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Abstract: Given the pharmacological significance of fluorine-containing heterocycles, in the present paper, a 

series of benzimidazole having fluoro-benzene moiety within a single molecular framework were screened for 

their in vitro antimicrobial activity against four Gram-positive bacteria, two Gram-negative bacteria and two fungal 

strains. The results of antimicrobial activity demonstrated that fluoro-substituted compounds (13-15 and 17-19) 

have good antibacterial and antifungal properties as compared to unsubstituted parent compounds (12 and 16). 

Compound 18 which hold fluorine atom in meta-positions of phenyl ring side chain of benzimidazole displayed 

high activity against Gram-negative bacteria with a MIC value of 31.25 μg/mL. Similarly, 2-(m-fluorophenyl)-

benzimidazole derivatives 14 and 18 showed good anti-B. subtilis with a MIC value of 7.81 μg/mL. SAR studies 

suggested that the presence of methyl substitution group at position 5 of benzimidazole is recommended for 

significant antifungal activity against C. parapsilosis. The high potency suggested that compound 18 could be a 

starting point for the discovery and optimization of  novel antimicrobial agents. 
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1. Introduction 

Current antimicrobials are in danger of losing effectiveness due to the progressive development 

of antibiotic and antifungal resistance among pathogenic bacteria and fungi.1 In order to prevent this 

major medical problem, the discovery of new types of antimicrobial agents is a very important but 

challenging task. In search to create a new set of effective antimicrobials, aryl benzimidazole compounds 

have attracted great attention for their wide range of biological activities.2-4 Especially, phenyl 

benzimidazole derivatives were identified as a potential target to further study and explored for 

identifying the lead antimicrobial agent.5-7  

The isosteric substitution of hydrogen by fluorine could modulate the chemical and physical 

properties, biological activity, pharmacodynamics, and pharmacokinetics of organofluorines.8,9 Also, 

the presence of fluorine atom(s) could increase drugs’ selectivity and lipophilicity, thus resulting in 

increased antimicrobial activities by enhancing the rate of cell penetration.10,11  

The discovery of the fluoroquinolones such as norfloxacin, lomefloxacin, enoxacin, ofloxacin, 

and ciprofloxacin as antibacterials is a striking example of the strong effect of fluorine atoms on 

molecular properties12. Ciprofloxacin (1) is a stellar example of a fluoroquinolone to date with a broad 

spectrum of biological activities. The introduction of fluorine at position-6 resulted in increasing 

antibacterial activity, especially, against Gram-positive bacteria, compared to other analogues.12 
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It is known that fluconazole (2), one of the most used anti-candidiasis drugs,13 is an azole 

compound containing a fluorinated phenyl group. Fluconazole structure and the essential role of mono-

fluorine on the phenyl ring in the antifungal activity have been reported by Xie et al.14  

 

 
Figure 1. Structure of ciprofloxacin and fluconazole 

 

It was also reported that the benzimidazole compounds bearing fluorine substituent can have 

improved biological activities, especially for the antibacterial and antifungal activities.15 El-Gohary and 

co-workers synthesized a series of benzimidazole derivatives and tested their antimicrobial activity, 

among the tested benzimidazole compounds, fluorinated benzimidazole (3) showed good activity 

toward S. aureus and C. albicans with MIC value 156.25 µg/mL and 78.125 µg/mL respectively.16 

Pardeshi et al. synthesized new benzimidazole derivatives and evaluated their antifungal and 

antibacterial activity. The result showed that the presence of fluorine in benzimidazole (4 and 5) is 

responsible for their reactivity.17 In addition, Zhang et al. developed a new series of arylbenzimidazoles 

with improved efficacy. Their results indicate that the presence of a strong electron-withdrawing atom 

such as fluorine at phenyl side chain of benzimidazole (6) improves the antifungal activity against C. 

albicans, S. cerevisiae, and A. flavus fungi.18 

 

 

Figure 2. Benzimidazole derivatives incorporating fluorine 

 

In view of the above considerations, and the known some antimicrobial agents have a 

halogenated phenyl ring, presumably in order to give them good antibacterial and antifungal activity, 

we decided to investigate the antimicrobial potency of our previously synthesized 2-phenyl 

benzimidazole which hold fluorine atom in the ortho-, meta- or para-positions of phenyl ring side chain 

of benzimidazole.  
 

