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Abstract: In the present work, a series of fluoro-substituted benzimidazole derivatives were designed and 

synthesized as antiproliferative agents. The antiproliferative activity of these compounds was investigated using 

MTT assay. Fluoro-substituted benzimidazole derivatives showed significant antiproliferative activity against all 

the tested cancer cell lines. All the derivatives were found to be less toxic as compared to methotrexate (positive 

control) in human cells, indicating selective and efficient antiproliferative activity of these benzimidazole 

derivatives. These findings suggest that compounds ORT14 and ORT15 among this series are most effective 

and have potential for detailed investigations. 
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1. Introduction  
  

Cancer, occurring by abnormal division and spread of cells, is recognized as the main global 

health problem and is one of the major causes of death.1 Therefore, the development of new drugs with 

antiproliferative activity is a priority task, which will shorten the current chemotherapy. 

Benzimidazoles are the most prominent heterocycles with diverse biological functions.2-5 Multiple 

previous reports have suggested that benzimidazoles to be very good cytotoxic agents against different 

types of cancer cell lines,6 and exert their anticancer activity by acting on various targets such as 

topoisomerases inhibitors,7 DNA-alkylating agents,8 tubulin polymerization inhibitors9 and 

antiangiogenic agents.10 

 Due to the drug-like character and considerable range of structural diversity, large collections 

or libraries of diverse benzimidazoles are routinely employed in high-throughput screening at the early 

stages of drug discovery programs.  As per the literature, after nitrogen, fluorine occupies the position 
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of second favorite hetero-element in life science-oriented research. In fact, more than 20% of 

pharmaceuticals are prescribed or administered in the clinic, and more than 30% of the leading 

blockbuster drugs contain fluorine atoms in their molecules.11 

 Fluorine-containing benzimidazoles, which are showing biological activities, are well 

documented in the literature.12-16 A series of benzimidazole analogues was designed by Reddy et al. 

The synthesized compounds were evaluated against human tumor cell lines. Structure activity 

relationship (SAR) studies of benzimidazole derivatives concluded that compound 1 with a fluorine 

appendage showed potent cytotoxicity against tested cancer cell lines.17 Kamal et al. synthesized 

benzimidazole-oxindole compounds and evaluated them against human breast cancer cell line (MCF-

7). The compounds with mono-fluoro, difluoro, or trifluoromethyl moieties show considerable 

antiproliferative activities. Their finding implies that compound 2 with a difluoro moiety at positions 3 

and 5 on phenyl ring showed significant cytotoxicity against breast cancer cell line (MCF-7) with an 

IC50 value of 1.59 µM.18 Also, Singh et al. have been reported that the presence of flour atoms as 

substituents at 2-position of benzimidazole enhanced the cytotoxic activity of compound 3 against 

human cancer cell lines, with IC50 values of 5.5 and 1.5 µM against MCF7 and HeLa respectively.19 

 

Figure 1. Benzimidazole derivatives incorporating fluorine with antiproliferative activity. 

 

 In continuation of our efforts on the design and synthesis of benzazole (benzimidazole, 

benzoxazole, and benzothiazole) derivatives with different biological activity and keeping in mind the 

medicinal importance of benzazole moieties,20-30 we have synthesized some derivatives of 2-

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

side chain of benzimidazole in order to examine theirs in vitro antiproliferative property against five 

different cancer cell lines. Additionally, we determined their cytotoxic activity against HEK293 

(Human embryonic kidney cells). 

 

2. Experimental  

2.1. Chemistry 

 Commercial grade reagents and solvents were used without further purification. The purity of 

all of the compounds was judged by TLC analysis (single-spot/two-solvent systems) using a UV lamp. 
1H NMR spectra were taken on a 400 MHz spectrometer with 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. 

2.1.1. General Synthesis Procedure 

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

derivatives (1.1 eq.) was heated for a period of 13–18 h in polyphosphoric acid (PPA) at 120-150 °C 

(Scheme 1).26-30 The reaction mixture was poured onto ice water and neutralized by mixing it with 5 M 
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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 a suitable solvent. The resulting 

crystalline compounds were filtered, and the vacuumed product was dried (Fig. 2). 

 

 

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

 

 

Figure 2. Structures of the 2-(fluorophenyl)-benzimidazole derivatives (ORT10-17) 

 

2-Phenyl-1H-benzo[d]imidazole (ORT10)31: 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 (ORT12)32: 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 (ORT13)33: 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 (ORT14)31: 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). 

