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a b s t r a c t 

In this work, synthesis, and crystal structure of molecule 2-amino-4 ′ -fluorobenzophenone (FAB) is con- 

firmed by using FT-IR, FT-Raman, 1 H and 13 C NMR chemical shifts, compared with calculated parameters 

using B3LYP/ 6-311 + G(d) basis sets in water were found in good agreement. The optimized geometry 

of the molecule (FAB) was compared to the experimental XRD values. DFT calculations of the molec- 

ular electrostatic potential (MEP), frontier molecular orbitals (FMO), Hirshfeld surface analysis, Mulliken 

charges recognize the chemically active sites of this molecule responsible for its chemical reactivity. In sil- 

ico molecular docking analyses of molecule (FAB) have been done with vascular endothelial growth factor 

receptor 2 (VEGFR2) kinase inhibitors. Further, the bioavailability of molecule (FAB) was investigated by 

ADME and p450 analyses. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

The main pathway to discover, design, synthesize, and de- 

elop pharmaceutical drugs traditionally follows modifying a 

mall molecule through analogue synthesis [ 1 , 2 ]. Numerous small 

olecule tyrosine kinase inhibitors of VEGF receptor 2 (VEGFR2) 

re approved for the treatment of various types of cancer, includ- 

ng renal cell carcinoma, hepatocellular carcinoma, and colorec- 

al carcinoma [ 3 , 4 ]. Adaptability and significance of α-amino ke- 

ones for ubiquitous applications is utilized through synthesis and 

rug discovery chemistry [5] . o -Aminobenzophenones have consid- 

red more attention because of their various pharmaceutical ap- 

lications in medicinal chemistry [ 6 , 7 ], using them as a versa-

ile intermediate for further transformations in synthetic chem- 

stry [ 8 , 9 ] and their application in materials chemistry [10] . Prepa-
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ation of 1,4-benzodiazepines through the key intermediate of o - 

minobenzophenones molecules are utilized as a starting precursor 

y Blazevic and Kajfez [11] . o -Aminobenzophenones involved syn- 

hesis of quinazolines with benzylic amines in remarkable yields 

y utilizing copper oxide nanoparticles supported on kaolin het- 

rogeneous catalyst [12] . In recently, the starting synthon of o - 

minobenzophenones used for preparation of Friedl ӓnder’s syn- 

hesis of quinolines in the development of bioactive heterocyclic 

erivatives of medicinal chemistry [13–17] . 

Based on the above biological aspects, we carried out the 

ynthesis of 2-amino-4 ′ -fluorobenzophenone (FAB) from 2-nitro- 

 

′ -fluorobenzophenone [18–20] . Quantum chemical calculations 

21–31] are carried out at the B3LYP/ 6-311 + G(d) levels of theory 

n water phase for structure optimization, vibration frequencies, 

ighest occupied molecular orbital (HOMO) / lowest unoccupied 

olecular orbital (LUMO), molecular electrostatic potential (MEP) 

aps, Hirshfeld surface analysis, and NMR spectra. To predict bi- 

logical activity of molecule (FAB), in silico molecular docking cal- 

ulations have been used [32–36] . Here, Molecular docking is stud- 

ed against PDB: 3WZE [37] , which is a vascular endothelial growth 

https://doi.org/10.1016/j.molstruc.2022.133552
http://www.ScienceDirect.com
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Scheme 1. Synthesis of molecule FAB. 

Fig. 1. Optimized structure of molecule FAB. 

Fig. 2. The calculated IR spectrum of molecule FAB. 
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Fig. 3. FT-IR Spectrum of molecule FAB. 

Fig. 4. 1 H NMR spectrum of molecule FAB. 
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actor receptor 2 (VEGFR2). Further, the bioavailability of molecule 

FAB) was investigated by ADME and p450 analyses. 