2. Experimental 

 
2.1. Chemistry 

The synthetic route of the compounds is shown in Scheme 1. All compounds were synthesized 

by using polyphosphoric acid methods. 1H NMR spectra were taken on a 400 MHz spectrometer with 
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tetramethylsilane (TMS) as an internal standard, and chemical shifts were recorded in ppm values. The 

IR spectra were obtained on a Perkin Elmer Spectrum One FT-IR spectrometer. The synthesis procedure 

and results are detailed in our previous study.19 

 

2.1.1. General Synthesis Procedure 

 A mixture of 1,2-phenylenediamine derivatives (1 eq.) and the corresponding carboxylic acid 

derivatives (1.1 eq.) were heated for a period of 13–18 h in 5 mL polyphosphoric acid (PPA) at 120-150 

°C (Scheme 1).20-22 The reaction mixture was poured onto ice water and neutralized by mixing it with 5 

M NaOH until a slightly basic pH (8–9) was obtained to get the precipitate. The resulting precipitate 

was filtered off, washed with cold water, and recrystallized with ethanol-water. The resulting crystalline 

compounds were filtered, and the vacuumed product was dried (Figure 3).  

 

 
Scheme 1. Synthesis of 2-(fluorophenyl)-benzimidazole derivatives. 

 

 
 

Figure 3. Structures of the 2-(fluorophenyl)-benzimidazole derivatives (12-19). 

 

2-Phenyl-1H-benzo[d]imidazole (12)23: Light yellow crystalline; 66%; Rf (CHCl3/MeOH 95:05) = 0.50; 

mp = 290-294 °C; IR (KBr, cm-1) νmax 3411, 1540, 1450, 1408, 967, 774; 1H NMR (400 MHz, d6-

DMSO) δ 8.18 (d, J = 7.5 Hz, 2H, Ar-H), 7.60 (m, 2H, Ar-H), 7.57-7.50 (m, 3H, Ar-H), 7.22-7.19 (m, 

2H, Ar-H). 

 

2-(2-Fluorophenyl)-1H-benzo[d]imidazole (13)24: Yellow crystalline; 66%; Rf (CHCl3/MeOH 95:05) = 

0.62; mp = 210-215 °C; IR (KBr, cm-1) νmax 3320, 3048, 1585, 1444, 109.5, 743; 1H NMR (400 MHz, 

d6-DMSO) δ 12.55 (br s, 1H, NH), 8.23 (m, 2H, Ar-H), 7.61-7.53 (m, 2H, Ar-H), 7.47-7.37 (m, 2H, Ar-

H), 7.27-7.21 (m, 2H, Ar-H). 

 

2-(3-Fluorophenyl)-1H-benzo[d]imidazole (14)25: yellow crystalline; 54%; Rf (CHCl3/MeOH 95:05) = 

0.51; mp= 253-257 °C; IR (KBr, cm-1) νmax 3307, 3021, 1535, 1404, 1075, 733; 1H NMR (400 MHz, 

CD3OD) δ 7.90–7.79 (m, 2H, Ar-H), 7.62–7.49 (m, 3H, Ar-H), 7.28–7.18 (m, 3H, Ar-H). 

 

2-(4-Fluorophenyl)-1H-benzo[d]imidazole (15)23: Beige crystalline; 42%; Rf (CHCl3/MeOH 95:05) = 

0.58; mp= 250-255 °C; IR (KBr, cm-1) νmax 3429, 3060, 1604, 1440, 964, 743; 1H NMR (400 MHz, d6-

DMSO) δ 8.23-8.21 (m, 2H, Ar-H), 7.59 (d, J = 2.7 Hz, 2H, Ar-H), 7.38 (d, J = 7.5 Hz, 2H, Ar-H), 7.22-

7.18 (m, 2H, Ar-H). 
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6-Methyl-2-phenyl-1H-benzo[d]imidazole (16)26: Red crystalline; 45%; Rf (CHCl3/MeOH 95:05) = 

0.54; mp = 250-255 °C; IR (KBr, cm-1) νmax 3375, 3052, 2919, 1504, 1420, 944, 723; 1H NMR (400 

MHz, d6-DMSO) δ 11.10 (s, 1H, NH), 8.68 (d, J = 1.8 Hz, 1H, Ar-H), 8.54 (d, J = 8.0 Hz, 1H, Ar-H), 

8.40 (d, J = 8.0 Hz, 2H, Ar-H), 7.50 – 7.57 (m, 2H, Ar-H), 7.46 (s, 1H, Ar-H), 7.14 (d, J = 8.0 Hz, 1H, 

Ar-H), 2.50 (s, 3H, CH3). 

