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Abstract 

Different benzo[4,5]imidazo[1,2-a]pyrimidine derivatives were synthesized in high yields and purity with short reaction times 
by the reaction of 2-aminobenzimidazole, aldehydes and active carbonyl compounds in the presence of Silica sulfuric 
acid/ethylene glycol (SSA/EG) as a catalyst. Cytotoxicity of the synthesized benzo[4,5]imidazo[1,2-a]pyrimidine derivatives 
1-6 was carried out  against the two human cancer cell lines, hepatocellular carcinoma (HepG2) and breast carcinoma (MCF-
7) as well as Vero cells (normal cells). 
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1. Introduction 

According to the WHO report published in 2018, the 
major cause of the death is cancer, where the number 
of cancer cases will be increased to 22 million by 
2030 [1]. Chemotherapeutic drugs such as 
doxorubicin, thiotepa, cisplatin, paclitaxel and 
chlorambucil were failed to arrest the growth of 
cancer cells completely. The traditional 
chemotherapy is facing the lacking of selectivity 
towards tumor cells [2] and the resistance of cancer 
cells to drugs that are structurally and mechanistically 
distinct [3]. Accordingly, there is an emergent need to 
develop some new versatile chemotherapeutic agents. 
Continuous exploration and discover of anti-cancer 
drugs with low toxicity and high efficiency are still  
 
 
important approaches in anti-cancer drug research 
and development [4-10]. 

 

Dihydropyrimidine derivatives have attracted much 
attention as important structural motifs in medical 
chemistry. They have significant therapeutic and 
biological activities, such as T cell activation [11], 
antineoplastic activity [12], as well as DNA-
topoisomerase I [13], TIE-2 and VEGFR2 inhibitory 
activities [14].Moreover, benzo[4,5]imidazo[1,2-
a]pyrimidine derivatives have been reported to 
possess pharmacological and therapeutic properties 
[15,16]. So in the current study, we aim to study the 
cytotoxic activity of the synthesized 
benzo[4,5]imidazo[1,2-a]- pyrimidine derivatives 
towards different cancer cell lines. 

 
 
 

2. Results and discussion 

 

2.1. Chemistry 
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2-Aminobenzoimidazole was used a precursor for 
synthesizing different types from benzo[4,5]imidazo- 
[1,2-a]pyrimidine derivatives via one-pot three 
component reaction in the presence of silica sulfuric 
acid/ ethylene glycol (SSA/EG) as a catalyst.  
 
Thus, when 2-amino- benzimidazole was left to react 
with acetyl acetone and aromatic aldehydes in the 
presence of SSA/EG afforded the corresponding 
benzo[4,5]imidazo[1,2-a]pyrimidine derivatives 1a-g 
in good yields.  
 
Also, reaction of benzoylacetone with different 
aldehydes and 2-amino- benzimidazole in the 
presence of SSA/EG, afforded the corresponding 
benzo[4,5]imidazo- [1,2-a]pyrimidine derivatives 2a-

g in yields. In continuation with our work in this area, 
we decided to prepare and evaluate the biological 
activity of some new benzo[4,5]-imidazo[1,2-a]- 
pyrimidine derivatives. Thus, 2-aminobenzimidazole 
and 1,3-diphenylpropane-1,3-dione were reacted by 
different aldehydes in the presence of SSA/EG. The 
reactions were finished at specified time and afforded 
the corresponding benzo[4,5]imidazo[1,2-a]- 
pyrimidine derivatives 3a-g in good yields [17]. 
 

In addition, for obtaining another type of 
benzo[4,5]imidazo[1,2-a]pyrimidine, condensation 
reaction of 2-aminobenzimidazole and malononitrile 
with aromatic aldehydes was carried out to afford the 
corresponding 2-amino-4-aryl-1,4-dihydrobenzo[4,5] 
imidazo[1,2-a]pyrimidine-3-carbonitrile derivatives 
4a-f  in good yields. Another types of benzo[4,5]- 
imidazo[1,2-a]pyrimidine derivative were 
synthesized for their expected pharmacological 
activities. 

 
 Thus, the three-component condensation of 

ethyl cyanoacetate with 2-aminobenzimidazole and 
different aldehydes was applied. The obtained 
products were confirmed as 1,2-dihydrobenzo[4,5]- 
imidazo[1,2-a]pyrimidine-3-carbonitrile derivatives 
5a-g [18]. 

 
Moreover, the benzo[4,5]imidazo[1,2-a]- 

pyrimidine derivatives 6a-g were synthesized via 
reacting the 2-aminobenzimidazole and ethyl 
acetoacetate with different aldehydes in the presence 

of SSA/EG at the specified times in good yields [19] 
(Scheme 1).   
 
 
2.2. Evaluation of the biological activity.  

 
Target of the present work is to evaluate the 

antitumor activity of various synthesized 
benzo[4,5]imidazo[1,2-a]pyrimidinederivatives1-6 
with studying effect of substituent on the activity. 
The cytotoxic activity was evaluated by using CV 
assay [20] against Vero cells and the two human 
cancer cell lines, hepatocellular carcinoma (HepG2) 
and breast carcinoma (MCF-7). Doxorubicin was 
used as a reference drug, which consider as one of the 
most effective anti-cancer agents.  

