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Abstract

This research aims to synthesize a series of pyridazinone derivatives (4a-4d, 5, 6a-6d), investigate their activities
against the aldose reductase enzyme, and analyze their pharmacology profiles. Substituted-acetophenone were reacted
with glyoxylic acid and hydrazine through a one-pot process using a heating reactor to obtain compounds 4a - 4d.
Meanwhile, compounds 5 and 6a - 6d using a stirring technique, were synthesized combining compound 4d with p-chloro
benzene sulphonic acid for compound 5 and combining compounds 4a - 4d with ethyl chloro acetate to produce
compounds 6a - 6d. The MOE 2021.010 software package was taken to perform the molecular docking analysis. The
ADMET profiles were performed using online pre-ADME and ProTox IlI. In this research, 9 pyridazinone derivatives
(4a-4d, 5, and 6a-6d) were synthesized. Three of them are new compounds, namely 6a, 6b, and 5. The docking results
predicted that compound 5 exhibits the best inhibition against the aldose reductase with a binding free energy value of
—12.61 kcal/mol. The tolrestat as positive control has binding free energy values of —14.13 kcal/mol. Compound 5 binds
with essential residues at the active site, which builds 5 hydrogen bonds with His110, Tyr48, Cys298, and Asn160 and 3
hydrophobic interactions with His110, Trpl11, and Tyr209. The ADMET result provides information about the
pharmacotherapy potential of all molecules. But for compound 5, structure modification is needed to improve its safety,
especially to remove its hepatoxicity. This information could support that compound 5 can be considered as a reference
for further drug design development to be a potential agent for aldose reductase enzymes inhibitor.
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Introduction
Diabetes mellitus (DM) is a long-term metabolic

disorder caused by impaired insulin production, insulin
resistance, or both, leading to hyperglycemia or high
blood glucose levels [1,2]. High blood glucose in
diabetics can cause hyperactivity in the polyol metabolic
pathway [3-5]. This pathway involves 2 enzymes,
known as aldose reductase [6,7] and sorbitol
dehydrogenase [8]. The first stage in this pathway is
NADPH-dependent catalysis by the

enzyme aldose reductase to reduce glucose to sorbitol.
In the second stage, the sorbitol dehydrogenase will
oxidize sorbitol to fructose along with the coenzyme
NAD" to NADH [9]. The high activity of the aldose
reductase in the polyol pathway is associated with
various pathogenic factors, which in the long term will
cause secondary complications in patients with diabetic
mellitus. Sorbitol does not readily diffuse through cell
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membranes. Therefore sorbitol accumulating in cells
will cause hypertonicity followed by osmotic stress,
then contributing to diabetic complications, such as
nephropathy, neuropathy, and retinopathy [10-12].
Aldose reductase inhibitors (ARIs) can inhibit the
polyol pathway and be used as antidiabetic therapy to
avoid and slow the development of diabetes
complications. Several ARIs have been used for
antidiabetic drugs, such as fidarestat, tolrestat, and
sorbinil [ 13,14]. However, these ARIs cause side effects
toxicity [15]. Therefore, discovering new agents with
more diverse and safe structures became an interesting
and profound goal for developing antidiabetic therapies.

Currently, research on synthesis of pyridazinone
derivatives is often studied. The pyridazinone
derivatives showed pharmacophore effects, such as
cardioactive agents [16,17], anticancer [18,19], anti-
bacterial [20], antimycobacterial [21], COX-2 inhibitors
and anti-inflammatory [22-24], and antioxidants [25].
Previous studies have found that 6-substituted-3(2H)-
pyridazinone-2-ylacetate derivatives showed
cholinesterase inhibitory Ozdemir et al. [26] and
vasodilator activity [27]. Pyridazinone derivatives have
also been shown to be potent against a-glucosidase
enzyme [28].

Synthesis of pyridazinone derivatives 4a - 4d have
been carried out using substituted-acetophenone,
glyoxylic acid, and hydrazine Krasavin et al. [29]
through a one-pot process using a heating reactor. A
phenyl group of acetophenone bound with a
pyridazinone ring was designed for a methoxy group as
the electron-donating group, then chlorin and bromo as
electron-withdrawing. The effect of these substituted
groups and their position on the phenyl ring will be
considered to analyze their pharmacology effects. Next,
for the synthesis of compound 5 and 6a - 6d,
modifications were made such as substituting hydrogen
at position 2 of the pyridazinone ring with benzene
sulphonyl chloride and ethyl acetate groups. The
substituted-3(2H)-pyridazinone-2-ylacetate derivatives
(6c and 6d) have been synthesized before [27,30].
However, the 6a, 6b, and 5 compounds have never been
reported.

