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Abstract 
New series of 4,4'-((2-(Aryl)-1H-benzo[d]imidazole-

1,3(2H)-diyl)bis(methylene))Diphenol(3a-g) was 
successfully synthesized from cyclization of the 

reduction product of bis Schiff bases (2) with aryl 

aldehydes bearing phenolic hydroxyl in the presence of 

acetic acid. The structure of these compounds was 

identified from FT-IR, 1H NMR, 13C NMR and EIMs. 

The Antioxidant capability was screened by DPPH and 

FRAP assays. Both assays showed antioxidant 

capability more than BHT as well. Compounds 3b and 

3c showed antioxidant capacity slightly less than 

ascorbic acid. The docking study for theses compound 

was carried out as III DNA polymerase inhibitor.  

 

The results of docking demonstrated that the increase 

in hinderances around phenolic hydroxyl for the aryl 

attached position two for benzimidazole decrease the 

capability of interaction and give less bending and 

smaller docking score and there is inverse relationship  
between increasing hindrances around phenolic 

hydroxyl and DNA polymerase inhibition for these 

compounds. 
 

Keywords; Benzimidazole, Diphenol, Antioxidant, DPPH, 

FRAP, DNA polymerase. 

 

Introduction 
Benzimidazole is gaining vast importance in synthetic 

organic chemistry due to its pharmacological uses. 

Medicines containing benzimidazole group in their structure 

are wildly known. For example, albendazole and 

mebendazole are benzimidazole anthelmintics used to treat 

helminth infections and parenchymal neurocysticercosis15. 

Researchers are paying considerable attention to 

benzimidazole derivatives. These derivatives also exhibited 

various biological activities26. Benzimidazole containing 

1,3,4-oxadiazole displays anticancer activity13, moreover 

palladium allyl derivative of benzimidazole shows 

anticancer activity15. These various activities can be 

summarized such as antifungal6,14, antituberculosis agents17, 

antibacterial2,4, anti-inflammatory9, anti-biofilm and anti-

microbial agents1, analgesic7, anti-HIV5,11 and 

antioxidant3,28. The damages in bio cells from free radicals 

are wide recognized.21,27  

Furthermore, antioxidants compounds are gaining interest 

due to their ability to prohibit propagation reaction of free 

radical or prevent formation of free radical.   Phenolic 

compounds such as hindered phenolic or polyphenols, 

flavonoids and multi phenols compounds are one of the 

renowned antioxidants18,19,23. The phenolic compounds 

besides to their antioxidant ability exhibited diverse 

biological activities likewise   antidiabetic, anti-

inflammatory and anticancer agents25, anti-HIV8, 

antiallergic10 and anti-Parkinson's disease29. In this work, 

new benzimidazole derivatives were synthesized containing 

multi phenolic group. The antioxidant activity of these 

compounds was screened by utilizing DPPH and FRAP 

assays as well the molecular structure docking achieved as 

inhibiter of III DNA polymerase which is extremely 

significant objective molecules of antitumor factor.12  

 

Material and Methods 
Synthesis of 4,4'-(1,2-phenylenebis(azaneylylidene))bis 

(methaneylylidene))diphenol 1: This product was 

synthesized from modification procedure described by Rao 

et al.20 A solution of 1,2-phenylenediamine (2 g, 0.01 mmol) 

in 15 mL absolute ethanol was added in small portions to a 

stirring solution of 4-hydroxybenzaldehyde (2.26 g, 0.01 

mmol) in 15 mL absolute ethanol with three drops of acetic 

acid. The mixture was heated under reflux for 5 hrs. Then it 

was cooled to room temperature, the precipitated was 

collected and washed with cold ethanol and then dried. 

Recrystallized by ethanol to give pale yellow precipitate. 

Yield 91 %, MP. 194-197 ͦC (lit 196-197)20. FT IR (KBr, 

Ʋmax/ cm-1); 3456 (OH), 3085 (CHAr), 1633 (C=N), 

1597(C=C), 1H NMR (300 MHz, DMSO-d6) δ, ppm; 6.78 

(d, 4H, J 8.22 Hz, Ar-H), 7.24-7.38 (m, 4H, Ar-H), 7.75 (d, 

4H, J 8.6 Hz, Ar-H), 8.56 (s, 2H, 2×C=N), 10.53 (bs, 2OH).  
13C NMR (75 MHz, DMSO-d6) δ, ppm; 119.11, (4C), 123.08 

(2C), 125.45 (2C), 128.32 (2C), 130.53 (4C), 130.74 (2C), 

152.09 (2C, 2×C=N), 156.15 (2C). EIMS found: 316 [M˙+] 

(calc. for C20H16N2O2, C20H16N2O2, 316.12). 

