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Abstract: Here, A series of unprecedented derivatives of several heterocyclic compounds, including 

arylidene, pyridine, oxazole, and chromene, were designed with the anthracene moiety starting from 2-

cyano-pyrroloanthracen acetamide (1). The chemical composition of all synthesized compounds was 

established by spectral analysis FT-IR, 1H-NMR, 13C-NMR, and Mass spectra. Also, the new 

compounds were docked to the active site of the DNA gyrase B chain enzyme, and the suitable binding 

interactions were displayed according to their bond lengths and conformational energies. The structure-

activity relationship analysis showed that the antimicrobial activity could be modulated by the existence 

of anthracene moiety, electron-withdrawing groups, and amide linkage. In silico ADMET (absorption, 

metabolic, distribution, toxicity, and excretion) predictions for the compounds 1-7 were calculated to 

gain insight into their pharmacokinetics, safety, and drug-likeness profile. The antimicrobial 

investigations of all synthesized molecules were achieved against Gram-negative (Escherichia coli) and 

Gram-positive (Bacillus cereus) bacterial strains. Results indicated that the compounds exhibited 

promising activity against strains. Therefore, the newly hybrid anthracene molecules could serve as 

promising chemical scaffolds to develop upcoming drug candidates as antimicrobial agents. 

Keywords: anthracene; arylidene; chromene; DNA gyrase B chain enzyme; docking study; 

antimicrobial agents. 
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1. Introduction 

Pyridines and isoxazoles are important heterocyclic scaffolds in the fields of medicine, 

pharmacology, agriculture, materials, and several industries [1]. The literature survey revealed 

that many pyridine and isoxazole derivatives have been used for pharmacological applications, 

such as anticonvulsant [2], cytostatic [3], antihistaminic agents [4], muscarinic agonists for the 

treatment of Alzheimer's disease [5], rotaxanes [6], chemiluminescent [7], nucleosides [8], 

antifungal [9], antioxidant [10], antimicrobial [11], antinociceptive [12], anti-inflammatory 

[13], HDAC inhibitory [14], analgesic [15], antitumor [16], nematicidal [17], anticancer [18], 

antiviral [19], antituberculosis [20], antimycobacterial [21], hypoglycemic, and 
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immunosuppressive [22]. Pyridine-derived pharmaceuticals include atazanavir [23] and 

imatinib mesylate in the last few decades. These drugs are dubbed for human 

immunodeficiency virus (HIV) and chronic myelogenous leukemia. It was reported that 

pyridine derivatives are also incorporated into polymers such as polyvinyl pyridine [24]. For 

over a century, chemists have developed methodologies for synthesizing pyridine derivatives, 

and it is unlikely that interest in the field will decrease due to the continued importance of the 

pyridine core in both biological and chemical fields. Previous studies have reported that 

heterocyclic compounds such as pyridines and chromenes derivatives containing anthracene 

skeleton had antimicrobial activity against E. coli [25], as represented in Figure 1.  

 
Figure 1. Examples of antimicrobial agents containing anthracene moiety. 

Despite the technological and scientific progress in facing infectious and epidemic 

diseases caused by the spread of many microbes, using appropriate antibiotics, their residues 

remain a pollutant for the environment and society.  DNA gyrase B is an important bacterial 

enzyme involved in controlling the topological transition of DNA [26]. The inhibition of this 

enzyme is responsible for the distribution of DNA synthesis and cell death [26]. Therefore, it 

has been selected as a therapeutic target for identifying and developing antimicrobial agents.  

In our effort to develop new, potent, and less toxic antimicrobial candidates, a novel 

series of anthracene analogs coupled to five or six hetero membered rings were synthesized. 

Furthermore, computer-aided drug screening by docking studies and ADMET analysis was 

accomplished for the compounds 1-7, to explore their mode of action versus the target enzyme 

DNA gyrase B chain. The completion of the present work indicated that the compounds were 

successfully docked to the target protein with good docking scores ranging from -11.3 to -8.4 

kcal/mol. 

2. Experimental 

2.1. Materials and instruments.  

All reagents used were of analytical grade. Melting points were evaluated on a Buchi 

apparatus and are uncorrected, IR spectra, KBr pellets, 500–4000 cm−1 were recorded on a 

Thermo Nicolet NEXUS 670 FT-IR spectrophotometer, with 0.125 cm−1 spectral resolution. 
1H-NMR spectra were measured on a Bruker AM 400 instrument. Chemical shifts are 

expressed as values relative to TMS as an internal standard. Multiplicities are designated as 

singlet (s), doublet (d), triplet (t), quadruplet (q), and multiplet (m). 

