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Abstract 

The potential drug candidate novel Schiff base, 2-(((3-(4-methyl-1H-imidazol-1-yl)-

5-(trifluoromethyl)phenyl)imino)methyl)phenol (MITPIM) was synthesized by 

using salicylaldehyde and 1-[3-Amino-5-(trifluoromethyl)phenyl]-4-

methylimidazole, the precursor of nilotinib used in cancer treatment. It was 

characterized by using spectroscopic techniques such as 1H-NMR, 13C-NMR, 19F-

NMR, FT-IR, and UV-Vis. DFT computational technique was used for further 

investigation. DFT/B3LYP method and the 6-311G(d,p) basis set were used to 

determine optimized geometry. Then by using optimized geometry and DFT 

approach three-dimensional molecular electrostatic potential (MEP), vibration 

frequencies, NMR chemical shift values, HOMOs-LUMOs, and molecular orbital 

energies were calculated. It was noted that there was good agreement between the 

experimental and theoretical findings. The ADME and toxicity properties were 

investigated by using online servers. It was determined from the findings that the 

MITPIM had good oral bioavailability and minimal toxicity. By using 2XIR protein, 

the molecular docking simulations of MITPIM were also investigated. The binding 

energy of the MITPIM-2XIR complex was determined as −9.34 kcal/mol. It was 

close to nilotinib’s binding energy which was −9.69 kcal/mol. Molecular docking 

and ADMEt results show that the newly synthesized MITPIM has the potential to be 

a drug. 
 

 
1. Introduction 

 

Cancer is a type of disease that is caused by cells with 

the ability to divide uncontrollably, has the potential 

to spread to other tissues of the body, is the second 

leading cause of death [1], and is responsible for one 

out of every 6 deaths worldwide [2], which 

profoundly affects the individual materially and 

spiritually. Current treatment methods are surgery, 

radiotherapy, chemotherapy, hormonal, and targeted 

drug therapy [2] Due to the undesirable side effects of 

existing chemotherapeutic drugs and radiotherapy 

methods, studies on the synthesis of new, easy-to-

access, low-cost, targeted anticancer drugs and 
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investigation of their antiproliferative properties have 

increased [3] nowadays. 

When the structures of drug molecules used in 

cancer treatments in recent years are examined, it is 

seen that these molecules contain heterocyclic units in 

their structures. Heterocyclic compounds are 

structures that have an important place in organic 

chemistry, containing at least one heteroatom such as 

nitrogen (N), oxygen (O), or sulfur (S) unlike the 

carbon atom in their structure. These structures 

contribute greatly to medicinal chemistry because of 

their wide application in drug discovery and 

development [4–6]. The heterocyclic imidazole ring 

has an aromatic structure containing two nitrogen 

atoms in its structure, showing polar properties, being 
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easily ionizable, soluble in water and other polar 

solvents, and showing amphoteric properties. 

Because of these properties, the imidazole ring 

increases the pharmacokinetic properties of the 

molecule it is found in and is therefore used to 

optimize the solubility and bioavailability parameters 

of the molecules [7]. Fluorine (F) is the smallest 

substituent that can replace the hydrogen atom in 

organic chemistry. The replacement of hydrogen 

atoms with fluorine atoms is widely used in medicinal 

chemistry. The main reasons for this are fluorine has 

strong electron-withdrawing properties, electrostatic 

interactions, small atomic size, and high lipophilicity. 

Additionally, electrostatic interactions of fluorine 

atoms with proteins, facilitate the binding of ligands 

to proteins. Synthesis of fluorine-containing 

molecules and biological applications of them, 

primarily those with the -CF3 group, are growing 

daily. [8–10]. Phenolic compounds with OH 

functional groups have an important place in 

medicinal chemistry because they have antioxidant, 

anticancer, antiviral, insecticidal, antimicrobial, and 

antiparasitic activities [6], [11–13]. Schiff bases are 

substances that have an imine or azomethine 

functional group. In the design and development of 

numerous bioactive lead compounds, it has been 

discovered that Schiff bases are flexible 

pharmacophores. Schiff bases have biological 

activities such as anti-inflammatory, analgesic, 

antimicrobial, anticonvulsant, antitubercular, 

anticancer, antioxidant, anthelmintic, antiglycation, 

and antidepressant activities [14]. 
The low availability, high cost, and low 

number of drug agents used in cancer treatment have 

encouraged researchers to work towards finding new 

anticancer drugs that are easy to access and low in 

cost. For this purpose, computer-aided drug design 

methods have gained importance recently and studies 

on the design of new drugs with in silico techniques 

have increased. Because this technique not only 

examines the interaction of drugs with target proteins 

but also eliminates a large number of molecules and 

reduces the number of molecules to a minimum. It 

also shortens the molecule's time to become a drug. In 

addition, establishing of physicochemical, 

lipophilicity, water solubility, pharmacokinetic, and 

drug-likeness properties of new drug candidates by 

using in silico techniques have a crucial role. For 

example, topological polar surface area (TPSA), Log 

Po/w, Lipinski's rule of five, water solubility, 

gastrointestinal absorption, and some other properties 

are criteria sought in drug candidate molecules. These 

properties of new drug candidates can be learned in 

advance using in silico techniques. 