. Instrumentation methods 

.1. FT-IR and NMR analysis 

IR spectra (40 0 0–40 0 cm 

−1 ) were recorded with a (FT-IR) 

RUKER VECTOR 22. 1 H NMR and 

13 C NMR spectra was recorded 

n BRUKER AVANCE III HD-40 0 [40 0 MHz ( 1 H) and 10 0 MHz ( 13 C)]

pectrometers using Tetramethyl silane (TMS) as an internal refer- 
3 
nce. The chemical shifts are expressed in parts per million (ppm). 

oupling constants ( J ) are reported in hertz ( Hz ). The terms J o and

 m 

refer to ortho coupling constant and meta coupling constant. 

he terms s, d, t, and dd refer to singlet, doublet, triplet, and dou- 

let of doublet, respectively, and bs refers to a broad singlet. LC- 

S experiments were carried out on an UHPLC Eksigent1 coupled 

ith MS detector ABSciex1, Triple Quad 4500 model equipment. 

he samples were directly injected by using a syringe, and the data 

as collected in a range of 10 0.0–60 0.0 Da, at 20 0 Da s −1 and pos-

tive polarity. 
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Fig. 5. 13 C NMR spectrum of molecule FAB. 

Fig. 6. DEPT 135 NMR spectrum of molecule FAB. 
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.2. Single crystal XRD analysis 

X-ray diffraction measurements were performed on a Bruker- 

onius FR590 Kappa CCD diffractometer at −173 °C using 

onochromatic Mo-K α radiation. 

.3. DFT computational studies 

Computational analyses of the studied compound were per- 

ormed using Gaussian and Maestro 12.8 software [38–44] . Firstly, 

he studied compound was fully optimized at B3LYP/6-311 + G(d) 
4 
evel in water phase. C-PCM solvent model was used to taken into 

onsideration of solute-solvent interactions. Spectral calculations of 

t was performed at same level of theory. These calculations were 

one using Gaussian software. 

As for the molecular docking analyses, the ligand and selected 

rotein were minimized at pH = 7 ± 2 using LigPrep and Protein 

reperation modules, respectively. At these step, OPLS4 method 

as used in these calculations. Then, receptor binding domain of 

WZE was defined using Grid Generation module. Finally, molec- 

lar docking calculations were performed using Ligand Docking 

odule. Finally, ADME and p450 analyses are performed using 

ame program which is Maestro Software 12.8. 
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Fig. 7. 19 F NMR spectrum of molecule FAB. 

Fig. 8. LC-MS spectrum of molecule FAB. 
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. Experimental details 

.1. General 

All the reagents and chemicals were purchased from Sigma 

ldrich and AKSci. Unless otherwise specified, other reagents were 

btained from commercial suppliers. When known compounds had 

o be prepared according to literature procedures, pertinent refer- 

nces are given. The purity of the products was tested by TLC silica 

el 60 F254 25 aluminum foil 20 × 20 C (purchased from Merck) 

sing petroleum ether and ethyl acetate in the ratio of 95:5 as 

m

5 
eveloping solvents. Melting points (M.p) were determined on a 

ofler Thermogerate apparatus and were uncorrected. They are ex- 

ressed in degree centigrade ( °C). 

.2. Synthesis 

.2.1. General procedure for preparation of 

-amino-4 ′ -fluorobenzophenone (2) 

A mixture of the 2-nitro-4 ′ -fluorobenzophenone ( 1, 1 mmol) 

nd Pd/C (0.005 mmol) was added under H 2 atm in presence 

ethanol at RT for overnight. The completion of the reaction was 
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Fig. 9. ORTEP structure of the molecule FAB with thermal ellipsoids at the 50% probability level. 

Fig. 10. Contour diagram of frontier molecular orbital of molecule FAB. 
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onitored by TLC. After stirring for overnight, the reaction mix- 

ure was filtered using celite and washed with EtOAc, then it was 

oncentrated in vacuo to get FAB as a bright yellow solid. The ob- 

ained solid was recrystallized using EtOAc to afford a pure product 

f 2-amino-4 ′ -fluorobenzophenone (FAB) crystals. Yield 92%, M.p 

26–128 °C (Lit. M.p[18–20] 127–128 °C). 1 H NMR (400 MHz, CDCl 3 ) 

