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Keywords: Abstract. Pyridazinones are a class of heterocyclic compounds with broad biological
o activities, one of which is as an anticancer. This study synthesized N-acetohydrazide
Pyridazinone; . - o . .
i substituted pyridazinone derivatives and evaluated their potential as breast cancer
Acetohydrazide;

therapy through molecular docking studies. The target compound, 2-(3-(3-
et eaieny methoxyphenyl)-6-oxopyridazine-1(6H)-yl)acetohydrazide(3), was synthesized through
Estrogen alpha . . Sy T

three reaction steps: condensation to form the pyridqzinone core, functionalization of
ethyl chloroacetate at the nitrogen position, and substitution of the ethoxy group with
hydrazine hydrate. The yield obtained was 48.14%. The purity of the synthesized
compound was confirmed through melting point determination and high-performance
liquid chromatohraphy (HPLC) analysis, which showed a single dominant peak.
Structural elucidation using Fourier-transform infrared (FTIR), mass spectrometry
(MS), proton nuclear magnetic resonance (‘H-NMR), and carbon-13 nuclear magnetic
resonance (*C-NMR) verified the expected structure. Molecular tethering studies
against tyrosine kinase (PDB ID: 3ERT) showed that compound (3) has a binding free
energy of -7.93 kcal/mol, with two hydrogen bonds formed with residues Glu353 and
Leu387. These results indicate that compound (3) has not shown better inhibitory activity
than tamoxifen. Nonetheless, this compound fulfils good physicochemical characteristics

based on Lipinski's rule, so it remains promising for further development
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1. Introduction

Breast cancer is one type of cancer with a high incidence of cases in the world, especially in women.
According to Arnold et al. (2022) in the last five years, approximately 7.8 million women were diagnosed
with breast cancer. In Indonesia, it was recorded that the incidence of breast cancer reached 65,858 cases
(Gondhowiardjo et al., 2021; Yuliastuti et al., 2023). The high number of incidence indicates that breast
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cancer is still a global health problem that requires special attention in an effort to provide more effective
and safe therapy. The World Health Organization (WHO) has launched the Global Cancer Initiative
(GBCI) programme with the aim of reducing breast cancer mortality by 2.5% per year and preventing
2.5 million breast cancer deaths worldwide by 2040. The programme focuses on early detection, timely
diagnosis and treatment as its key pillars (Ong et al., 2024).

Currently various breast cancer treatment methods are available, surgery combined with
chemotherapy and radiotherapy is the standard treatment in breast cancer (Moo et al., 2018). Estrogen
receptor alpha (ER-a) is considered to be the receptor most involved in breast cancer cell development.
Therefore, this receptor is an important target in breast cancer therapy (Clusan et al., 2023). One of the
drugs used for breast cancer therapy currently is tamoxifen (Oskoueian et al., 2018), which acts by
attaching to estrogen receptors in the endoplasmic reticulum, thereby inhibiting the activation of
estrogen expression in breast cells (Chesney et al., 2017). Although they work well, long-term use of
these drugs may develop resistance that reduces the performance and effectiveness of the drug (Mirzaei
et al., 2022). This then encourages the need for research into the development of new anticancer
candidates that work more specifically.

One approach to breast cancer drug development is the exploration of bioactive compounds from
natural and synthetic sources. Pyridazinones are a class of heterocyclic compounds with two nitrogen
atoms, which makes these compounds have a broad spectrum of biological activity (Qin et al., 2020). So
o far, pyridazinone-derived compounds have been investigated and showed good inhibitory activity
against Vascular Endothelial Growth Factor Receptor 2 (VEGFR-2) (El-Nagar et al, 2024) and
Epidermal Growth Factor Receptor (EGFR) (Merde et al., 2023) which is responsible for the growth of
various cancer cells. Therefore, in this study, the activity of pyridazinone derivatives containing
acetohydrazide substituents as ER-a inhibitors was studied through molecular docking studies, with the
aim of finding new breast anticancer drug candidates. In addition, the pharmacokinetics and ADMET
profiles of the target compounds were also studied.