The compound 1-[3-Amino-5-

(trifluoromethyl)phenyl]-4-methylimidazole is the 

precursor of the nilotinib molecule used in cancer 

treatment. Additionally, this aniline and the 

compounds produced from it make it a viable 

substance for additional research and development in 

the field of pharmaceuticals [15–24]. Based on all of 

this knowledge, in this work the novel potential 

bioactive compound, 2-(((3-(4-methyl-1H-imidazol-

1-yl)-5-(trifluoromethyl)phenyl)imino) 

methyl)phenol (MITPIM) which was derived from 1-

[3-Amino-5-(trifluoromethyl)phenyl]-4-

methylimidazole, was containing imidazole ring, a 

fluorine atom, imine, and the phenolic functional 

group was designed and then synthesized. 

Spectroscopic techniques were used to identify 

MITPIM. All quantum chemical calculations were 

done by using 6-311G(d,p) basis set and DFT/B3LYP 

method. As a result of quantum chemical calculations. 

the theoretical vibrational frequencies, NMR 

chemical shifts, maximum absorption wavelengths, 

frontier orbitals and MEP surface diagram were 

obtained. By using VEGFR2 protein (PDB ID: 

2XIR), the molecular docking simulations of 

MITPIM were investigated. ADME and toxicity 

properties of MITPIM were determined using the 

SwissADME and ProTox-II online servers. 

 

2. Material and Method 

 

2.1. Physical measurements 

 

The chemicals were supplied by Merck and Aldrich 

Chemical Company. Chemicals were used without 

further purification. Aluminum sheets pre-coated 

with silica gel SIL G/UV254 from MN GmbH & Co., 

were used to follow reactions. The spots were made 

visible in UV light (254 nm). Melting point was 

measured in an open glass capillary tube by using an 

Electro-thermal 9100 apparatus. The values are not 

corrected. A Bruker NMR spectrometer (700 MHz) 

was used to record the 1H and 13C NMR spectra while 

a Varian NMR spectrometer (600 MHz) was used to 

record 19F NMR spectrum. Chemical shifts are 

expressed as parts per million (ppm) in relation to the 

solvent's residual protons (CHCl3: 7.26 ppm) and 

carbon resonance (CDCl3: 77.00 ppm). The NMR 

peak multiplicities were as follows: s for singlet, d for 

doublet, t for triplet, q for quartet, m for multiplet. 

1×10−4 M solution compound and PG T80+ double 

beam spectrophotometer were used to record UV-Vis 

spectra. The infrared (FT-IR) spectrum was recorded 

by using the Thermo Nicolet i10, νmax in cm-1.  
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2.2. Synthesis of 2-(((3-(4-methyl-1H-imidazol-1-

yl)-5-(trifluoromethyl)phenyl)imino) methyl) 

phenol (3) 

 

The route of synthesis is depicted in Figure 1. Round-

bottomed and two necked flask was charged with 1-

[3-Amino-5-(trifluoromethyl)phenyl]-4-

methylimidazole [25] (1, 965.0 mg; 4.0 mmol; 1.0 eq) 

and salicylaldehyde (2, 489.0 mg; 4.0 mmol; 1.0 eq). 

A magnetic stirring bar and absolute ethanol (20 mL) 

were added into the flask, the reflux condenser was 

equipped and the neck was capped with the glass 

stopper. The mixture was heated up to 80 ˚C and was 

stirred overnight at this temperature under N2. TLC 

technique was used to follow reaction convertion. 