 

Synthesis of 4,4'-((1,2-phenylenebis(azanediyl))bis 

(methylene))diphenol. 2: This compound was synthesized 

according to described procedure.24 Small portions of 

sodium borohydride (0.6 g, 0.01 mmol) were added to a 

stirring  solution of compound 1 in 15 mL of methanol- 

tetrahydrofurane (1:1). After completion, 20 mL of crushed 

ice was added and the mixture stirred vigorously for half 

hour. The precipitate was collected by filtration and 

recrystallized after drying from aqueous methanol to give 
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white needle crystals: Yield 83 %, MP 218-220 ͦC; FT IR 

(KBr, Ʋmax/ cm-1); 3398 (OH), 3322 (NH), 3061 (CHAr), 

2987, 2846 (CHaliphatic), 1594 (C=C), 1H NMR (300 MHz, 

DMSO-d6) δ, ppm; 4.42 (s, 4H, 2CH2), 6.51-6.73 (m, 10H, 

Ar-H and 2NH), 7.16 (4H, d, J 8.62 Hz, ArH). 13C NMR (75 

MHz, DMSO-d6) δ, ppm; 46.83 (2C, 2CH2), 117.09 (4C), 

117.88 (2C), 120.71 (2C), 131.18 (4C), 131.79 (2C), 133.23 

(2C), 157.04 (2C); EIMS found: 320 [M˙+] (calc. for 

C20H20N2O2, 320.15). 

 

General synthesis of 4,4'-((2-(Aryl)-1H-benzo[d] imidaz 

ole-1,3(2H)-diyl)bis(methylene))  

Diphenol (3a-g): An aryl aldehyde (0.01 mmol) and 4,4'-

((1,2-phenylenebis (azanediyl))bis(methylene))diphenol 

were dissolved in acetic acid (15-25 mL) and heated under 

reflux for 7-9 hrs. Upon cooling to room temperature, the 

mixture was acerbated on refrigerator overnight.  

 

The precipitate was collected and washed with cold water (3 

× 20 mL). The crude compounds were purified either from 

column chromatography or recrystallized from suitable 

solvent. 

 

4,4'-((2-(4-hydroxyphenyl)-1H-benzo[d]imidazole-1,3(2 

H)-diyl)bis(methylene))diphenol 3a: The crude precipitate 

was purified by column chromatography using eluent from 

diethyl ether: methanol (9:1) to obtain white amorphous 

substance: Yield 74 %, MP 229-230 ͦC; FT IR (KBr, Ʋmax/ 

cm-1); 3420 (OH), 3069 (CHAr), 2956, 2877 (CHaliphatic), 

1600 (C=C), 1H NMR (300 MHz, DMSO-d6) δ, ppm; 4.62 

(s, 4H, 2CH2), 5.52 (s, 1H, CH), 6.58-6.77 (m, 6H, Ar-H), 

7.01-7.03 (d, 4H, J 8.2 Hz, Ar-H), 7.31(d, 2H, J 8.4 Hz, Ar-

H), 7.44-7.62 (m, 4H, Ar-H), 9.11 (bs, 2H, 2×OH), 9.47 (bs, 

1H, OH). 13C NMR (75 MHz, DMSO-d6) δ, ppm; 44.49 (2C, 

2CH2), 83.67 (1C, CH) ,112.22 (2C), 117.09 (4C), 117.56 

(2C), 120.11 (2C), 130.51 (2C), 132.08 (2C), 132.45 (4C), 

133.72 (1C), 143.27 (2C), 154.34 (1C), 155.53 (2C); EIMS 

found: 424 [M˙+] (calc. for C27H24N2O3 , 424.18). 