2. The Methods

2.1. Materials and Tools

Materials used include 3-methoxyacetophenone (Merck), glyoxylic acid (Merck), hydrazine
monohydrate (Merck), ethylchloroacetate (Merck), potassium carbonate (Merck), glacial acetic acid
(Merck), dimethylformamide (Merck), ethanol p.a (Merck), methanol p.a (Merck), NaOH 6 N, silica
gel GF 254 TLC plate (Merck), universal pH indicator (Merck), distilled water and several technical
solvents such as ethyl acetate, methanol, and n-hexane that have been distilled.

Tools used in this study include analytical balance (NEWTECH), magnetic stirrer, ACE pressure
tube, hotplate (BOECO Germany), oven, Fisher John melting point determinant (SMP 11-Stuart), UV
lamp (Camag® 254 and 365 nm), HPLC (UFLC Prominance Shimadzu LC Solution, SPD 20AD UV
detector), FTIR spectrophotometer (FTIR Shimadzu, IR Prestige-21), NMR spectrophotometer
(Agilent 500 MHz with DD2 console system), mass spectrophotometer (Water LCT premier XE positive
mode), and glassware commonly used in Chemistry Laboratory FMIPA Riau University. Equipment
for molecular docking assays included an LG Intel® CoreTM i7-8700 computer, 3.20 GHz CPU with 8.0
GB RAM, equipped with ChemDraw Professional 15.0 and MOE 2022.02 (Molecular Operating
Environment, Chemical Computing Group, Tokyo, Japan). All programmes were run on a 64 bit
operating system, Windows 10 Pro

2.2. Synthesis of compound 6-(3-methoxyphenyl)pyridazine-3(2H-one) (1)

32 Photon: Journal of Natural Sciences and Technology, 2025, 16(1)



Synthesis and Molecular Docking... (Shalihah et al.)

A total of 3 mmol of 3-methoxyacetophenone and 3 mmol of glyoxylic acid were put into a monowave
tube, then added with 3 mL of glacial acetic acid. The mixture was reacted using a monowave at 120°C
for 4 hours. Then 3 mmol of hydrazine hydrate was added and the reaction was continued for 3 hours.
Reaction control was carried out using TLC every one hour. The mixture was then neutralised with 6 N
NaOH to form a precipitate. The mixture was placed in a freezer for 24 hours. The precipitate was
filtered and recrystallised using hot ethanol and obtained as compound (1).

Molecular formula C;;H;(N,O,, brown solid (75.47% yield), melting point 180-182°C. FT-IR
spectrum (KBr) U (cm™): 3152 (N-H amine), 3073 and 1489 (C-H sp?), 1678 (C=0), 1594 (C=N), 1284
(C-N).

2.3. Synthesis of compound ethyl-2-(3-(3-meyhoxyphenyl)-6-oxopyridazine-1(6H)-yl)acetate (2)
A total of 1 mmol of compound (1) was mixed with 1.5 mmol ethylchloroacetate and 2 mmol potassium
carbonate in 5 mL dimethylformamide into an Ace pressure tube. The mixture was reacted by stirring
method for 3 hours at room temperature. Reaction control was carried out once an hour using TLC.
The mixture was then poured into a container filled with DM ice and put into the freezer for 24 hours.
The precipitate was separated by filtering and obtained as compound (2).

Molecular formula C;sHisN>Oy, yvellow solid (88.44% vyield), melting point 68-69°C. FT-IR
spectrum (KBr) U (cm-1): 3081 and 1419 (C-H sp2), 1741 (C=0), 1600 (C=N), 1299 (C-0), 1162 (O=C-
O-C acetate).

2.4. Synthesis of compound 2-(3-(3-methoxyphenyl)-6-oxopyridazine-1(6H)-yl)acetohydrazide (3)
A total of 1 mmol of compound (2) and 3 mL of hydrazine hydrate were put into an Ace pressure tube.
Then 25 mL of methanol was added. The mixture was reacted by stirring method for 3 hours at room
temperature. Reaction control was carried out once an hour using TLC. The mixture was then poured
into a container filled with DM ice and put into the freezer for 24 hours. The precipitate formed was
then filtered, dried and obtained as compound (3).