 Fig. 5 ) (ppm) δ: 6.13 (bs, 2H, N H 2 ), 6.74 (t, 1H, C 10 -H, J = 8.00 Hz),

.86 (d, 1H, C 12 -H, J = 8.00 Hz), 7.23–7.29 (m, 2H, C 2 , C 6 -H), 7.41

t, 1H, C 11 -H, J = 8.00 Hz), 7.54 (d, 1H, C 9 –H, J = 8.00 Hz), 7.78–

.82 (m, 2H, C 3 , C 5 -H); 13 C NMR (100 MHz, CDCl 3 ) ( Fig. 6 ) (ppm)

: 115.08 (t, J C- F = 21.7 Hz), 115.30 (t, J C- F = 21.7 Hz), 115.60,

17.12, 118.08, 131.63 (d, J C- F = 8.8 Hz), 131.72 (d, J C- F = 8.8 Hz),

34.18, 134.29, 136.16, 136.19 (d, J C- F = 3.3 Hz), 150.87, 163.28 (d, 

 C- F = 250.36 Hz), 197.50. 19 F NMR (376 MHz, 298 K, CDCl 3 ) ( Fig. 8 )

ppm) δ: −108.19. LC-MS ( Fig. 9 ) for (C 13 H 10 FNO) m/z (%) = 216.3

M + 1, 100). 
6 
. Results and discussion 

.1. Synthesis 

The 2-nitro-4 ′ -fluorobenzophenone ( 1 ) was treated with 

d/C under hydrogen atmosphere in the presence CH 3 OH at 

oom temperature for overnight to yield 92% of 2-amino-4 ′ - 
uorobenzophenone (FAB) ( Scheme 1 ) as a bright yellow solid. 

.2. Computational methods 

.2.1. Fully optimizations 

The studied compound is optimized at B3LYP/6-311 + G(d) 

evel in water. Molecular structure at ground state is given in 

ig. 1 . 
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Fig. 11. Calculated MEP map of molecule FAB. 

Fig. 12. Mulliken charge distribution of molecule FAB. 
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.2.2. FT-IR analysis 

FT-IR spectra are important for the characterization of molecule 

unctional groups. The IR spectrum of molecule FAB was calcu- 

ated using B3LYP/6-311 + G(d) level in water and represented in 

ig. 2 . Calculated and experimental harmonic stretching frequen- 

ies are given in Table 1 . The major characteristic peaks of sym- 

etric and asymmetric stretching of molecule FAB in the FT-IR 

KBr, cm-1) spectrum ( Fig. 3 ), due to NH 2 functional group are, 

ound at 3437 cm 

−1 and 3325 cm 

−1 , respectively. The other charac- 

eristic groups, i.e. C = O stretching is found at 1631 cm 

−1 and C = N

tretching at 1554 cm 

−1 . The theoretical values of FT-IR, which is 
s

7 
iven by B3LYP/6-311 + G(d) ( Fig. 2 ) levels of theory are mostly in

ood agreement, Table 1 . 

.2.3. FT-NMR analysis 
1 H NMR (400 MHz) and 

13 C NMR (100 MHz) spectra were 

ecorded in CDCl 3 using TMS as the internal standard. 1 H NMR 

nd 

13 C NMR chemical shifts of FAB are given in Table 2 . Within

he 1 H NMR ( Fig. 4 ), the NH 2 protons peaks were observed in the

ownfield region at δ 6.13 as a broad singlet. The rest of aromatic 

rotons appeare in the region between δ 6.86–7.82. The 13 C NMR 

pectrum shows the presence of 13 carbons. The characteristic sig- 
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Fig. 13. The bright red spot on the hirshfeld surface correspond to donor and acceptor atoms involved in van der Waals interactions of FAB. (For interpretation of the 

references to color in this figure legend, the reader is referred to the web version of this article.). 

Table 1 

FT-IR frequencies (cm 

−1 ) ( Figs. 2 and 3 ). 