 

4,4'-((2-(3,5-di-tert-butyl-4-hydroxyphenyl)-1H-benzo[d] 

imidazole-1,3(2H)-diyl)bis(methylene))diphenol. 3b: The 

resulting precipitate was recrystallized from DCM to obtain 

white precipitate: Yield 78 %, M.P. 230-232  ͦC, FT IR (KBr, 

Ʋmax/ cm-1); 3462 (OH), 3074 (CHAr), 2971, 2862 

(CHaliphatic), 1597 (C=C), 1H NMR (300 MHz, DMSO-d6) δ, 

ppm; 1.41 (s, 18H, C(CH3)3), 4.57 (s, 4H, 2×CH2), 5.62 (s, 

1H, OH) 5.74 (s, 1H, CH), 6.51-6.73 (m, 8H, Ar-H), 7.44 (d, 

4H, J 8.46, Ar-H), 7.81 (s, 2H, Ar-H), 9.24 (bs, 2H, 2×OH). 
13C NMR (75 MHz, DMSO-d6) δ, ppm; 29.93 (6C, 

2C(CH3)3), 34.41 (2C, 2C(CH3)3), 45.92 (2C, 2CH2), 82.97 

(1C, CH), 110.8 (2C), 116.06 (4C), 120.21 (2C), 126.12 

(2C), 130.32 (1C), 131.43 (4C), 133.77 (2C), 138.35 (2C), 

144.03 (2C), 154.83(1C); EIMS found: 536 [M˙+] (calc. for 

C35H40N2O3,  536.30). 

 

4,4'-((2-(3,5-di-tert-butyl-2-hydroxyphenyl)-1H-benzo[d] 

imidazole-1,3(2H)-diyl)bis(methylene)) diphenol. 3c: The 

product was recrystallized by acetonitrile to obtain white 

amorphous substance: Yield 68 %, M.P. 227-229 ͦC; FT IR 

(KBr, Ʋmax/ cm-1); 3412 (OH), 30032 (CHAr), 2961, 2847 

(CHaliphatic),1589 (C=C); 1H NMR (300 MHz, DMSO-d6) δ, 

ppm; 1.28 (s, 9H, 3×CH3), 1.34 (s, 9H, 3×CH3), 5.03 (s, 4H, 

2×CH2), 5.97 (s, 1H, CH), 6.57-6.73 (m, 8H, Ar-H), 6.97 (d, 

4H, J 8.24 Hz, Ar-H), 7.11 (d, 1H, J 2.22 Hz, Ar-H), 7.30 (d, 

1H, J 2.24 Hz , Ar-H), 9.15 (bs, 1H, OH), 9.88 (bs, 2H, 

2×OH); 13C NMR (75 MHz, DMSO-d6) δ, ppm; 29.83 (3C), 

31.67 (3C), 34.46 (1C), 35.87 (1C), 48.22 (2C), 79.19 (1C, 

CH), 107.35 (2C), 108.42(1C), 109.73 (2C), 113.41 (4C), 

12.49 (1C), 128.33 (1C), 130.81 (2C), 132.19 (4C), 137.05 

(1C), 140.98 (1C), 142.87 (2C), 151.23 (1C), 156.11 (2C); 

EIMS found: 536 [M˙+] (calc. for C35H40N2O3 ,  536.30). 

 

4,4'-((2-(4-hydroxy-3,5-dimethoxyphenyl)-1H-benzo[d] 

imidazole-1,3(2H)-diyl)bis(methylene))diphenol 3d: The 

crude precipitate was recrystallized from chloroform to give 

white crystals: Yield 66%, MP 234-236 ͦC; FT IR (KBr, 

Ʋmax/ cm-1); 3431 (OH), 3061 (CHAr), 2962, 2877 

(CHaliphatic), 1598 (C=C), 1217 (C-O-C); 1H NMR (300 

MHz, DMSO-d6) δ, ppm; 3.81 (s, 6H, OCH3), 4.76 (s, 4H, 

2×CH2), 6.01 (s, 1H, CH), 6.46-6.63 (m, 6H, Ar-H), 6.85 (d, 

4H, J 8.8 Hz,Ar-H,), 7.19 (d, 4H, J 8.84 Hz, Ar-H), 9.18 (bs, 

1H, OH), 9.58 (bs, 2H, 2×OH).; 13C NMR (75 MHz, DMSO-

d6) δ, ppm; 49.44 (2C), 55.83 (2C), 78.39 (1C), 108.41 (2C), 

111.51 (2C), 116.32 (4C), 129.07 (2C), 131.35 (2C), 132.57 

(4C), 134.12 (1C), 139.88 (1C), 142.78 (2C), 153.66 (2C) 

154.81(2C); EIMS found: 484 [M˙+] (calc. for 

C29H28N2O5 ,  484.20). 