 

6-Methyl-2-phenyl-1H-benzo[d]imidazole (ORT11)34: 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 (ORT15)34: 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). 
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2-(3-Fluorophenyl)-6-methyl-1H-benzo[d]imidazole (ORT16) (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 (ORT17)35: 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. Biological Evaluation  

2.2.1. Antiproliferative Activity 

 The synthesized 2-(fluorophenyl)-1H-benzimidazole derivatives (ORT10-17) were tested in 

vitro for their cytotoxic properties against tumor cell line panels—which consisted of A549 (a human 

lung cancer cell line), A498 (a human chronic myeloid leukemia cell line), HeLa (a human acute 

monocytic myeloid leukemia cell line), A375 (a human colon cancer cell line), HepG2 (a human liver 

cancer cell line), A375 (human malignant melanoma) and HEK293 (Human embryonic kidney cells) 

by using the MTT assay Mosmann’s method. The MTT assay is based on reducing the soluble MTT 

(0.5 mg mL–1, 100 µL) into a blue-purple formazan product, mainly by the mitochondrial reductase 

activity occurring inside living cells.36 The cells used in the cytotoxicity assay were cultured in RPMI 

1640 medium and were supplemented with 10% fetal calf serum, penicillin, and streptomycin at 37 °C 

and humidified at 5% CO2. The cells were then briefly placed on 96-well plates at 100 mL total 

volume, with a density of 1–2.5 x104 cells per mL; they were then allowed to adhere for 24 h before 

being treated with tested drugs in a DMSO solution (10-5, 10-6, 10-7 mol L-1 final concentration). The 

triplicate wells were treated with media and agents, and the cell viability was assayed after 96 h of 

continuous drug exposure with a tetrazolium compound. The supernatant medium was removed, and 

150 mL of DMSO solution was added to each well. The plates were gently agitated using a 

mechanical plate mixer until the color reaction was uniform and the OD570 was determined using a 

microplate reader. The 50% inhibitory concentration (IC50) was defined as the concentration that 

reduced the absorbance of the untreated wells by 50% of the vehicle in the MTT assay. Assays were 

performed in triplicate on three independent experiments. The results had good reproducibility 

between the replicate wells, with standard errors below 10%. 

 

3. Results and Discussion 

3.1. Chemistry 

 The 2-(fluorophenyl)-1H-benzimidazole derivatives (ORT10-17) were synthesized using one-

step synthetic pathways as illustrated in Scheme 1. The polyphosphoric acid (PPA) method was used 

for the synthesis of desired compounds (ORT10-17). 

 The structure of the 2-(fluorophenyl)-1H-benzimidazole derivatives was confirmed based on 

spectral data. Thus, the infrared (IR) spectra of all of the compounds appeared at their expected 

positions. The IR spectra of compounds (ORT10-17) exhibited the presence of absorption bands for -

NH- of benzimidazole between 3302-3429 cm-1; for =C-H of benzene between 3021–3060 cm-1; for -

C-H of aliphatic linkers between 2919-2965 cm-1; for -C=N of benzimidazole between 1504 and 1604 

cm-1.  

 The 1H NMR spectrum of 2-(fluorophenyl)-1H-benzimidazole derivatives indicated the 

presence of a singlet signal integrated by one proton at δ 11.10–12.95 ppm assigned to -NH- protons 

of benzimidazole rings. The equivalence of -CH3 protons of methyl-substituted compounds was 

established by the presence of a singlet signal integrated by three protons at δ 2.37–2.50 ppm for the 
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Ar-CH3 group. The signal of aromatic protons of benzimidazole and phenyl rings is observed as (s, d, 

ddd, t, and m) with chemical shift values 6.96–8.68 ppm. 

 

3.2. Antiproliferative Activity 

 The in vitro antiproliferative activities of all the synthesized compounds (ORT10-17) were 

evaluated in five human cancer cell lines, A549, A498, HeLa, HepG2, and A375 using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT assay).36  

 Antiproliferative drug methotrexate (MTX) was used as the standard for comparison. The 

results of the MTT assay are summarized in Table 1. The antiproliferative activity of each analog was 

presented as the concentration of the compound that led to a 50% inhibition (IC50) of cancer cell 

growth. These compounds were further screened for their cytotoxic nature using HEK293. This was 

used to establish the selectivity of these active compounds toward cancerous cells. A potent anticancer 

compound should be more selective toward cancer cells and less toxic toward the normal cells. 

 From Table 1, we can conclude that all of the synthesized compounds of the series have 

shown significant antiproliferative activity against the tested human cancer cell lines, with high 

selectivity when compared with standard methotrexate.  

 A visual inspection envisaged that the presence of the fluorine atom as a substituent on phenyl 

side chains directly attached to benzimidazole moiety is mainly influencing the inhibitory potential of 

compounds (ORT12-17) while keeping the phenyl unsubstituted (ORT10-11). Notable observations 

were that the presence of a methyl substitution group at 5 position of benzimidazole ring lead to 

enhancement of the antiproliferative activity of the compounds. 

