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Abstract: Several drugs such as sanguinarine, NVP-VHG712, QDAUS5, and VDAU1-11 have been
used to treat some cancer cells; however, their interaction with VEGFR-1 AND EPHB4 is not clear.
For this reason, in this study, the coupling of some fluoride derivatives (1-36) with VEGFR-1 AND
EPHB4 was determined using the 2VWX and 3HNG proteins as theoretical tools. In addition,
sanguinarine, NVP-BHG712, QDAUS5, and VDAU-11 were used as controls in the DockingServer
program. The results showed differences in the number of amino acid residues involved in the coupling
of fluoride analogs with the 2VWX and 3HNG proteins compared with the controls. Besides, the
fluoride derivatives 6 and 10 have a higher affinity for the 2VWXprotein surface compared to the
compounds 1, 3-5, 7-9, and 11-36. Other data indicate that fluorinated analogs 6, 12, 27, and 29 have a
higher affinity for the 3HNG protein compared to the compounds 1-5, 7-11, 13-26, and 30-36. In
conclusion, these data suggest that the fluorinated derivatives 6, 10, 12, 27, and 29 could act as inhibitors
of EGFR-1 and EPHB4. Therefore, these compounds could be good candidates for evaluating their
activity in some biological model.
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1. Introduction

Angiogenesis is a physiological process by which new blood vessels are formed from
pre-existing vessels [1-3]. This phenomenon is conditioned by the activation and/or release of
several biomolecules, including ephrin type-B receptor 4 (EphB4) [4, 5], interleukins [6-8],
tumor necrosis factor-alpha [9], vascular endothelial growth factor (VEGF) [10-12], epidermal
growth factor [13], and others. It is important to mention that a study indicates that EphB4 may
be involved in the promotion, proliferation, invasion, and angiogenesis of human colorectal
cancer [14]. Other data indicate that EphB4 exerts pro-tumoral and anti-tumoral roles of EphA4
on T regulatory cells and tumor-associated macrophages during HNSCC tumor progression
[15]. Other studies have shown that EphB4 overexpression is associated with advanced stages
of ovarian, head and neck, and breast cancer [16, 17]. Furthermore, a report indicates that
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EphB4 is implicated in the development of colorectal and prostate cancer, which can result in
a reduced quality of life for patients [18, 19].

On the other hand, some studies suggest that the EphrinB2/EphB4 signaling pathway
plays a crucial role in VEGF-mediated angiogenesis [20]. Furthermore, a report indicates that
EphrinB2 expression is induced by a stress response in murine embryonic stem cells via the
VEGF-Notch signaling pathway. [21]. It is important to note that the VEGF-Notch pathway is
a mechanism that regulates the formation of new blood vessels (angiogenesis). [22]. In
addition, some studies indicate that VEGF may mediate angiogenesis in cancer [23]. In this
way, some data showed that overexpression of VEGF and its receptors (VEGF-R1, VEGF-R2,
and VEGF-R3) may be overexpressed in some cancer cells [24-26]; for example, a study
indicates that the vascular endothelial growth factor C/vascular endothelial growth factor
receptor-3 (VEGFR-3) axis plays an important role in tumor lymphangiogenesis [27]. Other
data suggest that both VEGFR-1 and VEGFR-2 could be expressed in malignant melanocytes
[28]. Finally, a study showed that VEGFR-2 and VEGFR-3 are overexpressed in ovarian cancer
patients [29]. All this data indicates that the overexpression of EphB4, VEGF, and their
receptors may be associated with the growth of cancer cells; this phenomenon is supported by
a study showing that the NVP-BHG712 drug (an EphB4 antagonist) inhibits VEGF-induced
angiogenesis [30]. Besides, a study showed that compound VDAU-11 (N-(5-(4-(3-(3-
chlorophenyl)ureido)phenyl)pyridin2-yl)acrylamide) acts as a triple inhibitor of
VEGFR2/TIE-2/EphB4 using an in vitro model [31]. All these data indicate that some drugs
can modulate the biological activity of EphB4 and VEGF; however, the interaction between
them remains unclear, possibly due to their different chemical structures. Based on this
hypothesis, the objective of this study was to determine the coupling of some fluorinated
derivatives to EphB4 and VEGF-R1 using the 2VWX and 3HNG proteins as theoretical tools
in the DockingServer program.

2. Materials and Methods

2.1. Chemical structure.

Fluoride derivatives (Figures 1 and 2; Table 1) were used to determine their interaction
with the VEGFR-1 AND EPHB4 surfaces as follows:
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Flgure 1 Chemical structure of fluoride derlvatlves (1-12).
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Figure 2. Chemical structure of fluoride derivatives (12-36).

Table 1. Name of fluoride derivatives (1-36).

Comp Name Smile
1 Benzene-1,2-disulfonyl fluoride FS(=0)(=0)clcceccl S(=0)(=0)F
2 1,2-Dibromoethane-1-sulfonyl fluoride FS(=0)(=0)C(Br)CBr
3 1,3-Benzenedisulfonyl fluoride C1=CC(=CC(=C1)S(=0)(=0)F)S(=0)(=O)F
i | e e et 2| FCE0)CROCENFICENOCEFICENFICENFF