2.2. General procedure for the preparation of the anthracene derivatives. 

Equimolar ratio mixture (0.001 mol) of (1) and corresponding reactant in ethanol (10 

mL) as a solvent and TEA (0.01 mL) were heated for the proper time, gave white powder, 

filtered, and purified from ethanol to give anthracene derivatives as white crystals. 
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2.2.1. (11S,15R)-13-((5-aminoisoxazol-3-yl)amino)-10,11-dihydro-9H-9,10-

[3,4]epipyrroloanthracene-12,14(13H,15H)-dione (2). 

It was prepared according to the general procedure using 2-cyano-N-((11S,15R)-12,14-

dioxo-11,12,14,15-tetrahydro-9H-9,10-[3,4]epipyrroloanthracen-13(10H)-yl)acetamide and 

hydroxylamine hydrochloride. The product was obtained after 6 hrs as white powder. Yield: 

75 %, m. p.: 255-258 °C.FTIR (KBr): ν/cm-1= 3345 (NH), 3010 (CH-aromatic), 1760, 1708 

(C=O); 1H-NMR (DMSOd6) δ (ppm) = 3.17- 3.20 (d, d, 2H), 4.62 (s, NH), 4.77 (d, d, 2H), 7.12 

(s, 1H), 7.12-7.46 (m, 8H, Ar-H); 13C NMR (100 MHz, DMSO-d6): δ 43.65, 44.69, 44.83, 

44.98, 124.77, 125.24, 125.47, 127.15, 128.75, 129.51, 129.97, 130.94, 172.60, 174.35; MS 

(EI, 70 eV): m/z (%) = 374 (M+, 30 %); Chemical formula: C21H18N4O3:(374.5); Calculated: 

C, 67.92; H, 4.58; N, 18.86; Found: C, 67.94; H , 4.60; N, 18.88. 

2.2.2. (E)-3-(4-chlorophenyl)-2-cyano-N-((11S,15R)-12,14-dioxo-11,12,14,15-tetrahydro-9H-

9,10-[3,4]epipyrroloanthracen-13(10H)-yl)acrylamide (3). 

It was obtained according to the general procedure using 2-cyano-N-((11S,15R)-12,14-

dioxo-11,12,14,15-tetrahydro-9H-9,10-[3,4]epipyrroloanthracen-13(10H)-yl)acetamide and 2-

(4-chlorobenzylidene)malononitrile. The product was obtained after 15 hrs as white powder. 

Yield:  70 %, m. p.: 227-229 oC. FTIR (KBr): ν/cm-1= 3332 (NH), 3009 (CH-aromatic), 2205 

(CN), 1785, 1720 (C=O); 1H-NMR (DMSOd6) δ (ppm) = 3.45 (d, d, 2H), 4.87 (d, d, 2H),7 .11-

7.98 (m, 8H, Ar-H), 8.46 (s, 1H); 13C NMR (100 MHz, DMSO-d6): δ 44.49, 44.59, 44.89, 

45.10, 45.35, 124.12, 125.60, 125.23, 125.60, 126.85, 127.19, 127.37, 129.65, 130.16, 130.39, 

130.58, 131.73, 132.97, 137.48, 138.01, 139.05, 142.52, 169.77, 171.57, 173.95; MS (EI, 70 

eV): m/z (%)= 479 (M+, 18 %); Chemical formula: C28H18N3O3Cl: (479.5); Calculated: C, 

70.07; H, 3.54; N, 8.75, Cl,7.40; Found: C, 70.09; H, 3.55; N, 8.77, Cl, 7.38. 

2.2.3. (E)-2-cyano-N-((11S,15R)-12,14-dioxo-11,12,14,15-tetrahydro-9H-9,10-

[3,4]epipyrroloanthracen-13(10H)-yl)-3-phenylacrylamide (4). 

It was prepared according to the general procedure using 2-cyano-N-((11S,15R)-12,14-

dioxo-11,12,14,15-tetrahydro-9H-9,10-[3,4]epipyrroloanthracen-13 (10H)-yl)acetamide (1)  

and 2-benzylidenemalononitrile. The product was obtained after 18 hrs as white powder. Yield:  

76 %, m. p.: 220-222 oC. FTIR (KBr): ν/cm-1= 3345 (NH), 3012 (CH-aromatic), 2207 (CN), 

1770, 1730 (C=O); 1H-NMR (DMSOd6) δ (ppm) = 3.30-3.37 (d, d, 2H), 4.88 (d, d, 2H), 7.17-

7.70 (m, 8H, Ar-H), 8.32 (s, 1H); 13C NMR (100 MHz, DMSO-d6): δ 44.37, 44.24,  45.47, 

45.87,124.58, 125.13, 125.91, 126.77,  128.75, 129.51, 129.97, 130.82, 132.55, 134.04, 163.94, 

169.67, 171.93, 173.83; MS (EI, 70 eV): m/z (%) = 444 (M+, 24 %); Chemical formula: 

C28H18N3O3: (444.5); Calculated: C, 68.58; H, 3.46; N, 11.42; Found: C, 68.57; H, 3.48; N, 

11.44. 

