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The structures of the halogenated hydrazoes were confirmed by ultraviolet, fourier-transform
infrared, NMR, and gas chromatography-mass spectrometry spectroscopic data. The in silico
studies i.e. docking and molecular dynamic simulations were performed on these compounds
(8a-3i) using CHARMMZ27 force field. Then, drug-likeness properties were calculated using
Swiss-ADME server and the in silico toxicity prediction was performed using vNN-ADMET server.
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inhibitory effect on the growth of a wide range of cancer
cell lines® and N-acylhydrazone compounds showed good
antitumor activity.®! Other studies have also reported that
some hydrazone derivative compounds have shown promising
anticancer properties against A549 (lung cancer) and NIH3T3
(mouse embryonic fibroblast) cell line."¥ In addition, the
combinations of hydrazones with other functional groups form
the other compounds with interesting physical and chemical
properties. Therefore, the hydrazones are also widely used in
organic synthesis as intermediate!™ and also as target structure
in drug discovery and drug design works.

INTRODUCTION

he development of new compound structures that

I have potential and have biological activities such
as anti-inflammatory, anticancer, antimicrobial,
antihypertensive, and other biological activities still remain
to be the main objective by many researchers. Hydrazones
possessing an azomethine -NHN=CH- group constitute an
important class of compounds for new drug development.
These compounds have been demonstrated to possess various
biological activities. The search for antitumoral drugs led
to the discovery of several hydrazones having antitumoral

activity. Some phenolic and aryl hydrazones have been
reported for their cytotoxicity in the range of 50-70% against
MCF-7 and ZR-75-1 human malignant breast cell lines.!! Some
hydrazinopyrimidine derivatives have also been demonstrated

The halogen substituents play some important roles in
many anticancer researches. Most of halogenated aromatic
compounds, such as halogenated flavonols,!® chalcones,
and pyrazolines':®! exhibited potential anticancer activity. In
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addition, significant number of drugs and their candidates are
halogenated compounds and we can find that some anticancer
drugs also contain halogen atom." Therefore, in this work, we
are interested to study the potency of halogenated hydrazones
series as anticancer agent.

Computational chemistry plays an important role in the
drug design work as well as in the mechanistic study by placing
a molecule into the binding site of the target macromolecule
in a noncovalent fashion.!' Docking and MD simuation
technique will undoubtedly continue to play an important role
in drug discovery."! In this study, we synthesized some series
of hydrazones contained halogens (fluoro, chloro, and bromo)
substituent under microwave irradiation. Then, the in silico
studies were applied for predicting the inhibitory activity for
breast cancer.

MATERIALS AND METHODS
General Informations

The materials used in this work were florobenzaldehyde,
chlorobenzaldehyde, bromobenzaldehyde, methoxybenzaldehyde,
phenylhydrazine, sodium hydroxide, hydrochloric acid, ethanol,
methanol, 1,1-diphenyl-2-picrylhydrazyl, and ascorbic acid.
All materials were obtained either from Merck (Merck KGaA,
Darmstadt, Germany) or Sigma-Aldrich (Sigma-Aldrich Corp., St.
Louis, MO, USA), and used without further purification.

Melting points were determined using Fisher Johns melting
point apparatus (SMP 11-Stuart®). ultraviolet (UV) spectra
were recorded on UV-visible spectrophotometer (Genesys 10S
UV-visible v4.002 2LIN175013). ©). IR spectra were recorded
on fourier-transform infrared (FTIR) spectrophotometer (FTIR
Shimadzu, IR Prestige-21). 1H NMR spectra were recorded on
NMR spectrometer (Agilent 500 MHz by DD2 console system).
Mass spectra were measured on Gas chromatography-mass
spectrometry (GC-MS) spectrometer (Agilent 6890 GOC).
Chemical purities of the compounds were checked by TLC
analysis performed on silica gel GF254 (Merck) and by HPLC
analysis (UFLC Prominence-Shimadzu LC solution, Detector
UV SPD 20AD). The in silico study was performed by MOE
software package (Chemical Computing Group).