After completion of the reaction, approximately half 

of the solvent was evaporated under nitrogen. The 

mixture was cooled to ambient temperature. The 

mixture was poured into the beaker containing 50 mL 

n-heptane and the beaker was left in a refrigerator at 

4 °C overnight. The solids were filtered, cake was 

dried under a vacuum. The aimed title product 3 was 

synthesized by 80% yield (1.1 g, 3.19 mmol) as a 

white solid. Mp: 108-110 °C. FT-IR (KBr): max (cm-

1) = 3360 (br), 2926 (w), 1610 (s), 1495 (s), 1468 (s), 

1320 (s), 1287 (s), 1175 (s). 1H NMR (700 MHz, 

CDCl3):  = 12.50 (s, 1H), 8.66 (s, 1H), 7.85 (s, 1H), 

7.51 (s, 1H), 7.47 – 7.38 (m, 4H), 7.09 (s, 1H), 7.05 

(dd, J = 8.7, 0.6 Hz, 1H), 6.99 (td, J = 7.5, 1.0 Hz, 

1H), 2.31 (d, J = 0.9 Hz, 3H). 13C{1H} NMR (176 

MHz, CDCl3):  = 165.34 (CH), 161.18 (C), 151.01 

(C), 140.51 (C), 138.90 (C), 134.49 (CH), 134.42 

(CH), [133.81, 133.62, 133.43, 133.24, (C, J2
C-F = 

33.4 Hz)], 132.94 (CH), [125.44, 123.89, 122.34, 

120.79, (C, J1
C-F = 273.2 Hz)], 119.54 (CH), 118.55 

(C), 117.49 (CH), 117.10 (CH), [116.03, 116.00, (CH, 

J3
C-F = 3.7 Hz)], [115.35, 115.34, (CH, J3

C-F = 3.3 

Hz)], 114.28 (CH), 13.65 (CH3). 19F NMR (CPD, 564 

MHz, CDCl3):  = -57.85. UV-Vis (CHCl3): λ1 = 248 

nm, λ2 = 272 nm, λ3 = 344 nm. 

 

 

Figure 1. Synthesis of the compound MITPIM 

 

2.3. Computational methods 

 

Quantum chemical calculations were done by using 

Gaussian 09 package program [26]. Avogadro and 

Chemcraft were used for all visualizations of quantum 

chemical calculations [27], [28]. Optimized geometry 

of MITPIM was determined by using DFT/B3LYP/6-

311G(d,p) approach [29], [30]. Calculated vibrational 

frequencies from optimized geometry of MITPIM 

were scaled [31] by using 0.9682 factor for 

frequencies above 1700 cm-1 and by using 1.0119 

factor for frequencies below 1700 cm-1. TD-DFT 

[32], [33] approach was used to determine UV-Vis 

properties while GIAO approach was used to 

determine chemical shields for 1H, 13C and 19F-NMR 

[34], [35]. 

 

2.4. In silico studies 

 

2.4.1. Molecular docking simulations 

 

Molecular docking simulations of the MITPIM and 

nilotinib compounds were performed by using the 

SwissDock online web server [36]. UCSF Chimera 

[37] was used for visualization of images. VEGFR2 

protein (PDB ID: 2XIR) was used in the molecular 

docking studies. Protein Data Bank [38] was used to 

supply the crystal structure of the 2XIR. After the 

water was removed and the other residues that were  

not standart were eliminated from 2XIR, polar 

hydrogens and Kollman charges were added to 2XIR. 

A grid box was used to surround 2XIR’s active site 

residues. The 3D coordinates that was binding side of 

protein were determined by using DeepSite module 

[39]. By also adding Gasteiger charges to MITPIM 

and nilotinib which were calculated optimized 

geometries, were used in the moleculer docking 

studies. 

 

2.4.2. ADMEt predictions 

 

Physicochemical, pharmacokinetic, lipophilicity, and 

drug similarity properties of newly synthesized 

MITPIM were calculated using the SwissADME 
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online platform [40]. The toxicity parameters such as 

LD50 and the acceptable usage range of MITPIM 

were identified using the ProTox-II online server 

[41]. 

 

3. Results and Discussion 

 

3.1. NMR spectra 

 

To make it simpler to compare experimental and 

computed chemical shifts of the MITPIM, all 

acquired values are shown collectively in Table 1. 

The computed chemical shift value of the hydroxyl 

proton of MITPIM was lower as compared to the 

experimental result (experimental value: 12.50 ppm, 

theoretical value: 4.53 ppm). While the protons of the 

methyl group as a doublet peak were at 2.31 ppm 

experimental, they were at 2.26-2.08 ppm theoretical. 

Whilst chemical shift values of aromatic protons were 

observed experimentally in the range of 6.99-8.66 

ppm, the DFT technique predicted that they would be 

in the range of 6.83-9.03 ppm. The results show that 

the theoretical analysis accurately discloses the 

characteristics of the MITPIM compound and 

confirms the spectrum data quite well. Figures 2 and 

3 show, respectively, the compound's experimentally 

obtained and theoretically predicted 1H-NMR spectra.