Molecular formula C;3HsN4Os, white solid (48.14% yield). m.p 160-162°C. FT-IR spectrum (KBr)
U (ecm™): 3326 (N-H), 3057 (C-H sp?), 1666 (C=0), 1585 (C=N), 1299 (C-O). I1H-NMR (500 MHz,
CDCI3) 6 (ppm): 8.0148-7.9954 (d, J= 9.7 Hz, 1H), 7.0784-7.0589 (d, J=9.7 Hz, 1H), 7.02-7.00 (d, J= 7.6
Hz,1H), 7.4181 (s, 2H), 7.3928-7.3604 (t, ]= 8.05, 1H), 4.8817 (s, 2H), 3.8429 (s, 3H). HRMS (ESI): m/z
275.1148 [M + H]+ (calcd. for C1 C13H14N403: 274.28).

2.5. Purity analysis and characterisation

Purity analysis of the synthesised compounds was carried out by melting point measurement and High
Performance Liquid Chromatograpgy (HPLC) analysis. The structure of the target compound (3) was
characterised by spectroscopic analysis including Fourier Transform Infra Red (FT-IR), mass
spectroscopy (MS), and Nuclear Magnetic Resonance ("H and C NMR).

2.6. Molecular docking test
The molecular structure of compound (3) and Tamoxifen as positive control were drawn using
ChemDraw Professional 15.0. Afterwards, the 3D molecular structures were refined using the
Molecular Operating Environment (MOE) 2022.0901 software package from the Chemical Computing
Group, utilizing the MMFF94x force field and a gradient of 0.0001 utilizing all these refined molecular
structures, a ligand database in *.mdb format was then created.

The molecular structure of protein tyrosine kinase was obtained from Protein Data Bank with PDB
ID 3ERT (https://www.rcsb.org/). Protein crystal structure preparation can be used MOE 2022.0901
software from Chemical Computing Group and Discovery Studio Visualizer (DSV) from Biovia
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Software package. Protein energy minimization was performed using the CHARMM27 force field, with
an RMS gradient of 0.01 kcal/mol applied throughout the process. As a result of this energy
minimization, the protein structure was then used as a receptor in the analysis.

Moleculer docking was conducted in an oriented manner by first identifyng the active site of the
protein. The site finder tool was employed to localize the active site, and it was designated as a dummy
atom. Subsequently, the posture and refinement parameters were set to 50 and 10, respectively, and the
placement of the triangle was determined. With these preparations complete, docking could be
promptly initiated.

2.7. ADMET Profiles

ADME (Absorption, Distribution, Metabolism, and Excretion) and toxicity profile analyses were
performed using the ADMETlIab 2.0 online server
(https://admetmesh.scbdd.com/service/evaluation/index) as performed by Frimayanti et al., 2025. The

first step, the SMILES code of the target compound structure was generated using the SwissADME
website ((http://www.swissadme.ch/index.php). The code is then copied and placed on the ADMETIab
website after clicking Run, then a complete ADMET profile will appear along with Lipinski's rule of five

from the analysed target compound.

3. Result and Discussion

3.1. Chemistry

In this study, the synthesis of the target compound was carried out through three reaction steps. The
first step was synthesized of 6-(3-methoxyphenyl)pyridazine-3(2H)-one (1). The second step is the
synthesis of ethyl-2-(3-(3-methoxyphenyl)-6-oxopyridazin-1(6H)-yl)acetate (2). The third step is the
synthesis of 2-(3-(3-methoxyphenyl)-6-oxopyridazin-1(6H)-yl)acetohydrazide (3). The synthesis route
of the target compound can be seen in Figure 1.

Step 1:
0 0 o AP
H3co\(>)kCH3 N HO)H]/OH H3CO\©)‘\/\KOH e Heo N
0 o N,H,
@
Step 2:
0
Z o = o o
H,CO XN, .NH H.CO < N\)J\
N —_— 3 : N
+ Cl)J\O/\ N (6]
1) 2)
Step 3:

=z Oo =z OO
H;CO X ..N .NH
1o Aoy, — NIy
3)
)

Figure 1. Design concept for synthesis target compound (3).