propoxy]propanoy! fluoride JCENB)F)CE)EF

5 2,3-D|hydro-l,4-15)Iﬁr;zric:jde:ox|ne-6-sulfonyl FS(=0)(=0)c] ccc20CCOe2c ]
6 2,4,6-Trichloro-benzenesulfonyl fluoride C1=C(C=C(C(=CICDHS(=0)=O)N)C)CI
7 2,5-Difluoro-benzenesulfony! fluoride C1=CC(=C(C=CI1F)S(=0)(=O)F)F
8 2-prop-2-ynoxyethanesulfonyl fluoride FS(=0)(=0)CCOCCH#C
9 2-Bromobenzenesulfonyl fluoride C1=CC=C(C(=C1)S(=0)(=O)F)Br
10 2-Chlorobenzenesulfonyl fluoride C1=CC(=C(C=CI1CBr)S(=0)(=0)F)C1
11 2-Fluorobenzenesulfonyl fluoride C1=CC(=C(C=C1CDHS(=0)(=O)F)F
12 Naphthalene-2-sulfonyl fluoride Cl—CCF—SC(ig;(Cz(g)—C (ljccczcggclc)csc(z_c(l))(_O)F
13 (2-nitrophenyl)methanesulfonyl fluoride [O-][N+](=0)¢lccececl1 CS(=0)(=0)F
14 (E)-2-phenylethenesulfonyl fluoride FS(=0)(=0)\C=C\clccccecl
15 Thiophene-2-sulfony! fluoride FS(=0)(=O)clccesl
16 5-fluorosulfonylbenzene-1,3-dicarboxylic acid OC(=0)clce(ce(c])S(=0)(=0)F)C(=0)O
17 3-Bromobenzenesulfonyl fluoride C1=CC(=CC(=C1)Br)S(=0)(=0O)F
18 3-Methoxybenzenesulfonyl fluoride COC1=CC(=CC=C1)S(=0)(=0)F
19 N'[Z'[4'(d'OXO'M'S‘)‘/':Z%BSM”V']emy'] hex-5- 0=C(CCCCHC)NCCelcee(cel)[S](=0)=0
20 4-(2-Bromoacetyl)benzenesulfonyl fluoride FS(=0)(=0O)clcec(ccl)C(=0)CBr
21 4-acetamidobenzenesulfony! fluoride CC(=0)Nclcee(ec])S(=0)(=0)F
22 4-(Bromomethyl)benzenesulfony! fluoride FS(=0)(=0)clccc(CBr)ccl
23 4-bromo-2-fluoro-benzenesulfonyl fluoride Fclee(Br)ecel S(=0)(=0)F
24 4-Chlorobenzenesulfonyl fluoride FS(=0)(=O)clccc(Cl)ccl
25 4-Methoxybenzenesulfonyl fluoride COclcee(ccl)S(=0)(=0O)F
26 4-Nitrobenzenesulfonyl fluoride [O-][N+](=0)clcce(cel)S(=0)(=0)F
27 4-Phenoxybenzenesulfonyl fluoride FS(=0)(=0)clcec(Oc2ceccec)ecl
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Comp Name Smile
28 5-Chlorothiophene-2-sulfony| fluoride FS(=0)(=0)clccc(Chsl
29 5-Nitronaphthalene-1-sulfonyl fluoride [O-][N+](=0)clccec2e(ceecl12)S(=0)(=0)F
30 Benzenesulfonyl fluoride FS(=0)(=O)clcceccl
31 Cyclopropanesulfonyl fluoride FS(=0)(=0)C1CCl1
32 Ethanesulfonyl fluoride CCS(=0)(=0)F
33 4-Acetamidobenzenesulfonyl fluoride CC(=0)Nclcee(ecl)S(=0)(=0)F
34 4-(Dodecylamino)benzenesulfonyl fluoride CCCCCCCCCCCCNcelece(ce)S(=0)(=O)F
35 p-Toluenesulfonyl fluoride Cclcec(cc1)S(=0)(=0O)F
36 Phenylmethanesulfonyl fluoride FS(=0)(=0)Cclcccecl

2.2. Ligand-protein complex.

The coupling of fluoride derivatives (1-36) with EphB4 was determined using the
2VWX protein (https://doi.org/10.2210/pdb2VWX/pdb) [32]. Besides, the 3HNG protein
(https://doi.org/10.2210/pdb3HNG/pdb) was used for coupling the fluoride derivatives with
VEGFR-1 (Figure 3). It is important to mention that the A chain of each protein was used to
predict its coupling with fluoride analogs.

Figure 3. (A) shows the ephB4 domain inhibitor complex with a 3,5-Bis substituted anilinopyrimidine (2VWX
protein); (B) displays crystal structure of VEGFR1 in complex with N-(4-Chlorophenyl)-2-((pyridin-4-
ylmethyl)amino)benzamide (3HNG protein)

It was interesting to use the proteins involved in this study due to the chemical
characteristics of the compounds used to select the molecules most likely to show binding and
inhibition activity, and compare them with the controls such as sanguinarine, NVP-BHG712
(4-methyl-3-[(1-methyl-6-pyridin-3-ylpyrazolo[3,4-d]pyrimidin-4-yl)amino]-N-[3-(trifluoro-
methyl)phenyl]benzamide), QDAUS5 (1-(3,4-difluorophenyl)-3-(4-(4-oxo-3,4-dihydroquina-
zolin-7-yl) phenyl)urea), and VDAU-11 (N-(5-(4-(3-(3-chlorophenyl)ureido) phenyl)pyridine-
2-yl) acrylamide) in DockingServer software [https://www.dockingserver.com]. Docking
calculations were carried out on a ligand-protein model [33]. It is important to note that
essential hydrogen atoms, Kollman united-atom type charges, solvation parameters, and the
Affinity (grid) maps were generated using the Autogrid program [34]. In addition, AutoDock
parameter-set- and distance-dependent dielectric functions were used to determine van der
Waals forces and electrostatic factors.

On the other hand, docking simulations were performed using the Lamarckian genetic
algorithm and the Solis & Wets method [35]. It is noteworthy that the initial position,
orientation, and torsions of the ligand molecules were set randomly. All rotatable torsions were
released during docking. Each docking experiment was derived from 2 runs, each set to
terminate after a maximum of 250000 energy evaluations. Finally, the population size was set
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to 150. During the search, a translational step of 0.2 A and quaternion and torsion steps of 5
were applied.

2.3. Pharmacokinetic parameters.

Pharmacokinetic factors for fluoride derivatives 6, 10, 12, 27, and 29 were determined
using the SwissADME software [36]. The SwissADME program is a theoretical tool used to
evaluate the pharmacokinetics, pharmacological similarity, and chemical compatibility of
small molecules.

2.4. Toxicology analysis.

Toxicology evaluation for fluoride derivatives 6, 10, 12, 27, and 29 was determined
using the Gussar software [37]. It is important to note that the GUSAR program was developed
to build models based on the association between chemical structure and the toxicological
activity of various drugs. The training sets were created based on data from the SYMY X MDL
Toxicity Database. They include information about ~10,000 chemical structures, with data on
acute rat toxicity represented by LD50 values (log10 (mmol/kg)).

3. Results and Discussion
3.1. First stage.

3.1.1. Fluoride-2vwx complex.

The interaction of fluoride derivatives with EPHB4 was determined using the 2vwx
protein as a theoretical tool in the DockingServer program. The results (Table 2) showed
differences in the amino acid residues involved in the coupling of fluoride derivatives with
2VWX compared with those with sanguinarine, NVP-VBG712, and VDAU-11 drugs.