2.2.4. 4-(4-chlorophenyl)-1-((11S,15R)-12,14-dioxo-11,12,14,15-tetrahydro-9H-9,10-

[3,4]epipyrroloanthracen-13(10H)-yl)-6-hydroxy-2-oxo-1,2,3,4-tetrahydro pyridine-3,5-dicarbonitrile 

(5). 

It was prepared according to the general procedure using 2-cyano-N-((11S,15R)-12,14-

dioxo-11,12,14,15-tetrahydro-9H-9,10-[3,4]epipyrroloanthracen-13 (10H)-yl)acetamide (1) 

and (E)-ethyl 3-(4-chlorophenyl)-2-cyanoacrylate. The product was obtained after 16 hrs as 

white powder. Yield:  88 %, m. p.: 258-260 oC. FTIR (KBr): ν/cm-1= 3445 (OH), 3018 (CH-
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aromatic), 2212 (CN),1775, 1715 (C=O) ; 1H-NMR (DMSOd6) δ (ppm) = 3.45-3.47 (d, d, 2H), 

4.77-4.87 (d, d, 2H), 7.08-7.74, (m, 8H, Ar-H), 8.46 (s, 1H); 13C NMR (100 MHz, DMSO-d6): 

δ 44.47, 45.12, 45.60, 124.01, 125.76, 126.85, 127.16, 129.65, 130.39, 131.71, 137.59, 139.09, 

142.34, 161.77, 173.23; MS (EI, 70 eV): m/z (%) = 547 (M+, 12 %); Chemical formula: 

C31H19N4O4Cl: (547.1); Calculated: C, 71.11; H, 3.33; N, 15.55, Cl, 6.48; Found: C, C, 71.12; 

H, 3.34; N, 15.57, Cl, 6.51. 

2.2.5. 4-(3-nitrophenyl)-1-((11S,15R)-12,14-dioxo-11,12,14,15-tetrahydro-9H-9,10-

[3,4]epipyrroloanthracen-13(10H)-yl)-6-hydroxy-2-oxo-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile 

(6). 

It was prepared according to the general procedure using 2-cyano-N-((11S,15R)-12,14-

dioxo-11,12,14,15-tetrahydro-9H-9,10-[3,4]epipyrroloanthracen-13 (10H)-yl)acetamide (1)  

and (E)-ethyl 3-(3-nitrophenyl)-2-cyanoacrylate. The product was obtained after 20 hrs as 

white powder. Yield: 81 %, m. p.: 250-252 oC .FTIR (KBr): ν/cm-1= 3420 (OH), 3012 (CH-

aromatic), 2220 (CN),1784, 1720 (C=O) ; 1H-NMR (DMSOd6) δ (ppm) = 3.40 (d, d, 2H), 4.89 

(d, d, 2H), 7.15-8.53, (m, 8H, Ar-H), 8.85 (s, 1H); 13C NMR (100 MHz, DMSO-d6): δ 45.07, 

45.33, 122.67, 124.79, 125.23, 126.86, 127.20, 131.16, 134.79, 139.57, 142.12, 148.70, 159.67, 

173.08; MS (EI, 70 eV): m/z (%) = 557 (M+, 23 %); Chemical formula: C31H19N5O6: (557.6); 

Calculated: C, 71.11; H, 3.33; N, 15.55; Found: 71.12; H, 3.34; N, 15.57. 

2.2.6. N-((11S,15R)-12,14-dioxo-11,12,14,15-tetrahydro-9H-9,10-[3,4] epipyrrolo -anthracen-

13(10H)-yl)-2-imino-2H-chromene-3-carboxamide (7). 

It was prepared according to the general procedure using 2-cyano-N-((11S,15R)-12,14-

dioxo-11,12,14,15-tetrahydro-9H-9,10-[3,4]epipyrroloanthracen-13(10H)-yl)acetamide and 

salicylaldehyde . The product was obtained after for 12 hrs afforded white precipitate. Yield:  

80 %, m. p.: 171-173 ºC. FTIR (KBr): ν/cm-1=  3348 (NH), 3009 (CH-aromatic),1781, 1717 

(C=O); 1H-NMR (DMSOd6) δ (ppm) = 3.45-3.47 (d, d, 2H), 4.87 (d, d, 2H), 6.86-7.63, (m, 8H, 

Ar-H), 8.55 (s, 1H); 13C NMR (100 MHz, DMSO-d6): δ 44.58, 44.95, 45.10, 45.51, 117.02, 

118.99, 120.65, 124.77, 125.19, 126.79, 127.10, 128.58, 134.46, 138.00, 139.85, 142.48, 

158.13, 161.60, 169.06, 173.42 ; MS (EI, 70 eV): m/z (%) = 461 (M+, 31 %); Chemical 

formula: C28H19N3O4:(461.5); Calculated: C, 71.11; H, 3.33; N, 15.55; Found: C, 71.12; H, 

3.34; N, 15.57. 