General Procedures

General procedure for the synthesis of halogenated hydrazone
series 3a-3i

The synthesis of halogenated hydrazone series (3a-3e,
3g, and 3i) in this work was performed by modification of
previous literatures>*¥ and the synthesis of compounds
3f and 3h have been reported in our previous work.!516!
The synthesis route of the halogenated hydrazone series
is depicted in Figure 1 and the comparisons between this
work and previous works were presented in Table 1. Some
phenilhydrazine (3 mmol) was dissolved in 2 mL of absolute
ethanol and then it was added by 2 mL of NaOH 3N and
was homogenized. Then, each substituted benzaldehyde (1
mmol) was added and the mixture was irradiated (300 W) for
1-4 min. The progress of reaction was observed every minute
by TLC analysis. If the reaction was finished, the mixture
was neutralized by HCI 3N and cooled in an ice bath in a

refrigerator for 24 h to maximize the formation of precipitate.
Then, the precipitate was separated by vacuum filtration
and washed by cold distilled water and n-hexane to afford a
pure product. Some crude products were recrystallized from
ethanol to afford the pure product and compound 3b-3e
were resynthesized using 2 mL of glacial acetic acid (AcOH)
as catalyst to afford the better yield.

1-(2-Fluorobengylidene)-2-phenylhydrazine (3a)

The product was obtained as pink solid. Yield: 68,00%,
m.p. 80°C, UV (EtOH): Amax = 209, 228, 300 and 354 nm.
FTIR (KBr, cm~!): 3308 (N-H str.), 3054 (Ar C-H str.), 1602
(C=N str.), 1516 and 1446 (Ar C=C str.), 1262 (C-N str.),
754 (C-F str.). 'H-NMR (500 MHz, CDCIS) S (ppm): 8.03
(t, 1H, J = 8 Hz, Ar-H); 7.94 (s, 1H, azomethine H); 7.79
(br-s, 1H, NH); 7.29 (m, 3H, Ar-H); 7.18 (t, 1H, J = 7,5 Hz,
Ar-H); 7.14 (d, 2H, J = 7.5 Hz, Ar-H); 7.06 (dd, 1H,
J, =11 Hz, J, = 9 Hz, Ar-H); 6.91 (t, 1H, J = 7.5 Hz, 1H,
Ar-H). GC-MS: t, = 11.176 min, the calculated exact mass of
C,H, FN, = 214.1, [M]* was found at m/z = 214.1 (100%).
1-(3-Fluorobenzylidene)-2-
phenylhydrazine (3b)

The product was obtained as pink crystal. Yield: 29.70%,
m.p. 108-109°C, UV (EtOH): Amax = 206, 237, 301 and
350 nm. FTIR (KBr, cm~%): 3311 (N-H str.), 3054 (Ar C-H str.),
1595 (C=Nstr.), 1516 and 1446 (Ar C=C str.), 1275 (C-N str.),
752 (C-F str.). '"H-NMR (500 MHz, CDCL) & (ppm): 7.69 (br-s,
1H, NH); 7.64 (s, 1H, azomethine H); 7.43 (d, 1H, J = 10 Hz,
Ar-H); 7.33 (m, 4H, Ar-H); 7.13 (d, 2H, J = 7.5 Hz, Ar-H);
7.00 (t, 1H, J = 8 Hz, Ar-H); 6.92 (t, 1H, J = 7 Hz, Ar-H).
GC-MS: t, = 11.176 min, the calculated exact mass of

C.H, FN, = 214.1, [M]* was found at m/z = 214.1 (100%).
1-(4-Fluorobenzylidene)-2-
phenylhydrazine (3c)