Table 2. Amino acid residues involved in the coupling of fluoride derivatives (1-36) with the 2vwx protein

surface.
Compounds Aminoacid residues
Sanguinarine lleso1; Alasas; LySeaz; lles77; Threos; Pheses; Metesos; Leuzaz
NVPBHG712 lleso1; Alas2s; Valezo; Alasas; LySear; Gluess; Meltees; lles77; Threos; Alazoo; Argras; Asnzas; Leurar;
Serss7; Asprss
VDAU-11 lles21; Valeao; Argesi; Alasss; Lysea7; Phesgs; Metsos; Glusgz; Leuzaz
llesa1; Valezo; Alaess; LySear; Gluesa; Metess; lleso1; Threes; Phesos; Meteos; Glueez; Asnees; Leuzaz;
QDAUS Serzs7
1 Valszo; Alasas; LySea7; Gluess; Metses; Iles77; Ileso1; Threes; Leurar

2 Alasss; Lysea7; Glusea; Metses; lles77; 1leso1; Threes; Leuraz; Serrsz

3 lles21; Valsao; Alasss; LysSesr; llesrz; Ileson; Threes; Phesos; Meteos; Leurar; Serrsy

4 Valezo; Alasss; Ilesas; Lysear; Gluess; Metees; Threos; Argras; Asnras; Leurar; Serzsz; Asprss
5 Iles21; Alasas; Lyssar; Gluess; Threes; Glusas; Pheses; Metsos; Leuzar
6

7

8

Valszo; Alasss; Glusss; Metess; Ilesor; Threos; Leurar; Sersss
Alasss; Lysea7; Glussa; Metses; lles77; 1leso1; Threes; Leuraz; Serrsz
lles21; Vale2o; Alasas; Threos; Glusss; Pheses; Meteos; Leurar

9 Lysea7; Gluses; Metess; lles77; 1lesen; Threes; Leuraz; Serzsy

10 Alasss; Lyses7; Glusss; Metess; 1les77; llesor; Thregs; Leuzar

11 Alasss; LySeaz; Gluesa; Metses; lles77; Ileso1; Threes; Leuzaz

12 lles21; Valezo; Alasas; llesz; Threes; Phesos; Metsos; Leurar; Serzsz

13 Valeze; Alasas; Lyses7; Glussa; Metsss; Thregs; Leuzar

14 llesa1; Valezo; Alasss; Gluesss; Metess; |les77; Ileso1; Threes; Gluses; Phesos; Meteos; Leuzar; Serzsy
15 Alasas; Lyseaz; Metess; Iles77; llesor; Threos; Leurar

16 llesa1; Valsao; Alasas; LySeaz; Threos; Gluees; Pheses; Metsos; Leurar

17 lles21; Valezo; Alasss; LySsar; Threos; Meteos; Leuzaz

18 lles21; Valsao; Alasas; 1les77; Threos; Phesos; Meteos; Leurar

19 lles21; Valeao; Alasss; LysSesz; Gluses; Metess; lles77; Threes; Phesos; Metsos; Leuraz; Serzs?
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Compounds Aminoacid residues
20 lles21; Valsao; Alasss; Lysesr; Glugss; Metess; lles77; Threes; Phesos; Metsos; Leuraz; Serzs
21 lles21; Vale2o; Alasas; Metess; Threos; Phesos; Metegs; Leuraz
22 lles21; Valezo; Alasas; LySsar; Threos; Pheses; Metesos; Leuzar
23 lles21; Alasas; lles77; Threos; Glusss; Phesos; Meteos; Leurar
24 lles21; Valsoo; Alasas; lles77; Threos; Phesos; Meteos; Leurar
25 lles21; Valsoo; Alasas; Lysea7; Threos; Gluees; Phesos; Metsos; Leurar
26 lles21; Valezo; Alasss; Lyssar; Gluess; Metess; Ilesor; Threes; Meteos; Leurar
27 Alasss; Lysear; Gluess; Metses; Ileso1; Threes; Argras; Asnzas; Leurar; Serrsz
28 lles21; Valsoo; Alasas; lles77; Threos; Phesos; Meteos; Leurar
29 lles21; Valsoo; Alasas; Lysear; Threos; Phesos; Metegs; Leuraz; Serrsz
30 Alaess; Lysea7; Metess; lles77; llesor; Threos; Leuraz; Serzsz
31 Vals2o; Alasss; Phesos; Metsos; Leuzaz
32 lles21; Vale2o; Alasas; Threos; Phesos; Metsos; Leura7
33 Iles21; Alasas; Lyseaz; Gluess; Threes; Phesos; Meteos; Leuraz
34 lles21; Valsoo; Argest; Alaesss; Lysear; Threes; Phesos; Meteos; Leuraz
35 Alasss; lles77; Threos; Meteos; Leursz
36 Vale2o; Alasas; LySea7; llesor; Threos; Leuzaz

3.1.2. Thermodynamic parameters.

Table 3 shows the energy levels and inhibition constant (Ki) involved in the interaction
of fluoride derivatives (1-36) with the 2vwx protein surface. The results indicate differences in
the energy levels and Ki for fluoride derivatives compared with the controls.

Table 3. Thermodynamic parameters involved in the interaction of fluoride derivatives (1-36) with the 2VWX
protein surface.

