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In this study, imidazole derivative compounds were synthesized using the Debus-Radziszewski method. The 
chemical structures of the compounds were characterized by spectroscopic methods. The effects of target 
compounds on MCF7 (CRL-3435) were examined and their IC50 values and percent viability were calculated. In 
addition, the cytotoxic effects on the L929 (CCL-1) normal cell line were evaluated in order to determine the 
selectivities of the compounds. Then, the inhibition values of aromatase enzyme of the compounds were 
calculated and compared to the reference compound. When the results were examined, it was observed that 
Compound la caused the death of breast cancer cells, although not as much as cisplatin, but did not harm healthy 
cells. In this respect, it was determined that compound Ia has a promising anticancer effect as an aromatase 
inhibitor. 
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Introduction 

Breast cancer is one of the most common types of 
cancer in our country and around the world [1]. Especially 
in postmenopausal women, the risk of breast cancer 
increases due to estrogen secretion in peripheral tissues 
[2]. Aromatase is a catalytic enzyme involved in the 
manufacture of estrogen from androgen. It catalyzes the 
last rate-limiting/crucial/key step in estrogen biosynthesis 
[3,4]. Figure 1. demonstrates the action and role of the 
aromatase enzyme. 

 

 
Figure 1. The action of the aromatase enzyme in 

synthesizing steroidal hormones. 

 
According to their methods of action, aromatase 
inhibitors (AIs) can be divided into two classes. The 
steroidal AIs, such as exemestane and formestane (Figure 
2), suppress the aromatase enzyme activity irreversibly. 
Nonsteroidal AIs, such as letrozole, vorozole, and 
anastrozole, are the second group of AIs that inhibit 
aromatase activity and have reversible inhibitory effects 
[5, 10]. 
 

 
Figure 2. Non-steroidal aromatase inhibitors 

 
Based on their clinical development order, AIs are 

categorized into four generations: first, second, third, and 
fourth generation AIs. Third generation aromatase 
inhibitors such as letrozole and anastrozole are the most 
preferred inhibitors because of their low toxicity, 
selectivity and effectiveness. Third-generation inhibitors, 
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which provide an outstanding therapeutic benefit, show 
almost complete specificity in practice [6]. 

 
Heterocyclic rings containing nitrogen atoms can 

form an ionic bond with the iron part of hemoglobin 
and thus perform a very important function by 
suppressing the aromatase enzyme (HES). In addition 
to the contribution of the heterocyclic nitrogen atom 
to the activity, the presence of hydrogen bond 
acceptors in these structures is an important feature 
in terms of providing interactions in bonding algebra 
[7,8]. 

Nitrogen-containing heterocyclic rings are actively 
researched in the field of drug discovery, particularly 
in cancer research [9]. As possibly nonsteroidal AIs, 
triazole and imidazole rings are employed. The 
heterocyclic nitrogen atom of triazole and imidazole is 
significant because it coordinates the aromatase 
enzyme's heme iron. Some imidazole and triazole 
compounds have been produced and tested as 
antiaromatase drugs in the past [11-15]. 

New imidazole derivative compounds with a 
structure comparable to letrozole were created in this 
work. The imidazole ring is employed instead of the 
triazole structure, and the imidazole ring is given an 
additional heteroaromatic group (Figure 3.). All final 
chemicals created on MCF7 (CRL-3435) breast cancer 
cells were tested for cell viability and cytotoxicity 
using the MTT assay. The aromatase inhibition 
potentials of the compounds were evaluated in a 
fluorimetric in vitro assay. 
 

 
Figure 3. Chemical structures of letrozole and design 

strategy of compound 1a and 1b 
 

Materials and Methods 
 
Chemistry 
4,5-Disubstituted-2-(5-nitrothiophen-2-yl)-1H-

imidazole (1a-1b): The mixture of benzyl derivative 
compound (4,4'-dimethylbenzyl (97 %) and α-furyl ( 98 %)) 
(0.02 mol) and thiophene aldehyde (98 %) derivative 
compound (0.02 mol), ammonium acetate (> 98 %) (0.12 
mol) and 10 mL acetic acid (> 99 %) is boiled under reflux 
for 3 hours with stirring. The product is precipitated by 
pouring the mixture into ice water. The raw product is 
washed with plenty of water and dried. The product is 
crystallized from aqueous ethanol.  The synthesis 
mechanism of the compounds is given in Figure 4. 