The first stage of synthesis of the target compound started with the formation of pyridazinone
compound through aldol condensation reaction between acetophenone and glyoxylic acid using one-
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pot method (Xu et al., 2006). This reaction involves the formation of an enol from acetophenone and
reaction with protonated glyoxylic acid, resulting in a fihydroxy ketone compound that then dehydrates
to a conjugated enone, oxobutenoic acid (Casale et al., 2007). This compound then reacts with hydrazine
hydrate under acidic conditions through a cyclisation reaction to form compound (1). The formation
of the product is indicated by a change in colour to dark brown and the appearance of a new stain on
TLC. The reaction was neutralised by the addition of 6N NaOH, then the mixture was kept in a freezer
for 24 hours to precipitate the product. The product was obtained as compound (1) in the form of brown
solid with 75.47% yield.

The second step was the substitution of compound (1) with ethylchloroacetate at the N position
to form ethyl-2-(3-(3-methoxy phenyl)-6-oxopyridazinel(6H)-yl)acetate compound (2). This reaction
was catalysed by K,CO; in dimethylformamide (DMF) solvent with stirring method at room
temperature. K;COs is a heterogeneous catalyst that is alkaline, where O- will take hydrogen atoms from
the N-H group in compound (1). This can increase the nucleophilic nature of nitrogen atoms, so that
nitrogen will attack the carbon in ethyl chloroacetate and followed by the release of Cl groups. This
reaction is sensitive to water so the use of DMF solvent will not interfere with the effectiveness of the
reaction. Compound (2) was obtained as a yellow coloured solid with a yield of 88.44%.

The third stage is the substitution of compound (2) with hydrazine hydrate in methanol solvent to
form compound (3). The nitrogen in hydrazine acts as a nucleophile that attacks the carbon cation of
compound (2) so that the phi bond on the carbonyl will move to the O atom and the intermediate
product is formed. Furthermore, the release of ethoxy group occurs and acetohydrazide group is
formed. Compound (3) was obtained as a white solid with a yield of 48.14%.

The compound (3) were characterization on the basis of IR, MS, '"H NMR and "C NMR spectral
data. IR spectrum showed the characteristics band at 3326 cm™ region which indicate N-H vibrations
(Meister et al., 2017), peak 2836 cm™ which is the C-H absorption region of methoxy group, also
supported by the presence of a peak at wavenumber 1299 cm™ which is the C-O ether (Nandiyanto et
al., 2019). Then the peak 1666 cm™ region indicates the presence of the C=0 carbonyl functional group
and the peak in the 1585 cm™ region indicates the presence of the C=N group (Daoui et al., 2023), and
the last an aromatic C-H peak was also detected at 3057 cm™.
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Figure 2. Mass spectrum of compound (3).

Furthermore, analysis is carried out using mass spectrometry to determine the molecular weight
of the target compound. In mass spectrometry analysis, the sample analysis process involves ionisation
of the sample into gaseous form with or without fragmentation, then analysed based on the mass to
charge ratio (m/z) and the relative abundance of the ions. The ionisation process can be represented as
molecular ions or fragment ions in Figure 2 there is a peak with the highest abundance at m/z 275.11
which is M+ from compound (3) (Malik et al., 2015).
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Figure 3. '"H-NMR spectrum of compound (3).
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Figure 4. "C-NMR spectrum of compound (3).

The 'H NMR spectrum of compound (3) can be seen in Figure 3, and its interpretation is
summarised in Table 1. Methylene protons are characterised by the presence of a singlet signal at §H
4.88 ppm. Then at 8H 3.84 there is a peak that indicates the proton of the methoxy group (-OCH3). In
addition, there are three peaks at §H 8.01-7.00 with a total number of integrations of five which indicate
aromatic protons (-CH=). The spectrum of 13C NMR (Figure 4) measurement results shows that
compound (3). It can be seen that a C carbonyl characterised by the presence of peaks pointing upwards
at §C 167.39 and 160.68 ppm which indicates the peak of the C=0. The methylene peak appears at C
53.47 ppm, while the methoxy peak appears at §C 54.43 ppm.

