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Abstract - 29 derivatives of 1,2,3-Triazole-Pyrimidine-Ureawere investigated for anti- Esophageal Cancer 
activities. Several molecular descriptors such as EHOMO(eV), ELUMO (eV), dipole moment (Debye), log P, 
molecular weight (amu), HBA, HBD, Vol and Ovality were obtained from the optimized compounds via 
B3LYP/6-31+G*. In addition, the QSAR model was developed using Gretl software and series of 
statistical analysis were calculated. The developed QSAR model was predictive and this was proved via 
Table 1. Furthermore, molecular docking study was executed with Esophageal cancer cell line (PDB ID: 
2leo); it was observed that A17 with binding energy of -9.1 kcal/mol possess ability to inhibit than other 
studied compounds.  
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1. Introduction 

Esophageal cancer as a deadly type of cancer remains one of the top five (5) severest cancers worldwide 
[1]. Yubin et al., 2019 and Fichter et al., 2014 reported that esophageal squamous-cell carcinoma and 
esophageal adenocarcinoma are the major two types of esophageal cancer [2,3]. Esophageal cancer can be 
influenced by the following factors: genetics, body composition, obesity and ethnicity. Also, several factors that 
are lifestyles-based like smoking, diet, taking of alcohol as well as ecological factors such as disclosure to 
chemical compounds can be responsible for the cause of esophageal cancer [4,5]. The treatment for esophageal 
cancer remain poor and the cure for this malignant disease is still a serious threat to medicinal world [6,7]. 

The role played by heterocycles in drug design and development is very important. 1,2,3-Triazole-
Pyrimidine-Urea Hybrids comprises of two active parent structures i.e. triazole and pyrimidine. Triazole 
derivatives and pyrimidine derivatives have been reported to have several biological activities such as 
antimicrobial [8, 9], anticancer [10], antioxidant [11], anti-inflammatory [12, 13], diuretics [14] and analgesics 
[15, 16]. Thus, the effectiveness of both triazole and pyrimidine have drawn the attention of researchers to their 
as hybrids for more effectiveness. 

Moreover, seventeen molecular compounds (A1-A17)obtained from Ma et al., 2015 and twelve compounds 
(A18-A29) gotten from the work done by Ma et al., 2014 were matched together for the purpose of this study 
(Figure 1) [17-18]. The selected compounds were shown in Figure 1. 

Thus, this research is aimed at developing operational QSAR models via multiple linear regression (MLR) 
method  using obtained molecular descriptors from 1,2,3-triazole-pyrimidine hybrids and also examine the non-
bonding relationship between 1,2,3-triazole-pyrimidine Hybrids and Esophageal cancer cell line(PDB ID: 2leo) 
[19] via molecular docking. 
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Compounds R1 R2 
A1 p-Cl p-CH(CH3)2 
A2 m-Cl p-CH(CH3)2 
A3 m-NO2 p-CH(CH3)2 
A4 o-F p-CH(CH3)2 

A5 p-OCH3 p-CH(CH3)2 
A6 p-CH3 p-CH(CH3)2 
A7 o-CH3 p-CH(CH3)2 
A8 m-CH3 p-CH(CH3)2 
A9 o-OCH3 p-CH(CH3)2 

A10 o-OH p-CH(CH3)2 
A11 p-CH(CH3)2 p-CH(CH3)2 
A12 p-CH(CH3)2 p-CH3 
A13 p-OCH3 p-CH3 
A14 o-OCH3 p-CH3 
A15 p-CH3 p-Br 
A16 m-CF3 p-Br 
A17 p-CH3 p-Cl 

 

 

 R1 R2 R3 
A18 p-OCH3 o-Cl H 
A19 p-Cl o-Cl H 
A20 o-OCH3 o-Cl H 
A21 m-CH3 o-Cl H 

A22 o-CH3 o-Cl H 
A23 o-Cl p-CH3 H 
A24 p-CH3 o-Cl p-CH(CH3)2 
A25 o-OCH3 o‐Cl  p‐CH(CH3)2 

A26 p-CH3 o‐Cl  p‐CH3 

A27 p-CH3 o‐Cl  m,p,m‐triOCH3 

A28 p‐CH3  o‐Cl  p‐Cl 

A29 p‐CH3  o‐Cl  p‐Br 

Figure 1: The schematic structures of 1,2,3-Triazole-Pyrimidine-Urea Hybrids derivatives 
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2. Methodology 

Optimization of 1, 2, 3-triazole-pyrimidine derivatives using Density functional theory method at B3LYP 
with 6-31+G* as basis set was calculated in water using Spartan 14 software [20]. The descriptors obtained from 
the optimization of the studied compounds were used for QSAR development in order to predict the inhibition 
concentration (IC50) of the studied compounds. The obtained descriptors are EHOMO, ELUMO, band gap (eV), 
Ovality, dipole moment (Debye), log P, and molecular weight (amu). The developed QSAR model for multiple 
linear regression was achieved by using Gretl [21]. 

Furthermore, the developed QSAR model was validated by calculating squared correlation coefficient (R2), 
cross validation (CV.R2) (equation 1), adjusted squared correlation coefficient 𝑅௔ௗ௝

ଶ ,(equations 2) and p-value 
[22]. More so, docking study with accurate distance and dimension were observed to study the non-bonding 
interaction between the studied ligands and receptor.  