 

4,4'-((2-(2-hydroxy-3-methoxyphenyl)-1H-benzo[d] imid 

azole-1,3(2H)-diyl)bis(methylene))diphenol 3e: The 

resulting product was recrystallized from ethanol to give 

shiny pale yellow crystals: Yield 54% ,MP 233-235 ͦC; FT 

IR (KBr, Ʋmax/ cm-1); 3554 (OH), 3052 (CHAr), 

2971,2867(CHaliphatic), 1596 (C=C), 1211 (C-O-C); 1H NMR 

(300 MHz, DMSO-d6) δ, ppm; 3.85 (s, 3H, OCH3), 4.64 (s, 

4H, CH2), 6.25 (s, 1H, CH), 6.42-6.83 (m, 11H, Ar-H), 7.26 

(d, 4H, J 8.2 Hz, Ar-H), 9.18 (bs, 2H, OH), 9.77 (bs, 1H, 

OH); 13C NMR (75 MHz, DMSO-d6) ppm;49.82 (2C), 75.75 

(1C), 110.17 (1C), 111.58 (2C), 115.87 (4C), 119.19 (2C), 

120.11 (1C), 121.24 (1C), 122.07 (1C), 122.49 (1C), 131.57 

(4C), 143.20 (2C), 150.76 (1C), 152.32 (1C), 154.19 (2C); 

EIMS found: 454 [M˙+] (calc. for C28H26N2O4 ,  454.19).  

 

4,4'-((2-(2-hydroxy-3-methylphenyl)-1H-benzo[d]imidaz 

ole-1,3(2H)-diyl)bis(methylene))diphenol 3f: The 

resulting product was recrystallized from acetonitrile to 

obtain white amorphous powder: Yield 58%, MP 270 0C;  

FT IR (KBr, Ʋmax/ cm-1); 3537 (OH), 3072 (CHAr), 

2934,2879 (CHaliphatic), 1597 (C=C), 1224 (C-O-C); 1H NMR 

(300 MHz, DMSO-d6) δ, ppm; 2.26 (s, 3H, CH3), 5.21 (s, 

4H, 2xCH2), 6.19 (s, 1H, CH) 6.45-6.79 (m, 8H, Ar-H), 

7.19-7.30 (m, 7H, Ar-H), 9.26 (bs, 1H, OH), 9.79 (bs, 2H, 

OH).13C NMR (75 MHz, DMSO-d6) δ, ppm;21.13 (1C), 

48.27 (2C), 76.09 (1C), 111.68 (2C), 115.77 (4C), 119.64 

(2C), 120.32 (1C), 121.48 (1C), 126.35 (1C), 127.51 (1C), 

130.17 (1C), 132.42 (4C), 142.92 (2C), 152.13 (1C), 155.01 
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(2C); EIMS found: 438 [M˙+] (calc. for C28H26N2O3, 438.19 

). 

 

4,4'-((2-(2-hydroxyphenyl)-1H-benzo[d]imidazole-1,3(2 

H)-diyl)bis(methylene))diphenol 3g: The product was 

purified by column chromatography utilizing hexane-ethyl 

acetate (5-1) as mobile phase to afford white precipitate: 

Yield 56%, MP 176-179 ͦC;FT IR (KBr, Ʋmax/ cm-1); 3545 

(OH), 3037 (CHAr), 2978,2862 (CHaliphatic),1595 (C=C); 1H 

NMR (300 MHz, DMSO-d6) δ, ppm; 4.85 (s, 4H, 2CH2), 

5.97 (s,1H, CH), 6.53-7.09 (m, 15H, Ar-H), 7.37 (d, 1H, J 

8.2 Hz, Ar-H), 9.38 (bs, 2H, 2×OH), 10.03 (bs, 1H, OH); 13C 

NMR (75 MHz, DMSO-d6) δ, ppm; 48.12 (2C), 76.56 (1C), 

112.51 (2C), 116.82 (4C), 117.07 (1C), 120.12 (2C), 120.98 

(1C), 122.72 (1C), 128.84 (1C), 129.46 (1C), 132.28 (4C), 

143.15 (2C), 152.91 (1C), 154.76 (2C); EIMS found: 424 

[M˙+] (calc. for C27H24N2O3 ,  424.18). 