2.3. Docking protocol. 

The molecular docking approach was performed to modulate the antibacterial 

efficiency of the synthesized  compounds toward  DNA gyrase B chain [27]. The 

intermolecular bonds between the compounds and the active site residues of the target were 

studied using PyRx – virtual screening tool of Auto dock 4.2 [28]. The crystal structure of the 

target enzyme DNA gyrase B chain (PBD ID: 1KIJ) was downloaded from RCSB data bank. 

The obtained structure was optimized by removing water molecules and atomic clashes [29–

35]. Further, the active site region was identified from the co-crystalline structure of the 

receptor-ligand complex. The grid was then generated around the active site pocket of the target 

enzyme for specific docking. In addition, the 2D chemical composition of the compounds was 

sketched using Chem Draw Ultra 7.0, then converted to SDF (Standard file format) using the 

Open Babel tool [36]. An in-house library of seven anthracene analogs was created for further 
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study. All the compounds were energy minimized using UFF (Universal Force Field ) [37] to 

obtain structures with the proper bond length between different atoms and then used in the 

docking study. Enzyme-compound interactions of the complexes were examined in 2D and 3D 

styles, using Discovery studio 3.5 software. The physicochemical and chemical ADMET 

analyses of the compounds were calculated using Mol inspiration (https://molinspiration.com/) 

and admetSAR [38] (http://lmmd. ecust.edu.cn/ admetsar2), free web-based tools.  

2.4. Determination of the minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) by INT reduction assay.  

The determination of MIC and MBC were assayed as described earlier by Salem et al. 

[39]. The freshly prepared cultures of both Escherichia coli (Gram-negative bacteria) and 

Bacillus cereus (Gram-positive bacteria) were adjusted to OD595 of 0.001. 100 μL of each 

isolate culture was put into sterilized 96-well plates. Then 20 μL of the screened compounds 

(5 μg mL-1) (serial dilutions of 10-1 -10-10 were used, and 8 replicates were made for each 

dilution into complete raw of the 96-well plate). The un-inoculated media was confirmed as a 

negative control after 24 h incubation at 37oC. MIC was investigated by the addition of 40μL 

of p-iodonitrotetrazolium violet chloride (INT) (0.2 μg ml-1, SIGMA-ALDRICH) to the plates 

and re-incubated at 37oC for 30 min., the lowest concentration which banned color variation is 

the MIC [40]. The MBC was determined by transferring 50 mL from each well of overnight 

MIC plates (and/or higher) to sterile (TSA) fresh plates. Viable colonies were counted after 24 

hrs at 37oC. The limit of detection for this assay was 101 CFU/mL.   

3. Results and Discussion 

3.1. Chemistry. 

Recently, our laboratory contributed to synthesizing new heterocyclic compounds such 

as arylidene, pyridine, chromene, and pyrazole derivatives [41, 42]. In which we proposed that 

anthracene derivatives (1) reacted with aromatic aldehydes, arylidenes, hydroxyl aldehydes, 

and hydrazine hydrate to afford the corresponding products [43].    

In the present work, heating under reflux of 2-cyano-N-((11S,15R)-12,14-dioxo-

11,12,14,15-tetrahydro-9H-9,10- [3,4]epipyrroloanthracen-13(10H)-yl) acetamide (1) with 

hydroxyl amine hydrochloride in ethanol in the existence of sodium acetate for 6 hrs produces 

(11S,15R)-13-((5-aminoisoxazol-3-yl)amino)-10,11-dihydro-9H-9,10-[3,4]epipyrrolo 

anthracene-12,14(13H,15H)-dione (2) in a 75 % yield, Scheme 1. The chemical composition 

of (2) was established according to the corresponding spectroscopic results. Therefore, the 

FTIR spectrum presented a typical peak at 3345 cm-1 for (NH) group and 1760, 1708 cm-1 for 

carbonyl groups. Also, the 1H-NMR (DMSOd6) δ (ppm) = 3.17- 3.20 (d, d, 2H), 4.62 (s, NH), 

4.77 (d, d, 2H), 7.12 (s, 1H), 7.12-7.46 (m, 8H, Ar-H). Additionally, the mass spectrum (MS) 

exhibited the molecular ion peak (MIP) m/z=374 (M+) attributed to the correct molecular 

formula C21H18N4O3. The suggested mechanism for preparing compound (2) is represented in 

Scheme 2. Hydroxyl amine attacked the carbonyl group in compound (1) to afford intermediate 

(I), then occurred intra cyclization reaction between the hydroxyl group and cyano group to 

form intermediate (II), which under our conditions gave the compound (2) via oxidation 

process and elimination of water molecule.  
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Scheme 1. Synthesis of compound 2. 