𝐶𝑉. 𝑅ଶ ൌ 1 െ
∑ሺҮ೚್ೞିҮ೎ೌ೗ሻమ

∑ሺҮ೚್ೞିῩ೚್ೞሻమ       (1) 

The R2 adjusted could be calculated using equation (2) 

𝑅௔
ଶ ൌ  

ሺேିூሻൈோమି௉

ேିଵି௉
        (2) 

3. Results and Discussion 

3.1. DFT and QSAR Studies 

The optimization of 29 sets of 1,2,3-Triazole-Pyrimidine-Urea Hybrids generated series of effective 
molecular descriptors which were used in the development of quantitative structural activities relationship 
model as shown in equation 3. As shown in Table 1, the comparison between the predicted inhibition 
concentration and the observed inhibition concentration proved the effectiveness of the developed QSAR model. 

According to Eslam et al., 2014 and Oyebamiji et al., 2016, a developed QSAR model can be considered 
predictive when the calculated squared correlation (R2) is greater than 0.5; therefore, the developed QSAR 
model is predictive (Equation 3) [23, 24]. The model developed in this work was also validated by considering 
many statistical analysis such as cross validation (CV.R2) (Standard ≥ 0.5), adjusted squared correlation (𝑅௔

ଶ) 
(Standard ≥ 0.6), F value, P-value. The calculated CV.R2 and 𝑅௔

ଶ proved that the model developed possesses the 
ability to predict well since they are greater than the standard. More so, the calculated F and P-values showed 
the prognostic ability of the developed QSAR model. 

IC50 = 28.7486 -5.02708 (ELUMO) -0.0560142(Vol) + 3.11803(HBD) + 0.00190041(Energy)----------(3) 

N= 29, F = 13.70, P < 0.0001, R2 = 0.695,  𝑹𝒂𝒅𝒋
𝟐  = 0.644, C.VR2 = 0.898, MSE = 9.568 
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Table 1: Observed IC50 and predicted IC50 

 Observed IC50 Predicted IC50 Residual 

1 11.17 7.61 3.56 

2 13.26 7.61 5.65 

3 31.31 31.34 -0.03 

4 15.51 8.69 6.82 

5 5.42 7.32 -1.90 

6 6.70 8.05 -1.35 

7 7.23 7.68 -0.45 

8 7.32 8.10 -0.78 

9 8.96 7.68 1.28 

10 7.38 11.55 -4.17 

11 2.49 5.81 -3.32 

12 7.45 8.11 -0.66 

13 5.87 9.62 -3.75 

14 7.85 9.60 -1.75 

15 7.92 6.13 1.79 

16 2.96 4.75 -1.79 

17 13.07 10.12 2.95 

18 7.96 8.31 -0.35 

19 1.42 8.69 -7.27 

20 9.67 8.73 0.94 

21 15.57 9.08 6.49 

22 9.74 9.19 0.55 

23 11.22 9.41 1.81 

24 5.08 5.63 -0.55 

25 3.58 5.32 -1.74 

26 4.65 7.88 -3.23 

27 5.85 3.89 1.96 

28 7.54 7.73 -0.19 

29 3.09 3.61 -0.52 

3.3. Molecular Docking 

The tendency of molecular compounds to inhibit receptor can be calculated using docking method [25]. 
According to Oyebamiji et al., 2019, ligand-receptor interaction with lowest binding affinity describes the 
molecules with propensity to inhibit the studied receptor [25]. As shown in Table 2, compound 17 with lowest 
binding affinity is agreed to inhibit more than other studied compounds and the residues involved in the 
interaction were displayed in Figure 2 as well as the complex form between compound 17 and Esophageal 
cancer cell line (2leo) was presented in Figure 2. 
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Table 2: Interactions between 1,2,3-Triazole-Pyrimidine-Urea Hybrids Derivatives and receptor (2leo) 

 Scoring (kcal/mol) 

A1 -8.1 

A2 -7.7 

A3 -8.5 

A4 -8.2 

A5 -8.6 

A6 -8.3 

A7 -8.2 

A8 -7.5 

A9 -8.0 

A10 -7.4 

A11 -7.7 

A12 -8.9 

A13 -8.5 

A14 -7.9 

A15 -8.2 

A16 -7.2 

A17 -9.1 

A18 -6.9 

A19 -8.2 

A20 -6.7 

A21 -8.1 

A22 -7.1 

A23 -6.9 

A24 -8.5 

A25 -7.4 

A26 -7.7 

A27 -7.6 

A28 -8.4 

A29 -8.4 
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Figure 2: Interactions of A17 with the residue in the active gouge of esophageal cancer cell line (2leo). 

4. Conclusion 

Biological activity of derivatives of1,2,3-triazole-pyrimidine-urea hybridswere investigated via calculation 
of electronic descriptors using density functional theory method via 6-31+G(d,p) basis set, development of 
QSAR model to predict the cytotoxicity of the observed inhibition concentration and observation of the 
interactions between the studied ligands and the receptor. Molecular descriptors obtained from the optimized 
molecular compounds, which processes anti- Esophageal cancer properties were selected for QSAR studies. In 
addition, the developed QSAR model was prognostic and the observed non-bonding interaction revealed the 
studied compound with highest binding affinity to the receptor. Thus, compound A17 inhibited more effectively 
than other compounds. 
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