The inhibitors of ARIs have multiple structures,
but some common features can be identified, basically
being divided into 3 main classes of classical inhibitors:
compounds that contain cyclic imides, carboxylic-acid

derivatives, and polyphenolic compounds [31].
However, many studies have also shown that the
structure of ARI inhibitors can be further developed.
Novel acyl hydrazone derivatives were looked at as AR
enzyme inhibitors. They were very effective, 17.38- and
10.78-fold more effective than the standard drug
epalrestat. This is in line with the results of molecular
docking studies. Additionally, this compound exhibits
safe ADME properties [32]. Several derivatives of
compounds containing sulfonate groups have been
studied to have properties as effective aldose reductase
inhibitors. Askarova [33] has synthesized compounds
containing sulfonate groups, specifically
sulfamidomethylation derivatives of phenols, which
exhibit activity as aldose reductase inhibitors.
Additionally, non-acidic 4-methylbenzenesulfonate
inhibited the ALR2 enzymatic activity in a sub
micromolar in vitro setting and was found to be non-
toxic [34]. The study's findings on sulfides and sulfones
could be exploited to create innovative therapeutics that
prevent diabetes complications. According to the
ADME-Tox study, these compounds are predicted to be
ALR2s with appropriate drug-like characteristics [35].

Based on the above studies, all the synthesized
pyridazinone derivatives were tested to see if they could
work as aldose reductase enzyme inhibitors to help treat
complications that come up with diabetes mellitus.
There were molecular docking studies done on the
synthesized pyridazinone derivatives to predict the
binding free energy and conformation binding.
Furthermore, a detailed understanding of in silico
pharmacokinetic prediction (ADMET) was carried out
to support the discovery of a drug design for diabetic
complications therapy.

In contrast to previous studies, the current research
introduces a more efficient synthesis of pyridazinone
derivatives through a one-pot method using a heating
reactor. The pyridazinone synthesis method was
modified using the one-pot method in a monowave
reactor tube. Hydrazine was directly added to the reactor
tube after the reaction between glyoxylic acid and
acetophenone took place for 2 - 3 h without going
through the purification of the intermediate oxobutanoic
acid compound. This method is more efficient because
it can save solvents. In previous studies, the synthesis of
pyridazinone was carried out through 2 reaction stages
[29,36]. In this study, the synthesis of pyridazinone
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using a monowave accelerated the reaction compared to
the traditional stirred hot-plate setup. This was due to
the use of a tightly fitted, electrically heated metal
heating jacket, which mimicked the heating rate of a
microwave reactor. Other researchers have never used

monowave to synthesize pyridazinone.

Materials and methods

Materials

The materials that were used for this research were
glyoxylic acid (C,H»203), methoxy acetophenone
(CoH1002), glacial acetate acid (CHsCOOH), hydrazine
monohydrate (N2H4*H>0), sodium hydroxide (NaOH),
6-(3-bromophenyl)pyridazine-3(2H)-on (CioH7BrN,O),
benzene sulfonyl chloride (C¢HsSO,Cl), potassium
carbonate (K,COs3), acetonitrile (C-HsN), and ethyl
chloroacetate (C4sH7Cl10O,). All materials were purchased
from Merck and Sigma-Aldrich. The materials were

used without purification.

Equipment and instrumentation

The synthesis reaction was carried out using a
Monowave 50 heating reactor(Anton-Paar, Graz,
Austria). The melting point was obtained by a Fisher-
Johns apparatus (Fisher Scientific, Waltham, MA, USA)
(uncorr). Thin Layer Chromatography (TLC) analysis
was carried out using GF254 (Merck Millipore,
Darmstadt, Germany) under a UV lamp 254/365 nm
(Cole-Elmer®, Vernon Hills, IL, USA). The FT-IR
spectra, Mass spectra, and 1H-NMR spectra was
recorded in KBr powder on a Shimadzu® FT-IR
Prestige-21 spectrophotometer (Shimadzu Corporation,
Kyoto, Japan), Water Xevo QTOFMS instrument
(Waters, Milford, MA, USA), and an Agilent® (Agilent
Technologies, Santa Clara, CA, USA), respectively. The
molecular docking analysis was performed using the
MOE 2020.0102 software package and Discovery
Studio Visualizer (DSV) 2019 software.