 
Cytotoxic activity for the tested compounds is 

reported in Table 1. Upon using the general structure 
provided in Scheme 1, certain aspects of the structure 
activity relationships for the synthesized 
benzo[4,5]imidazo- [1,2-a]pyrimidine derivatives 
were more clearly highlighted.   

 
From the cytotoxicity assay results presented in 

Table 1, it was noticed that compound 2e showed 
remarkable cytotoxicity (≥75%) effect and was able 

to inhibit the proliferation of the cancer cells HepG2 
and a moderate activity towards MCF-7tumor cell 
lines, whereas the cytotoxicity of the other 
compounds ranged from moderate (70 – 40 %) to 
weak (< 40%) effects. 
 

 Compounds 1a,d,e,3d,5d,6d showed 
moderate activity against the two tested cell 
lines (HepG2 and MCF-7). 

 Compounds 1c,4c,4d,5b,6b,6c,6g showed 
moderate activity against the tested cell line 
HepG2. 

 Compounds 2d, 3e showed moderate activity 
against the tested cell line MCF-7. 

 Compounds 3b,3c,3g,4a,4b,4e,4f,5a,5f,6e,6f 
showed low activity against the two tested cell 
lines (HepG2 and MCF-7). 

 Compounds 2d,3e showed low activity against 
the tested cell line HepG2. 

 Compounds 1c,4c,4d,5b,6b,6c,6g showed low 
activity against the tested cell line MCF-7. 
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Scheme 1:Synthesis of benzo[4,5]imidazo[1,2-a]pyrimidine derivatives: Reagents and reaction conditions: (a) 
aldehyde (0.01 mol) and acetyl acetone (0.01 mol) in ethylene glycol (5 mL) containing SSA (42.6 mg, 11 mol 
%) at 120 °C, 1-40 min. in 60-93 yields; (b) aldehyde (0.01 mol) and benzoyl acetone (1 mmol) in ethylene 
glycol (5 mL)  containing SSA (42.6 mg, 11 mol %) at 120 °C, 1-40 min. in 58-97 yields;(c) aldehyde (0.01 mol) 
and  1,3-diphenylpropane-1,3-dione (0.01 mol) in ethylene glycol (5 mL) containing SSA (42.6 mg, 11 mol %) at 
120 °C, 15-60 min., in 76-97% yields; (d) aldehyde (0.01 mol) and malononitrile(0.01 mol) in ethylene glycol (5 
mL), containing SSA (42.6 mg, 11 mol %) at 120 °C, 5-15 min.in 83-97% yields.; (e) aldehyde (0.01 mol) and  
ethyl cyanoacetate(0.01 mol) in ethylene glycol (5 mL) containing SSA (42.6 mg, 11 mol %) at 120 °C, 35-80 
min. in moderate yields; (f) aldehyde (0.01 mol) and  ethyl acetoacetate (0.01 mol) in ethylene glycol (5 mL) 
containing SSA (42.6 mg, 11 mol %) at 120 °C, 10-35 min. in 70-94% yields. 
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Table 1: The cytotoxic activities in vitroaganist Vero 
cells and 2 human cancer cell lines,                
hepatocellular carcinoma (HepG2) and breast 
carcinoma (MCF-7). 

Compound 

No. 

Cytotoxicity % 
Vero cells HepG2 MCF-7 

1a 23.00  56.70  50.00  
1c 23.00  59.50  23.50  
1d 24.60  53.80  41.40  
1e 7.00  53.00  62.10  
1f 0.00  0.00  0.00  
1g 0.00  0.00  0.00  
2a 0.00  0.00  0.00  
2b 0.00  0.00  0.00  
2c 0.00  0.00  0.00  
2d 20.00  29.30  43.30  
2e 28.50  76.00  51.40  
2f 0.00  0.00  0.00  
2g 0.00  0.00  0.00  
3a 0.00  0.00  0.00  
3b 10.00  14.60  26.70  
3c 7.00  17.80  15.00  
3d 12.00  54.00  46.00  
3e 22.00  25.50  49.10  
3f 0.00  0.00  0.00  
3g 5.00  22.00  10.00  
4a 0.00  17.00  10.00  
4b 10.00  19.50  16.50  
4c 12.50  50.00  37.60  
4d 18.00  58.00  31.10  
4e 13.60  15.00  19.30  
4f 8.00  26.30  13.40  
5a 9.00  21.00  10.00  
5b 19.00  47.00  30.00  
5c 0.00  0.00  0.00  
5d 20.00  67.00  65.00  
5f 15.00  25.00  20.00  
6a 0.00  0.00  0.00  
6b 12.80  45.00  22.10  
6c 22.00  47.30  36.50  
6d 20.00  48.00  53.00  
6e 10.00  21.00  25.00  
6f 20.00  30.00  22.50  
6g 17.80  50.80  23.40  

 

Remarkable cytotoxic activity (>75% of cell population), 
Moderate Cytotoxicity (75- 40 % of cell population), Low 

Cytotoxicity (40-0.1% of cell population), No Cytotoxicity 
(0% of cell population)[16]. 
IC50value of the remarkable compound 2e was found 
to be more toxic to cancer cells than normal cells. In 
this regards, "therapeutic index" is an important 
parameter to select samples for developing drugs. 
Compound 2e was not as active as standard drug 
(doxorubicin) Table 2 and Figs. 1-3.  
 
