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INTRODUCTION 

In 1989, researchers declared the term “in silico” to define biological 
test completely achieved on the computer or through simulation 
of computer [1]. Moreover, in silico drug design considers a great 
aspect in that various sides of practices and essential researches 
are combined and fill with each other [2]. This can be utilized to 
counteract cancer. Cancer is considered one of the most important 
health problems in the world, and that the rates of cancer incidence 
are high and come at the second level after heart diseases as the 
most important cause of death in America and all countries of the 
world. Currently, accounts of cancer 25% of deaths in the United 
States America [3,4]. 

Researchers noticed that abnormal activation of numerous 
receptor tyrosine kinases (RTKs) and respected ligands can cause 
uncontrolled proliferation of tumor cells which is pertinent to the 
events of the development of cancers IN human. Receptor tyrosine 
kinases establish a receptor family which monitoring the main 
cellular events, such as apoptosis, cell proliferation, migration and 
differentiation. The Receptor tyrosine kinases family comprises 
growth factor receptors, like the receptor of stem cell factor (SCF), 
the receptor of insulin growth factor, the receptor of epidermal 
growth factor, and PDGFR (the receptor of platelet-derived growth 
factor) [5]. 

In this study, the researchers aimed to design, synthesize, and 
characterize novel tyrosine kinase inhibitors with the utilization 
of the GOLD software version 5.7.2, obtained by CCDC (the 
Cambridge Crystallographic Data Centre). 

MATERIALS AND METHODS 
 

Materials 

Imatinib (99.8%) and N-(5-Amino-2-methylphenyl)-4-(3-pyridyl)-2- 
pyrimidineamine, (98%) were purchased from BLDpharm, China. 
Acetyl chloride, (98.0%) and Benzoyl chloride, A. R. (99.5%) 
were obtained from CDH, India. Dichloromethane, HPLC grade 
(99.8%) and n-Hexane, (95.0%) were purchased from GCC, UK. 
Tetrahydrofuran, A. R. (99.0%) and Potassium carbonate, A. R. 
(99.0%) were purchased from SCR, China. Methanol absolute, 
HPLC grade were gained from Biosolve ChimieSARL, France. 
Finally, Tetramethylacetyl chloride, (99.0%) were purchased from 
Sigma-Aldrich, USA. 

 
Instruments 

The used instruments in this study are listed as shown in Table 1. 
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ABSTRACT 
Background: In silico drug design conducts a process for making conformations and directions of multiple ligands and chooses the 
best ones, then being selected. In silico studies are used to examine and model molecular interactions between target macromolecules 
and ligand. Tyrosine kinase is considered a potential target to design inhibitors. Tyrosine kinase inhibitor like imatinib this drug 
has succeeded to pass through clinical studies in an attempt to cure the cancer, which is considered as the second leading ca use of 
deaths in the world. In this work, the GOLD program was employed to predict the bindings and thus the inhibitory activity toward 
the tyrosine kinase. 

Methodology: After the design and docking processes, the chemical synthesis of three imatinib analogues was achieved. 

Results: the percent of yield of the chemical synthesis was (81-85%). The synthesized compounds were well characterized using FT- 
IR, NMR, DSC, and CHN elemental analyser. The present purity was within the globally accepted value of less than 0.4% with the 
employment of CHN combustion. 

Keywords: Computer-aided drug design; In silico; Gold; Imatinib analogues; Anticancer; Tyrosine kinase inhibitor 
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The in silico docking process 

Preparation of proteins: The structure of X-ray crystallographicof 
the Abl kinase (PDB ID 3K5V) protein has been obtained from 
PDB (Protein Data Bank) at the resolution 1.74 Å (Figure 1). 
Then, the structure file was opened with ChemBio 3D Ultra 
14 program, and the energy minimization step was performed. 
The energy-minimized protein structure was saved as a “mol2” 
file. The addition of atoms of hydrogen to the protein has been 
achieved using Mercury version 4.1.3. Thereafter, the mol2” file 
was reopened in the Hermes (GOLD) program. In the GOLD 
program, ligands, molecules of water, and other heteroatoms have 
been extracted from macromolecules of the protein. 