 
Scheme 2. Possible mechanism of compound 2 synthesis. 

Interestingly, refluxing compound (1) with arylidene derivatives in ethanol as a solvent 

and TEA as a basic catalyst for the proper time afford new arylidene derivatives (3,4) in a 70-

76% yield, respectively, Scheme 3. A plausible mechanism for this reaction is represented in 

Scheme 4. Active methylene under basic catalyst gave anion compound (3I), which reacted by 

β-attacked with arylidene derivatives under reaction condition afford iminocyclobutane 

carboxamide (3II) via witting like mechanism [44]. Finally, intermediate cyclobutane (3II) is 

converted to a compound (3, 4). On the other hand, the formation of compound (3, 4) is difficult 

due to the unshared electron pair of nitrogen atom it is unavailable, and in the presence of TEA 

gave anion compound which attacked the arylidene derivatives. Similarly, Aly and others have 

reported that the reaction of p-nitrobenzaldehyde as a carbonyl component with benzylidene 

malononitrile in acidified methanol afforded 2-(4-nitrobenzylidene) malononitrile via witting 

like mechanism [45]. 

 
Scheme 3. Synthesis of arylidene derivatives 3, 4. 

Compounds (3, 4) were established according to their corresponding F-TIR analysis, 
1H-NMR, 13C-NMR, and MS spectra. The FTIR spectra presented abs. frequencies at 3332-

3345, 2205-2207, and 1785-1720 cm-1 that are equivalent to NH-, CN-, and -C=O groups, 

respectively. 13C-NMR spectra of the compounds (3, 4) gave excellent suggestions for the 

chemical composition of these products. 13C-NMR exhibited peaks due to CN-groups at the δ 

124-125 ppm region, as well as the signals in the δ 169-173 ppm region due to -C=O groups. 
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1H-NMR of compound (3) exhibited signals as δ (ppm) = 3.45 (d, d, 2H), 4.87 (d, d, 2H), 7.11-

7.98 (m, 8H, Ar-H), 8.46 (s, 1H). Additionally, the MS showed the MIP at m/z=479 (M+), 

corresponding to the molecular formula C28H18N3O3Cl. The 1H-NMR spectrum of compound 

(4) showed δ (ppm) = 3.30-3.37 (d, d, 2H), 4.88 (d, d, 2H), 7.17-7.70 (m, 8H, Ar-H), 8.32 (s, 

1H). The MS exhibited the MIP at m/z= 444 (M+) corresponding to the molecular formula 

C28H18N3O3.   

 

Scheme 4. Synthetic route of arylidene derivatives 3,4. 

Furthermore, the reaction of compound (1) with ethyl α-cyano-aryl-trans- cinnamate 

(a, b) (a, Ar = 4-ClC6H5 - b, Ar = 3-NO2C6H5) in boiling ethanol in the presence of TEA 

furnished the corresponding product (5) and (6) in a 88% and 81% yield, respectively, Scheme 

5. The suggested reaction mechanism is outlined in Scheme 6. The intramolecular reaction 

between –NH group and carbonyl group in carboxylate gave the cyclization product (5,6) via 

intermediate (5I) whereas the oxygen atom, not electron sank enough, in addition to the 

presence of (-OEt) as leaving group, in which converted to intermediate (5II), then 

aromatization occurs to form the finally compound ( Rout A). On the other hand, oxo-

pentanoate intermediate (5I) converted to (5III) then by elimination of water afforded 

compound (5VI), (Route B). The previous reaction under our conditions gave the compound 

(5, 6), and the analysis proves this result, whereas the ethyl group in compound 5VI was not 

obtained in the 1H-NMR analysis. 

 
Scheme 5. Synthetic route for compounds 5 and 6. 

The CF of 5, and 6 were established by their spectral analysis F-TIR, 1H-NMR, 13C-

NMR, and MS. The FTIR spectra indicated absorption bands at 3445-3420, 2220-2212, and 

1784-1715 cm-1 due to OH, CN and C=O groups, respectively. 13C-NMR spectra of the 

compounds (5, 6) provided a great suggestion for these compounds' chemical Formula (CF) 

corresponding to their stereochemistry. 13C-NMR exposed signals due to C≡N groups at the 

region of δ 122-124 ppm, and signals in the δ 159-173 ppm region due to -C=O groups. The 
1H-NMR spectrum of compound (5) indicated δ (ppm) = 3.45-3.47 (d, d, 2H), 4.77-4.87 (d, d, 

2H), 7.08-7.74, (m, 8H, Ar-H), 8.46 (s, 1H). Furthermore, the MS exhibited the MIP at m/z= 

547 (M+), corresponding to the molecular formula C31H19N4O4. The 1H-NMR spectrum of 
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compound (6) showed δ (ppm) = 3.40 (d, d, 2H), 4.89 (d, d, 2H), 7.15-8.53, (m, 8H, Ar-H), 

8.85 (s, 1H). The MS showed the MIP at m/z= 557(M+) represented by the molecular formula 

C31H19N5O6. 