The product was obtained as brown solid. Yield: 3.1% (NaOH
as catalyst) and 77.67% (AcOH as cactalyst), m.p. 120-121°C,
UV (EtOH): Amax = 207, 227, 299, 343 nm. FTIR (KBr,
cm™): 3311 (N-H str.), 3053 (Ar C-H str.), 1603 (C=N str.),
1506 and 1446 (Ar C=C str.), 1245 (C-N str.), 755 (C-F str.).
'H-NMR (500 MHz, CDCL,) § (ppm): 7.68 (s, 1H, azomethine
H); 7.65 (dd, 2H, J, = 8.5 Hz, J, = 5.5 Hz, Ar-H-2', Ar-H-
6); 7.62 (br-s, 1H, NH); 7.29 (t, 2H, J = 8 Hz, Ar-H-3”,
Ar-H-3”, Ar-H-5"); 7.12 (d, 2H, J = 8 Hz, Ar-H-2», Ar-H-
6»); 7.08 (t, 2H, J = 8.5 Hz, Ar-H-3’, Ar-H-5"); 6.89 (td,
1H, J, = 7 Hz, J, = 1 Hz, Ar-H-4"). *C-NMR (125 MHz,
CDCL) & (ppm): 162.62 (d, 1J,, = 161.25 Hz, C-4); 144.58
(C-17); 136.04 (C-1); 131.52 (C-17); 129.30 (2C, C-3”, C-57);
127.74 (d, 2C, 3JC_F = 7.5 Hz, C-2’, C-6); 120.18 (C-47);
115.65 (d, 2C, 2JC_F = 22.5 Hz, C-3’, C-5"); 112.72 (2C, C-27,
C-6”). GC-MS: t, = 9.225 min, the calculated exact mass of
CH, FN, = 214.1, [M]* was found at m/z = 214.1 (100%).
1-(2-Chlorobenzylidene)-2-
phenylhydrazine (3d)

The product was obtained as brown crystal. Yield: 19.56% (NaOH
as catalyst) and 96.23% (AcOH as cactalyst), m.p. 70°C, UV
(EtOH): Amax = 209, 249, 302 and 355 nm. FTIR (KBr, cm™):
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0 . H
H 6 Ne a2
N‘NHZ . H . NaOH or AcOH 5"3 N 3'R
EtOH " » 2 e "
180 W, 1-4 minutes 3" 5
1 3a-i
Compounds R (substituent)
3a 2-F
3b 3-F
3c 4-F
3d 2-Cl
3E 3-Cl
3F1® 4-C|'®
39 2-Br
3h'7 3-Br'”
3i 4-Br

Figure 1: Synthesis route of the halogenated hydrazone series 3a-i. a) Afriana et al.,l'”! b) Jasril et al.l'®

Table 1: The comparison between this work and the other previous work

Literatures Substituents Synthesis methods Catalyst Reaction times Allowed in RT Yield
[9] 4-OCH, Refluxed in MeOH - 45 min 72 h Not reported
[10] 2-NO, Refluxed in MeOH - 25 min 48 h Not reported
[11] 4-Cl Refluxed in MeOH - 30 min 72 h Not reported
Previously work [e] Irradiated in EtOH AcOH 2 min 24 h» 85%
Previously work [f] 3-Br Irradiated in EtOH KOH 2 min 24 h? 90.18%
This work 2-F 3-E 4-F, 2-Cl, Irradiated in EtOH NaOH 5 min 24 h? 3.10-68.00%
3-Cl, 4-Cl, 2-Br, 4-Br
4-F, 2-Cl Irradiated in EtOH AcOH 5 min 24 h? 77.67-96.23%

a) The reaction mixture was allowed in ice bath in a refrigerator

3316 (N-H str.), 3053 (Ar C-H str.), 1604 (C=N str.), 1519 and
1445 (Ar C=Cstr.), 1250 (C-N str.), 754 (C-Cl str.). 'H-NMR (500
MHz, CDCL,) & (ppm): 8.12 (s, 1H, azomethine H); 8.09 (dd, 1H,
Ar-H); 7.86 (br-s, 1H, NH); 7.36 (d, 1H, J = 8 Hz, Ar-H); 7.29 (m,
3H, Ar-H); 7.23 (td, 1H, Ar-H); 7.14 (d, 2H, J = 9.5 Hz, Ar-H); 6.91
(t, 1H, J = 7 Hz, Ar-H). GC-MS: t, = 12.330 min, the calculated
exact mass of C;H, CIN, = 230.1, [M]* and [M+2]* were found
at m/z = 230.1 (100%) and 232,1 (32%), respectively.

