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ABSTRACT

The war declared by several researchers over skin cancer have been is becoming fierce globally. Eighteen
molecular compounds were optimized using quantum chemical methods and many effective molecular descriptors
EHOMO (eV), ELUMO (eV), dipole moment (Debye), log P, molecular weight (amu), HBA, HBD, Vol and Ovality)
were obtained. The obtained descriptors were screened and used to develop efficient QSAR model using Gretl. The
developed QSAR model predicted the observed inhibition concentration well. Also, non-bonding interaction between
the studied compounds and focal adhesion kinase (PDB ID: 1mp8) were observed via docking studies. Compound 2
with -9.6 kcal/mol possess the ability to inhibit than other studied compounds; the studied compounds have the
ability to inhibit than the standard used (5FU).

Keywords: 1,2,3-triazole-pyrimidine hybrids (1,2,3-TPH), Focal Adhesion Kinase, Skin Cancer, QSAR, DFT

INTRODUCTION

The battle against skin cancer by scientists over the world has increased for decades. The rate at which this malignant
melanoma increases is faster than any other type of cancer [1,2]. In America, information showed that one (1) out of six (6) have

malignant melanoma in their days [3,4]. This type of cancer is one of the existing cancers that can be prevented from occurring.
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Skin cancer is mostly caused by some eco-friendly agents like UV radiation, chemicals, micro-organism that can cause disease,

as well as temperature variations [5].

Accumulation of these agents in human bodies led to skin cancer and active molecular chemical compounds have been
one of the ways to terminate skin cancer development in human body [6]. Moreover, in many types of cancer, focal adhesion
kinase is mostly overexpressed and triggered [7,8]. Also, focal adhesion kinase is restricted to focal adhesion and it is prompted

through extracellular indications. More so, it roles in the interaction within human cells are vital [9].

Reports have shown that triazoles and pyrimidines are vital drug-like compounds in medicinal world. Several scientists
have reported that both triazoles and pyrimidines have much biological importance like anticancer, anti-inflammatory, analgesics,

antioxidant, and diuretics [10-18].

So, hybrids of triazole and pyrimidine are expected to possess more proficient biological importance than either of the
two compounds. Thus, the aim of this work is to examine the interactions existing between the studied compounds (Table 1) and
focal adhesion kinase (PDB ID: 1mp8) as well as developing effective QSAR model using 3D-descriptors obtained from the
optimization of the studied compounds. The name of the studied compounds are 2-((1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-
yl)methylthio)-4-((4-methoxyphenyl)amino)-6-phenylpyrimidine-5-carbonitrile(1),  2-((1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-
yl)methylthio)-4-phenyl-6-((3-(trifluoromethyl)phenyl)amino)pyrimidine-5-carbonitrile(2), 2-((1-(2-chlorobenzyl)-1H-1,2,3-

triazol-4-yl)methylthio)-4-((2-chlorophenyl)amino)-6-phenylpyrimidine-5-carbonitrile(3), 2-((1-(2-chlorobenzyl)-1H-1,2,3-
triazol-4-yl)methylthio)-4-((4-chlorophenyl)amino)-6-phenylpyrimidine-5-carbonitrile(4), 2-((1-(2-chlorobenzyl)-1H-1,2,3-
triazol-4-yl)methylthio)-4-((3-chlorophenyl)amino)-6-phenylpyrimidine-5-carbonitrile(5), 2-((1-(2-chlorobenzyl)-1H-1,2,3-
triazol-4-yl)methylthio)-4-((2-methoxyphenyl)amino)-6-phenylpyrimidine-5-carbonitrile(6),  2-((1-(2-chlorobenzyl)-1H-1,2,3-
triazol-4-yl)methylthio)-4-((2-fluorophenyl)amino)-6-phenylpyrimidine-5-carbonitrile(7), 2-((1-(2-chlorobenzyl)-1H-1,2,3-
triazol-4-yl)methylthio)-4-((4-fluorophenyl)amino)-6-phenylpyrimidine-5-carbonitrile(8), 2-((1-(2-chlorobenzyl)-1H-1,2,3-
triazol-4-yl)methylthio)-4-phenyl-6-(o-tolylamino)pyrimidine-5-carbonitrile(9), 2-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-
yl)methylthio)-4-phenyl-6-(p-tolylamino)pyrimidine-5-carbonitrile(10), 2-((1-(4-methylbenzyl)-1H-1,2,3-triazol-4-