 
Table 1. Experimentally and theoretically obtained 1H-NMR (CDCl3) chemical shifts (CDCl3) 

Proton Number Experimental chemical shift (ppm) Theoretical chemical shift (ppm) 

H9 8.66 (s, 1H) 9.03 

H13 7.85 (s, 1H) 8.50 

H4 7.51 (s, 1H) 8.10 

H6 

7.47 – 7.38 (m, 4H) 

7.76 

H7 7.58 

H11 7.52 

H5 7.40 

H12, H8 
7.05 (dd, J = 8.7, 0.6 Hz, 1H) 

7.11 
7.09 (s, 1H) 

H10 6.99 (td, J = 7.5, 1.0 Hz, 1H) 6.83 

H14 12.50 (s, 1H) 4.53 

H2, H3 

2.31 (d, J = 0.9 Hz, 3H) 

2.26 

2.08 

H1  
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Figure 2. Experimental 1H-NMR spectrum taken in CDCl3 of the MITPIM 

 

 
Figure 3. Theoretical 1H-NMR spectrum taken in CDCl3 of the MITPIM 

 

In the 13C-NMR spectrum, the C13 atom 

associated with the O-H group was measured and 

recorded at 161.18, however in the theoretical 

spectrum, this signal was discovered at 164.0 ppm. 

The signal for the methyl group's carbon atom C1 was 

identified at 13.65 ppm, while the calculated chemical 

shift for it appeared at 14.07. The carbon atom C18 of 

the trifluoromethyl group gave the quartet signals at 

125.44, 123.89, 122.34, and 120.79 ppm, and this  

 

 

carbon atom signal was discovered at 132.80 ppm in 

the theoretical spectrum. The Schiff base's carbon 

atom C11 produced a signal at 165.34 ppm, and this 

carbon atom signal was found in the theoretical 

spectrum at 161.10 ppm. The expected region was 

where all other carbon atoms were seen, and Table 2 

was given a detailed breakdown of the values that 

resulted. Figures 4 and 5 show the compound's 

theoretically predicted and experimentally acquired 
13C-NMR spectra. 

 
Table 2. Experimentally and theoretically obtained 13C-NMR (CDCl3) chemical shifts 

Carbon Number Group Experimental chemical shift (ppm) 

Theoretical 

chemical shift 

(ppm) 

C1 CH3 13.65 14.07 

C2 CH 134.42 135.84 

C3 C 140.51 146.09 
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C4 CH 114.28 114.65 

C5 C 133.81 133.62 133.43 133.24 138.14 

C6 CH 115.35 115.34 112.01 

C7 C 138.90 142.15 

C8 CH 117.49 119.77 

C9 C 151.01 161.21 

C10 CH 116.03, 116.00 114.58 

C11 CH 165.34 161.10 

C12 C 118.55 125.78 

C13 C 161.18 164.00 

C14 CH 117.10 117.69 

C15 CH 134.49 138.97 

C16 CH 119.54 123.87 

C17 CH 132.94 132.12 

C18 CF3 125.44 123.89 122.34 120.79  132.80 

 

 
Figure 4. Experimental 13C-NMR spectrum taken in CDCl3 of the MITPIM 

 

 
Figure 5. Theoretical 13C-NMR spectrum taken in CDCl3 of the MITPIM
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In order to confirm MITPIM’s structure 19F-NMR 

analyses was also done. Experimental measurements 

at -57.85 ppm revealed the fluorine atoms as singlet 

peak. Theoretically, the relevant atoms were 

calculated to range between -66.77 and -99.08 ppm  

 

using C6F6 as a reference. To calculate theoretical 

chemical shifts of MITPIM, δ = σref – σ + δref (σref = 

333.6 ppm, δref = -164.9 ppm, σ = calculated shift) 

equation was used [42]. The data were shown in Table 

3, experimental and theoretical spectra were given in 

Figures 6 and 7

 
Table 3. Experimentally and theoretically obtained 19F-NMR chemical shifts 

Fluorine Number Experimental chemical shift (ppm) Theoretical chemical shift (ppm) 

F1 
-57.85 

(CF3) 

-66.77 

F2 -68.91 

F3 -99.08 

 

 
Figure 6. Experimental 19F-NMR (CDCl3) spectrum of the MITPIM 

 

 
Figure 7. Theoretical 19F-NMR (CDCl3) spectrum of the MITPIM 

 

 

A correlation between theoretical and 

experimental NMR chemical shift values was 

examined, and it was found that theoretical 

predictions and experimental data showed a good 

agreement [25], [43–45]. 
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3.2. FT-IR spectra 

Table 4 displayed all FT-IR frequency comparisons 

between the observed and predicted values for each 

constituent. The C=N double bond stretching 

vibration was discovered at 1600/1646 cm-1 in the 

experimental/theoretical FT-IR spectra of the 

molecule that were captured on the KBr disc. The 

compound showed the stretching vibration of the -OH 

group as a broad band at 3360 cm-1, which is 

consistent with the estimated vibrational frequency of 

3350 cm-1.