1-(3-chlorobenzylidene)-2-
phenylhydrazine (3e)

The product was obtained as pink crystal. Yield: 69.54%,
m.p. 120°C, UV (EtOH): Amax = 208, 249, 301, and 354 nm.
FTIR (KBr, cm™!): 3323 (N-H str.), 3053 (Ar C-H str.), 1585
(C=Nstr.), 1516 and 1441 (Ar C=C str.), 1250 (C-N str.), 748
(C-ClI str.). 'H-NMR (500 MHz, CDC13) S (ppm): 7.68 (br-s,
1H, NH); 7.61 (s, 1H, azomethine H); 7.49 (d, 1H,J = 7.5 Hz,
Ar-H); 7.29 (m, 5H, Ar-H); 7.13 (d, 2H, J = 7.5 Hz, Ar-H);
6.91 (t, 1H, J = 7 Hz, Ar-H). GC-MS: t, = 12.492 min, the
calculated exact mass of C ,H, CIN, = 230.1, [M]*and [M+2]*

137711
were found at m/z = 230.1 (100%) and 232.1 (31.02%),
respectively.

1-(2-Bromobenzylidene)-2-
phenylhydrazine (3g)

The product was obtained as orange crystal. Yield: 23.10%,
m.p. 64°C, UV (EtOH): Amax = 209, 249, 301, and 354 nm.

FTIR (KBr, cm™): 3298 (N-H str.), 3053 (Ar C-H str.), 1604
(C=Nstr.), 1516 and 1480 (Ar C=C str.), 1270 (C-N str.), 751
(C-Br str.). 'H-NMR (500 MHz, CDCl,) & (ppm): 8.09 (d, 1H,
J = 7.5 Hz, Ar-H); 8.07 (s, 1H, azomethine H); 7.87 (br-s,
1H, NH); 7.55 (d, 1H, J = 9 Hz, Ar-H); 7.32 (m, 3H, Ar-H);
7.15 (m, 3H, Ar-H); 6.92 (t, 1H, J = 7 Hz, Ar-H). GC-MS:
t, = 12.971 minutes, the calculated exact mass of C ,H, BrN,

= 274.0, [M]* and [M+2]* were found at m/z = 274.1 and
276.1 (64.16%), respectively.

1-(4-Bromobenzylidene)-2-
phenylhydrazine (3i)

The product was obtained as pink crystal. Yield: 42.16%,
m.p. 104°C, UV (EtOH): Amax = 210, 243, 344, and 354 nm.
FTIR (KBr, cm™): 3305 (N-H str.), 3052 (Ar C-H str.), 1593
(C=N str.), 1518 and 1485 (Ar C=C str.), 1265 (C-N str.), 757
(C-Br str.). 'H-NMR (500 MHz, CDCL,) & (ppm): 7.67 (br-s,
1H, NH); 7.62 (s, 1H, azomethine H); 7.53 (d, 2H, J = 9 Hz,
Ar-H-25, Ar-H-65); 7.50 (d, 2H, J = 9 Hz, Ar-H-3,, Ar-H-5);
7.30 (t, 2H, J = 8 Hz, Ar-H-3», Ar-H-5»); 7.12 (d, 2H, J =
7.5 Hz, Ar-H-2”, Ar-H-6"); 6.91 (t, 1H, J = 7.5 Hz, Ar-H-4").
13C-NMR (125 MHz, CDC13) S (ppm): 144.36 (C-17); 135.80
(C-1); 134.31 (C-17); 131.76 (2C, C-3°, C-57); 129.35 (2C,
C-37, C-57); 127.54 (2C, C-2’, C-6"); 122.18 (C-4); 120.40
(C-47); 112.81 (2C, C-2”7, C-6”). GC-MS: t, = 11.388 min, the
calculated exact mass of C ,H,  BrN, = 274.0, [M]*and [M+2]*