 

Results and Discussion 
The series of 4,4'-((2-(Aryl)-1H-benzo[d]imidazole-1,3 

(2H)-diyl)bis(methylene))diphenol was synthesized by three 

steps. The first step was synthesis of bis Schiff bases (1) 

from reacting equivalents millimole of 4-

hydroxybenzaldehyde with 1,2-phenylenediamine. The next 

step was reduction of the bis Schiff bases by sodium 

borohydride to produce compound (2). The final step by 

cyclization reaction of compound (2) with substituted 

benzaldehyde in concentration acetic acid to produce (3a-g) 

as demonstrated in scheme 1. 

 

The FT-IR of compound (1) displayed C=N band at 1633 

cm-1. The broad band of phenolic hydroxyl was assigned at 

3456 cm-1. The FT-IR of compound (2) displayed new band 

of NH assigned at 3322 cm-1. Furthermore, the FT-IR 

spectrum showed the CHaliphatic at (2987,2846) cm-1. While, 

the band of NH group vanished from FT-IR spectra of 

compounds (3a-g). 1H NMR of compound (1) showed the 

peak of imine group at δ 8.56 ppm and it disappeared from 
1H NMR of compound (2) and new peak with integral four 

proton appeared at δ 4.42 ppm for two CH2 group.  

 

The 1H NMR of compounds (3a-g) showed disappearance of 

two protons of NH which was considered first evidence of 

successful cyclization. Furthermore, new peak appeared at 

range δ 5.52-6.25 ppm with integral of one proton for CH of 

benzimidazole ring and the two CH2 of benzyl groups 

appearing at δ 4.57-5.21 ppm and the two phenolic hydroxyl 

of 4-hydroxybenzyl assigned at δ 9.11-9.88 ppm. The 

protons of aryl group at position two of benzimidazole ring 

and their substituted group appeared at their proposed range. 

The 1H NMR of compound (3a) showed integration of 

aromatic system equal to twelve protons besides three 

protons of three phenolic hydroxyl. The spectrum of (3b) 

displayed the protons of two di tert butyl groups at δ 1.41 

ppm with integral 18 H, as well the hindered phenolic 

hydroxyl appeared at δ 5.62 ppm.  

 

The spectrum of (3c) showed protons of two tert butyl group 

at δ 1.28 ppm and δ 1.34 ppm with integral 9 H for each peak 

and the proton of phenolic hydroxyl of δ 9.88 ppm di-tert-

butyl located at 9.15 ppm. The 1H-NMR spectrum of (3d) 

shows two protons of syringyl, nine protons for two groups 

of methoxy located at δ 3.81 ppm. Moreover, the hydroxyl 

group of siringyl was located at δ 9.18 ppm. The spectra of 

(3e) demonstrated three protons of methoxy group at δ 3.85 

ppm and all aromatic peaks at hydroxyl group of the aryl at 

position two was located at δ 9.77 ppm. The 1H NMR of (3f) 

shows all expected protons.

 

 
Scheme 1: Pathway of Synthesis of 3a-g 
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The methyl group was located at δ 2.26 ppm as well the 

hydroxyl group of the aryl was located at δ 9.26 ppm besides 

the aromatic protons. Spectrum of (3g) showed the protons 

of salicyl group at their predicted regions besides their 

hydroxyl peaks located at δ 10.03 ppm. 

 

The 13C NMR of compounds (3a-g) confirmed their structure 

and successful cyclization. The identical carbon for C2 of 

benzimidazole ring was located at δ 75.75-83.67 ppm 

besides to the carbon attached with phenolic hydroxyl which 

is assigned at downfield of the spectrum. Furthermore, all 

carbons of phenolic group were attached with this carbon 

and their substituted groups located at their proposed region. 

For instance, the spectrum of compound (3b) shows two 

peaks for two groups of di-tert-butyl at δ 29.93 ppm for 

C(CH3)3 besides to δ 34.41 ppm for C(CH3)3, while 

compound (3c) displayed four peaks at δ (29.83, 31.67, 

34.46, 35.87) ppm for two group of tert-butyl at position 3 

and 5.  

 

The two methoxy groups of compound (3d) were situated at 

δ 55.83 ppm and the methoxy group of compound (3e) was 

situated at δ 75.75 ppm. The methyl group for compound 

(3f) was situated at δ 21.13 ppm. The mass spectra 

harmonized with FT-IR,1H-NMR 13C NMR confirm the 

structure. The mass spectra for these compounds displayed 

the ionic mass and the base peaks as well the fragments 

corresponding to the structures of compound (3a-g).   