It is worth mentioning that refluxing a one-pot three components reaction of compound 

(1), benzaldehyde, and malononitrile with heating in ethanol in the existence of TEA as a 

catalyst for 18 hrs afforded the compound (4) in an 80% yield, Scheme 7. 

 
Scheme 6. The synthetic strategy of analogs 5 and 6. 

 
Scheme 7. Synthesis of compound 4 through one pot three components reaction.  

In the previous work, our group [46] reported that the reaction of 2-hydroxyl-1-

naphtaldehyde with the compound (1) as a precursor active methylene afforded a cyclization 

product. Here, we preferred to use salicylaldehyde instead of 2-hydroxyl-1-naphtaldehyde to 

decrease the bulky group. Refluxing an equimolar ratio, the mixture of compound (1) and 

salicylaldehyde in ethanol in the existence of triethanol amine (TEA) for 12 hrs provided the 

compound (7) as a soul product in an 80% yield, Scheme 8. The possible reaction mechanism 

is represented in Scheme 9. 

 
Scheme 8. Synthesis of compound 7. 
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Scheme 9. The suggested mechanism of formation of compound 7. 

The chemical structure of (7) was confirmed depending on its spectroscopic data. 

Compound 6 showed abs. frequencies at 3348 cm-1 that related to NH-group and characteristic 

absorption bands for (C=O) groups at 1781and 1717 cm-1. The 1H-NMR spectrum of 

compound (7) δ (ppm) = 3.45-3.47 (d, d, 2H), 4.87 (d, d, 2H), 6.86-7.63, (m, 8H, Ar-H), 8.55 

(s, 1H). 13C-NMR spectrum for compound (7) fit the proposed structure well, as the diverse 

carbon atoms resulting from the benzene rings, and carbonyl groups were examined. Moreover, 

the MS showed the MIP m/z=461 (M+) attributed to the C28H19N3O4 formula. 

3.2. Docking study and SAR analysis. 

The DNA gyrase enzyme plays an important role in the viability of bacterial cells [47]. 

It has ATPase activity, giving a sufficient amount of energy for DNA supercoiling [48]. 

Bacterial DNA gyrase is the target of many antibiotics, such as ciprofloxacin and Novobiocin 

[49]. Therefore, in the present study, DNA gyrase B chain has been selected as a promising 

target for identifying new, potential, and less toxic antimicrobial agents. The molecular docking 

estimations of the compounds 1-7 and the active site of the target DNA gyrase B chain enzyme 

were achieved. In addition, Novobiocin was selected as a standard drug to compare the docking 

score with theses of these synthesized compounds. Herein, PyRx- virtual screening software 

0.8 [28] was used to simulate the compound into the active site of the enzyme in order to 

calculate the free binding energy (∆G) of the interaction between each other. The docking 

scores were expressed in negative energy terms (kcal/mol) and ranked depending on the higher 

negative value indicating better closeness toward the target [30,47, 50]. 

Computer-based docking technique exhibited nine poses for each complex [51, 52], and 

the preferable binding orientation between enzyme and compound, with a more negative score, 

was considered for further study. Data presented in Table 1 displayed the binding energy, types 

of intermolecular interaction, in addition to bond lengths. The docking results revealed 

compound 1, bound to the target enzyme through one hydrogen bond and one arene-σ 

interaction with Asn45 and Ile77 at 2.89 and 3.95 Å, respectively. Compound 2, was nicely 

docked to the target binding site via incorporation of two hydrogen bonds and one arene -cation 

interaction with Gly116, Thr336, and Lys109 at the distances of 2.25, 2.49, and 4.86 Å, 

respectively. Introducing electron-withdrawing groups (-Cl) on the phenyl ring causes less 

activity of the compounds [53, 54]. In this regard, compound 4 with phenyl ring showed 

binding energy of -9.4 kcal/mol, and formed an H-bond interaction with Lys102 at 2.98 Å. On 

the other hand, the analog 3 with an electron-withdrawing group (-11.3 kcal) exhibited two 

hydrogen bond interactions with the residue Asn45 at 3.18 and 2.88 Å, respectively. The 

compound 5 with chlorine atom at para position (-10.7 kcal/mol) showed arene-stacked 
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interactions such as T-shaped arene-arene and arene-cation with the amino acid residues 

Phe103, Lys102, and Lys109 at 4.47 (edge to face), 4.87 and 5.98 Å, respectively. In addition, 

compound 6 with an electron-withdrawing group (–NO2) at meta position (-10.0 kcal/mol) 

exhibited H-bond, T-shaped arene-arene, and arene-cation interactions to the amino acid 

residues Lys102, Phe103, and Lys109, respectively, at the distances of 2.97, 4.41 and 5.95 Å, 

respectively. Finally, compound 7, with the binding energy of -10.9 kcal/mol, docked with 

Lys109 through two H-bonds and one arene-cation interaction at 3.09, 2.89, and 3.75 Å, 

respectively.   