Ligand preparation: From many others, three best fitted and 
chemical synthesis-capable imatinib analogues were designed and 
synthesized. These analogues are listed in Table 2. The structures 
of the ligands have been drawn in the software of ChemBio Draw 
Ultra ver. 14, while the energy minimization was achieved with 
the software of ChemBio 3D Ultra ver. 14. The energy-minimized 
protein and ligand have been saved in mol 2, and PDB formats, 
respectively. 

Molecular docking utilizing the GOLD software: The molecular 
docking was achieved using GOLD version 5.7.2. This was done 
to predict the scores of GOLD for interactions of the targeted 
protein–ligand. The sites of binding of the residues of amino 
acids of the defined proteins have been determined and applied 
for the software of GOLD. This was conducted for atoms with-in 
10 Å of the submitted binding residues in the pocket of binding. 
However, the docked conformations that had the higher Score of 
GOLD (fitness) have been taken for analyzing the binding mode. 
Eventually, the program of GOLD has been run, and then solutions 
of GOLD have been observed, saved, and imagined. 

The chemical synthesis: The overall chemical syntheses are revealed 
in Scheme 1 below [6]. Scheme 1 shows the chemical synthesis and 
conditions of the reaction of the compounds 2a, 2b, and 2c. 

The following chemical approaches have been employed for the 
imatinib analogues preparations [7]: 

Synthesis of compound (2a) N-(4-methyl-3-((4-(pyridine-3- 
yl)pyrimidin-2-yl)amino)phenyl)benzamide 

About 309 mg of Benzoyl chloride (2.2 mmol) has been delivered 
to the stirred solution of 500 mg of the compound 1 (1.8 mmol) 
and 1.24 g of potassium carbonate (9 mmol) in 12 mL of THF at 
0°C and the mixture of reaction has been stirred for 45 minutes at 
0°C. The mixture of reaction has been delivered drop insight to the 
stirring, cold solution of 12 mL of 10% NaHCO3 and stirred for 30 
min at 0°C. A solid precipitated out which has been isolated using 
filtration. The solid has been washed with cold water, hexane and 
dissolved in 10 mL of the mixture of dichloromethane/methanol 
(50:50,) and concentrated under the reduced pressure. The residue 
obtained has been suspended in 20 mL of cold water, Et3N has 

 
Table 1: The employed instruments in the current research. 

 
 

No. Instruments Manufacturers Countries 
 

 

Figure 1: The crystalline structure of Abl kinase in the complex plus GNF- 
2 (PDB ID 3K5V), and imatinib. 

 

Scheme 1: The chemical synthesis and conditions of the reaction of the 
compounds 2a, 2b, and 2c. 

 
been added to it and it has been extracted twice with 20 mL of ethyl 
acetate. The combined ethyl acetate extract has been washed with 
10 mL of water, concentrated under the reduced pressures within 
the desiccator for getting 2-a (0.568 mg, 82%). 

Synthesis of compound (2b) N-(4-methyl-3-((4-(pyridine-3- 
yl)pyrimidin-2-yl)amino)phenyl)pivamide 

About 266 mg of Trimethylacetyl chloride (2.2 mmol) has been 
delivered to the stirred solution of 500 mg the compound 1 (1.8 
mmol) and 1.24 g of potassium carbonate (9 mmol) in 12 mL of 
THF at 0°C and the mixture of reaction has been stirred for 45 
minutes at 0°C. The mixture of reaction has been delivered drop 
insight to the stirring, cold solution of 12 mL of 10% NaHCO3 and 
stirred for 30 min at 0°C. A solid precipitated out which has been 

1 Differential Scanning Calorimeter Shimadzu JAPAN 
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isolated using filtration. The solid has been washed with cold water, 
  (DSC) Thermal Analyzer  

 

2 C.H.N Elemental Analyzer EURO EA3000 ITALY 

3 Melting point apparatus BioCote UK 

hexane and dissolved in 10 mL of the mixture of dichloromethane/ 
methanol (50:50,) and concentrated under the reduced pressure. 
The residue obtained has been suspended in 20 mL of cold water, 
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Et3N has been added to it and it has been extracted twice with 
20 mL of ethyl acetate. The combined ethyl acetate extract has 
been washed with 10 mL of water, concentrated under the reduced 
pressures within the desiccator for getting 2-b (0.556 mg, 85%). 