 

2-(2-Fluorophenyl)-6-methyl-1H-benzo[d]imidazole (17)26: Beige crystalline; 53%; Rf (CHCl3/MeOH 

95:05) = 0.48; mp = 263-265 °C; IR (KBr, cm-1) νmax 3302, 3042, 2965, 1554, 1470, 974, 833; 1H NMR 

(400 MHz, d6-DMSO) δ 11.59 (s, 1H, NH), 8.45 (t, J = 8.0 Hz, 1H, Ar-H), 7.54 (ddd, J = 4.0, 8.0, 3.5 

Hz, 2H, Ar-H), 7.47 (s, 1H, Ar-H), 7.32 – 7.42 (m, 2H, Ar-H), 7.10 (d, J = 8.0 Hz, 1H, Ar-H). 2.47 (s, 

3H, CH3). 

 

2-(3-Fluorophenyl)-6-methyl-1H-benzo[d]imidazole (18) (CAS 940703-07-1): Yellow crystalline; 

54%; Rf (CHCl3/MeOH 95:05) = 0.53; mp = 272-275 °C; IR (KBr, cm-1) νmax 3307, 3021, 1545, 1407, 

1077, 736; 1H NMR (400 MHz, CD3OD) δ 7.90–7.79 (m, 3H, Ar-H), 7.62–7.49 (m, 3H, Ar-H), 7.32 (s, 

1H, Ar-H), 2.40 (s, 3H, CH3). 

 

2-(4-Fluorophenyl)-6-methyl-1H-benzo[d]imidazole (19)27: White crystalline; 63%; Rf (CHCl3/MeOH 

95:05) = 0.44; mp = 233-235 °C; IR (KBr, cm-1) νmax 3354, 3035, 2945, 1506, 1423, 944, 743; 1H NMR 

(400 MHz, d6-DMSO) δ 12.95 (s, 1H, NH), 8.05 (d, J = 8.0 Hz, 2H, Ar-H), 7.56 (s, 1H, Ar-H), 7.36 (d, 

J = 7.9 Hz, 3H, Ar-H), 7.11−6.96 (m, 1H, Ar-H), 2.37 (s, 3H, CH3). 

 

 

2.2. Antimicrobial Activity 

 Antimicrobial susceptibility testing was performed by the modification of literature methods.28 

The microbial strains, such as Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 

25853), Enterococcus faecalis (ATTC 29212), Staphylococcus aureus (ATCC 25923), Streptococcus 

pneumonia (ATCC 10353), Bacillus subtilis (ATCC 6633), Candida albicans (ATCC 4322), and 

Candida parapsilosis (ATTC 22019), were used for this purpose. The fungal and bacterial cell 

inoculums were prepared from a stock culture grown in tryptic soy agar (TSA) at 28 °C for 24 h and in 

Mueller–Hinton agar (MHA) at 37 °C for 24 h, respectively. The microorganism suspension 

concentrations were adjusted to 0.5 McFarland turbidity tubes using sterilized saline. Stock solutions of 

the title compounds were prepared in DMSO at 1000 µg/mL. A modified microdilution test was 

performed for antimicrobial activity, and the experiments were run in duplicate independently. For the 

antifungal activity testing, a 100 µL Tryptic Soy Broth (TSB) was added to each of the 11 wells. A 100 

µL aliquot of the tested chemical solution was added to the first well, and twofold dilutions were 

prepared. Then, 5 µL of fungal suspension was added to each tube except the last one, which acted as 

the control well. For the antibacterial activity testing, a 100 µL Mueller–Hinton broth (MHB) was added 

to each of the 11 wells. A 100 µL aliquot of the chemical derivative solution was added to the first tube, 

and twofold dilutions were prepared. Then, 5 µL of the bacterial suspension was added to each tube, 

except the last control well. A control tube containing 5 µL of the fungal and bacterial suspensions alone 

without the tested compounds was also prepared. All plates were incubated at 28 °C (for fungi) and 37 

°C (for bacteria) for 24 h. After incubation, the MICs (Table 1) were obtained by noting the growth 

inhibitions. The concentration resulting in a 50% reduction in the optical density (OD) values was 

compared to a reproduction control at 450 nm by spectrophotometric evaluation and defined as the MIC 

value. Fluconazole and ampicillin were used as reference drugs. The results were read visually and by 

measuring the OD for 24 h. 

 

3. Results and Discussion  

The in vitro antimicrobial screening for all the synthesized compounds was evaluated for four 

Gram-positive bacteria (Enterococcus faecalis, Staphylococcus aureus, Streptococcus pneumonia, and 

Bacillus subtilis), two gram-negative (Escherichia coli and Pseudomonas aeruginosa) and two fungi 
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(Candida albicans and Candida parapsilosis) using a modified microdilution method with the positive 

control of clinically antimicrobial drugs ampicillin and fluconazole. The values of clogP, a partition 

coefficient as a kind of measurement for molecular hydrophobicity/lipophilicity, were calculated using 

ChemBioDrawUltra 12.0.3. 