yl)methylthio)-4-phenyl-6-(p-tolylamino)pyrimidine-5-carbonitrile(11), 4-((2-fluorophenyl)amino)-2-((1-(4-methylbenzyl)-1H-
1,2,3-triazol-4-yl)methylthio)-6-phenylpyrimidine-5-carbonitrile(12), 2-((1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methylthio)-4-
phenyl-6-(p-tolylamino)pyrimidine-5-carbonitrile(13), 2-((1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methylthio)-4-(4-
isopropylphenyl)-6-(p-tolylamino)pyrimidine-5-carbonitrile(14), 2-((1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methylthio)-4-(4-
isopropylphenyl)-6-(p-tolylamino)pyrimidine-5-carbonitrile(15), 2-((1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methylthio)-4-(p-
tolyl)-6-(p-tolylamino)pyrimidine-5-carbonitrile(16), 2-((2-(2-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methylthio)-4-(4-
chlorophenyl)-6-(p-tolylamino)pyrimidine-5-carbonitrile(17), 4-(4-bromophenyl)-2-((1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-
yl)methylthio)-6-(p-tolylamino)pyrimidine-5-carbonitrile(18).
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Table 1: Structures of 1,2,3-triazole-pyrimidine hybrids.

=

NH

Compound R3
1. p-OCHj, o-Cl H
2. m-CF; o-Cl H
3. o-Cl o-Cl H
4, p-Cl o-Cl H
5. m-Cl o-Cl H
6. 0-OCH3 o-Cl H
7. o-F o-Cl H
8. p-F o-Cl H
9. 0-CH3 o-Cl H
10. p -CH3 p-F H
11. p -CH; p -CH, H
12. o-Cl p -CH, H
13. p -CH3 o-Cl H
14. p -CH; o-Cl p-CH(CHz),
15. 0-OCHj,3 o-Cl p-CH(CHz),
16. p -CHs o-Cl p -CHs
17. p -CH; o-Cl p-Cl
18. p -CHs; o-Cl p-Br

RESEARCH METHODOLOGY

Optimization, quantitative structural activities relationship (QSAR) and docking studies were carried out on 1,2,3-
triazole-pyrimidine hybrids. Many efficient parameters (volume, ovality, polarizability, EHOMO, ELUMO, Bandgap) were
obtained from the optimization of the studied compounds using B3LYP with 6-31+G* as basis set. The selected descriptors were
used to develop proficient QSAR model using multiple linear regression (MLR) via Gretl [19] software. More so, the validation
of the developed QSAR model was accomplished through cross validation (CV. R2) (equation 1), adjusted squared correlation
coefficient (R_a"2) (equations 2) and p-value [20]. Furthermore, the prediction of principal binding mode of drug-like molecules
together with the receptor of identified three-dimensional structure was calculated using docking approach. Pymol v1.74, Auto
Dock Tools 1.5.6, Auto Dock Vina programmed and Discovery Studio R2 was used as post-dock software for viewing the

interaction between the ligand and the receptor. Calculated inhibition constant was achieved via equation 3.

2 _ 1 _ Z0ohs—Yead®
CVR - 1 Z(Yobs_vobs)z (1)
(N-I)XR%*-P
Ri= o @
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K;= e "“rr ©)
Note: AG = binding affinity (Kcal/mol), gas constant (R) = 1.987 (cal/mol/K) and absolute temperature (T) = 298.15.

RESULTS AND DISCUSSION
Biological activities of eighteen molecular compounds were explored via quantitative structure activity relationship and
molecular docking study. The characteristics of the developed QSAR model are expressed by its correlation coefficient which
signifies the fitness of the calculated inhibition concentration to the observed inhibition concentration.

QSAR Study on 1,2,3-Triazole-Pyrimidine Hybrids (1,2,3-TPH)

Eighteen molecular compounds were considered for biological study in this work. The entire compounds were divided
in to two i.e. training set (11 compounds) and test set (7 compounds). The selected compounds used as training set was used in
making QSAR model while the selected compounds were used as test set for assessing the predicting power of the developed
QSAR model. Also, low residual value is obtained for the calculated inhibition concentration using equation 4 and this show that
the developed QSAR model has a good ability to predict. Moreover, the descriptive analysis features for both training set and test
set as shown in Table 2 display similarity in biological activity of two datasets and this could be due to closeness between the
values for training set and test set (Tables 3 and 4).

ICso = 21224.3 + 41.5429(Vol) + 66.667(Ovality) — 513.324(Polar) - 132.673(BG) (4)

Table 2: Descriptive analysis of 1,2,3-Triazole-Pyrimidine Hybrids (1,2,3-TPH).