On the other hand, Novobiocin exhibited binding energy of -10.8 kcal/mol, which is 

closer to the synthesized compounds, and formed various types of interactions like H-bonds 

and arene-stacked with the amino acid residues Ala107, Lys109, Thr336, and Pro328 at 

distances 2.95, 2.98, 2.94, 2.93, 2.98, 3.94, 3.95, and 4.51 Å, respectively.  

Lipinski's rule of five (RO5) [55] is used to determine the properties that would make 

a chemical compound like an orally active drug in human beings. The physicochemical and 

ADMET properties of the screened compounds are computationally predicted and listed in 

Tables 2 and 3. It can be observed that all synthetic compounds obey Lipinski's rule of five. 

Further, in silico artificial membrane permeation across Caco-2 cells was predicted for all 

synthesized compounds. It has been found that the passive transmembrane permeation of 

compounds exhibited good permeability values (78.81-83.94 nm/s). In addition, toxicity and 

carcinogenicity tests data declared that all compounds are non-toxic and non-carcinogenic. 

Therefore, the overall in silico ADME prediction appears favorable for future lead 

optimization. 

3.3. The biological applications. 

To confirm the docking study and SAR analysis as a potential source for antimicrobial 

activities, all the tested compounds 1-7 were tested for their antibacterial activity against the 

Gram-negative bacteria (Escherichia coli) and Gram-positive bacteria (Bacillus cereus). Both 

MIC and MBC values showed promising results for all the tested compounds, as represented 

in Table 4. The MIC values of the two tested bacteria ranged from 1 to 2 μg/mL. At the same 

time, the recorded MBC values ranged from 2 to 3 μg/mL.  
Standard drug 
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Compound 1 

 
 

Compound 2 

 

 

 
Compound 3 

 

 

 
Compound 4 
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Compound 5 

 
 

Compound 6 

 

 

 
Compound 7 

 

 

 
(A)                                                                              (B) 

Figure 1. (A) 3D, (B) 2D representations of all docked complexes. (A) H-bonds are represented in red dotted 

lines, while pi-interactions are shown in orange lines. (B) H-bonds are represented in blue dotted lines, while pi-

interactions are shown in orange lines. 

Interestingly, both Gram-negative and Gram-positive bacteria were sensitive to the 

compounds. The antimicrobial activity can be modulated by the presence of anthracene moiety, 

electron-withdrawing groups, and amide linkage. 
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Table 1. The binding energies of the standard drug and synthesized compounds 1-7 and their molecular 

interactions with the active site of the target protein. 

 Structure 

Binding  

Energy 

kcal/mol 

Docked complex 

(amino acid–ligand) 

interactions 

Distance 

(Å) 

Ref. 

 drug 

O

OH

O

N
H

O

OH

OO

O

O

H2N

O OH

 
 

-10.8 

H-bond 

ALA107:N---Ref drug 

LYS109:N---Ref drug 

THR336:OG1---Ref drug 

THR336:OG1---Ref drug  

THR336:OG1---Ref drug   

arene- arene 

TYR108---Ref drug 
arene-σ 

PRO328:CA---Ref drug 

arene- cation 

LYS109:NZ---Ref drug 

 

2.95 

2.98 

2.94 

2.95 

2.98 

 

3.94 
 

3.95 

 

4.51 

1 N

O

O

N
H

O

CN

 

-8.4 

H-bond 

ASN45:ND2---compound1 

arene-σ 

ILE77:CG2---compound1 

 
2.89 

 

3.95 

2 N

O

O

N
H

ON

NH2

 

-9.9 

H-bond 

GLY116:O---compound 2 

THR336:OG1---compound 2 

arene- cation 

LYS109:NZ---compound 2 

 
 

2.25 

2.49 

 
4.86 

3 

N

O

O

NH

O

CN

Cl  

-11.3 

H-bond 

ASN45:ND2---compound 3 

ASN45:ND2---compound 3  

2.88 

3.18 

4 
N

O

O

NH

O

CN

 

-9.4 
H-bond 

LYS102:NZ---compound 4 

 