 

 
Figure 4. Synthesis mechanism of compounds (1a, 1b) 
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4,5-Bis(4-methylphenyl)-2-(5-nitrothiophen-2-yl)-1H-
imidazole (1a); Yield: 77 %. 1H NMR (500 MHz, DMSO-d6): 
δ: 2.30 (3H, s, CH3), 2.36 (3H, s, CH3), 7.13 (2H, d, 5.76 Hz, 
Aromatic CH), 7.27 (2H, d, 5.79 Hz, Aromatic CH), 7.38-
7.45 (4H, m, Aromatic CH), 7.68-7.69 (1H, m, Thiophen 
CH), 8.17-8.18 (1H, m, Thiophen CH), 12.60 (1H, s, NH). 13C 
NMR (125 MHz, DMSO-d6): δ: 21.34, 21.51, 123.49, 
124.94, 127.57, 128.66, 129.39, 129.84, 130.09, 130.51, 
131.93, 139.41, 142.11. HRMS (m/z): [M+H]+ calcd for 
C21H17N3O2S 376.1114; found: 376.1110. 

4,5-Di(furan-2-yl)-2-(5-nitrothiophen-2-yl)-1H-
imidazole (1b): Yield: 78 %. 1H NMR (500 MHz, DMSO-d6): 
δ: 6.85-6.86 (2H, m, Furan CH), 7.67-7.68 (2H, m, Furan 
CH), 7.76-7.80 (1H, m, Furan CH), 8.12-8.16 (1H, m, Furan 
CH), 8.25 (2H, s, Thiophen CH), 12.50 (1H, s, NH). 13C NMR 
(125 MHz, DMSO-d6): δ: 107.60, 108.75, 114.05, 118.27, 
120.04, 125.32, 126.71, 131.05, 131.55, 149.10, 151.39. 
HRMS (m/z): [M+H]+ calcd for C15H9N3O4S 328.0334; 
found: 328.0640. 

 
Anticancer Activity  
The anticancer activities of compounds 1a and 1b were 

determined by the absorbance values obtained from MTT 
assays. The MTT method was performed as previously 
described [16]. The cells were seeded at a density of 
1 × 104 cells/well and treated with different 
concentrations between 2-100µM for each and incubated 
for 48 h. Untreated cells were used as control. Following 
incubation, the cells were treated with 20 μL of MTT 
solution (5 mg/mL in PBS, Sigma) and incubated at 37 °C 
for 3 h to let the metabolically active cells reduce MTT dye 
into formazan crystals. The formazan crystals were 
dissolved in DMSO (Sigma). The reduction of MTT was 
quantified by measuring the absorbance at 540 nm with a 
microplate reader (Thermo, Germany). Datas were 
represented as mean ± standard deviation (± SD). The 
results obtained were evaluated with the MCF-7 breast 
cancer cell line versus the L929 (CCL-1) normal fibroblast 
cell line. In this section, cisplatin was used as a reference 
drug in cell lines.  
 

Aromatase Inhibition Assay 
This method was carried out according to the kit 

procedure (BioVision, Aromatase (CYP19A) Inhibitor 
Screening Kit (Fluorometric)). The compounds were 
dissolved in DMSO and added to the assay in at least 8 
concentrations ranging from 1000 µM to 7.81 µM. 
Recombinant Human Aromatase stock was prepared by 
reconstituting with 1 ml of Aromatase Assay Buffer. The 
contents were mixed thoroughly by vortexing to obtain a 
homogeneous solution and transfered the solution to a 15 
ml conical tube. The volume was brought to 2450 µl with 
Aromatase Assay Buffer and 50 µl of NADPH Production 
System (100X) was added for a final total volume of 2.5 
ml. Letrozole was used as a positive inhibition control. For 
solvent control, a small aliquot of Aromatase Assay Buffer 
containing the organic solvent used to dissolve the test 
compounds were prepared. Reaction wells containing test 
compounds and corresponding no inhibitor controls 