The Minimal inhibitory concentration (MIC, μg/mL) values of the synthesized compounds and 

the control drugs against the tested bacterial and fungal strains are summarized in Table 1. 

 In general, it could be observed that all of the synthesized compounds of the series have shown 

moderate to good antimicrobial activity against the tested microorganisms. A visual inspection 

envisaged that the presence of an electron-withdrawing fluorine atom as a substituent on the phenyl side 

chain directly attached to benzimidazole moiety increases the antimicrobial activity of compounds (13-

15 and 17-19) while keeping the phenyl unsubstituted (12-16). The notable observation is that the 

presence of a methyl substitution group at position 5 of the benzimidazole ring leads to the enhancement 

of the antimicrobial activity of the compounds.  

From Table 1, among the 5-unsubstituted benzimidazole derivatives, compound 14 with meta-

fluoro substitution group on the phenyl ring of the side chain proved to be the most potent antibacterial 

agent against B. subtilis with a MIC value of 7.81 μg/mL. 

Among 5-methylbenzimidazole derivatives, compound 18 with meta-fluoro substitution group 

on the phenyl ring of the side chain displayed a potent anti-E. coli and anti-P. aeruginosa activities with 

a MIC value of 31.25 μg/mL and good anti-B. subtilis with a MIC value of 7.81 μg/mL. The replacement 

of meta-fluoro by ortho- and para-fluoro substitution groups, which yielded compounds 17 and 19 

respectively, resulted in low antibacterial activity. 

Two strains of fungi (C. albicans and C. parapsilosis) were used for determining the antifungal 

activity of the synthesized compounds. In comparison with C. parapsilosis, our compounds were 

relatively less sensitive to C. albicans. Benzimidazole derivatives (17-19) having a methyl substituent 

had higher clogP values and displayed better antifungal activity than the unsubstituted parent (13-15). 

Especially, compound 17 with ortho-fluoro substitution exhibited good anti-C. parapsilosis with MIC 

value of 15.62 μg/mL in comparison to the reference drug fluconazole. These results suggested the 

noticeable effects of the methyl group on antifungal activities. 

 

4. Conclusion 

The preliminary in vitro antibacterial and antifungal screening results the 2-(fluorophenyl)-

benzimidazole derivatives reported here have emerged as good antimicrobial agents. 

This study has reinforced our speculation about the presence of fluorine atoms as a substituent 

on the phenyl side chain of benzimidazole. Moreover, the presence of fluorine atom at various positions 

affects antimicrobial activity and suggested to have different compound-target binding affinities.  

From a structural point of view, the meta-fluoro substitution group appeared to be the crucial 

factor for the activity maintenance of tested compounds (14 and 18) against B. subtilis. However, the 

presence of methyl group at position 5 of benzimidazole (18) didn’t improve the activity against B. 

subtilis in comparison with the unsubstituted parent (14). 

By comparing the antifungal activity of the benzimidazole derivatives, it was found that the 

introduction of the methyl group at position 5 of benzimidazoles (17-19) showed notable enhanced 

antifungal efficiency against C. parapsilosis. The lipophilicity parameters were determined by the 

theoretical calculation (clogP). The results indicate that compounds with high clogP have better anti-C. 

parapsilosis than anti-C. albicans. A plausible explanation could be the increased lipophilicity of 

benzimidazole compounds might make them favorable for being delivered to the binding sites. 

Our results manifested that fluorophenyl-containing benzimidazole derivatives should be 

worthy to be of further investigation as potential antimicrobial agents.  
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Table 1. MIC values of the synthesized 2-(fluorophenyl)-benzimidazole derivatives against Gram + and Gram - bacterial and fungal strains 

 

Compound No E. coli P. aeruginosa E. faecalis S. aureus S. pneumoniae B. subtilis C.  albicans C. parapsilosis cLogP 

12 125 62.5 125 250 250 125 62.5 62.5 3.663 

13 62.5 62.5 62.5 62.5 62.5 62.5 62.5 125 3.826 

14 62.5 62.5 62.5 250 250 7.81 62.5 125 3.826 

15 62.5 62.5 62.5 250 250 15.62 62.5 62.5 3.826 

16 62.5 62.5 125 250 250 62.5 62.5 62.5 4.162 

17 125 125 62.5 62.5 125 125 62.5 15.62 4.325 

18 31.25 31.25 62.5 62.5 62.5 7.81 62.5 31.25 4.325 

19 62.5 62.5 62.5 125 125 62.5 62.5 62.5 4.325 

Ampicillin 31.25 31.25 * * * * - - -1,2045 

Fluconazole - - - - - - * 7,8 -0,44 
*: All tested concentrations are active. -: Not tested 
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