Compound A B C D E F
Sanguinarine -7.28 4.64 -6.94 -0.34 -7.28 696.60
NVPBHG712 -8.22 0.943 -9.50 -0.13 -9.63 989.66
VDAU-11 -6.65 13.25 -7.89 0.00 -7.23 848.75
QDAUS -843 0.660 -9,23 -0.13 -9.36 759.59
1 -5.32 126.86 -5.94 0.12 -5.92 441.61
2 -3.75 1780 -4.22 -0.08 -4.29 298.62
3 -5.42 106.84 -6.02 0.00 -6.01 481.10
4 -5.24 143.10 -8.42 -0.03 -8.45 545.90
5 -4.59 428.60 -4.60 -0.09 -4.89 497.88
6 -6.12 32.86 -6.50 0.09 -6.41 488.10
7 -5.35 119.88 -5.77 0.13 -5.85 386.16
8 -3.62 2210 -5.01 -0.01 -5.02 441.62
9 -5.04 203.59 -5.33 0.00 -5.33 383.20
10 -5.86 50.84 -6.18 0.03 -6.16 418.90
11 -5.11 178.46 -5.47 0.06 -5.41 390.45
12 -5.67 69.41 -5.96 -0.02 -5.97 515.68
13 -5.38 113.13 -6.18 0.02 -6.16 476.14
14 -5.02 209.03 -5.60 -0.01 -5.61 478.44
15 -4.95 233.94 -5.27 0.02 -5.25 350.70
16 -4.22 808.69 -5.33 0.41 -5.11 524.47
17 -4.80 304.73 -5.09 -0.01 -5.10 432.22
18 -4.59 428.77 -5.15 -0.04 -5.19 472.01
19 -5.07 191.07 -6.87 0.11 -6.77 675.65
20 -4.97 227.85 -5.69 -0.02 -5.71 496.70
21 -4.67 374.54 -5.24 0.00 -5.23 524.32
22 -4.83 286.8 -5.44 0.01 -5.43 458.99
23 -5.14 170.48 -5.46 0.02 -5.44 405.60
24 -5.22 149.60 -5.53 0.01 -5.52 470.44
25 -4.43 569.84 -5.03 0.01 -5.02 463.21
26 -4.94 240.36 -5.57 0.04 -5.53 449.35
27 -5.23 147.28 -6.27 0.11 -6.15 541.71
28 -5.30 130.17 -5.60 0.00 -5.60 447.24
29 -5.62 76.38 -6.33 0.05 -6.28 543.45
30 -5.00 217.88 -5.31 0.01 -5.29 381.12
31 -3.48 2810 -3.75 -0.03 -3.78 302.16
32 -3.32 3670 -3.61 -0.01 -3.62 272.30
33 -4.80 302.07 -5.43 0.05 -5.36 525.26
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Compound A B C D E F
34 -5.93 44.71 -9.41 0.00 -9.41 734.60
35 -4.71 351.28 -4.99 -0.02 -5.01 471.91
36 -4.53 478.97 -5.16 0.01 -5.15 428.24

A = Est: Free Energy of Binding (kcal/mol); B = Inhibition Constant (Ki, uM); C = vdW + Hbond + desolv
Energy (kcal/mol); D = Electrostatic Energy (kcal/mol); E = Total Intermolec. Energy (kcal/mol); F= Interact.

3.1.3. Bond type.

Surface.

Figures 4-6 and Table 4 show differences in the types of bonds involved in the coupling
of fluoride derivatives (6 and 10) with the 2vwx protein surface. Furthermore, Table 5 shows

the decomposed interaction energies involved for fluoride derivatives 6 and 10.

Table 4. Bond type and distance (nm) levels involved in the interaction of fluoride derivatives (6 and 10) and
the controls with the 2vwx protein surface.

Comp.

Hydrogen bond

Polar Bond

Hydrophobic bond

pi-pi

Halogen bond

Sanguinarine

Threos (Cz, 3.30)

Iles21 (Ca2, 3.60)
Iles21 (Cas, 3.46)
Iles21 (Cas, 3.63)
Iles21 (Cis, 3.88)
lles21 (Cis, 3.86)
Alaess (Cs, 3.73)
Alaess (Co, 3.62)
Metegs (Co, 3.73)
Metsos (C1o, 3.70)
Leurs7 (Cy, 3.75)
Leurs7 (Cz, 3.51)
Leurs7 (Cs, 3.88)
Leu7a7 (Cs, 3.69)
Leu7a7 (Cv, 3.37)
Leura7 (Cs, 3.27)
Leu7a7 (Co, 3.83)
Leuza7 (C2o, 3.74)

Phesos (C13, 3.33)
Phesos (Cis, 3.85)

NVPBHG712

Gluses (Ng, 2.65)
Gluses (N5, 3.18)
Argrsa (N3, 3.40)
Asnzas (N2, 3.43)
Asnzas (N3, 3.47)
Asprss (Ns, 3.37)
Gluses (Hs, 3.20)
Serzs7 (Hs, 3.85)

Lyse47 (Ns, 3.75)
Lyses7 (N4, 3.82)
Lysea7 (Ns, 3.05)
Argraa (N1, 3.22)
Asprss (N4, 3.59)

lles21 (C22, 3.12)
lles21 (Cazs, 3.82)
Vale29 (C20, 3.61)
Valezo (C21, 3.26)
Valezo (C22, 3.48)
Metess (C17, 3.14)
lles77 (Cis, 3.37)
Alaroo (C20, 3.84)
Leu7a7 (Ca4, 3.86)

lles21 (F1, 3.50)
Alagzs (Fs, 3.62)

VDAU-11

Meteos (N2, 2.95)
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Figure 4. The scheme shows the ligand-protein complex formation between Sanguinarine and NVP-BHAG712
drugs with the 2VWX protein surface. Visualized with the DockingServer program.
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Visualized with the DockingServer program.
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Figure 6. Coupling of fluoride derivatives 6 and 10 with the 2VWXprotein surface. Visualized with the

DockingServer program.

Table 5. Decomposed interaction energies in kcal/mol involved in the coupling of Sanguinarine, QDAUS5, NVP-
BHG712, VDAU-11, and fluoride derivatives (6 and 10) with the 2VWX protein surface.

Compound | Hydrogen bond | Polar Bond | Hydrophobic bond | Halogen bond
lles21 (-1.181)
Sanguinarine Threos (-0.424) Leura7 (-1.159)

https://biointerfaceresearch.com/

Phesgs (-1.130)
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Compound Hydrogen bond Polar Bond Hydrophobic bond Halogen bond
Metsgs (-0.939)
Alasss (-0.473)
Metess (-1.194) Leura7 (-0.795)
QDAUS5 Gluess (-0.645) Lysesr (-0.727) lles21 (-0.654)
Glusor (-0.379) Alaess (-0.135)
Asprse (-1.415) Valezo (-0.972)
NVP-BHG712 Asnrs (-1.048) Lyssar (-1.342) Ifemu((-_(?gsg)) llesz1 (-0.647)
- Argras (-0.589) ySoar (L. o7 L. Alagzs (-0.341)
Glusss (-0.516) Alazoo (-0.428)
foa - Metess (0.006)
lles21 (-1.418)
: Leura7 (-0.780)
VDAU-11 Clucer ((gfgg)) Serzs7 (-0.353) Valezs (-0.685)
696 {5 Alazoo (-0.628)
Pheses (0.149)
Threos (-6217)
6 Ser7s7(-0.2901) %16“:9614 ((.})O,ffé‘ﬁ)
Alasss (-2638)
Metses (-0.2481) Threos (-0.6777)
10 Alasss (-0.2344) Glugos (-0.3995)
lleso1 (-0.0908) )

3.2. Second stage.

3.2.1. Fluoride-3hng complex.

Table 6 shows differences in amino acid residues involved in the coupling of fluoride
derivatives with the 3HNG protein surface compared with sanguinarine, NVP-VHG712,
QDAUS, and VDAU-11 drugs.