137711

were found at m/z = 274.1 and 276.1 (100%), respectively.
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In silico Studies
Protein preparation

Protein tyrosine kinase was observed from protein databank
(RSCB PDB) homepage with pdb ID 1t46. Preparation of
protein was begun with removing original ligand from the
oriental protein, following with added hydrogen atom. The
next step is a minimization of alpha carbon atom, backbone
atom minimized, and finally minimization for whole molecule
protein. The minimization process was performed using the
same force field i.e. CHARMMZ27 with distances of 0.01.

Ligand preparation

Nine ligand [Figure 2] and doxorubicin was sketched using
chemDraw software for then all the ligands were copied into
discovery studio visualizer following with copied the files into
MOE. All the ligands were inserted into mdb database in MOE
software packages (Chemical computing group) for then its
can be used to perform docking simulation.

Molecular docking

Docking was performed using MOE (Chemical computing
group, CCG) software packages. It was started with setting
the potential set up by using CHARMM27 force field with
gridbox among radius x, y, and z of 67, 86, 66, respectively.
Refinement was set into 100. The best poses of docking results
were selected based on some parameters such as binding free
energy, root mean square deviation (RMSD), and also factor of
binding (the same binding interaction with positive control).

Moelcular dynamic simulation

Preliminary studies of molecular dynamic simulation was
performed using NAMD (NAnoscale Molecular Dynamics
program v 2.9) software package. CHARMM27 (Chemistry
at HARvard Macromolecular Mechanics) was selected as the
best force field. TIP3P water box with 2.5 A water layer for
each direction of coordinated structure was used to achieve
modeled protein.

N~ g N~
o0 O O
F F

b 3

3a 3

H H
: ,N\N¢I> N\N//\ : _Cl
Cl :
3d 3e

39

H H
©/N\Néj© : N\N//\ : Br
Br
3h

The gradual system was heated using NVT ensemble from
0 to 300 K over 100 ps. Time scaling was settled on 50 ns
time scale for each system in an isothermal isobaric ensemble
(NPT) with periodic boundary conditions. Temperature and
pressure parameters were set on 1.0 ps. The sampling process
was saved the coordinates for every 0.1 ps. Binding free
energy calculations and hydrogen bonding distance will be
selected as a parameter to generated the best conformations
of MD simulation.

Generation of pharmacophore

The pharmacophore query editor tool was applied to
develop the pharmacophore properties for these synthesized
compounds. It was used to determine the features of the
pharmacophore and also to generate the hypothesis for the
alignments of this pharmacophore. In this research, the
alignments of this pharmacophore were achieved using three
of the best features i.e. hydrophobic, hydrogen bond donor,
and aromatic ring).

Drug-likeness properties calculation

The drug-likeness properties of halogenated hydrazine series
was calculated using Swiss-ADME server (http://www.
swissadme.ch) followed the previous literature."”!

In silico toxicity prediction

The in silico toxicity prediction was performed using vNN-
ADMET server (https://vnnadmet.bhsai.org) followed by
previous literature®” to predict hepatotoxicity, cardiotoxicity,
mitochondrial  toxicity, —mutagenicity, and maximum
recommended therapeutic dose (MRTD).