 

Antioxidant screening: The antioxidant activity for the 

synthesized compound (3a-g) was tested by DPPH and 

FRAP assays. Both assays were screened according to 

procedures described by Saoud et al.22 In DPPH assay, 

ascorbic acid and BHT were utilized as refences. The DDPH 

inhibition displayed that the compound 3b possessed highest 

antioxidant activity in all synthesized compounds. This 

activity is slightly less than ascorbic acid inhibition 

percentage, moreover it possesses IC50 ((half maximal 

scavenging concentration) slightly higher than ascorbic acid. 

Compound 3c possessed next highest antioxidant activity as 

shown in table 2. 

 

The sequence of free radical scavenging for these 

synthesized compounds exhibited that the phenolic ring 

attached to carbon at position two of benzimidazole ring 

plays important role to enhance the antioxidation properties. 

The two groups of 4-hidroxybenzyl possess a minor impact 

in antioxidant activity for these compounds. On the other 

hand, comparing the DPPH inhibition between 3a and 3g 

indicted that phenolic hydroxyl at position ortho is more 

effective. The benzimidazole ring has good contribution to 

increase hinderance around phenolic hydroxyl at position 

ortho. All synthesized compounds showed antioxidant 

capacity more than BHT. The FRAP value for these 

compounds (Figure 1) was in agreement with DPPH 

inhibition percentage and demonstrated same sequence of 

antioxidant properties for these compounds. 

Table 1 

Selective physical properties of the synthesized compounds (1-3a-g). 

Compound 

No. 

Yield % M.P ͦC Fw EIMs calc. EIMs found 

3a 74 229-230 C27H24N2O3 424.18 424 

3b 78 230-232 C35H40N2O3 536.30 536 

3c 68 227-229 C35H40N2O3 536.30 536 

3d 66 234-236 C29H28N2O5 484.20 484 

3e 54 233-235 C28H26N2O4 454.19 454 

3f 58 270 dec. C28H26N2O3 438.19 438 

3g 56 176-179 C27H24N2O3 424.18 424 

 

Table 2 

DPPH and IC50 of synthesis compounds 3a-g 

Compound 

No. 

DPPH Inhibition % ± SDa IC50 ± SEM b (100 µg/mL) 

3a 67.39±0.061 77.05±0.048 

3b 88.27±0.043 22.98±0.028 

3c 83.19±0.059 28.39±0.016 

3d 78.36 ±0.035 62.22±0.038 

3e 74.12±0.054 70.19±0.066 

3f 73.79±0.072 73.71±0.041 

3g 71.57±0.029 75.37±0.072 

BHT 66.83±0.058 78.27±0.036 

Ascorbic 

acid 

90.67± 0.0.32 23.18±0.041 

                                a (SD) Standard Deviation; b (SEM) Standard Error of the Mean and IC50: 50% effective concentration 
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Figure 1: FRAP value for newly synthesized compounds 3a-g 

 

 

 

Figure 2: Exhibiting binding mode of natural nucleotide 

 

Table 3 

RMSD (Root Mean Square Deviation), the docking scores, type of banding and their distance of standard 

Compound No. RMSD Docking Score Type of bond Distance Ao 

Standard 0.039 -8.073 H-bond 2.6 

Salt bridg 3.67 

Salt bridg 3.73 

Salt bridg 3.84 

Salt bridg 4.19 

Salt bridg 4.62 

Metal coordination 2.01 

Metal coordination 2.06 

  

Docking study: All compounds were installed at binding 

sites for III DNA polymerase with Schrödinger Maestro 

version 12.5.139 and MMshare 5.1.139 version used for all 

docking simulations. From the results of the analysis of the 

fusion between the prepared compounds and the DNA 

replication enzyme, insights were obtained about the 

interactions between the prepared compounds and the 

enzyme, as well as the use of the natural nucleotide as a 

reference for the prepared compounds. Figure 2 depicted 

bending mode of nucleotide. RMSD (Root Mean Square 

Deviation), the docking scores, type of banding and their 

distance of standard were tabulated in table 3. 

 

The docking study for compound 2 as inhibitor of III DNA 

polymerase showed highest negative value of docking score 

(-8.928) with RMSD equal to 0.047 (Figure 3). 
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The simulation study of compound 3a displayed six bonds, 

as two bonds as H-bond. pi-bond and metal coordination 

with RMSD equal to 0.039 and docking score equal to 8.073.  