Table 6. Amino acid residues involved in the coupling of fluoride derivatives (1-36) with the 3HNG protein
surface.

Compounds Aminoacid residues

Sanguinarine Aspso7; Glusrs; Leussz; Valse1; Valsez; Hisio2; Argiozi; ASpioso

NVP-VHG712 Valsa1; Alasse; Lysse1; Gluszs; lesss; Leuasz;. llesss; V.a|907; Valgoo; Cyse1s; lle1019; His1020; Argiozs;

Cys1039; ASp1o40; Leuioas
VDAU1L-11 Valsa1; Alasse; Lysss1; Glusrs; Iless1; Valsez; CySious; Ile1019; His1020; Argioz1; CySiois; CySioss;
Asp1o40
QDAU5 Leusss; Alasse; Lysss1; Gluszs; lless1; Leusse; Valsaz; Valoog; Cysioss; Aspioso; Pheioar
1 Valga1; Alasgse; LysSse1; Glusrs; Valsez; Valoog; Leuioze; CySioze; ASpioso; Pheiosr
2 Valsga1; Alasse; LySse1; Valsoz; Valoog; Glugio; Leuioze; CySioze; ASpioso; Pheiosr
3 Leusss; Alasse; Lysss1; Valsoz; Valooo; Tyroi1; CySeiz; Leuioze; CySiose; ASpioso; Pheioar
4 Glusrs; lless1; Leussz; llesss; Valsor; Valsoz; Valooo; Leuio13; Cysiois; Hisiozo; Il€103s; CySio3s;
Asp1040

5 Leusss; Lysss1; Valsoz; Valoos; CySei2; Leuioze; CySioze; ASPioso; Pheloss
6 Glusrs; lless1; Valso; Leuiois; Cysiois; Hisio20; 111038 ; ASpioso
7 Valsa1; Lysss1; Glusrs; Leussz; Valooz; Valoos; Leuioze; CySioze; ASpioso; Pheioss
8 Valss1; Alasse; Lysss1; Gluszs; Valsor; Valoos; Leuioze; CySiose; Aspioso; Pheios
9 Valsa1; Alagse; Lysss1; Glugrs; Valsez; Valooz; Valgoo; Leuioze; CySi039; ASP1o4o
10 Valsa1; Lysss1; Glusrs; Valsez; Valgog; Leuioze; CySioze; ASpioso; Pheosr
11 Valga1; Alasgse; Lysss1; Glusrs; Valsez; Valeoz; Valgog; CySioze; ASpioao
12 Leusss; Valsa1; Alagse; Lysss1; Valsoz; Valoog; Tyroi1; CySe12; Leuioze; CySioss; ASpioso; Pheioar
13 Valsa1; Alasse; Lysse1; Glusrs; Valsgz; Valeoz; Valeos; Leuioze; CyS1039; ASP1o4o
14 Leusss; Valsa; Alasse; Lysss1; Valoog; Tyroi1; Cysiose; Aspioso; Pheioar
15 Valga1; Lysss1; Glusrs; Valsez; Valooz; Valoog; CySi0z9; ASpPiodo
16 Lysss1; Glusrs; Leussz; Valssz; Valoor; Valoos; Leuioze; CySi039; ASpPioao
17 Valss1; Alasse; Lysssi; Glusrs; Valsaz; Valooz; Valeos; Leuioze; CySio3g; Aspioso; Pheioar
18 Leusss; Valsa1; Alagse; Lysss1; Valsoz; Valoog; Tyroi1; Leuioze; CySi039; ASP1o4o
19 Alagse; Lysss1; Glusrs; Leuss2; Valooo; Leuios; Cysiois; Hisio20; Leuioze; CySi039; Aspioso; Pheiosr
20 Lysss1; Glusrs; Leussz; Ilesss; Valso1; Valsgz; Valooo; Leuiois; Hisio20; 1le103s; ASpioso
21 Lysss1; Glugrs; Leussz; Valso:; Valsaz; Valeos; Leuiois; Hisio20; 1le10ss; CySi039; ASpioso
22 Valss1; Alasso; Lysse1; Valso1; Valoog; Tyroi1; CySoi2; Leuioze; CySiozs; Aspiodo; Pheioss
23 Leusss; Valsa1; Alagse; Valoog; Glueio; Tyroi1; Cysei12; Leuioze; Pheiost
24 Lysse1; Valso1; Valooo; Tyroi1; Leuioze; Cysioz9; ASpiodo; Pheios
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Compounds Aminoacid residues
25 Leusss; Valsa1; Alagse; Lysss1; Valsoz; Valoog; Tyroi1; Leuioze; CyS1039; ASP1o4o
26 Lysgs1; Glusrs; Leussz; Valssz; Valooo; His1o20; 1le103s; ASpio4o
27 Valsa1; Lysss1; Glusrs; Valse1; Valsez; Hisioz0; Ile103s; CySi030; ASpiodo; Pheoar
28 Alagso; Lysss1; Leusse; Valoog; Tyro11; Leuiozs; CySio39; ASpioso; Pheioss
29 Leusss; Valsa1; Lysse1; Gluszs; Valsez; Valooo; Tyroi1; Leuioze; Cysiose; Pheioar
30 Valsa1; Lysss1; Glusrs; Valsez; Valeor; Valoos; CySi039; Aspiodo; Pheios
31 Glusrs; Valsoz; Valse1; Valssz; Cysio3e; ASpioao
32 Lysgs1; Valsoz; Valooo; Cysi039; ASpio4o
33 Lysse1; Glusrs; Leussz; Ilesss; Valso1; Valsoz; Valsos; Hisiozo; lle103s; Cysioze; Aspioso
34 Aspsor; Glusrs; Leussz; Valsoz; 1leio1o; Hisioz0; Argiozs; Tyroi1; CysSioss; Aspiodo; Pheiosr
35 Leusss; Valss1; Alagso; Lysse1; Valooo; Tyroit; Tyroit; CySiose; Aspioso; Pheioar
36 Leusss; Valss1; Alasse; Lysse1; Valsoz; Valsos; Leuioze; CySi039; AsSpiodo; Pheios

Table 7 displays the energy levels and inhibition constant (Ki) for the interactions of
fluoride derivatives (1-36) with the 3HNG protein surface. The results indicate differences in
the energy levels and Ki for fluoride derivatives compared with the controls.