(which may also serve as a solvent control), as well as a 
background control (containing no fluorogenic Aromatase 
Substrate) were prepared.  The plate was incubated for at 
least 10 min at 37°C to allow test ligands to interact with 
aromatase. After incubation, 30 µl of the Aromatase 
Substrate/NADP+ mixture was added to each well. 
Immediately (within 1 min), the fluorescence at Ex/Em = 
488/527 nm was measured. The experiment was carried 
out in three repetitions. 

 
Results and Discussion 

 
In this study, 2,4,5-trisubstituted imidazole derivatives 

were obtained by boiling the diketone derivatives in acetic 
acid in the presence of ammonium acetate under reflux 
using the Debus-Radziszewski method. The general 
synthesis scheme of the compounds is shown in Figure 5. 
The structures of the compounds were elucidated by 
spectroscopic methods. Compound 1a has the p-tolyl 
structure. The -CH3 protons in this structure were seen as 
singlet 2.30-2.36 ppm. Protons of the thiophene ring were 
observed in the range of 7.68-8.25 ppm. The NH protons 
of the imidazole ring were observed as singlet at 12.50 and 
12.60 ppm. 

 

 
Figure 5. Chemical structure and general procedure for 

the synthesis of the final compounds 1a-1b 
 
The anticancer activity results of compounds 1a-1b 

against MCF7 (CRL-3435)  and L929 (CCL-1) are presented 
in Table 1. When the cytotoxic effects of the synthesized 
compounds on the MCF7 (CRL-3435) cell line were 
evaluated, it was determined that the compound 1a had 
promising effects in the series. Two different diketone 
derivatives, 4,4'-dimethylbenzyl and α-furyl were used in 
the synthesis of the compounds. It has been determined 
that the anticancer effect potential of the 4,4'-
dimethylbenzyl derivative is particularly promising in 
terms of activity. 

 
Table 1. IC50 values (µM) and percent vitality of 

compounds 1a-1b and reference drug cisplatin for 
MCF-7 and L929 cell lines 

  MCF7 L929 

Comp. IC50 Percent Vitality IC50 Percent Vitality 

1a 82.7 43.3 ± 1.03 >100 63.5 ± 6.03 

1b >100 62.2 ± 8.8 >100 60.6 ± 3.02 

Cisplatin 69.75 28.32 ± 3.78 >100 53.7 ± 4.83 

 
The anti-aromatase activity of compounds 1a and 1b 

against the reference drug letrozole was evaluated using 
the commercial fluorimetric assay kit, Aromatase-CYP19A 
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(BioVision). The results found are shown in Table 2. The 
compound 1a one was found to have a higher activity with 
an IC50 value of 55.780 ± 1.980 µM. 

 
Table 2. IC50 (µM) values of compounds 

Compounds Aromatase Inhibition (IC50) 
1a 55.780 ± 1.980 
1b >100  

Letrozole 0.114 ± 0.003 

 
Conclusion  
 

In this study, two imidazole derivative, 4,5-bis(4-
methylphenyl)-2-(5-nitrothiophen-2-yl)-1H-imidazole (1a) 
and 4,5-di(furan-2-yl)-2-(5-nitrothiophen-2-yl)-1H-
imidazole (1b), were synthesized. The anticancer effects 
of the compounds were evaluated on the MCF7 (CRL-
3435)  breast cancer cell line. Two different diketone 
derivatives, 4,4'-dimethylbenzyl and α-furyl were used in 
the synthesis of the compounds. When the effects of the 
compounds on the aromatase enzyme were evaluated, it 
was found that compound 1a had moderate activity, while 
the activity of compound 1b on the aromatase enzyme 
was not found. 
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