Synthesis of compound (2c) N-(4-methyl-3-((4-(pyridine-3- 
yl)pyrimidin-2-yl)amino)phenyl)acetamide 

About 173 mg of Acetyl chloride (2.2 mmol) has been delivered 
to the stirred solution of 500 mg of the compound 1 (1.8 mmol) 
and 1.24 g of potassium carbonate (9 mmol) in 12 mL of THF at 
0°C and the mixture of reaction has been stirred for 45 minutes at 
0°C. The mixture of reaction has been delivered drop insight to the 
stirring, cold solution of 12 mL of 10% NaHCO3 and stirred for 30 
min at 0°C. A solid precipitated out which has been isolated using 
filtration. The solid has been washed with cold water, hexane and 
dissolved in 10 mL of the mixture of dichloromethane/methanol 
(50:50) and concentrated under the reduced pressure. The residue 
obtained has been suspended in 20 mL of cold water, Et3N has 
been added to it and it has been extracted twice with 20 mL of ethyl 
acetate. The combined ethyl acetate extract has been washed with 
10 mL of water, concentrated under the reduced pressures within 
the desiccator for getting 2c (0.463 mg, 81.0%). 

RESULTS AND DISCUSSION 

The docking 

Regarding the discipline of computer-aided drug design, the energy 
minimization (energy optimization, aka, geometry minimization, 
and geometry optimization) indicates the recoding of the spatial 
geometry of the atoms group in which the net energy of the 
origin of inter atomic on all atoms was near 0 [8-11]. However, 
the minimization of the energy was critical to observe trustable 
results of the docking and is achieved by finding the paradigm 
of receptor sites and ligands that must interact with it with the 
aid of a computer [12-18]. However, in the current study, energy 
minimizations have been registered for both the ligand and the 
macromolecule (i.e., the Abl kinase (PDB ID 3K5V) protein) to be 
used after that in the docking process. 

Docking of the structures 

The computational docking analyses have been achieved by GOLD 
software driven by CCDC (the Cambridge Crystallographic Data 
Centre) (www.ccdc.cam.ac.uk) besides other software. 

The protein of interest is Abl kinase (PDB ID 3K5V). Imatinib plays 

as a tyrosine kinase inhibitor (TKI). This is true for the analogues; 
2c, 2a, and 2b. Nevertheless, no constraints have been utilized in 
the docking processes. Regarding the site of binding, these have 
been determined as (GLU288, HIS362, and ASP382). 

The analyses of the molecular docking were successfully achieved 
with the usage of the correlated drug design softwares. The rate of 
the successfulness for the GoldScore observed for the program of 
GOLD has been assigned as 57% [19]. However, in this work, the 
success rate was calculated to be 67%. Accordingly, the chemical 
compound 2a reflects the best GoldScore alongside the best fitting 
within the active site (better than imatinib) as revealed in Table 3. 

Table 3 reveals the tested chemicals, the bound amino acid residues, 
the GoldScore, the number of the hydrogen bonds. Imatinib is 
utilized as a positive control. Docking of imatinib structure is 
shown in Figure 2. Docking of compound 2a is shown in Figure 
3. Docking of compound 2b is exhibited in Figure 4. Docking of 
compound 2c is shown in Figure 5. 

The chemical synthesis 

Three analogues of imatinib have been manufactured and some of 
physical and chemical characteristics of the synthesized compounds 
are listed in Tables 4 and 5. 