Synthesis of 6-(2/3/4methoxyphenyl)-
pyridazinone-3(2H)-one (4a-4d)

Synthesis of 6-(substituted phenyl)-pyridazinone-
3(2H)-ones (4a - 4d) were carried out based on Cruz et
al. method [37], but modified for one-pot method. A
mixture of glyoxylic acid (3 mmol), methoxy
acetophenone (3 mmol), and glacial acetate acid (3 mL)
were mixed in a heating reactor at 120 °C for 3 h. After

that, hydrazine monohydrate (3 mmol) was added to the
mixture and the reactor was set at 80 °C for 2 h. Next,
40 % of sodium hydroxide (NaOH) was added to the
mixture for the neutralization process. The precipitate
formed was filtered and washed. The solid products are
recrystallized in methanol to obtain compounds 4a - 4d.
Crystal purity test was carried out by HPLC analysis,
TLC, and melting point determination. Each compound
was characterized by spectroscopy methods IR, MS, and
1H-NMR.

6-(2-methoxyphenyl)-pyridazin-3(2H)-one (4a)

Molecular formula C;1H0N>O», brown dark solid
(46.86 % yield). m.p. 130 - 131 °C HPLC chromatogram
tR=17.321 min. FT-IR spectrum (KBr) U (cm™): 3,198
cm! (N-H amine), 2,865 cm™' (C-H sp?), 1,678 cm’!
(C=0), 1,593 cm™! (C=N). '"H-NMR (500 MHz, CDCl5)
d (ppm): 11.76 (s, 1H), 7.78 (d, J = 9.8 Hz, 1H), 7.59
(dd,J=17.6,1.8 Hz, 1H), 7.42 (ddd, J=8.3 Hz, 7.4, 1.8
Hz 1H), 7.06 (td, /= 7.5, 1.1 Hz, 1H), 7.00 (d, J = 8.3
Hz, 1H), 6.97 (d, J = 9.8 Hz, 1H), 3.88 (s, 3H). HRMS
(ESI): m/z 203.0825 [M + H]" (caled. for Ci1HioN2Ox:
203.0821).

6-(3-methoxyphenyl)-pyridazin-3(2H)-one (4b)

Molecular formula C;;H0N2O», light brown solid
(72.60 % yield. mp. 135 - 136 °C. HPLC
chromatogram tR = 4.566 min (254 nm) and 4.558 min
(365 nm). FT-IR spectrum (KBr) U (cm™): 3,204 cm™!
(N-H amine), 2,923 cm™' (C-H sp?), 1,661 cm™" (C=0),
1,595 em™! (C=N). 'H-NMR (500 MHz, CDCl;) &
(ppm): 11.42 (s, 1H), 7.77 (d, J = 9.9 Hz, 1H), 7.40 (d,
J =79 Hz, 1H), 7.38 (s, 1H), 7.34 (dt, J=7.9, 1.2 Hz,
1H), 7.08 (d, J=9.9 Hz, 1H), 7.00 (dd, J = 8.1, 2.4 Hz,
1H), 3.89 (s, 3H). HRMS (ESI): m/z 203.0817 [M + H]*
(calced. for C11H10N2O2: 203.0821).

6-(4-methoxyphenyl)-pyridazin-3(2H)-one (4c)

Molecular formula C;H;(N,O,, brown solid
(81.84 % yield). m.p. 148 - 149°C. HPLC
chromatogram tR = 4.586 min (254 nm) dan 4.558 (365
nm). FT-IR spectrum (KBr) U (cm™): 3,201 cm™! (N-H
amine), 2,908 cm ™! (C-H sp®), 1,655 cm™! (C=0), 1,593
cm' (C=N). 'H-NMR (500 MHz, CDCl;) & (ppm):
11.55 (s, 1H), 7.74 (d, J= 8.5 Hz, 2H), 7.74 (d, J=10.0
Hz, 1H), 7.06 (d, J=10.0 Hz, 1H), 6.99 (d, J= 8.5 Hz,
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2H), 3.87 (d, J = 1.0 Hz, 3H). HRMS (ESI): m/z
203.0826 [M + H]" (caled. for Ci1H1oN202: 203.0821).
6-(3-bromophenyl-pyridazin-3(2H)-one (4d)