Table 7. Thermodynamic parameters involved in the interaction of fluoride derivatives (1-36) with the 3HNG
protein surface.

Compound A B C D E F
Sanguinarine -7.36 4.05 -6.74 -0.62 -7.36 698.69
NVP-BHG712 -9.74 0.0842 -11.45 -0.07 -11.52 1049.71
VDAU-11 -7.53 3.02 -8.80 -0.05 -8.86 967.60
QDAU5 -8.79 0.0363 -9.68 0.01 -9.67 889.25
1 -6.25 26.05 -6.96 0.01 -6.95 436.98
2 -4.25 761.13 -4.79 -0.02 -4.81 286.70
3 -6.19 29.09 -6.75 -0.03 -6.78 457.62
4 -5.39 111.63 -9.28 0.11 -9.16 592.87
5 -5.86 50.64 -6.08 -0.08 -6.16 486.38
6 -6.90 8.80 -7.20 -0.00 -7.20 526.48
7 -6.15 30.98 -8.40 -0.05 -6.45 397.15
8 -4.09 998.62 -5.54 -0.04 -5.58 399.50
9 -6.10 33.77 -6.37 -0.03 -6.40 380.13
10 -6.54 16.09 -6.84 0.01 -6.84 426.98
11 -5.88 48.58 -6.14 -0.04 -6.18 381.76
12 -6.96 7.97 -7.94 -0.02 -7.25 498.86
13 -6.59 14.71 -7.31 0.01 -7.30 458.59
14 -5.80 55.60 -6.39 -0.01 -6.40 486.97
15 -5.51 92.12 -5.77 -0.03 -5.80 349.10
16 -5.91 46.54 -6.16 -0.64 -6.80 507.67
17 -5.73 63.39 -6.04 0.01 -6.03 388.39
18 -5.30 130.85 -5.87 -0.02 -5.89 469.35
19 -6.68 12.61 -8.88 0.03 -8.85 758.58
20 -6.12 32.40 -6.89 -0.13 -7.02 479.23
21 -6.23 23.01 -6.80 -0.11 -6.91 523.11
22 -5.62 76.53 -6.23 0.00 -6.24 448.59
23 -5.91 46.88 -6.21 0.01 -6.20 402.53
24 -6.10 33.57 -6.38 -0.02 -6.40 454.19
25 -5.30 130.85 -5.87 -0.02 -5.89 439.35
26 -5.89 47.81 -6.45 -0.04 -6.49 459.13
27 -6.96 7.94 -7.90 0.05 -7.85 588.85
28 -6.28 24.98 -6.55 -0.02 -6.58 436.39
29 -7.04 6.86 -7.80 -0.03 -1.77 521.62
30 -5.66 70.42 -5.95 -0.01 -5.96 382.43
31 -3.68 2000 -4.01 0.03 -3.98 299.65
32 -3.39 3300 -3.68 -0.03 -3.98 294.03
33 -6.25 26.18 -6.73 -0.09 -6.81 529.96
34 -6.42 19.56 -9.84 -0.06 -9.91 885.80
35 -5.44 102.92 -6.02 -0.04 -6.05 423.67
36 -5.46 99.02 -6.08 -0.02 -6.11 425.48

A = Est: Free Energy of Binding (kcal/mol); B = Inhibition Constant (Ki, uM); C = vdW + Hbond + desolv
Energy (kcal/mol); D = Electrostatic Energy (kcal/mol); E = Total Intermolec. Energy (kcal/mol); F= Interact.
Surface.

https://biointerfaceresearch.com/ 12 of 25


https://doi.org/10.33263/BRIAC164.104

https://doi.org/10.33263/BRIAC164.104

3.2.2. Bond type.

Figure 7-10 and Table 8 display differences in the types of bonds involved in the
interaction of fluoride derivatives (6, 12, 27 and 29) with the 3HNG protein surface. Besides,
Table 9 shows the decomposed interaction energies involved for fluoride 6, 12, 27, and 29.

Table 8. Bond type and distance levels involved in the interaction of fluoride derivatives (6, 31, and 32) with

Compound

Hydrogen bond

the 3HNG protein surface.

Polar Bond

Hydrophobic bond

Halogen bond

Sanguinarine

Argio21 (02, 3.03)
Aspioao (N1, 3.49)

Aspio40 (02, 3.38)

Leuss2 (C1s, 3.82)
Leuss2 (C17, 3.80)
Valgo:1 (Cu4, 3,45)
Valsa: (Cis, 3,85)
Valse2 (Cis, 3,19)
His1o20 (C1o, 3,56)

VDA-Ul1-11

Cysio1s (O2, 3.52)
Ile1o19 (N4, 2.95)
His1020 (N4, 3.45)

Argioz1 (His, 3.49)
Argio21 (02, 3.76)

Iless1 (Cas, 3.63)
Valsgz (C2, 3.78)
Cys1039 (Cs, 3.69)
Cys1039 (C1, 3.39)
Cysioss (C2, 3.81)

Gluszs (Cu, 3.44)
Aspio40 (Ci1, 3.58)

NVP-VHG712

Glusrs (N7, 2.94)
Glusrs (N1, 2.60)
lle1o19 (Ne, 3.22)
lle1o19 (N5, 2.69)
His1o020 (Ns, 3.3.41)
Aspio40 (O1, 3.20)
Aspio4o (N3, 3.42)

Glus7s (N4, 3.87)
Gluszs (Ha, 2.13)

Iless1 (Cz6, 3.52)
lless2 (Cs, 3.36)
Iless2 (Ci3, 3.88)
llessz (Cz2, 3.34)
llessz2 (Cs, 3.63)
lless2 (C4, 3.69)
llessz2 (Cs, 3.43)
lless2 (Cs, 3.16)
Ilesss (Cz6, 3.60)
Valgo7 (Ci2, 3.76)
Valgor (Ci3, 3.53)
Valgog (Cs, 3.86)
Valgos (C13, 3.85)
Valgos (Co, 3.68)
Valgos (C1o, 3.27)
Valgos (C11, 3.58)
Valgos (C14, 3.50)
Cysio1s (Cig, 3.59)
Leuioss (Caq4, 3.74)