 
Table 4. Experimentally and theoretically Vibration frequencies (ṽmax (cm−1)) of MITPIM 

 Vibration frequencies (ṽmax (cm−1)) 

Vibrational band Theoretical Experimental 

O-H stretching 3350 3360 

C-H stretching 3185 3191 

C-H stretching 3120 3117 

C-H stretching 2934 2926 

C=N stretching 1646 1600 

C-N stretching 1323 1323 

C-N stretching 1287 1284 

C-F stretching 1186 1175 

 

 
Figure 8. Experimental FT-IR spectrum of the MITPIM 

 

 
Figure 9. Theoretical FT-IR spectrum of the MITPIM 

 

Figure 10 showed the linearity between the 

theoretical and experimental frequency of the 

compound and the equality of y = 1.0078x – 24.352  

 

(R2 = 0.9997) was discovered. These results showed 

that there was agreement between the theoretically 

and empirically established frequency values [25]. 
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Figure 10. The linearity of frequency values ( cm−1) 

 

3.3. UV-Vis spectrum and frontier molecular 

orbitals  

 

The UV-Vis spectra of MITPIM in CHCl3 were taken 

between 200 and 700 nm. We computed the electronic 

transition wavelengths of the compounds using the 

TD-DFT method and the B3LYP/6-311G(d,p) level. 

Figure 11 displays the UV-Vis spectra of the 

compounds in both experimental and theoretical 

forms. Also frontier molecular orbital parameters of 

the MITPIM (electronic transitions, excitation 

energies (eV) and oscillator strengths (f)) were shown  

 

 

in Table 5. It is shown that in Table 5, MITPIM had 

three maximum absorbance (λ) bands experimentally. 

These were 344 nm, 272 nm, and 248 nm while 

theoretical ones were 343 nm, 293 nm, and 277 nm. 

The responsible band from n→π* was at 344 nm in 

experimental spectra while this was at 343 nm 

theoretically one. π→π* transition band originating 

from the imine group was detected at 272 nm in the 

experimental UV-Vis spectrum whereas it was at 293 

nm in the theoretical one. The other π→π* transitions 

band sourced from aromatic rings of the MITPIM was 

at 248 nm in the experimental spectrum, while this 

was at 277 nm in the theoretical one.  

 
Table 5. Experimental and theoretical electronic transitions, excitation energies (eV), oscillator strengths (f) 

Compound Transitions Experimental TD-DFT/B3LYP/6-311G(d,p) 

  λ (nm) E (eV) λ (nm) E (eV) f 

MITPIM n→π* 344 3.60 343 3.62 0.3311 

    326  0.2860 

    309  0.0139 

 
π→π* 

(imin) 
272 4.56 293 4.23 0.0429 

 π→π* 248 5.00 277 4.48 0.3977 

 

  
Experimental UV-Vis Spectrum Theoretical UV-Vis Spectrum 
Figure 11. Experimental (left) and theoretical (right) UV-Vis spectra of the MITPIM in CHCl3 
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The HOMO (Highest Occupied Molecular 

Orbital) and LUMO (Lowest Unoccupied Molecular 

Orbital) abbreviations are used to refer to the frontier 

orbitals of MITPIM. In most cases, HOMO regulates 

nucleophilic reactions in molecules, while LUMO 

regulates electrophilic reactions. The HOMOs and 

LUMOs of MITPIM were calculated using the DFT 

approach. The information in Figure 12 related to  

MITPIM's molecule orbital energies, surfaces, and 

the energy difference between HOMO and LUMO. 

Analysis of the compound's HOMO-LUMO graphs 

revealed that HOMOs were clustered over the whole 

structure, whilst LUMOs were grouped on the 

benzene skeletons. The estimated HOMO/LUMO 

energy for the compound was calculated to be -

6.119/-2.196 eV and the energy value for the HOMO-

LUMO gap was obtained to be 4.003 eV.  
 

 
Figure 12. Surfaces of Molecular orbital, 

energies (E), and energy gap (ΔE) between HOMO and 

LUMO of the MITPIM 

 
3.4. Computational details 

 

3.4.1. Molecular structure 

 

To achieve the optimized geometry for the MITPIM, 

a B3LYP method and 6-311G(d,p) basis set was used. 