Assignments Experimental B3LYP/6-311 + G(d) 

νNH asymmetric 3437 3692 

νNH symmetric 3325 

νCH 3059 3188 

νC = O 1631 1681 

νC-N 1554 1664 

νC = C 1504 1625 

νC-F 1249 1245 
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T

al at δ 197.50 is due to –C 7 = O ( Fig. 5 ). The C-F site carbon atom

as found at δ 163.28 (d, J C- F = 250.36 Hz), Fig. 5 . All other aro-

atic carbons appeare in the region of δ 115.08–150.87. The char- 

cteristic peak at δ −108.19 in 

19 F NMR spectra is due to the fluo- 

ine atom ( Fig. 7 ). Furthermore, the DEPT-135 spectra ( Fig. 6 ) and

C-MS ( Fig. 8 ) were in good agreement with the proposed molec- 

lar formula C 13 H 10 FNO. 

The 1 H and 

13 C NMR spectra of molecule FAB was calculated 

y using B3LYP/6-311 + G(d) level in water and the theoretical 1 H 

nd 

13 C chemical shift values compared with experimental 1 H and 
8 
3 C chemical shift values showed in Table 2 . The theoretical 1 H and 

3 C chemical shift results for molecule FAB are mostly closer to the 

xperimental 1 H and 

13 C shift data. 

.2.4. Single crystal XRD studies 

.2.4.1. Crystal and molecular structure. A colorless block, measur- 

ng 0.50 × 0.30 × 0.10 mm 

3 was mounted on a loop with oil. 

ata was collected at −173 °C on a Nonius Kappa CCD FR590 

ingle crystal X-ray diffractometer, Mo-K α radiation. Crystal-to- 

etector distance was 40 mm and exposure time was 60 s per 

egree for all sets. The scan width was 2 °. Data collection was 

9.9% complete to 25 ° in ϑ. A total of 38,149 partial and com- 

lete reflections were collected covering the indices, −11 < = h < = 11,

14 < = k < = 14, −13 < = l < = 13. A total of 4813 merged and 2482

ymmetry independent reflections with R int = 0.0358 were col- 

ected. Indexing and unit cell refinement indicated a triclinic lat- 

ice. The space group was found to be P2 1 /a (No. 14). The data was

ntegrated and scaled using hkl-SCALEPACK [45] . Solution by di- 

ect methods (SHELXT [46] or SIR97 [ 47 , 48 ]) produced a complete 

eavy atom phasing model consistent with the proposed structure. 

he structure was completed by difference Fourier synthesis with 



R. Satheeshkumar, K. Prabha, K.N. Vennila et al. Journal of Molecular Structure 1267 (2022) 133552 

Fig. 14. 2D Finger plots with corresponding Hirsfeld surface of the FAB calculated based on d norm . 

9 
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Fig. 14. Continued 

Table 2 
1 H and 13 C NMR Chemical shift δ (ppm) ( Figs. 5–9 ). 

Atoms 

1 H NMR 

Atoms 

13 C NMR 

Experimental B3LYP/6-311 + G(d) Experimental B3LYP/6-311 + G(d) 

N1H 6.13 7.6 C1 136.16 137.9 

C1H 7.41 7.6 C2 115.6 118.2 

C2H 6.86 7 C3 150.87 175.1 

C5H 7.54 8.1 C4 117.12 118.6 

C6H 6.74 7.2 C5 134.18 139 

C9H 7.23–7.29 7.2 C6 118.08 121.1 

C10H 7.78–7.82 7.5 C7 197.5 203.8 

C11H 7.78–7.82 7.3 C8 115.3 123.8 

C12H 7.23–7.29 6.6 C9 131.72 140.8 

C10 134.29 144.2 

C11 131.61 139.7 

C12 115.08 119.9 

C13 163.28 159.8 

10 
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Fig. 15. Partial Packing diagram of FAB viewed along a axis of the unit cell with C…H (green), N…H(blue) and O…H (red) hydrogen bonds. (For interpretation of the 

references to color in this figure legend, the reader is referred to the web version of this article.). 
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HELXL [ 49 , 50 ], Scattering factors are from Waasmair and Kirfel 

51] . Hydrogen atoms were placed in geometrically idealized po- 

itions and constrained to ride on their parent atoms with C—H 

istances in the range 0.95–1.00 Angstrom. Isotropic thermal pa- 

ameters U eq were fixed such that they were 1.2U eq of their par- 

nt atom Ueq for CH’s and 1.5U eq of their parent atom U eq in case

f methyl groups. All non-hydrogen atoms were refined anisotrop- 

cally by full-matrix least-squares. Table 3 summarizes the data 

ollection details. Fig. 9 shows an ORTEP [52] of the asymmetric 

nit. 