QDAUS

Cysi1039 (01, 3.67)

Leusss (Cis, 3.44)
Leusss (Cio, 3.45)
Leusss (C17, 3.66)
Leusss (Cao, 3.72)
Alassy (Cis, 3.89)
Iless1 (Co, 3.56)
Leuss2 (Cis, 3.42)
Leuss2 (Ci4, 3.48)
Tlesss (Cs, 3.36)
Valgoz (C3, 3.04)
Valggz (Cs, 3.40)
Valgoz (Cz, 3.79)
Valogo (Cs, 3.77)
Leuiozo (C1, 3.78)
Leuio29 (Cis, 3.87)
Cysi039 (Cs, 3.14)
Cysio39 (C4, 3.25)

Leusss (Fz2, 2.94)

Glusgzs (Ciz, 3.53)
Ile1o3s (Ci1, 3.63)
Aspioso (Ci2, 3.67)

12

https://biointerfaceresearch.com/

Lysse1 (O, 3.73)

Leusss (C7, 3.79)
Leusss (Cs, 3.26)
Leusss (Co, 3.79)
Alasgsg (Cs, 3.78)
Valsoz (C4, 3,89)
Valgos (Cs, 3,34)
Valoos (C4, 3,74)
Leuiozg (C4, 3.74)
Leuiozs (Cs, 3.42)

Aspioso (F, 3.34)
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Compound
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Figure 7. The scheme shows the coupling of sanguinarine and NVP-BHAG712 drugs with the 3HNG protein

surface. Visualized with the DockingServer program.
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Table 9. Decomposed interaction energies in kcal/mol involved in the coupling of fluoride derivatives (6, 12,
27, and 29) with the 3HNG protein surface.

Compounds Hydrogen bond Polar Bond Hydrophobic bond Halogen bond
Hisio2 (-1.571)
L Aspios (-1.171) Leuss2 (-0.743)
Sanguinarine Argioz (-1.126) Aspso7 (-0.552) Valsor (-0.312)
Valgg2 (-0.243)
QDAUS5 Cysios (-1.386) Leuss2 (-0.861)
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Compounds Hydrogen bond Polar Bond Hydrophobic bond Halogen bond
Pheios (-0.776)
Valgog (-0.639)
Tyro11 (-0.612)
Iless: (-0.466)
Leusoz (-0.423)
Alasss (-0.407)
Leusos (-0.358)
llegss (-0.145)
Valsg2 (0.012)
Valgog (-1.024)
Aspios (-1.825) feae: (10.859)
His1o (-0.499) euse2 (-0.718)
NVPBHG712 Valgo7 (-0.603)
Ileio1 (-0.280) L -0.479)
Gluyrs (-0.152) etios (0.
llesss (-0.287)
Cysio (-0.132)
Hisio02 (-0.919) llegs: (-0.781)
VDAU-11 Cysior (-0.367) Argios (-0.833) Valsoa (-0.682) Slum ((1)(7’%)
Tleioi (0.068) Cysios (-0.537) spios (-0.729)
Aspios (-1.2718)
6 Glus7s (-0.6926)
Tlesios (-0.4264)
Pheios (-1.0691)
Tyro11 (-0.7994)
Leuaoz (-0.7381)
12 Lysser (-0.3932) Val o5 (-0.5492) Aspios (-0.225)
Leusss (-0.5492)
Valgos (-0.4368)
Alagsg (-0.4273)
Pheios (-1.2605)
27 Gluszs (-0.3631) \\//a;fjjl((_%gﬁl)) Cysi03 (-9273)
Pheios (-1.0673)
Valogo (-0.5768)
29 Glusss (-0.1615) Val e (-0.5613)

Val a1 (-0.5575)
Leuaoz (-0.2216)

3.3. Pharmacokinetic parameters.

Table 10 shows some pharmacokinetic factors for fluoride derivatives (6, 10, 12, 27,
and 29) and the controls (sanguinarine, VDAU-11, and QDAUS). The results showed that
fluoride derivatives 10, 12, 27, and 29 may lower gastrointestinal absorption compared with
the controls.

Table 10. Pharmacokinetic parameters for fluoride analogs (2, 6, 8, 31, and 32) and the controls.

Compound A B C D E F G H |
Sanguinarine High Yes Yes Yes Yes No No No 2.88
VDAU1-11 High No No Yes Yes Yes No Yes 3.45
QDAUS High No No Yes No No Yes No 3.73
6 High Yes No Yes Yes Yes No Yes 3.66
10 Lower No No No Yes Yes No No 2.29
12 Lower No No No No No No No 2.71
27 Lower No No No Yes Yes No No 3.22
29 Lower No No Yes Yes Yes No Yes 2.14

A = Gl absorption; B = BBB permeant; C = P-GP substrate; D = CYP1A2 inhibitor; E = CYP2C19 inhibitor;
F = CYP2C9 inhibitor; G = CYP2D6 inhibitor; H= CYP3A4 inhibitor; | = Consensus Log Pow.

3.4. Toxicity analysis.

Table 11 shows the toxicity degree for fluoride analogs (6, 10, 12, 27, and 29) and the
controls (sanguinarine, VDAU1-11, and QDAUS).
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Table 11. The toxicity degree for fluoride derivatives (2, 6, 8, 31, and 32) and the controls was determined
using Gussar software.

Compuesto IP LDso (mgkg) 1V LDso (mgkg) Oral LDso(mgkg) SC LDso(mgkg)
Sanguinarine 469.90 52.48 964.40 465.50
VDAU-11 713.70 191.70 1790.00 2577.00
QDAUS5 596.60 310.00 1428.00 1563.00
6 630.80 72.49 1374.00 473.00
10 481.80 70.75 1177.00 436.10
12 494.00 93.84 501.00 171.00
27 465.80 75.91 1670.00 471.90
29 145.10 67.14 1131.00 93.45

IP - Intraperitoneal route of administration; IV - Intravenous route of administration; Oral - Oral route of
administration; SC - Subcutaneous route of administration.