The complete optimized geometry of MITPIM, 

including atom numbering, is shown in Figure 13. 

 

 
Figure 13. Optimized geometry of MITPIM by using 

DFT 

 

3.4.2. Molecular electrostatic potential (MEP) 

diagram 

 

Figure 14 displays the MEP surface diagram for the 

MITPIM computed at the DFT/B3LYP/6-311G(d,p) 

level. On the nitrogen atom of the imidazole moiety, 

the synthesized compound's MEP surface diagram 

showed an electron-rich area. A negative electrostatic 

potential was created on the nitrogen atom due to its 

electronegativity. These regions might be the 

locations of nucleophilic assaults on molecules if the 

synthesized molecule were to react with another 

molecule. The proton in the hydroxyl group, however, 

was the area of MITPIM electron-poor. The oxygen's 

high electronegativity in the hydroxyl group loosened 

its connection with the hydrogen atom and made the 

proton looser. The chemicals might behave 

electrophilically in these regions. 

Figure 15 depicted the Mulliken atomic charge 

distribution for the MITPIM molecule determined by 

the B3LYP method using the 6-311G(d,p) basis set. It 

was seen that all heteroatoms have a negative charge. 

Due to fluorine atoms' strong electronegativity, the 

C18 atom was the highest positive charge (0.72681 

a.u.). 

  
 

Figure 14. Calculated Molecular electrostatic potential 

diagram of MITPIM  

 

After the C18 atom, H14 (0.2558 a.u.) atom 

was also the highest positive charge among the 

hydrogens due to the electronegative oxygen atom. 

The most negative atoms were N2 atom (-0.4373 a.u.) 

in imidazole and O (-0.3651 a.u.) atom in the phenol 

functional group. As well as N2 and O atoms, N3 (-

0.3296 a.u.) atom responsible for the imin group, N1 

(-0.3189 a.u.) atom in the imidazole and C5 (-0.3125 

a.u.) atom in the benzene which is close to -CF3 

functional group had negative charges. From 

Mulliken charges, it was concluded that locations 

with high and low electron density in the MITPIM 

compound were compatible with the MEP diagram. 
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Figure 15. Calculated Mulliken atomic charges of the MITPIM 

 

 

3.5. In silico studies 

 

3.5.1. ADMET predictions 

 

ADME properties of pharmacological substances are 

crucial in drug discovery. Physicochemical, 

lipophilicity, water solubility, pharmacokinetic and 

drug-likeness properties of new substances are 

important criteria in drug discovery.  

Physicochemical and lipophilicity properties of 

substances like molecular weight, MLOGP, number 

of H-bond acceptors and donor atoms are the searched 

properties in Lipinski’s rule of five. The molecular 

weight value of substances must be greater than 150 

and less than 500. MLOGP value must be less than 

4.15. The number of hydrogen bond acceptor atoms 

must be less than 10, Number of hydrogen bond donor 

atom must be less than 5. When Lipinski’s rule of five 

was investigated in MITPIM, it was concluded that 

the compound has the all criteria (Table 6). TPSA 

value is also important as gets through of substances 

from cell membranes. The TPSA value of the 

substance should be less than 140 Å2.  

Lipophilicity is the dispersion of substances 

between lipids and water at specific rates. To get to 

their target sites, drug molecules must cross several 

biological membranes, including the blood-brain 

barrier, the skin, and the gut. So the dispersion rate is 

important. The consensus lipophilicity (CLogPo/w) 

value of MITPIM was calculated to be 3.98.  

Pharmacokinetic properties also have a crucial 

role in ADME properties. The Boiled-Egg model is 

taken part in Figure 16 which the x-axis is TPSA and 

y-axis is WLOGP. While white region in the model is 

responsible for gastrointestinal absorption, yellow 

region in the model is responsible for whether the 

compound being crossed the blood-brain barrier or 

not. When the Boiled-Egg model in Figure 16 was 

examined, It was concluded that the red dot was in the 

white region, The gastrointestinal system can easily 

absorb the MITPIM and the MITPIM compound did 

not pass the blood-brain barrier. In the 

pharmacokinetic properties, Cytochrome P450 

enzyme systems also have a crucial role in the 

metabolism of taken medicines. When Table 6 was 

examined, it was estimated that MITPIM is likely to 

be inhibited by CYP1A2, CYP2C19 and CYP2D6, 

while is not to be inhibited by CYP2C9 and CYP3A4. 

