs, indicating a rather good absorption. Drugs with less than 30 % intestinal 

absorption are considered to be poorly absorbed in the intestine. All analogs were found to have good 

intestinal absorption, up to 94 %. With the log Kp > -2.5, the drug is considered to have relatively low skin 

permeability, and all analogs showed low skin permeability. 

Table 4. ADMET properties of  coumarin-quinone hybrids calculated with pkCSM online tool 

Property Model Name DTBSA DTBSC DTBSB DTBSN 

Absorption 

Water solubilitya -5.287 -5.864 -5.938 -5.373 

Caco-2 permeabilityb 0.597 0.611 0.602 0.632 

Intestinal absorption (human)c 93.878 93.183 93.116 94.408 

Skin permeabilityd -2.877 -2.876 -2.873 -2.754 

Distribution 

VDss (human)e -0.01 -0.031 -0.021 -0.188 

BBB permeabilityf 0.139 -0.015 -0.024 -0.227 

CNS permeabilityg -1.665 -1.553 -1.531 -1.888 

Metabolism 
CYP2D6 inhibitorh No No No No 

CYP3A4 inhibitorh Yes Yes Yes Yes 

Excretion Total clearancei 0.598 -0.373 -0.395 0.57 

Toxicity 

Oral rat acute toxicityj 2.896 3.035 3.04 2.797 

Oral rat chronic toxicityk 1.367 1.239 1.211 1.812 

Hepatotoxicityh Yes Yes Yes Yes 

Skin sensitizationh No No No No 

a(log mol/L), b(log Papp in 10-6 cm/s), c(% Absorbed), d(log Kp), e(log L/kg), f(Fu), g(log PS), h(Yes/No), 
i(log ml/min/kg), j(LD50 in mol/kg), k(LOAEL in log mg/kg_bw/day) 

The hybrid DTBSN exhibited a distribution volume within the range (-0.15 to 0.45), which will allow a good 

distribution of this drug within tissues. The analog DTBSA can only cross the blood-brain barrier, while other 

analogs did not cross the membrane as the log BB is less than -1. The results also showed that the molecules 

could not inhibit CYP2D6, while all coumarin-quinone hybrids are good CYP3A4 enzyme inhibitors. This ability 

of the analogs indicates the ability of these compounds on the metabolism of xenobiotics in the body. The 

total clearance of DTBSA and DTBSN is high, while other analogs won’t be eliminated from the body. All 

analogs have LD50 values above 0.5 mM and, thus, they are non-toxic corroborating the in vitro results from 

PBMCs. The predicted results show that all analogs may cause hepatotoxicity and don’t have skin 

sensitization potential. These overall results of the ADMET studies disclosed that the compounds have good 

pharmacokinetic properties.  

The physicochemical properties of the hybrid compounds were predicted using the SwissADME website. 

The results are presented in Table 5. 

The bioavailabilities of all analogs are within the range (0.1 to 1). This profiling of the compounds brings 

out promising observations with respect to their pharmacological aspects. 

The drug-likeness of the test compounds was established based on their physicochemical properties to 

find oral drug candidates. There are five different rule-based filters [41] that are in practice to determine the 

drug-likeness of any compound. The results of drug-likeness evaluation of the hybrid compounds are shown 

in Table 6 
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Table 5. Physicochemical properties of the new coumarin-quinone hybrids 

Properties DTBSA DTBSC DTBSB DTBSN 

Molecular weight (g/mol) 406.47 440.92 485.37 451.47 

No. of  heavy atoms 30 31 31 33 

No. of arom. heavy atoms 10 10 10 10 

No. of  rotatable bonds 5 5 5 6 

No. of H-Bond acceptors 5 5 5 7 

No. of H-Bond donors 1 1 1 1 

Molar refractivity 118.27 123.28 125.97 127.10 

Total polar surface area Å² 88.74 88.74 88.74 134.56 

Solubility 

log S (ESOL) -5.80 -6.40 -6.71 -5.88 

log S (Ali) -7.22 -7.87 -7.93 -8.00 

log S (SILICOS-IT) -7.04 -7.62 -7.81 -6.38 

Lipophilicity 

MLOGP 3.11 3.59 3.69 2.23 

WLOGP 4.41 5.06 5.17 4.31 

XLOGP3 5.59 6.22 6.28 5.42 

.  