 From Table 1, among the 5-unsubstituted benzimidazole derivatives, compound ORT14 with 

para- fluoro substitution group on the phenyl ring of the side chain, proved to be the most potent 

antiproliferative agent among the current series against A549, A498, and A375 with an IC50 = 0.377 

µM, and against HeLa and HepG2 with an IC50 = 0.188 µM; it also had a high selectivity, with an IC50 

value of 9.424 µM, against HEK293. This means that it shows twenty-five times more selectivity 

toward A549, A498, and A375 cancer cell lines, and fifty times more selectivity toward HeLa and 

HepG2 cancer cell lines. Similarly, the compound ORT12 with ortho- fluoro substitution group on the 

phenyl ring of the side chain, shows twelve and twenty-five times more selectivity toward HeLa and 

A498 cancer cell lines respectively, as it displays IC50 values of 4.712 µM against HEK293 and 0.377 

µM and 0.188 µM against HeLa and HepG2 respectively (Table 1). 

 

   Table 1. In vitro antiproliferative activity of synthesized 2-(fluorophenyl)-benzimidazole derivatives  

studied using MTT assay 

Compound No 

HEK293 A549 A498 HeLa A375 HepG2 Specificity 
cLogP# 

IC50 (μM) A549 A498 HeLa A375 HepG2 

ORT10 4.056 1.622 3.245 1.622 1.622 1.622 2.50 1.25 2.50 2.50 2.50 3.663 

ORT11 4.802 0.768 0.768 0.768 0.768 1.537 6.25 6.25 6.25 6.25 3.12 4.162 

ORT12 4.712 1.508 0.754 0.377 0.754 0.188 3.13 6.25 12.5 6.25 25.00 3.826 

ORT13 4.712 0.754 3.769 0.942 3.769 1.885 6.25 1.25 5.00 1.25 2.50 3.826 

ORT14 9.424 0.377 0.377 0.188 0.377 0.188 25.00 25.00 50.00 25.00 50.00 3.826 

ORT15 1.768 0.354 0.354 0.354 0.177 0.177 5.00 5.00 5.00 10.00 10.00 4.325 

ORT16 0.884 0.177 1.768 0.707 0.707 0.707 5.00 0.50 1.25 1.25 1.25 4.325 

ORT17 4.420 0.707 0.707 0.354 0.354 0.707 6.25 6.25 12.50 12.50 6.25 4.325 

MTX 0.022 0.022 0.022 0.022 0.022 0.022 1.00 1.00 1.00 1.00 1.00 0.94 

  #: cLogP value of the synthesized compounds (calculated from ChemBioDrawUltra 12.0.3). MTX: Methotraxate 

 Among 5-methyl substituted benzimidazole derivatives, compound ORT15 with ortho- fluoro 

substitution group on the phenyl ring of the side chain displayed a good selectivity and promising 

antiproliferative activity against A549, A498 and HeLa cell lines with an IC50 = 0.354 µM, against 

A375, and HepG2 cancer cell lines with an IC50 = 0.177 µM, and against HEK293 cell line with an 
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IC50 = 1.768 µM,  which means that it shows five times more selectivity toward  A549, A498, and 

HeLa and ten times more selectivity toward A375 and HepG2 cancer cell lines (Table 1).  Also, we 

found that the compound ORT16 with meta- fluoro substitution group on the phenyl ring of the side 

chain exhibited potent antiproliferative activity against A549 cell line with an IC50 = 0.177 µM with 

good selectivity.  Similarly, compound ORT17 with para- fluoro substitution group on the 

phenyl ring of the side chain displayed potent antiproliferative activity against HeLa and A375 cancer 

cell lines with an IC50 = 0.354 µM and showed IC50 value of 4.420 μM against HEK293. Thus, 

ORT17 was found to be twelve times more selective toward HeLa and A375 cancer cell lines (Table 

1). 

 Generally, ortho- and para- fluoro substituted compounds are more active than their meta- 

fluoro counterparts. However, it seems difficult to predict the factors governing the inhibition 

potentials of these ligands. 

 

4. Conclusion 

 A series of 2-(fluorophenyl)-1H-benzimidazole derivatives (ORT10-17) have been designed 

and synthesized which showed significant in vitro antiproliferative activity. 

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

on the phenyl side chain of benzimidazole. Generally, ortho- and para- fluoro substituted compounds 

are more active than their meta- fluoro counterparts. Compounds ORT14 (para-fluoro) and ORT15 

(ortho-fluoro) displayed the highest antiproliferative activity with low IC50 (µM) values against all 

cancer cell lines. Generally, the presence of a methyl substitution group at 5 position of benzimidazole 

enhanced the antiproliferative activity, except for compound ORT14. Also, our results suggested that 

the synthesized series were characterized by more selectivity toward cancerous cells and very less 

toxicity toward the normal cells compared to MTX. 

 However, most of the derivatives are comparatively less potent but more selective than MTX; 

nevertheless, slight structural modification of these active derivatives may yield as prospective 

anticancer drugs with high selectivity. Based on the present results, it is worthy to mention fluoro 

substituted benzimidazole derivatives serve as a useful template for the further development of the 

anticancer agents. 
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