Molecular formula C;0H7BrN>;O, brown solid
(98.4 %). m.p. 117 - 118 °C. HPLC chromatogram tR =
5.787 min (A = 254 nm). FT-IR spectrum (KBr) U
(cm™): 3,126 cm™! (N-H amine), 1,707 cm™' (C=0),
1,585 cm™ (C=N), 1,288 ¢cm™! (C-N), 591(C-Br). 'H-
NMR (500 MHz, CDCl3) 6 (ppm): 8 10.93 (s, 1H), 7.96
(s, 1H), 7.76 - 7.68 (m, 2H), 7.59 (d, J = 8.2 Hz, 1H),
7.36 (t,J=7.9 Hz, 1H), 7.09 (d, J=9.9 Hz, 1H). HRMS
(ESI): m/z 250.9820 [M+H]" (caled. For CioH7BrN,O:
250.9820).

Synthesis of 6-(3-bromophenyl)-2-
(phenylsulfonyl)pyridazine-3(2H)-one (5)

Synthesis of 6-(3-bromophenyl)pyridazine-3(2H)-
on (5) was carried out based on Kweon et al. method,
but modified for one-pot method [38]. The mixtures of
compounds 6-(3-bromophenyl)pyridazine-3(2H)-on (1
mmol), benzene sulfonyl chloride (2 mmol), potassium
carbonate (2.5 mmol), and acetonitrile (15 mL) were
stirred for 8 h at room temperature and the synthesis
progress was controlled using TLC. The solid was
extracted using a solvent system of 50 % ethyl acetate:
distilled water. The ethyl acetate layer was collected to
obtain the purified compound 5. The purity of the
product was using the TLC, melting point
determination, and HPLC test.

6-(3-bromophenyl)-2-
(phenylsulfonyl)pyridazine-3(2H)-one (5)

Molecular formula CicH12BrNOsS, white (15.66
% yield), m.p. 157 - 158 °C HPLC Chromatogram tR =
7.244 (250 nm. FT-IR spectrum (KBr) U (cm™): 3,067
cm! (C-H aromatic), 1,707 cm™' (C=0), 1,609 cm!
(C=N), 1,194 cm™ (SO,), 689 cm™' (C-Br).'H-NMR
(500 MHz, CDCl3) & (ppm): 6 8.23 (d, /= 7.3 Hz, 2H),
7.98 (s, 1H), 7.79 (d, /= 8.3 Hz, 1H), 7.72 (t,J="7.5 Hz,
1H), 7.66 (d, J = 9.8 Hz, 1H), 7.64 - 7.56 (m, 3H), 7.38
(t,J =17.9 Hz, 1H), 6.96 (d, J = 9.8 Hz, 1H). '3C NMR
(126 MHz, CDCl3) 6 (ppm): 157.27, 143.30, 136.28,
135.60, 135.00, 133.34, 132.86, 131.52, 130.62, 129.90,
129.39, 129.05, 124.97, 123.35. HRMS (ESI) (m/z):
390.9758 [M+H]*. (Caled. for Ci6H12BrNOsS:
390.9759).

Synthesis of ethyl-2-(3-(-substituted phenyl)-6-
oxopyridazine 1(6H)-il) acetate (6a-6d)

Ethyl 2-(3-(-substituted phenyl)-6-oxopyridazine-
1(6H)-il) acetate (6a-6d) were carried out by modifying
the procedure proposed by Allam et al. [27] with one-
pot method. Each mixture of appropriate compounds 4a
- 4d (0.01 mol) and K>COs3 (0.02 mol) was added ethyl
chloroacetate (0.015 mol) dropwise while stirring with a
magnetic stirrer for 2 - 3 h at 400 RPM, room
temperature and controlled using TLC. Next, the
mixture is poured into a container filled with ice cubes
and continuously stirred. The precipitate was filtered
and washed. The product solids are recrystallized in
methanol to obtain compounds 6a - 6d. Crystal purity
test was carried out by HPLC analysis, TLC, and
melting point determination. The crystal structure was
characterized by spectroscopy methods IR, MS, and 1H-
NMR.