Table 1. Interpretation of the 'H and "*C-NMR spectra of compound (3)

Position & (ppm) (Multiplicity, J, H) S¢ (ppm)

1 - -

2 - -

3 - 160.68
4 8.0148-7.9954 (d, J=9.7 Hz, 129.64

1H)
5 7.0784-7.0589 (d, J=9.7 Hz, 131.80
1H)

6 - 145.64
r - 135.66
2 7.02-7.00 (d, J=7.6 Hz ,1H) 111.20
3 - 160.27
e 7.4181 (s, 2H) 115.02
5 7.3928-7.3604 (t, J=8.05, 1H) 129.20
6 7.4181 (s, 2H) 118.19
17 4.8817 (s, 2H) 53.47
27 - 167.39
3” - -

4’ B, .

1 3.8429 (s, 3H) 54.43

The analysis of IR, MS, '"H NMR, and '*C NMR spectra of compound (3) showed the presence of

peaks representing certain functional groups that are characteristic of the compound. Therefore, the
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structure of compound (3) can be concluded to be in accordance with the structure of the target

compound.

3.2. Molecular docking studies

A molecular docking study was conducted to determine the potential interaction between the target
compound and ER-a, which is one of the target receptors for breast cancer treatment (Ikhtiarudin et
al., 2022). The receptor with PDB code 3ERT was chosen as the docking target because it binds 4-
hydroxytamoxifen (4-OHT). Tamoxifen is a drug commonly used in breast cancer treatment that acts
as an antiestrogenetic. This drug works by blocking the binding of a coactivator to the receptor so as to
inhibit the signal pathways responsible for breast cancer cell proliferation (Shiau et al., 1998).

Before docking the target compound with the 3ERT receptor, first validate the docking method by
re-docking the 3ERT receptor protein with its natural ligand, 4-OHT (Bhojwani & Joshi, 2017). The
redocking results showed a good overlay between the 3ERT receptor complex obtained from RSCB and
the redocked 3ERT receptor complex. This indicates that the ligand is bound to the same active side
position in both complexes. One of the parameters of docking results is the value of RMSD (Root Mean
Square Deviation), a docking method is said to be valid if the value of RMSD < 2A (Amrulloh et al.,
2023). The docking result between 3ERT protein and its natural ligand showed RMSD value of 1.70 A
and binding free energy value of -11.056 kcal/mol, so the docking method is valid. In addition, seen in
Figure 5, there is a good positional similarity between the natural ligand 3ERT complex obtained from
RCSB with the natural ligand 3ERT complex redocking results. This shows the active side selected in
the docking method is in accordance with the position of the natural ligand bound.

der Waals [ Pi-Sulfur

B Conventional Hydrogen Bond Ayl

Carbon Hydrogen Bond Pi-Alkyl

Figure 5. Overlay of redocking binding poses between innate natural ligands (purple) with redocking
natural ligands (green).

The docking result between 3ERT protein and its natural ligand showed RMSD value of 1.70 A
and binding free energy value of -11.056 kcal/mol, so the docking method is valid. In addition, seen in
Figure 5 and Table 2, there is a good positional similarity between the natural ligand 3ERT complex
obtained from RCSB with the natural ligand 3ERT complex redocking results. This shows the active
side selected in the docking method is in accordance with the position of the natural ligand bound.

Table 2. Docking result on 3ERT receptor.

Interaction

Compounds AS (kcal/mol) RMSD -
Hydrogen Bond Other Interactions
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Figure 6. Visualization of ligand interaction with 3ERT receptor a. Tamoxifen, b. compound (3).
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Figure 7. Overlay of binding poses between 4-OHT redocking (green), tamoxifen (yellow) and 3-PNH
compound (blue).

Visualization of the interaction of compound (3) and tamoxifen compounds with 3ERT protein
docking results can be seen in Figure 6. Compound (3) is seen to have two hydrogen bonds, namely
with amino acids Glu353 and Leu387, while tamoxifen as a positive control does not form hydrogen
bonds with amino acids on the active side of the protein. Hydrogen bonds regulate the stability of the
host-guest complexes formed (Vaidyanathan et al, 2023). Ligands that have many conventional
hydrogen bonds show strong affinity to ER-a (Masand et al., 2024).