 

 
Fig 1: IC50 value of compound2e in Vero cell line. 

 
  

 
Fig 2: IC50 value of compound2e in HepG2 cell line. 
 
 

 
Fig 3: IC50 value of compound2e in MCF7 cell line. 
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Table 2:IC50& SI of compound 2e 
 

Compd. 
No. 

IC50 (µg/mL) Selective index  
Vero HepG2 MCF-7 HepG2 MCF-7 

2e 308 141 181 2.18 1.7 
Doxorubicin -- 12 6   

 
- If the compound IC50 is > 90 µg/mL, the 
compoundis classified as not cytotoxic 
- If the IC50 is between 2 and 89 µg/mL, 
thecompound is classified as moderately cytotoxic. 
- If the IC50 is < 2µg/mL, the compound is classified 
as cytotoxic. 
  
Experimental Section: 

 

In vitro cytotoxicity crystal violet assay in Vero, 

HepG2 and MCF-7 cell lines 

 

Crystal violet (CV) cell cytotoxicity assay is one of 
the common methods used to detect cell viability or 
drug cytotoxicity. CV is a triarylmethane dye that can 
bind to ribose type molecules such as DNA in nuclei. 
Normally, dead adherent cells will detach from cell 
culture plates and will be removed from viable cell 
population during washing steps. CV staining can be 
used to quantify the total DNA of the remaining 
population and thus determine cell viability. The CV 
staining is directly proportional to the cell biomass 
and can be measured at 490 nm. CV staining is a 
quick and versatile assay for screening cell viability 
under diverse stimulation or inhibition conditions 
[21].  
 
The present work aimed to screen 38 compounds for 
testing their potential to inhibit the viability of cells 
in two human cancer cell lines namely breast and 
hepatic carcinomas cell lines. The in vitro cytotoxic 
effect ofthe compoundswas tested against African 
Green Monkey kidney (Vero cells) and two human 
tumor cell lines: human hepatocellular carcinoma 
(HepG2) and human breast carcinoma (MCF-7). 
 
Preparation of cell lines: Vero cells were seeded in 
75 cm2 tissue culture flasks containing 20 ml liquid 
growth medium of Dulbecco’s modification of Eagle 

medium supplemented with the following L-
glutamine, 10% FBS, 1% Antibiotic 
(penicillin/streptomycin) and 1% HEPES buffer and 
maintained at pH 7.2 under aseptic conditions inside 
a biology safety cabinet. Vero cells were grown at 37 
ºC in humidified atmosphere. Vero cells were 
subcultured when they were in a semi-confluent state. 
Similarly, HepG2 and MCF-7 cells were seeded in 75 
cm2 tissue culture flasks containing 20 mL liquid 
growth medium of RPMI. 
 

Preparation of stock compounds: To prepare final 
concentration of each compounds(20 mg/mL), 0.002 
g of each compound was dissolved in 100 µL DMSO 
(100%), and then kept in -20 ºC till being used. 
 
Cell viability assay: The anticancer activity of 
samples on MCF7, HepG2 & Vero cells was 
determined by CV assay [15].  Cells (7 × 103/well) 
were plated in 0.1 mL of growth medium/well in 96-
well plates. After 24hrs incubation, tested compounds 
were added and the working concentration was 
prepared in 2% MM:  200µg/ml. Doxorubicin was 
used as the standard drug to treat cancer. After 24 
hours of incubation, cell viability was determined 
using crystal violet. Twenty µL CV (5 mg/mL) was 
added to all wells of the plate. Viable cells stained 
purple color. The plate was transferred to an ELISA 
reader and the OD (optical density) values were read 
at 490nm. 
 
Determination of IC50 values: IC50 values were 
calculated for active extracts possessing ≥ 75 % 
cytotoxicity. Measurements were performed and the 
concentration required for a 50 % inhibition of 
viability (IC50) was determined graphically. Standard 
Graph was plotted by taking concentration of the 
compound in X axis and relative cell viability in Y 
axis. 

Cell viability (%) = Mean OD/Control OD x 100% 
Cell cytotoxicity (%) = 100 – cell viability (%) 

 

Selectivity index (SI): The SI indicates the cytotoxic 
selectivity (i.e safety). This value is the ratio of the 
concentration of the compound at which 50% of the 
normal cell line survived in normal cell line to that of 
the same compound at which 50% of cancer cell 
death occurred in cancer cell lines. 
SI = IC50 of compound in a normal cell line/ IC50 of 
the same compound in cancer cell line. 
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