The observed data within Tables 5 and 6 are considered fruitful. 
First of all, the observed melting points were obtained with both 
DSC and melting point apparatus. It is a good point to mention 
that the DSC has priority in the detection of the compounds’ 
melting point. This is obvious as the sensitive Shimadzu’s machine 
gives the required data within two decimals. This, in particular, 
cannot be inquired with the classical capillary apparatus. 

The DSC has the ability to register the enthalpies and transition 
temperatures. This in turn enhances the fact that the DSC has a 
valuable capability to observe a very sensitive and characteristic 
melting point for the target chemical compound [20]. In this 
work the melting points were observed for imatinib and the other 
chemicals. 

Furthermore, the observed log P (the partition coefficient of 
octanol-water) values, the acceptors of H-bond, and the donors of 
H-bond show a suitable submissiveness for the famous rule of 5. 
This rule of five (Lipinski rule of five) states that the drug candidate 
has the probability to be an orally vigorous just if it possesses no 
more than 1 breach of the below [21-25]: 

i. H-bond acceptors must be less than ten (the sum of atoms of O 
and N). 

 

Table 2: The symbols, IUPAC names, chemical formulas, and the chemical structures of the synthesized imatinib analogues. 

Code   IUPAC name Formula Chemical structure 

 
 

2a N-(4-methyl-3-((4-(pyridine-3-yl)pyrimidin-2-yl)amino)phenyl)benzamide C
23

H
19

N
5
O 

2b N-(4-methyl-3-((4-(pyridine-3-yl)pyrimidin-2-yl)amino)phenyl)pivamide C
21

H
23

N
5
O 

2c N-(4-methyl-3-((4-(pyridine-3-yl)pyrimidin-2-yl)amino)phenyl)acetamide C
18

H
17

N
5
O 
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Table 3: Tested chemicals, the bound amino acid residues, the GoldScore, 
the number of the hydrogen bonds. Imatinib is utilized as a positive 
control. 

 

Chemical Bound amino acids GoldScore H-bonds 

Imatinib 3 83.1 2 

2a 3 89.76 2 

2b 3 83.6 2 

2c 3 79.8 2 
 

 
Figure 2: The crystal structure of imatinib in the complex with tyrosine 
kinase (PDB code: 3K5V). The tyrosine kinase is represented as the space 
fill model, while the imatinib is depicted as the capped stick model. 

 

 
Figure 3: The crystal structure of compound 2a in the complex with 
tyrosine kinase (PDB code: 3K5V). The tyrosine kinase is represented as 
the space fill model, while the compound 2a is depicted as the capped 
stick model. 

 

 
 

Figure 4: The crystal structure of compound 2b in the complex with 
tyrosine kinase (PDB code: 3K5V). The tyrosine kinase is represented as 
the space fill model, while the compound 2b is depicted as the capped 
stick model. 

 
 

 
Figure 5: The crystal structure of compound 2c in the complex with 
tyrosine kinase (PDB code: 3K5V). The tyrosine kinase is represented as 
the space fill model, while the compound 2c is depicted as the capped 
stick model. 

 
ii. H-bond donors must be less than five (the sum of bonds of O–H 

and N–H). 

iii. The molecular mass must be less than 500 grams per mole. 

iv. The log P must be less than five units. 

Moreover, to assure the oral absorption of a drug candidate, the 
count of the rotatable bonds has to be considered. No more than 
ten rotatable bonds have to be exist for the chemical compound 
to be orally available. In the same context, the tPSA has to be no 
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Table 4: The physical characteristic of imatinib standard and analogues of the recently synthesized compounds. 

 

Symbols of Compounds The physical characteristics DSC-Measured Melting Point (oC) Calculated-tPSA* Calculated-Log P 

Imatinib (STI-571) White powder 213.42 75.13 A2
 2.52 

2a Fluffy white-amber powder 177.02 78.21 A2
 4.13 

2b Crystalline white-amber powder 185.13 78.21 A2
 4.16 

2c Fluffy amber powder 219.82 78.21 A2
 2.23 

tPSA*: The topological polar surface area is the summation of the surface of the totally polar atoms, firstly N and O and atoms of the attached H. 
 