Ethyl-2-(3-(2-metoxyphenyl)-6-oxopyridazine
1(6H)-il)acetate (6a)

Molecular formula C;sH¢N,Os, fawn-colored
solid (33.33 % yield). m.p. 166 - 168 °C HPLC
Chromatogram tR = 4.573 min (254 nm) and 4.575 min
(365 nm). FT-IR spectrum (KBr) U (cm™): 2,992 cm™
(C-H sp?), 1,741 dan 1,674 cm! (C=0), 1,592 cm™!
(C=N), 1,220 cm! (C-0). 'H-NMR (500 MHz, CDCl3)
87.74(d, J=9.7 Hz, 1H), 7.56 (dd, J= 7.6, 1.8 Hz, 1H),
7.42 (td, J=17.9, 1.7 Hz, 1H), 7.05 (t,J = 7.5 Hz, 1H),
6.99 (d, J= 8.3 Hz, 1H), 6.95 (d, /= 9.7 Hz, 1H), 4.96
(s, 2H), 4.26 (q, J= 7.1 Hz, 2H), 3.87 (s, 3H), 1.31 (t,J
= 7.1 Hz, 3H). HRMS (ESI) (m/z): 289.1174 [M+H]".
(Caled. for CisHi6N2O4: 289.1188).

Ethyl-2-(3-(3-metoxyphenyl)-6-oxopyridazine
1(6H)-il)acetate (6b)

Molecular formula CisHisN.O4, yellow solid
(74.65 % yield). mp 58 - 59 °C HPLC Chromatogram
tR = 4.542 min (254 nm) and 4.543 min (365 nm). FT-
IR spectrum (KBr) U (cm™): 2,945 cm™' (C-H sp?),
1,753 dan 1,673 cm! (C=0), 1,599 cm! (C=N), 1,214
cm ! (C-0). 'H-NMR (500 MHz, CDCl13) 6 7.71 (d, J =
9.7 Hz, 1H), 7.38 (t, /= 7.9 Hz, 1H), 7.33 (s, 1H), 7.33
(d, J=8.4 Hz, 1H), 7.06 (d, J=9.7 Hz, 1H), 6.99 (dt, J
=8.1, 1.5 Hz, 1H), 4.98 (s, 2H), 4.27 (q,J= 7.1 Hz, 2H),
3.88 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). HRMS (ESI)
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(m/z): 289.1187 [M+H]". (Calcd. for CisHisN2Os:
289.1188).

Ethyl-2-(3-(4-metoxyphenyl)-6-oxopyridazine
1(6H)-il)acetate (6¢)

Molecular formula C;5sH16N2O4, yellow solid (88.9
% yield). m.p. 91 - 92 °C HPLC Chromatogram tR =
4.286 min (254 nm) and 4.288 min (365 nm). FT-IR
spectrum (KBr) U (cm™): 2,988 cm™!' (C-H sp?), 1,758
dan 1,667 cm™! (C=0), 1,576 cm™' (C=N), 1,212 cm™'
(C-0). 'H-NMR (500 MHz, CDCI3) & (ppm): & 7.72 (d,
J=9.0 Hz, 2H), 7.69 (d, J=10.0 Hz, 1H), 7.04 (d, J =
10.0 Hz, 1H), 6.98 (d, /= 8.5 Hz, 2H), 4.96 (s, 2H), 4.27
(q,J="7.1 Hz, 2H), 3.86 (s, 3H),1.30 (t, /= 7.1 Hz, 3H).
HRMS (ESI) (m/z): 289.1189 [M-+H]" (Calcd. for
Ci5sH16N2O4: 289.1188).

Ethyl-2-(3-(3-bromophenyl)-6-oxopyridazine
1(6H)-il)acetate (6d)

Molecular formula Ci4Hi4N>O3Br, light brown
solid (91.04 % yield). mp. 89 - 90 °C HPLC
Chromatogram tR = 15.445 (254 nm). FT-IR spectrum
(KBr) U (em™): 2,978 em™ (C-H sp®), 1,742 dan 1,690
cm ! (C=0), 1,590 cm™! (C=N), 1,220 cm ! (C-0O), 578
cm™! (C-Br). '"H-NMR (500 MHz, CDCl;) § (ppm): &
7.96 (s, 1H); 7.70 (d, J = 9.7 Hz, 1H); 7.69 (d, J = 8.2
Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H); 7.34 (t, /= 7.9 Hz,
1H); 7.08 (d, J=9.7 Hz, 1H); 4.98 (s, 2H); 4.28 (q, J =
7.1 Hz, 2H); 1.32 (t,J=7.1 Hz, 3H). HRMS (ESI) (m/z):
337.0188 [M+H]" (Caled. for Ci4Hi4sN,O3Br:
337.0188).