Calculated geometrical parameters (Bond length, Bond Angle 

nd Dihedral angle) of molecule FAB and single crystal XRD data 

re listed in Table 4 , following atom numbering scheme given in 

ig. 1 . 
11 
.2.5. Frontier molecular orbitals (FMOs), MEP maps and MEP 

ontours 

Significant electronic properties of a compound can be deter- 

ined from contour plots of frontier molecular orbital and molecu- 

ar electrostatic potential (MEP) map. The highest occupied molec- 

lar orbital (HOMO) and the lowest unoccupied molecular orbital 

LUMO) are represented in Fig. 10 . 

HOMO electrons are mainly delocalized on the NH 2 substituted 

ide of the compound while the whole structure is seen as active 

n the LUMO diagram. Especially, π electrons are seen to a play 

ignificant role in the activation of the molecule. The MEP map is 

epresented in Fig. 11 . 

Red color in the MEP map, Fig. 11 , implies the electron-rich re- 

ion while dark blue shows the electron-poor region. Specifically, 
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Fig. 16. The electrostatic potential map of receptor binding site of the target protein. 

Table 3 

Crystallographic data for the structure of molecule FAB. 

CCDC Number 2144792 

Empirical formula C 13 H 10 FNO 

Formula weight 215.22 

Temperature 100(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group P2 1/a 

Unit cell dimensions a = 8.8411(3) Å α= 90 °
b = 11.2131(4) Å β= 100.045(2) °
c = 10.3465(5) Å γ = 90 °

Volume 1009.99(7) Å3 

Z 4 

Density (calculated) 1.415 Mg/m 

3 

Absorption coefficient 0.103 mm 

-1 

F(000) 448 

Crystal size 0.500 × 0.300 × 0.100 mm 

3 

Theta range for data collection 1.999 to 28.235 °
Index ranges −11 < = h < = 11, 

−14 < = k < = 14, 

−13 < = l < = 13 

Reflections collected 4813 

Independent reflections 2482 [R(int) = 0.0358] 

Completeness to theta = 25.000 ° 99.9% 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2482 / 0 / 153 

Goodness-of-fit on F 2 1.085 

Final R indices [ I > 2sigma(I)] R1 = 0.0397, wR2 = 0.0994 

R indices (all data) R1 = 0.0589, wR2 = 0.1064 

Largest diff. peak and hole 0.317 and −0.182 e. ̊A -3 

t

c

4

s

t

C  

t

c

Table 4 

The geometric parameters of molecule FAB at B3LYP/6-311 + G(d) level. 

Bond Angle (deg.) Dihedral Angle (deg.) Bond Lengths ( ̊A) 

C4-C7-C8 120.3 C5-C4-C7-C8 −144.3 C1-F1 1.353 

C6-C1-F1 118.8 C10-C11-C12-C13 −0.05 C7-C8 1.478 

C7-C8-C13 120.6 C11-C12-C13-N1 −179.8 C7-O1 1.232 

C8-C7-O1 121.8 O1-C7-C8-C13 18.6 C12-C13 1.411 

C11-C12-C13 121.3 F1-C1-C6-C5 179.4 C13-N1 1.366 

C12-C13-N1 119.5 
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he oxygen atom is appropriate for nucleophilic attack which in- 

reases the reactivity of FAB. 

.2.6. Mulliken charges 

Mulliken charges, indicative of active sites in FAB are repre- 

ented in Fig. 12 . 