3.5. Discussion.
3.5.1. First stage.

VEGFR-1 and EPHB4 are biomolecules linked to angiogenesis, tumor growth, and
metastasis, making them viable targets for drug development to treat cancer cells. In this way,
several drugs targeting VEGFR-1 and EPHB4, with biological activity, and their roles in
tumorigenesis have been developed [30, 31]. For example, a study showed that an isoquinolone
derivative can act as an EPHB4 inhibitor through fragment-based docking and molecular
dynamics [38]. Other data indicate that the XL647 drug is a non-selective inhibitor of EphB4,
EGFR (endothelial growth factor receptor), and HER2 (vascular endothelial growth factor
receptor 2) used to treat cancer cells [39]. Furthermore, a report showed that the EphB4 kinase
inhibitor NVP-BHG712 inhibits VEGF-induced angiogenesis in an in vitro model [30]. These
data indicate that some VEGFR-1 and EPHB4 inhibitors have been used to treat cancer cells;
however, it is necessary to develop additional compounds with biological activity against
VEGFR-1 and EPHBA4 to treat cancer. Based on this data, the aim of this study was to determine
the interactions of 36 fluoride derivatives with VEGFR-1 and EPHB4 using different strategies.
In the first stage, the coupling of the fluoride derivatives to EPHB4 was assessed using the
2VWX protein as a theoretical tool. Besides, sanguinarine, NVP-BHG712 (EphB4 inhibitor)
[40], QDAUS (triple inhibitor of VEGFR-2, Tie-2 (Tyrosine-protein kinase receptor) [41], and
EphB4), and VDAU-11 (VEGFR-2, Tie-2, and EphB4 inhibitor) [31] were used as controls in
the DockingServer program. The results showed differences in the number of amino acid
residues involved in the coupling of fluoride derivatives with the 2VWX protein surface
compared to the controls. Additionally, the inhibition constant (Ki) was lower for the fluoride
derivatives 6 and 10 than for the compounds 1-5, 7-9, and 11-36. This phenomenon could be
due to different types of bonds or different energy levels involved in the ligand-protein
formation complex between fluoride derivatives 6 and 10 with the 2VWX protein surface.
Other results displayed different binding energy levels for fluoride derivatives 6 and 10
compared with the controls. In addition, other data indicate that the fluoride derivatives 6 and
10 may interact with the amino acid residues Glu669 and Thr693 via halogen bonds.
Additionally, other data indicate that fluoride derivative 6 interacts with Gluees through a
hydrogen bond. Finally, compound 6 may interact with Serzs7 via a polar bond.

3.5.2. Second stage.

The ligand-protein complex formation between fluoride derivatives and the 3HNG
protein achieved the second stage. The results showed differences in the number of amino acids

https://biointerfaceresearch.com/ 19 of 25


https://doi.org/10.33263/BRIAC164.104

https://doi.org/10.33263/BRIAC164.104

involved in the coupling of fluoride derivatives with the 3HNG protein surface. Besides, the
binding free energy levels for fluoride derivatives were different compared with the controls.
Other data indicate that the Ki for the compounds 6, 12, 27, and 29 was lower compared with
fluoride derivatives 1-5, 7-11, 13-26, 28, and 30-36. Besides, the Ki values for the fluoride
derivatives 1-36 were higher than those of the controls. Other results show that fluoride
derivative 6 may interact with the amino acid residue Aspioso through a halogen bond. In
addition, some data suggest that fluoride derivatives 27 and 29 may interact with Glugss via a
polar bond.

3.5.3. Pharmacokinetic analysis.

In the literature, several methods are available to determine pharmacokinetic
parameters associated with the biological activity of various drugs, such as GastroPlus@ [42],
PKMP [43], NONMEM [44], PBPK [45], SwissADME [36], and others. In this study,
pharmacokinetic data for fluoride derivatives (6, 10, 12, 27, and 29) were determined using the
SwissADME software. The results indicated that the fluoride derivative 6 may have higher
gastrointestinal absorption compared with the compounds 10, 12, 27, and 29. Other results
indicate that compounds 6 and 29 may act as CYP1A2 and CYP3A4 inhibitors. Furthermore,
the fluoride derivatives 6, 10, 27, and 29 can interact with CYP2C19 and CYP2C9.

On the other hand, other data showed that the lipophilicity of the fluoride analog 6 was
higher than that of compounds 10, 12, 27, and 29. Furthermore, compound QDAUS shows a
high degree of lipophilicity compared to sanguinarine, VDAU-11, and the fluoride derivatives
(6, 10, 12, 27, and 29). Therefore, it would be expected that QDAUS5 would be able to cross
the blood-brain barrier (BBB) more easily than sanguinarine, VDAU-11, and compounds 6,
10, 12, 27, and 29. This phenomenon may be because the SwissADME program considers
other factors, such as the chemical structure of the compounds and the percentage of the drug
that could reach the target cell or receptor.

3.5.4. Toxicology degree.

In the literature, there are reports on the toxicity of fluorinated compounds [46, 47];
therefore, in this study, the toxicity was assessed using a theoretical model. It is important to
note that several methods, such as ToxCast [48], ToxIl [49], Genetox [50], Osiris [51], and
Gussar [52], can predict the toxicity of different drugs. In this study, the toxicity of fluoride
derivatives (6, 10, 12, 27, and 29) was determined using Gussar software and compared with
the controls (sanguinarine, VDAU-11, and QDAUS). The results showed that the fluorinated
derivative 12 requires a higher dose to produce toxicity via the intraperitoneal route than
compounds 6, 10, 27, 29, and the sanguinarine drug. Other data indicate that compound 29
requires lower doses via the intraperitoneal route to produce toxicity than compounds 6, 10,
12, and the controls. Finally, compound 27 requires higher oral doses than compounds 6, 10,
12, 29, sanguinarine, and QDAUS. All these data suggest that the degree of toxicity of each
compound could depend on the chemical characteristics of each fluorinated derivative;
however, it is important to mention that for a chemical substance to produce toxicity, it involves
several processes, including the route of administration and some metabolic processes, before
reaching its site of action and reacting with a biomolecule. Therefore, methods for predicting
the degree of toxicity from chemical structure can make a valuable contribution to the early
detection of potentially toxic chemicals.
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4. Conclusions

In conclusion, all these data suggest the following: 1) Fluoride derivatives 6 and 10
could have a higher affinity for 2VWZ compared to compounds 1-5, 7-9 and 11-36; 2)
fluorinated analogs 6, 12, 27, and 29 could have a higher affinity for 3HNG compared to
compounds 1-5, 7-11, 13-26, 28, and 30-36. All these data suggest that fluorinated derivatives
6, 10, 12, 27, and 29 may act as VEGFR-1 and EphB4 inhibitors. Therefore, these fluoride
derivatives may be good candidates to evaluate their biological activity in some cancer cell
lines.
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