Molecular Docking

Ligand and receptor preparation

The crystal structure of the selected receptor was
downloaded from the protein database
(https://www.rcsb.org/), namely the aldose reductase
receptor (PDB ID 1Z89 with resolution 1.43 A) in the
bound state with sulfonyl-pyridazinone inhibitor [39].
Molecular docking was performed using Molecular
Operating Environment (MOE). The receptor was
prepared by adding all hydrogen atoms and adjusting the
total charge of the residues during the structure
preparation process. Receptor preparation was done by
minimizing energy by selecting the CHARMM?27 force
field, determining the coordinates of the receptor-ligand
interaction center (wall), and setting the RMS gradient

to 0.01 kcal/mol/A. CHARMM?27 force fields are used
in research to minimize the energy of the aldose
reductase enzyme protein because they are commonly
used in all-atom proteins, DNA, and RNA.

Pyridazinone derivatives and the positive control,
tolrestat, served as ligands. The prepared ligands
comprised the formation of a 3-dimensional structure,
the additional hydrogen atoms, and the estimation of
partial charges. The energy of molecules was minimized
by implementing force field MMF94x until the RMS
gradient of 0.001 kcal/mol/A. The Merck Molecular
Force Field (MMFF94) is a commonly used force field
equation for energy minimization in small organic
molecules in medicinal chemistry. For docking, the
parameters were set for score selection using the London
dG scoring function, and for method selection using the
Triangle Matcher protocol for placement and Rigid
Receptor for refinement. The lowest binding free energy
(S-score, in kcal/mol) was selected for analysis. The
results of docking were visualized using MOE
2020.0101 software.

Docking

The MOE 2020.0901 (Chemical Computing
Group) software was used to examine the molecular
interaction. Before initiating the docking procedure, the
active site of the protein was identified using a site
finder, comprising several amino acid residues. This site
was designated as a dummy atom to serve as the target
location for the docking process. In the docking menu,
the site was configured as a dummy atom, and the
prepared ligand structure, saved in an MDB file, was
selected. The placement parameters were set to a
triangular configuration, refinement was specified as
rigid, and the pose values were established at 100 and
10, respectively. Once the folder for storing the docking
results was selected, the “Run” button was clicked, and

the docking process was awaited until its completion.

The prediction of drug-likeness and absorption,

distribution, metabolism, excretion, and toxicity

(ADMET)
The prediction of drug-likeness was conducted
using the SwissADME website

(http://www.swissadme.ch/index.php). The parameters
were analyzed to ensure the Lipinski Rule of 5, namely
molecular weight (< 500); molar refractivity (40 - 130);



Trends Sci. 2025; 22(4): 9396

6 of 17

hydrogen bond acceptor (< 10); hydrogen bond donor (<
5); lipophilicity (as LogP, < 5).

ADME profiles were generated using the pre-
ADME tool (https://preadmet.webservice.bmdrc.org/).
The selected endpoints in pre-ADME were Blood Brain
Barrier (BBB), Human Intestinal absorption (HIA),
Plasma Protein Binding (PPP), skin permeability, Caco-
2 cell permeability, and cytochrome P450. The toxicity
profiles were performed using ProTox II (https:/tox-
new.charite.de/). The selected endpoints in ProTox II
were mutagenicity, hepatoxicity, immunotoxicity,
carcinogenicity, rat acute oral toxicity (LDsg), and

toxicity classification.

Results and discussion

The synthesis of 4a - 4d was carried out by one-
pot method wusing heating reactor through a
substituted-

acetophenone, glyoxylic acid, hydrazine, and carboxylic

cyclocondensation reaction between
acid as a catalyst. Here, the synthesis process of 4a - 4d
by one-pot method using heating reactor was proven
more effective and safer. The heating reactors based on
the conventional heating principle have adequate
process control in a sealed vessel reactor, namely:
heating and cooling performance at 250 °C and pressure
control in addition to magnetic stirring efficiency [40].