As well as other properties, Druglikeness 

properties were also investigated. Lipinski (Pfizer), 

Ghose (Amgen), Veber (GSK), Egan (Pharmacia), 

and Muegge (Bayer) are the drug companies and these 

have various rules which are searched criteria in 

druglikeness properties. When Table 6 is examined 

related to this field, The MITPIM compound has had 

all criteria except Ghose’s rule because the WLogP 

value is greater than 5.6. 

The water solubility (LogS) of a substance to 

reach its target is an important feature. When Table 6 

examined, LogS values of MITPIM according to 

various mathematical equations which were 

calculated by researchers are -4.68 (ESOL, 

Moderately soluble), -4.66 (Ali, Moderately soluble), 

-6.20 (SILICOS-IT, Poorly soluble) respectively.  
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Table 6. Physicochemical, lipophilicity, solubility, pharmacokinetics and drug-likeness properties of the MITPIM 

Physicochemical Properties Druglikeness Properties 

Properties 

Value 
Requirement 

Value Compatible 

MITPIM 
MITPIM MITPIM 

Lipinski’s Rule 

Molecular Formula C18H14F3N3O MW ≤ 500 345.32 

Yes 

Molecular weight  

(MW, g/mol) 
345.32 

M LOGP  

≤ 4.15 
2.83 

Number of heavy atoms 25 HBA Atoms ≤ 10 6 

Number of aromatic heavy 

atoms (AHA) 
17 HBD Atoms ≤ 5 1 

Number of rotatable bonds 

(RB) 
4 Ghose’s Rule 

Number of H-bond 

acceptors (HBA) 
6 

160 ≤ MW  

≤ 480 
345.32 

No 

Number of H-bond donors 

(HBD) 
1 

-0.4 ≤ WLOGP  

≤ 5.6 
5.81 

Molar Refractivity (MR) 89.25 
40 ≤ MR  

≤ 130 
89.25 

TPSA 

(Å²) 
50.41 

20 ≤ atoms  

≤ 70 
39 

Lipophilicity Veber’s Rule 

Log Po/w (iLOGP)  2.93 RB ≤ 10 4 
Yes 

Log Po/w (XLOGP3)  3.90 TPSA ≤ 140 50.41 

Log Po/w (WLOGP)  5.81 Egan’s Rule 

Log Po/w (MLOGP)  2.83 WLOGP ≤ 5.88 5.81 
Yes 

Consensus Log Po/w  3.98 TPSA ≤ 131.6 50.41 

Pharmacokinetics Muegge’s Rule 

GI absorption  High 200 ≤ MW ≤ 600 345.32 

Yes 

BBB permeant  No -2 ≤ XLOG3 ≤ 5 3.90 

P-gp substrate  No TPSA ≤ 150 50.41 

CYP1A2 inhibitor  Yes 
Number of rings 

≤ 7 
3 

CYP2C19 inhibitor  Yes 
Number of 

carbon > 4 
18 

CYP2C9 inhibitor  No 
Number of 

heteroatoms > 1 
4 

CYP2D6 inhibitor  Yes RB ≤ 15 4 

CYP3A4 inhibitor  No HBA ≤ 10 6 

Log Kp  

(skin permeation, cm/s)  
-5.64 HBD ≤ 5 1 

Water Solubility    

Log S (ESOL) 

Class 

-4.68 

Moderately soluble 
   

Log S (Ali) 

Class 

-4.66 

Moderately soluble 
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Log S (SILICOS-IT) 

Class 

-6.20 

Poorly soluble 
   

 

 
Figure 16. BOILED-Egg model of the MITPIM 

 

The toxicity properties of MITPIM were 

investigated using the Protox-II online server, which 

is a widely used tool for predicting toxicity in 

chemical compounds. The lethal dose (LD50) value 

was determined 1000 mg/kg, based on the analysis of 

Table 7. These values were found to be lower than 

the corresponding value (2319.9 mg/kg) in the online 

server dataset. From the calculated result, It was  

 

concluded that MITPIM exhibits some level of 

toxicity. Furthermore, the estimated toxicity classes 

for the substances were established on the Protox-II 

web server, which ranks compounds from the worst 

(class 1) to the best (class 6) based on their predicted 

toxicity. MITPIM was classified into the fourth  

 

toxicity class, which indicates moderate toxicity 

levels. Notably, neither compound was found to 

exhibit any carcinogenic or mutagenic properties 

(Table 7).  