RESULTS AND DISCUSSION
Synthesis of Compound 3a-i

The synthesis of hydrazones series in this work has
been performed through condensation reaction between

C

H
INZ
o
Cl
3f

H

N. =
L
Br

3i

Figure 2: Molecular structure of substituted hydrazone 3a-3i used as ligands
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phenylhydrazine (1) with substituted benzaldehydes (2) by
modification of the previous method.'*'¥ In the previous
method, the synthesis of hydrazone was performed by
conventional heating, under reflux in methanol for 25-45 min,
and then allowed in room temperature for 48-72 h. In
this work, the synthesis was performed under microwave
irradiation for 5 min with the presence of sodium hydroxide
as a catalyst, and only need additional time of 24 h in ice bath
to maximize the precipitate formation. This modified method
has been proved to save time and ethanol as more preferable
solvent and more environmentally friendly than methanol.
However, this method seems very incompatible for compound
3c (3.1%) and 3d (19.56%). However, we have re-synthesized
both compounds 3¢ and 3d using another method (microwave
irradiation in ethanol and glacial acetic acid as a catalyst), and
we afford 77.67 and 96.23% yield for 3¢ and 3d, respectively.
Based on this result, we conclude that the use of acetic glacial
acid is more suitable than sodium hydroxide for the synthesis
of halogenated hydrazone series. All the spectroscopic data,
including UV, FT-IR, NMR, and GCMS agreed with the structure
of the products.

The formation of the azomethine group in hydrazone
series has been confirmed by FTIR analysis. The FTIR spectra
of synthesized compound showed the absorption band
around 3300 cm™ that indicated the presence of N-H bond
in the azomethine group. In addition, the absorption bands
from C=N bond in azomethine group were appeared around
1600 cm™. The 'H-NMR spectra of all halogenated hydrazone
series also confirmed the formation of azomethine group by
the appearance of broad singlet signal (N-H proton) around §
7.50-7.60 ppm and singlet signal (methine proton) around &
7.62-7.80 ppm. Overall, the 'H-NMR spectra of the synthesized
compounds showed the number of protons corresponded to be
expected molecule targets.

The 2D NMR analysis was also performed for para
halogenated hydrazone series. The HSQC analysis was
performed to provide the information about !H-'*C
correlations between the protons directly bonded to the
carbon atom in a molecule. In addition, the HMBC analysis
was also performed to provide information about 'H-*C
correlations between a proton with several carbon atoms that
are separated by two till three bonds. Based on both HSQC
and HMBC analysis, all protons and carbons showed matching
correlation to the expected structures (See supplementary

Table 2: Docking results

materials). Then, the mass of hydrazone series was also
established by GC-MS analysis. The GC chromatogram
showed that the synthesized compounds possess high purity
and the MS spectra showed the molecular ion peak [M]+
at m/z 214.1 for fluoro substituted hydrazones, m/z 230.1
and 232.1 (3:1) for chloro substituted hydrazones, m/z
274.1 and 276.1 (1:1) for bromo substituted hydrazones.
These molecular ion peaks expressed the molecular mass of
the synthesized compound. Overall, the spectroscopic data
agreed with the structure expected.

Molecular Docking

Docking results of these ligands are depicted in Table 2.
According to the docking results, doxorubicin was used
as positive control has the lowest binding free energy of
-30.9 kcal/mol. In addition, doxorubicin has interaction
via hydrogen bond through residue amino acid such as
Tyr672 and Asp677. Van der Waals interaction was also
contructed between this doxorubicin and residue amino
acids Cys673, Gly676, Tyr675, Cys674, Asn689 and Phe811.
Unfortunately, doxorubicin was not able to build any binding
with hydropbobic amino acid. Figure 3 is depicted the spatial
arrangement of doxorubicin.

Molecule 3a and 3h have binding free energy of —20.68
kcal/mol and -18.23 kcal/mol, respectively. In addition, these
molecules were constructed hydrogen bond through amino
acid Lys623. The existence of the hydrogen bonding in this
complex was shown that molecules 3a and 3h have another
spatial mode of arrangement. An important amino acid
interaction was performed through van der Waals interaction,
i.e, Glu640 and Asp810. Although these molecules have an
RMSD less than two, there is n factor of binding (i.e. the same
sequence of amino acid-like positive control). This is indicated
that molecule 3a and 3h was unable to be inhibitor for the
MC?7 cell line. The spatial arrangement for those molecules is
presented in Figure 4.