 

The bonds length of all synthesized compounds (3a-g) is 

listed in table 4. Compound 3b displayed three bonds, two as 

H-bond and one bond as metal coordination with RMSD 

equals 0.045 and docking score to 4.462. Figure 4b depicted 

the binding mode of these compounds.  

 

Compound 3c exhibited only three hydrogen bonding with 

RMSD and docking score equal to 0.037 and -7.111 

respectively whereas compound 3d exhibited just two pi -

bond and two metal coordination as depicted in figure 5.

 

 
Figure 3: Exhibiting binding mode of compound 2 

 

 

 
a 

 
b 

Figure 4: Binding mode of compounds 3a (a) and 3b (b) as inhibiter of III DNA polymerase 

 

 
a 

 
b 

Figure 5: Binding mode of compounds 3c (a) and 3d (b) as inhibiter of III DNA polymerase
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Table 4 

Parameters of docking study for synthesized compound 2-(3a-g) 

Compound No. RMSD 
Docking 

Score 
Type of bond Distance Ao 

2 0.047 -8.928 

H-bond 1.57 

Pi-Pi Stacking 5.40 

Metal coordination 2.07 

3a 0.047 -8.098 

H-bond 1.95 

H-bond 1.61 

Metal coordination 2.08 

Metal coordination 2.13 

Pi-Cation 4.23 

Pi-Cation 5.18 

3b 0.045 -4.462 

Pi-Cation 5.87 

Pi-Cation 6.02 

Metal coordination 2.36 

3c 0.037 -7.111 

H-bond 1.69 

H-bond 1.98 

H-bond 2.19 

3d 0.046 -6.610 

Pi-Cation 5.76 

Pi-Cation 6.15 

Metal coordination 2.06 

Metal coordination 2.13 

3e 0.046 -7.454 

H-bond 1.80 

H-bond 1.86 

H-bond 1.95 

Pi-Pi Stacking 4.83 

Metal coordination 2.01 

3f 0.042 -7.326 

H-bond 1.79 

H-bond 1.91 

H-bond 2.19 

Pi-Pi Stacking 5.08 

Pi-Pi Stacking 5.18 

Metal coordination 2.01 

3g 0.047 -7.252 
H-bond 1.87 

Metal coordination 2.04 

 

 

 
a 

 
b 

Figure 5: Binding mode of compounds 3e(a) and 3f(b) 
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Figure 6: Binding mode of compounds 3g 

 

Compound 3e exhibited five bonding, three of them as 

hydrogen bonding as Pi-Pi stacking and the last one as metal 

coordination and it showed RMSD equal to 0.046 with 

docking score equal to -7.454. The docking study of 

compound 3f exhibited six bonding, three of them as 

hydrogen bonding and two as Pi - Pi stacking and the last 

bonding as metal coordination. The simulation study for 

compound 3g exhibited just two bonding- one as hydrogen 

bonding and the other one as metal coordination as depicted 

in figure 6. 

 

These results demonstrated that compound 2 possesses just 

three bonding, it has the highest docking score. For the 

compounds 3a-g, the docking exhibited that increasing steric 

hindrances around the phenolic group attached in position 

two off benzimidazole decrease their capability of 

interaction and give less docking scores value as in 

compound 3b. Furthermore, the results show that the 

compounds possess steric hindrances around phenolic 

hydroxyl at position ortho exhibited interaction capability 

preferable than those have phenolic hydroxyl at position para 

hydroxyl.   

 

Conclusion  
Newly series of 4,4'-((2-(Aryl)-1H-benzo[d]imidazole-

1,3(2H)-diyl)bis(methylene))Diphenol was  successfully 

synthesized from cyclization. The structure of these 

compounds was confirmed by FT-IR, 1D NMR and EIMs. 

The anti-oxidant capability for these compounds was tested 

by DPPH and FRAP assays. All these compounds exhibited 

antioxidant capacity more than BHT and compounds 3d and 

3c displayed significant antioxidant capacity slightly less 

than ascorbic acid. The antioxidant screening showed that 

the phenolic aryl at position two can play important role for 

enhancing the antioxidant ability.  

 

The docking study for these compound as III DNA 

polymerase inhibitor showed that the increased hinderances 

around phenolic hydroxyl for the aryl at position two for 

benzimidazole decrease the capability of interaction and 

give less bending and smaller docking score and there is 

inverse relationship between increasing hindrances around 

phenolic hydroxyl and DNA polymerase inhibition. 
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