Table 6. Drug likeness evaluation of the new coumarin-quinone hybrids 

Rule-based filters DTBSA DTBSC DTBSB DTBSN 

Lipinski violations 0 0 0 0 

Ghose violations 0 0 0 0 

Veber violations 0 0 0 0 

Egan violations 0 0 0 1 
(TPSA > 131.6) 

Muegge violations 1 
(XLOGP3 >5) 

1 
(XLOGP3 >5) 

1 
(XLOGP3 >5) 

1 
(XLOGP3 >5) 

Bioavailability score 0.55 0.55 0.55 0.55 

PAINS No. of alerts 
1 

(Quinone) 
1 

(Quinone) 
1 

(Quinone) 
1 

(Quinone) 

Brenk No. of alerts 

3 
(quinone, 
coumarin 

and imine) 

3 
(quinone, 
coumarin 

and imine) 

3 
(quinone, 
coumarin 

and imine) 

5 
(quinone, 

coumarin, imine, nitro 
group and N-O bond) 

Lead likeness No. of violations 
2 

(MW>350, 
XLOGP3>3.5) 

2 
(MW>350, 

XLOGP3>3.5) 

2 
(MW>350, 

XLOGP3>3.5) 

2 
(MW>350, 

XLOGP3>3.5) 

The predictions revealed that all test compounds have good drug similarity and can be suitable drug 

candidates for further study. They have no violation of drug-likeness according to the criteria defined by 

Lipinski, Ghose and Veber, but DTBSN exhibited one violation in the Egan filter due to a larger TPSA value. All 

analogs showed Muegge’s filter violations, corresponding to XLOGP3 > 5. According to the Five Laws, a 

molecule can be orally active/absorbent only if it does not violate two or more of the above rules [42]. All 

molecules resist Brenk’s rule due to the coumarin, quinone and imine fragments. All analogs contain a 

quinone moiety, which is responsible for one alert in PAINS. However, all compounds showed two violations 

in lead likeness due to large molecular weight (MW>350) and XLOGP3 values, which should be >3.5. Thus, 
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these preliminary results provide the lead for the design of more potent biologically active drugs with fewer 

toxicities. 

Conclusions 

Four new coumarin-quinone hybrids were synthesized from 3-acetylcoumarin and 2,6-di-tert-butyl-1,4-

benzoquinone and tested for in vitro antimicrobial, antioxidant and anticancer activities. The results revealed 

that the analogs DTBSB and DTBSN were the more active antimicrobial agents when compared to the other 

analogs. DTBSN exhibited the best antioxidant activity and it may have a higher therapeutic potential as a 

chemoprotective agent against oxidative stress-related degenerative diseases. The toxicity of the synthesized 

hybrids was tested on human peripheral mononuclear cells (PBMCs), and they were found to be non-toxic to 

normal cells. The hybrids DTBSB and DTBSN exhibited good antiproliferative potential against all types of 

tested cancer cell lines. Compound DTBSB was more active against MCF-7 and HT-29 cells with remarkable 

IC50 values, while DTBSN exhibited its best potential against MDA-MB-231, COLO-205 and A-549 cancer cells. 

The IC50 values of both analogs are in the range of 50 to 100 µM making them suitable for further lead 

development. Furthermore, all derivatives showed a considerable selectivity index (more than 2), and the 

selectivity indexes entail that the synthesized compounds were more selective toward cancer cells than the 

non-malignant cells. It is appropriate to mention that antibiotics interfere with the normal functioning of 

living cells [43]. This property is useful for controlling the growth of microorganisms, but at the same time, it 

can act as a double-edged sword and can also interfere with the functioning of metabolically active, rapidly 

multiplying cancer cells [44]. The compounds in the present work have shown activity against the cancer cell 

lines as well as against microorganisms. The observed antioxidant property of these compounds enables 

them to reduce oxidative stress, play chemoprotective agents' role in the biological system, and protect cells 

from oxidative stress-induced neoplastic changes. The in vitro results appear to be in agreement with the 

observations of the molecular docking study. The pharmacokinetics and drug-likeness evaluation showed a 

high level of GI absorption of up to 94 %, while all analogs have good solubility in water. The VDss, BBB 

membrane permeability (log BB) and CNS permeability were used to characterize the distribution of the new 

compounds and all analogs have a fair distribution in the body. All analogs did not inhibit CYP2D6 and but 

they were good CYP3A4 inhibitors depicting the ability of these analogs to metabolize xenobiotics in the 

body. The predictions also underlined the non-toxic nature of these analogs, which is reflected through high 

values of total clearance, non-hepatotoxic nature and no skin sensitization. These results of ADMET studies 

revealed that the compounds have acceptable ADMET and pharmacokinetic properties. Furthermore, the 

drug-likeness study revealed that most of the compounds fulfilled all requirements of Lipinski, Ghose and 

Veber rules, only DTBSN exhibited one violation in the Egan filter due to a larger TPSA value. All analogs 

showed Muegge’s filter violations. The compounds possess a quinone moiety leading to one alert in PAINS. 

Further in vitro and in vivo studies will be necessary for the confirmation of the chemoinformatics 

investigation. These preliminary results may help get a lead structure with selective anticancer potential. 
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