2.98 

5 N

O

O

N

HO

NC

CN

O

Cl
 

-10.7 

arene- arene 
PHE103---compound 5 

arene- cation 

LYS102:NZ---compound 5 

LYS109:NZ---compound 5 

 
4.47 

 

4.87 

5.98 
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 Structure 

Binding  

Energy 

kcal/mol 

Docked complex 

(amino acid–ligand) 

interactions 

Distance 

(Å) 

6 N

O

O

N

HO

NC

CN

O

NO2

 

-10.0 

H-bond 

LYS102:NZ---compound 6 

arene- arene 
PHE103---compound 6 

arene- cation 

LYS109:NZ---compound 6 

 

2.97 

 
4.41 

 

5.95 

7 

N

O

O

NH

O

O

NH

 

-10.9 

H-bond 

LYS109:NZ---compound 7 
LYS109:NZ---compound 7 

arene- cation 

LYS109:NZ---compound 7 

 

3.09 
2.89 

 

3.75 

Table 2. Physicochemical properties of the title compounds 1-7. 

Compd. No. 
milogp 

≤5 

TPSA 

≤140 

MW 

130-725 

nON 

2.0-20.0 

nOHNH 

0.0-6.0 
nrotb. ≤10 

Vol 

A3 

1 0.88 90.27 357.37 6 1 2 360.04 

2 2.01 101.46 372.38 7 3 2 313.50 

3 4.17 90.27 479.92 6 1 3 401.60 

4 3.50 90.27 445.48 6 1 3 388.06 

5 3.76 125.50 546.97 8 1 2 446.76 

6 3.01 171.32 557.52 11 1 3 459.47 

7 1.03 103.47 461.48 7 2 2 391.64 

milogp, logarithm ratio of partition coefficient between n-octanol and water; TPSA, topological polar surface 

area; MW, molecular weight; nON, number of hydrogen bond acceptors; nOHNH, number of hydrogen bond 

donors; nrotb., number of rotatable bonds. 

Table 3. List of ADMET properties of molecules 1-7. 

 
Blood-Brain 

Barrier  

(BBB+) 

Caco-2 Permeability 

(Caco2+) 

%Human Intestinal 

Absorption (HIA+) 
AMES toxicity  Carcinogenicity 

Reference 

range 
-3 to 1.2 

<25 is poor 

>500 is great 

<25 is poor   

>80% is high   
Nontoxic Non carcinogenic 

1 0.98 82.50 98.90 Non-toxic Non carcinogenic  

2 0.97 82.77 96.55 Non-toxic Non carcinogenic 

3 0.98 83.26 92.90 Non-toxic Non carcinogenic  

4 0.97 83.94 92.88 Non-toxic Non carcinogenic 

5 0.98 83.66 97.30 Non-toxic Non carcinogenic  

6 0.97 82.50 97.60 Non-toxic Non carcinogenic 

7 0.97 78.81 94.06 Non-toxic Non carcinogenic 

The pharmacokinetic parameters of compounds are evaluated using admetSAR. 

Table 4. Antimicrobial screening results of molecules 1-7. 

Bacteria/ 

Compound  

Escherichia coli  Bacillus cereus  

MIC/ MBC* 

1 1.0±0.0 / 1.5 ± 0.0 1.0± 0.0 /  2.0 ± 0.0 

2 1.0± 0.0 / 1.5 ± 0.2 1.0± 0. 1 /  1.5 ± 0.2 

3 2.0± 0.0 / 2.0 ± 0.1 2.0± 0.2 /  2.0 ± 0.2 

4 2.0± 0.1 / 2.5 ± 0.1 2.0± 0.1 /  2.5 ± 0.1 

5 1.0± 0.0 / 2.0 ± 0.0 1.0± 0.0 /  2.0 ± 0.0 

6 1.0± 0.1 / 1.5 ± 0.1 1.0± 0.1 /  2.0 ± 0.1 

7 2.0± 0.1 / 2.0 ± 0.2 2.0± 0.0 /  2.0 ± 0.2 

*MIC: Minimum inhibitory concentration (μg mL-1); MBC: Minimum bactericidal concentration (μg mL-1). 
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4. Conclusions 

In summary, a sequence of arylidene, pyridine, oxazole, and chromene derivatives 

containing anthracene moiety has been prepared and characterized by FT-IR, 1H-NMR, 13C-

NMR, and MS. Several computational tools such as molecular docking, SAR, and ADMET 

analysis are used to identify DNA gyrase inhibitors. In addition, all compounds were evaluated 

for their antibacterial activity against various strains. Looking at the biological activity, all 

compounds exhibited promising activity against Gram-negative bacteria (Escherichia coli) and 

Gram-positive bacteria (Bacillus cereus). Overall, the in silico and experimental findings 

suggest that anthracene hybrid molecules 1-7 can be used as potential drug candidates to treat 

infectious diseases. 
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