Descriptive Values Training Set Test Set
Dataset Number 11.00 7.00
Mean dependent var 4.33 4.70
S.D. dependent var 2.06 2.27
S.E. of regression 1.22 0.94
Mean Squared Error 0.81 0.25
Theil's U 0.27 0.15

F =5.620840, P < 0.0001, R2 = 0.789, R_adj*2 = 0.648, CV. R2 = 0.903, MSE = 0.817

Furthermore, validation of the calculated analysis using multiple linear regression (MLR) was accomplished by
considering cross validation (CV.R?), adjusted correlation coefficient (R2), mean square error (MSE) and p-value. This was
examined for confirming the power and dependability of the developed QSAR model, since correlation coefficient is not only
enough to determine the effectiveness of the developed QSAR model (Table 3). Therefore, the facts shown in Table 3 have
proved that the predicting strength of the developed QSAR model is reliable.

Table 3: Standard value for QSAR model validation.

QSAR model validation parameters Standard value Developed QSAR model value Comments
Correlation coefficient (R%) >0.5 0.789 Pass
Adjusted Correlation coefficient (R2) >0.6 0.648 Pass
Cross validation coefficient (CV.R?) >0.5 0.903 Pass
Confidence interval at 95% confidence level <0.05 0.031 Pass
(P-value)
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Table 4: Experimental and calculated inhibition concentration.

Variables Observed 1Csq Calculated ICsy
1* 3.99 7.16
2 3.71 2.55
3* 8.35 7.60

1.59 3.02

5 3.59 3.02
6 7.86 8.03
* 5.23 4.19
8 5.34 4.52
9= 2.76 1.59
10 3.04 471
11 8.16 7.09
12* 7.08 3.73
13 3.39 2.94
14 3.53 4.18
15 2.69 2.48
16* 2.63 3.23
17 4.81 4.83
18* 2.87 4.00

Docking results

The docking results of the studied complex were displayed in term of binding affinity as shown in Table 5. In this
work, series of non-bonding interaction were observed between 1,2,3-Triazole-Pyrimidine Hybrids (1,2,3-TPH) and focal
adhesion kinase with PDB ID 1mp8. The effect of the substituents attached were obvious both in the conformation of each of the
complex and the in the calculated binding affinity. Compound 2 with binding affinity value of -9.6 proved to possess the utmost
ability to inhibit focal adhesion kinase since it was proved by Oyebamiji et al., 2020 that compound with lowest binding affinity
have the greater tendency to inhibit than other studied compounds [21]. Therefore, compound 2 have the higher tendency to
inhibit that other compounds studied in this work and this was agreed to be a function of CF3 attached to meta position of the
benzene tagged R1 (Figure 1) (Table 5).

The inhibition constant for each of the compound was displayed in Table 5. More so, all the studied compounds were

observed to poses higher ability to inhibit focal adhesion kinase than the standard drug used in this work.

Table 5: The molecular docking result obtained from 1,2,3-TPH and 1mp8

Comp Scoring (kcal/mol) K (uM)
1. 8.2 1.02 x 10°
2. 9.6 1.09 x 107
3. -8.6 2.01x10°
4, -9.0 3.96 x 10°
5. -8.6 2.01x10°
6. -8.6 2.01 x 10°
7. -8.8 2.82x10°
8. -8.8 2.82x10°
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0. -8.6 2.01x 10°
10. -8.9 3.34x10°
11. 8.9 3.34 x 10°
12. -8.6 2.01x 10°
13. 8.7 2.38 x 10°
14. 9.3 6.57 x 10°
15. 9.0 3.96 x 10°
16. -85 1.70 x 10°
17. -8.8 2.82 x 10°
18. -8.8 2.82 x 10°
5FU 47 2.78x 10°
AR
A:S550
GLN
Az432
ASP
A:5649
Sy a:aza Ty - AT
A:S553
VAL VAL
A:4a36 AV:'EJS A:as84a
Interactions
B conventional Hydrogen Bond B Fi-sioma
[ ] carbon Hydrogen Bond [ Pi-suifur
B Pication [ 1 axu
[: Pi-Anion :| Pi-Allcyl

Figure 1: Binding interaction between compound 2 and 1 mp8.

CONCLUSION

In this work, the optimized compounds were used to develop QSAR model for better prediction of the observed studied
compounds. The developed QSAR model proved to be effective since the predicted bioactivity were closer to the observed
bioactivity. The QSAR model were validated by considering CVR2, adjusted R2, and P-value and it was confirmed that the
developed model possesses the ability to predict well. Also, all the studied compounds showed a better ability to inhibit than the

standard used in this work. More so, compound 2 possess more efficiency to inhibit than other studied compounds.
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