According to Fig. 12 , heteroatoms are seen as negative except 

he fluorine atom. Its electronic charge is too low. Carbon atoms 

2, C3, C4, C5, C11 and C13 have negative charge and can be reac-

ive. Considering the steric hindrance, only C2, C3 and C4 reactivity 

an be considered high. 
i

12 
.2.7. Hirshfeld surface analysis 

To quantify the intermolecular interactions within the crystal 

tructure, the Hirshfeld and 2D finger plot analysis was carried out 

sing Crystal Explorer [53] . The bright red spot on the Hirshfeld 

urface indicates the acceptor and donor atoms involved in non- 

onding interactions such as O1-H1…N1, N1-H…O1, F1-H10…C10, 

5…H1-N1, N1…H6-C6, N1-H1…C5, C10-H10…F1 ( Fig. 13 ). These 

esults are also substantiated in the MEP map of the compound 

here the negative potential (acceptor) as red surface around O1 

nd the positive potential (donor) as green surface around N1 

nd F1. Most prominent inter molecular interactions are shown 

n Fig. 14 . The 2D Fingerprint plot shows H-H interactions appear 

argely as 39.7% with a high concentration at d e = d i = 1.8 Å. The

…H/H…C contacts contribute to 29.7% appeared as two spikes in 

he vicinity of d e + d i ∼2 Å. F…H/H…F contacts contribute to 11.9% 

f the Hirshfeld area. All other contacts contributed less than 10%. 

hus, C…H/H…C contacts dominate the crystal packing ( Fig. 15 ) of 

AB. 

.3. Molecular docking and ADME studies 

The molecular docking method is used to study the interac- 

ions of chemical species with biological macromolecules. Molecu- 

ar docking plays a significant role in the development of a poten- 

ial drug by conveying a variety of biological information. For this 

oal, the target protein 3WZE, a is vascular endothelial growth fac- 

or receptor 2 (VEGFR2), was studied at pH = 7 ± 2 with the OPLS4 

ethod. The electrostatic potential maps of receptor binding do- 

ain (RBD) and significant amino acids in the RBD is represented 

n Fig. 16 . 
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Fig. 17. The docking structure and interaction map between molecule FAB and 3WZE . 

Fig. 18. The interactions between FAB and RBD of 3WZE. 
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According to Fig. 16 , there are different colours and there is 

 mean for each of them. Actually, these colours imply the elec- 

ron densities. The most electron density is showing with red color 

hile the most positive site is representing with dark blue color. 

dditionally, significant amino acids chains are represented in re- 

ised manuscript. These amino acids have potential to interact 

ith molecules. Molecular docking calculations are performed be- 

ween studied compound and target protein. Docking score, van 

er Waals energy, coulomb energy and total interaction energy 

re calculated as −6.92, −28.21, −0.64 and −28.85, respectively. 

he docking structure and interaction map are represented in 

ig. 17 . 

According to Fig. 17 and molecular docking results, the key-lock 

armony between ligand and protein is surveyed as −6.92 kcal/mol 

nd the interaction energy is calculated as −28.85 kcal/mol. These 

alues imply that FAB is in good interaction with 3WZE in complex 

tructure. Furthermore, interaction types between FAB and 3WZE 

re indicated in Fig. 17 , too. The dominant interaction types are 

ydrophobic, charged (negative), charged (positive) and polar. Fi- 
13 
ally, solvent exposure is observed. The interactions between FAB 

nd 3WZE are represented in more detail in Fig. 18 . 

According to Fig. 18 , FAB interacts badly with ALA866, PHE1047 

nd CYC919 while it interact better with the other amino acids. 

EGFR2 is highly effective in both growth and nutrition of cancer 

ells. Inhibiting this target will not only slow down the growth of 

he cancer cell, but will also try to prevent proliferation. Due to the 

act that inhibition of VEGFR2 is vital in the treatment and preven- 

ion of cancer. According to obtained results, VEGFR2 can be inhib- 

ted by FAB molecule. Pharmacokinetic and pharmacology analy- 

es of studied compound is investigated using ‘Absorption, Distri- 

ution, Metabolism, and Excretion’ (ADME) and p450 calculations. 

hese analyses are done for the molecule FAB. ADME results are 

iven in Table 5 . 