Molecule 3b and 3c have three types of interaction with
amino acid. This molecule has hydrogen bond interaction via
amino acid Lys623, van der Waals interaction through Glu640
and Asp810 and also hydrophobic interaction through Lys623
and His790. In addition, molecule 3b and 3¢ have binding free
energy of —17.13 kcal/mol and -22.09 kcal/mol, respectively.
The presence of amino acids with different sequences such
as positive control coupled with the high value of bond-free

Compounds Binding free energy (kcal/mol) RMSD Hydrogen bond VDW Hydrophobic
3a —20.68 0.00 Lys623 Glu640, Asp810 Lys623

3b -17.13 0.00 Lys623 Glu640, Asp810 Lys623, His790
3c —22.09 0.00 Lys623 Glu640, ASP810 Lys623, His790
3d —27.98 0.00 His790, Arg791 Asp810 His790, Arg791
3e —20.01 0.00 Lys623 Glu640, Asp810 Lys623, Asp810
3f -16.45 0.00 Lys623 Glu640, Asp810 Lys623, Asp810
3g —28.76 0.00 His790, Arg791 Asp810 His790, Arg791
3h —18.23 0.00 Lys623 Glu640, Asp810 Lys623

3i —28.59 0.00 His790, Arg791 Glu640, Asp810 His790, Arg791
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energy, it may be caused this compound are estimating to be
inactive as an MCF-7 inhibitor. Figure 5 is presented the spatial
arrangement of compound 3b and 3e.

The same case for molecules 3e and 3f which are
estimated to be inactive compounds, this is not only because
the sequence of amino acid is different like the positive control
but also because of the high value of binding free energy of
—-20.01 kcal/mol and -16.45 kcal/mol, respectively. Different
sequence with positive control causes these molecules to

asn

M

U

A

Interactions

[] vanderwaals [[_] Pi-Donor Hydrogen Bond
[ Conventon Hycrogen Bond B P
[ Corboniycrogensond [ Pt

Figure 3: Spatial arrangement of doxorubicin

create another spatial arrangement, in addition, high binding
free energy indicated that binding between complex ligand
and protein is unstable. This presumably that both of these
compounds become inactive inhibitors for MCE-7. Figure 6 are
presented the spatial arrangement of compounds 3e and 3f.

Molecule 3d, 3f, and 3h have the lower binding free
energy than doxorubicin. The interactions between ligands
and proteins through hydrogen bonds with His790 and
Asp810. Van der waals interaction is also exists with Asp810
and hydrophobic bonds with amino acid sequences are not
so different like positive control or it is still in range of the
positive control sequence. The binding free energy of these
compounds was also close with doxorubicin as positive control
[Figure 7A and B]. It is indicated the hgh stability of these
molecules. In addition, RMSD value of these molecules was
less than two. the lower RMSD value indicated the smaller the
errors that are made during the docking process. Thus, it may
be the reason molecules 3d, 3f, and 3h are estimated to have
a big chance become active inhibitor.

The binding orientation of the estimated active compounds
3d, 3f, and 3h were checked using superimpose. Based on the
superimpose results, it seemed that three of these compounds
have the same orientation with the protein. In addition, the
superimpose was used to validate the docking results between

Asp
810

3h

Figure 4: Spatial arrangement of compound 3a and 3h

Cys
809

Figure 5: Spatial arrangement of compound 3b and 3c
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3i

Figure 7A: Spatial arrangement of compound 3d, 3f and 3h

each compound. Superimposition of these compounds is
presented in Figure 8.

Molecular Dynamic

Base on docking results, the stability of estimated active
compounds, i.e., 3d, 3g, and 3i were observed using
MD simulation. The main purpose of MD simulation was
to examine and also to confirm the binding profile of the

estimated active compound, in this research, MD simulation
was runned on 50 ns. MD simulation was also performed to
ensure that interaction between protein and active compounds
are still maintained.?" The high stability of those ligands was
selected with the lowest energy minimum at temperature of
300K, it is obeserved the affinity of the ligand to binding site.