 

Table 5: The chemical parameters of imatinib standard and the analogues of recently synthesized compounds. 
 

The symbol of compounds The chemical formulae Molecular mass 
Yield 

Percentage 
Donor of 
H-Bond 

Acceptor of 
H-Bond 

Count of 
Rotatable bonds 

Heavy atoms 
count 

STI-571 C
29

H
31

N
7
O 493.60 STD 2 8 8 37 

2a C
23

H
19

N
5
O 381.44 82 2 6 5 29 

2b C
21

H
23

N
5
O 361.45 85 2 6 8 27 

2c C
18

H
17

N
5
O 319.37 81 2 6 5 24 

 
Table 6: imatinib and the synthesized compounds elemental microanalyses. 

  Elemental microanalyses %  
Compound symbol Chemical formula Molecular mass 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

more than 140 A2 [26,27]. The tPSA is commonly used parameter 
in medicinal chemistry to assure the cell permeability by the drug 
candidate [28-30]. 

On the other hand, to estimate the reaction efficiency, the percent 
of yield has to be calculated. Simply, the percent of yields is 
determined as ratio of the amount of the product that is gained in a 
chemical reaction to the theoretically calculated amount multiplied 
by 100 [31]. Notably, all the term very good is correlated with the 
percentage yields of the chemical synthesis of the current research 
[31,32]. 

The properties of synthesized compounds 

Infrared spectroscopy (IR): In the drug analyses, the spectrum of 
IR is a rapid, reliable, non-destructive commonly used technique 
[33]. The amide carbonyl can be easily characterized with the 
employment of the FT-IR tool [34]. In this work, the characterization 
of the amide carbonyl was conducted for the observed spectra. 

Melting points acquisition: Melting points were acquired with the 
aid of Differential Scanning Calorimeter (DSC) Thermal Analyser. 
In this work, the observed melting points were gained with a 
sensitivity of two decimal places which has the superiority to the 
traditional melting point tester apparatus. 

 Element Observed  Calculated 
 C 70.179  70.28 

STI-571 C29H31N7O 493.60 H 6.599  6.71 
 N 19.693  19.78 
 Sum 96.471  96.77 
 % Deviation  0.30%  

     

 C 72.290  72.42 

2a C23H19N5O 381.44 H 4.920  5.02 
 N 18.254  18.36 
 Sum 95.464  95.8 
 % Deviation  0.35%  

     

 C 69.598  69.78 

2b C21H23N5O 361.45 H 6.398  6.41 
 N 19.274  19.38 
 Sum 95.27  95.57 
 % Deviation  0.31%  

     

 C 67.598  67.70 

2c C18H17N5O 319.37 H 5.282  5.37 
 N 21.872  21.93 
 Sum 94.752  95 
 % Deviation  0.26%  
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The elemental micro-analysis (CHN): The elemental micro 
analysis is a cornerstone in the characterization of the chemical 
compounds. This technique relies on the contents of elements in 
the compound. This encompasses the carbon (C), hydrogen (H), 
and nitrogen (N) or so-called (CHN) which are the elements that 
the analyser of elements is capable to detect [35]. Fundamentally, 
deviation of the observed weights to those theoretically calculated 
must not exceed the 0.4%. this is a must to assure the purity of the 
chemical product [35,36]. 

In this work, the calculated deviations of the weights of the 
synthesized chemicals were less than the worldwide agreed value of 
0.4%. This indicates low contents of impurities, as seen in Table 6. 

Proton NMR 

For the structure elucidation, it globally agreed that the proton 
NMR is the cornerstone in this field to show the hydrogen atoms 
map [37-41]. 

The proton NMR explanation of compound 2a is shown in Table 
7. The proton NMR explanation of compound 2b is shown in 
Table 8. The proton NMR explanation of compound 2c is shown 
in Table 9. 

In the current study, the NMR of proton has been successfully 
utilized to determine hydrogen atoms in the chemically synthesized 
compound. 