The compound (3) has hydrogen bonds that tamoxifen does not have. So that the affinity of the
compound (3) complex with the 3ERT receptor is better. However, the docking results of compound
(3) with ER-a protein showed greater energy than tamoxifen, namely -7.93 kCal/mol, which indicates
low binding affinity. Therefore, the binding affinity of tamoxifen is better than that of compound (3).
Overlaying the binding poses of the natural ligand, tamoxifen and compound (3) was done to compare
the position of the ligand on the active site of ER-a protein. Based on Figure 7. it can be observed that
compound (3) has a similar binding pose to tamoxifen and natural ligand.

3.3. ADMET profiles

The physicochemical properties of compound (3) were analyzed based on Lipinski's rule, which assesses
parameters such as molecular weight (MW), the number of hydrogen bond acceptors and donors, as
well as logP values that describe the distribution of the compound between n-octanol and water. Based
on these criteria, compound (3) was predicted to be orally viable and in accordance with Lipinski's rule.

Table 3 shows the physicochemical and pharmacokinetic prediction data of compound (3).

Table 3. ADMET profiles of compound (3).

ADMET profiles Ideal values Values

Lipinski’s rule of five

Molecular Weight <500 274.28

Hydrogen Bond Donor <5 3

Hydrogen Bond Acceptor <10 7

LogP <5 0.307
ADME

Penetration of Blood Brain Barriers (BBB) s

(cm/s)
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Human Intestinal Absorption (HIA) -

Plasma Protein Binding (PPB) (%) 75.57
Caco2 cell permeability (log cm/s) -4.727
Volume Distribution (L/Kg) 0.659
Half Time 0.716
Toxicity

Human hepatotoxicity ++
hERG blockers ---
Drug-induced liver injury (DILI) +++

Note: for classification endpoints, the predicted probability values are transformed into six symbols: 0-
0.1 (---), 0.1-0.3 (--), 0.3-0.5 (), 0.5-0.7 (+), 0.7-0.9 (++), dan 0.9-1.0 (+++)

Drug absorption was evaluated based on blood-brain barrier (BBB) and human intenstinal
absorption (HIA) parameters, which represent the ability to cross the blood-brain barrier and be
absorbed by the human digestive system, respectively. Compound (3) was classified as having good BBB
permeability with empirical values between 0.9-1.0 (Syahri et al., 2023). A low HIA value (0-0.1)
indicates low absorption ability in the human gut (Yan et al., 2008) It is likely that compound (3) cannot
be absorbed efficiently through the gastrointestinal tract. Prediction of drug permeability was done
using the Caco-2 cell model which represents human colon adenocarcinoma cells (Frimayanti et al.,
2025). Compound (3) is thought to have limited permeability in the intestine as indicated by a Caco-2
value of >-5.0 log cm/s. The volume of distribution value of 0.659 L/Kg indicates that compound (3)
has a fairly balanced distribution between blood and tissue (Smith et al., 2015), which is an indicator of
systemic circulation safety and stability. Predicted toxicity of compound (3) is seen from the parameters
of human hepatotoxicity and DILI which show quite high values that are close to 1. This means that
compound (3) has the potential to cause liver damage. While the hERG blockers parameter shows a
relatively low value (0-0.1), meaning that compound (3) most likely does not inhibit the hERG channel

so it is safe in terms of cardiotoxicity.

4. Conclusion

Based on the research conducted, the compound 2-(3-(3-methoxyphenyl)-6-oxopyridazine-1(6H)-
yl)acetohydrazide (3) was obtained in pure form through three reaction steps with a yield of 48.14%.
Evaluation of the compound's activity through molecular docking studies showed that the target
compound can form hydrogen bonds with important amino acid residues at the active site of ER-a
(PDB 3ERT), such as Glu353 and Leu387. The docking results showed that compound (3) has a lower
binding affinity compared with tamoxifen. In addition, although compound (3) exhibits good drug-like
properties, it has poor absorption and is therefore less suitable for oral administration.
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