The efficiency of hydrogen bonding was examined
before and after 50 ns and 300K MD simulations. In
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general, the best conformation of compounds 3d, 3g, and
3i will keep maintaining the interaction between ligand
and receptor before and after MD simulation. Base on the
stability of these three compounds and the Hydrogen bond

1N

HigLEafs9

Figure 8: Visualization of MD interaction for compound 3d, 3g and 3i

Figure 9: Best pharmacophore hypothesis yellow sphere is featured
for hydrogen bond donor, green sphere for hydrophobic and orange
sphere for aromatic ring

distance of these compounds are less than 2.9 A, indicated
that these complexes ligand-protein were stable and
flexible. Based on MD simulation, 3d, 3g, and 3i seemed
to retain their interactions with the same amino acids after
simulation. It is estimated that these compounds have big
potency as breast cancer inhibitors. Interaction of MD
simulation are depicted in Figure 9. Nevertheless, the rest
of compounds lost their activity and the presence of the
amino acids was also not maintained. Table 3 is listed the
interactions with amino acids after the MD simulation.

Pharmacophore

Pharmacophore can be defined as the features of the steric
and electronic ensemble that is very crucial and important to
certify the interaction of the supramolecular with a biological
target. In this study, we have identified the pharmacophore
features as depicted in Figure 9. There are three features that
were achieved, they are hydrophobic (green), hydrogen bond
donor (yellow), and aromatic ring (orange). It is indicated
that these features play an important role become active
compounds.

Druglikeness Properties

The result of drug-likeness prediction using Swiss-ADME server
showed that all halogenated hydrazones have very good drug-
likeness properties with obey the Lipinski’s, Ghose’s, Veber’s,
Egan’s, and Muegge rules. The drug-likeness properties were
presented in Table 4.

In silico Toxicity Prediction

The HepG2 and hERG data in the Table 5 showed that
the halogenated hydrazone series did not showed the
hepatotoxicity and cardiotoxicity potencies, respectively.
However, the MMP and AMES test data showed that two
synthesized compounds (3a and 3g) have potency of
mitochondrial toxicity and also mutagenicity, while compound
3e only showed the potency of mitochondrial toxicity
and compounds 3b and 3¢ only showed the mutagenicity
potency. Then, we also predicted the MRTD in mg/day for
each compound using this server. The result showed that
the difference in types and positions of halogen substituents

Table 3: Listed of the interactions with amino acids before and
after MD simulation

Compound Docking MD H bond
distance
3a Lys623 - 3.24
3b Lys623 - 354
3c Lys623 - 3.4A
3d His790, Arg791  His790, Arg791 294
3e Lys623 - 3.24
3f Lys623 - 3.24
3g His790, Arg791  His790, Arg791 294
3h Lys623 - 354
3i His790, Arg791  His790, Arg791 294
Doxorubicin Tyr672, Asp677  Tyr672, Asp677 29A
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Table 4: The drug-likeness properties of halogenated hydrazone series

Compounds MW (g/mol) H Bond Donor H Bond Acceptor LogP Rotatable bond TPSA (A2) Druglikeness
3a 214.24 1 2 3.55 3 24.39 Yes
3b 214.24 1 2 3.55 3 24.39 Yes
3c 214.24 1 2 3.55 3 24.39 Yes
3d 230.69 1 1 3.68 3 24.39 Yes
3e 230.69 1 1 3.68 3 24.39 Yes
3f 230.69 1 1 3.68 3 24.39 Yes
3g 275.14 1 1 3.81 3 24.39 Yes
3h 275.14 1 1 3.81 3 24.39 Yes
3i 275.14 1 1 3.81 3 24.39 Yes
Table 5: The result of in silico toxicity prediction of halogenated risk. This strategy is an early stage for discover new drugs for
hydrazone series then it can be used as breast cancer inhibitors. However, the
Compounds Toxicity predictions in vitro and in vivo evaluations in further work are required to
HepG2 hERG MMP AMES Test MRTD ensure the potencies of these halogenated hydrazone series.
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