 
Table 7. Toxicity properties of the MITPIM 

Toxicity Properties 

 MITPIM 

Predicted LD50 1000 mg/kg 

Predicted Toxicity Class 4 

Carcinogenicity Inactive 

Mutagenicity Inactive 

Lethal Dose  Low from dataset 

(dataset: 2319.9 mg/kg, 

MITPIM: 1000 mg/kg) 

 

3.5.2. Molecular Docking Simulations 

 

By using the VEGFR2 protein (PDB ID: 2XIR), the 

molecular docking simulations of MITPIM were 

investigated. The 3D coordinates that was binding site 

of the 2XIR were used as x = 21.0, y = 26.2, and z = 

38.8. To create a meaningful comparison, the 

commercially used drug nilotinib which is a VEGFR2 

inhibitor, was used. Optimized geometries of 

MITPIM and nilotinib were individually docked to 

the selected region of the 2XIR. The ligand-protein 

complex which has the lowest docking scores were 

chosen to investigate the binding modes for MITPIM 

and nilotinib. From molecular docking studies, 

valuable information such as binding energy, full 

fitness score, hydrogen bond location, and length 

values for each ligand-protein pair were obtained. 

These detailed findings can be found in Table 8. 

When the binding energies of MITPIM-2XIR 

and Nilotinib-2XIR complexes were examined, 

MITPIM-2XIR binding energy was -9,34 kcal/mol 

and Nilotinib-2XIR binding energy was -9.69 

respectively. From the results it was concluded that 

the bindings between ligand and proteins were 

exothermic, Binding energy of MITPIM-2XIR is very 

close to Nilotinib-2XIR. 

Interactions between ligand and protein can be 

different types such as Van der Waals, Hydrogen 

bonding, etc. When the docking simulations were 
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examined, it was concluded that both MITPIM and 

nilotinib binded to ARG 1027 of 2XIR with a 

hydrogen bond. It was seen that the most stable 

interaction was between ARG 1027 HH and LIG 1 N 

on MITPIM-2XIR complex with 2.113 Å while to be 

between ARG 1027 HH and LIG 1 N on Nilotinib-

2XIR complex with 2.423 Å in Table 8. The optimal 

binding positions of MITPIM-2XIR and Nilotinib-

2XIR were given in Figures 17 and 18. Also, the 

hydrogen binding positions of MITPIM-2XIR and 

Nilotinib-2XIR were given in Figure 19.  

 

Table 8. Molecular docking parameters within the ligand-target molecule couples. 

Ligand-Target 
ΔG 

(kcal/mol) 
H bond Location (Length, Å) Fullfitness score 

MITPIM-2XIR -9.34 ARG 1027 HH & LIG 1 N (2.113 Å) -1700.32 

Nilotinib-2XIR -9.69 ARG 1027 HH & LIG 1 N (2.423 Å) -1716.68 

 

  
a b 

Figure 17. Visualization of MITPIM-2XIR complex (a: zoom in, b: zoom out) 

 

  
a b 

Figure 18. The binding of the MITPIM in the cavity of 2XIR (a) and closer views of the hydrophobicity surface (b) 

 

  
a b 

Figure 19. H bond visulization of MITPIM (a) and nilotinib (b) to arginine aminoacid of 2XIR protein
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4. Conclusion and Suggestions 

 

Within the scope of the study 2-(((3-(4-methyl-1H-

imidazol-1-yl)-5-(trifluoromethyl) 

phenyl)imino)methyl)phenol (MITPIM) was 

synthesized and characterized with spectroscopic 

techniques such as 1H-NMR, 13C-NMR, 19F-NMR, 

UV-Vis and FT-IR. The DFT/B3LYP method and 6-

311G(d,p) basis set were used to calculate all of 

MITPIM’s spectral information. As a result of 

theoretical calculations, it has been seen that the 

values are compatible with experimental ones. The 

findings of in silico experiments that included 

ADME, toxicity, and molecular docking simulations 

revealed that the synthesized MITPIM had the 

potential to be a drug. Given that the mean LD50 for 

the MITPIM in the ProTox-II dataset was 1000 

mg/kg, it is clear that this substance is either non-toxic 

or has very low oral toxicity. In order to forecast the 

possible anticancer effect of the MITPIM, molecular 

docking experiments were also carried out. It was 

shown that MITPIM and VEGFR2 (PDB ID: 2XIR) 

had a favorable interaction, with a binding energy of 

about -9.34 kcal/mol, which was near to nilotinib's  

binding energy of -9.69 kcal/mol. The successful 

outcomes show that deeper research in related fields 

is required for MITPIM. 

The conclusion section should be stand alone. The 

aim of the study and its significant results should be 

given briefly in a concrete way. In addition, 

suggestions and opinions that are requested to be 

conveyed to the readers regarding the results of the 

study can be stated. 
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