According to Table 5 , ADME properties of studied molecule FAB 

ppear well within recommended values for docking, demonstrat- 

ng the potential to be a drug. p450 analyses are done in detail 

o study FAB affinity towards CYP2C9 and CYP3A4 enzymes, see 

ig. 17 . 



R. Satheeshkumar, K. Prabha, K.N. Vennila et al. Journal of Molecular Structure 1267 (2022) 133552 

Fig. 19. Molecular reactivity against CYP2C9 (a) and CYP3A4 (b). 

Fig. 20. The complex structure between molecule FAB and CYP2C9. 

Table 5 

ADME results of studied compound. 

Descriptors Calculated Recommended Descriptors Calculated Recommended 

#stars 0 0 – 5 mol_MW 215.226 130 – 725 

#amine 0 0 – 1 PISA 303.331 0 – 450 

#acid 0 0 – 1 donorHB 1 0 – 6 

#rotor 3 0 – 15 accptHB 2 2 – 20 

#rtvFG 0 0 – 2 QPpolrz 23.453 13 – 70 

CNS 0 −2 to + 2 QPlogBB −0.248 −3.0 – 1.2 

QPPMDCK 1353.6 < 25 poor, > 500 great #metab 2 1 – 8 

QPlogKp −1.774 −8 – −1 PSA 49.615 7.0 – 200.0 

#NandO 2 2 – 15 RuleOfFive 0 Max. 4 

RuleOfThree 0 Max. 3 #noncon 0 –

Jm 2.119 – #in56 12 –

14 
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Indicated in Fig. 19 are active sites for 2C9 in FAB that can in-

eract with CYP enzyme. The color of circles indicates the sites that 

ill interact with the CYP enzyme, while the size of the circles is 

irectly proportional to the willingness to interact. Based on this 

esult, the investigated compound seems more likely to interact 

ith CYP2C9. It seems that FAB inhibit the CYP2C9 while less likely 

YP3A4. The complex structure between studied molecule FAB and 

YP2C9 is represented in Fig. 20 . 

As a result, the studied molecule FAB is predicted to act as an 

nhibitor of CYP2C9. Since this situation is undesirable, a future 

rug dose adjustment study may be able to mitigate this behav- 

or. The bioavailability of the studied molecule FAB can be seen at 

n acceptable level. Because it is known that CYP3A4 is responsible 

or the metabolism of 50% of the drugs taken into the body. 

. Conclusion 

The synthesis and crystal structure of molecule 2-amino-4 ′ - 
uorobenzophenone (FAB) is identified by using FT-IR, 1 H and 

13 C 

MR chemical shifts, the results of which compare well with cal- 

ulated parameters using B3LYP/ 6-311 + G(d) basis sets in water. 

he theoretical values of FT-IR, 1 H and 

13 C NMR chemical shifts, 

hich is given by B3LYP/6-311 + G(d) levels of theory are mostly 

n good agreement with experimental values. The optimized ge- 

metry of the molecule (FAB) was compared to the experimen- 

al XRD values. DFT calculations of the molecular electrostatic po- 

ential (MEP), frontier molecular orbitals (FMO), Hirshfeld surface 

nalysis and Mulliken charges recognize the chemically active sites 

f this molecule responsible for its chemical reactivity. Mainly, the 

OMO electrons are delocalized on the NH 2 substituted side of the 

ompound while the whole structure is seen as active in the LUMO 

iagram. Especially, π electrons are seen to a play significant role 

n the activation of the molecule FAB. In silico molecular docking 

nalyses indicates FAB docking on vascular endothelial growth fac- 

or receptor 2 (VEGFR2) (PDB: 3WZE) kinase inhibitors. Further, the 

ioavailability through ADME and p450 analyses of FAB indicates 

nhibitor of the CYP2C9 enzyme, however FAB may have a high 

otential to be a drug in the medicinal applications. The molecule 

AB is a potential starting precursor for many biologically active 

eterocyclic analogues for our future works. 
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