Carbon-13 NMR 

Certainly, the carbon-13 NMR is considered as an important 
technique used in the synthetic organic chemistry discipline 
to determinate the chemical structure of the target. In fact, carbon-13 
NMR is correlated with the elucidation of carbon atoms in the 
chemical compound [42-44]. Consequently, carbon-13 NMR 
has been employed happily to elucidate the chemical structure 
of the synthesized chemical compound. The carbon-13 NMR 

Table 7: Proton NMR interpretations of compound 2a. 
 

    

Chemical group Chemical Shift (ppm) Integrations No. of Hydrogens Interpretations 

a 2.27 5.69 3 Singlet, for CH3 protons 

b 7.23-8.02 15.61 8 Aromatics ring C and D. 

C 7.99-8.71 11.96 6 Hetroaromatic ring A and B 

d 9.32 1.94 1 Singlet, for N-H proton. 

e 10.28 1.85 1 Singlet, for N-H proton. 
  Sum=37.05 Total=19 37.05 ÷ 19=1.95 integrations per proton 

 
Table 8: Proton NMR interpretations of compound 2b. 

Chemical group Chemical Shift (ppm) Integrations No. of Hydrogens Interpretations 
 

a 1.31 8.95 9 Singlet, for three CH3 groups of the tert- 

 
 butyl protons. 

b 2.23 2.83 3 Singlet, for CH3 protons 

c 7.15 7.53 3 Aromatics ring C. 

d 8.01 8.95 6 Hetroaromatics A and b. 

e 9.18 0.94 1 Singlet, for N-H proton of amide. 

f 9.29 1.00 1 Singlet, for N-H proton of amide. 
  Sum=22.99 Total=23  
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interpretation of compound 2a is revealed in Table 10. The 
carbon-13 NMR interpretation of compound 2b is revealed in 

Table 11. The carbon-13 NMR interpretation of compound 2b is 
revealed illustrated in Table 12. 

 

Table 9: Proton NMR interpretations of compound 2c. 
 

  

Chemical group Chemical Shift (ppm) Integrations No. of Hydrogens Interpretations 

a 2.07 2.93 3 Singlet, for CH3 protons 

b 2.22 2.90 3 Singlet, for CH3 protons 

c 7.14 7.54 3 Aromatics ring C . 

d 7.92 8.97 6 Hetroaromatics A and b . 

e 9.18 1.02 1 Singlet, for N-H proton. 

F 9.29 0.91 1 Singlet, for N-H proton. 
  Sum=17 Total=17  

 
Table 10: Carbon-13 NMR interpretations of compound 2a. 

    

Chemical group Chemical Shift (ppm) No. of Carbons Interpretations 

A 18.16 1 For the methyl CH3 carbon. 

B 108.00-162.10 21 Aromatics, heterocyclics; aromatic. 

C 165.89 1 For carbonyl carbon. 
  Total=23  

 
Table 11: Carbon-13 NMR interpretations of compound 2b. 

    

Chemical group Chemical Shift (ppm) No. of Carbons Interpretations 

A 18.05 1 For the methyl CH3 carbon. 

B 27.74 3 For the three methyl CH3 carbons. 

C 39.58 1 For the central carbon of the tert-butyl moiety. 

D 107.91-161.99 15 Aromatics, heterocyclics; aromatic. 

E 176.73 1 For carbonyl carbon. 
  Total=21  
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Table 12: Carbon-13 NMR interpretations of compound 2c. 
 

   

Chemical group Chemical Shift (ppm) No. of Carbons Interpretations 

A 18.08 1 For the methyl CH3 carbon. 

B 24.48 1 For the methyl CH3 carbon. 

C 107.98-162.08 15 Aromatics, heterocyclics; aromatic. 

D 168.54 1 For carbonyl carbon. 
  Total=18  

 

CONCLUSION 

The authors referred to that new imatinib analogues have 
been happily designed, synthesized, and characterized in this 
research. The biological evaluation of these compounds is highly 
recommended. 
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