Conversely, the one-pot method conserves solvents as it

studies have reported the synthesis of pyridazinone
derivatives using reflux heating for 4 - 8 h, which
involves more reaction steps and solvents. Specifically,
after the formation of the intermediate compound in the
first stage, extraction is carried out to obtain a pure
oxobutanoic acid intermediate compound. Next,
hydrazine hydrate is added to produce the pyridazinone
ring product [29,36]. The one-pot synthesis method does
not need to extract the oxobutanoic acid intermediate
compound, but the hydrazine compound is directly
added into the reactor tube to form its pyridazinone ring
product leading to enhanced efficiency and faster
synthesis process. Therefore, the one-pot synthesis
method is more effective, energy-efficient, and safer for
the environment compared to the conventional method.

The basic principle of pyridazinone synthesis is
the condensation reaction 1,2-dicarbonyl (a ketone
containing the active groups of methylene) with
hydrazine. In the first step, an aldol condensation
reaction occurred between the ketone group) and
glyoxylic acid 2 using a glacial acetic acid catalyst to
produce oxobutanoic acid intermediate 3. Then in the
second step, the addition of hydrazine causes an
in which the

nucleophilic nitrogen atom attacks the carbonyl carbon

intramolecular cyclization reaction

of oxobutanoic acid to reduce the pyridazinone
derivative. The synthetic pathway 4a - 4d is depicted in

bypasses the extraction process of the oxobutanoic acid Figure 2.
intermediate product, unlike previous studies. Previous
0] (0] B 7]
(0]
OH .
+
H @
R _— Z
R
1 2
L 3 _
R (ii)
4a |2-OCH; o
4b | 3-OCH; 7
4c¢ |4-OCH; ~
4d | 3-Br N~
R
4a-4d

Figure 2 Synthesis route of 4a - 4d. Reagent and condition: (i) AcOH as the catalyst, heated at 120 °C, 3 h (ii) Hydrazine

hydrate, heated at 80 °C, 2 h.
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In general, the IR spectra of the 4a - 4d derivatives
showed similar absorption bands at wave numbers
according to the presence of functional groups in the
compounds. The IR spectrum indicated the presence of
functional groups at corresponding wavenumbers
around in the range of 1,651 - 1,678 cm' (C=0
stretching), 1,593 to 1,595 cm™! (C=N stretching), 2,865
- 2,923 cm™! (C-H sp3 bond stretching), 3,198 - 3,204
cm™' (N-H bond). The absorption band at 687 cm™'
indicated C-Br vibration of the compound 4d.

The 'H-NMR spectrum shows almost the same
chemical shift in compounds 4a - 4d that indicated the
typical peak signal of the pyridazinone ring that appears
at a suitable chemical shift, namely the protons Ho and
HP with a doublet peak orientation respectively. The
protons Ha at 3H 6.97 - 7.08 ppm and Hf at 6H 7.74 -
7.78 ppm, while J coupling ranging from 9.8 to Hz. In
addition, the analysis result revealed that one singlet

proton signal appeared at 6H 11.42 - 11.76 ppm,
confirming protons of nitrogen atoms of the
pyridazinone ring. Indeed, The pattern is consistent with
observations made by Cruz and coworkers [37] for 3-
(2H) pyridazinones. All the aromatic proton signals
were observed at SH 6.99 - 7.73 ppm. The protons of
substituent —OCHj3 of 4a - 4c exhibited a singlet peak
located in the downfield area at 6H 3.87 - 3.89 ppm.

Subsequently, 4a - 4d compounds were reacted
with ethyl acetate in the present K,COs as a catalyst to
get 6a - 6d compounds. K»COs is a heterogeneous base
catalyst that can increase the nitrogen nucleophilic
properties, causing the release of the leaving groups.
Then, compound 5 was obtained by substitution of the
hydrogen atom of 4d with benzene sulphonyl chloride.
Mechanism reactions for the formation of 5 and 6a - 6d
compounds are outlined in Figure 3.

(0)
7
\N, H
*(ii)
(0)
7z (0)
\N/ \)j\()/\
6a-6d
6a; R=2-OMe  6¢c; R =4-OMe
6b; R=3-OMe 6d; R=3-Br

Figure 3 Synthesis route of pyridazinone derivatives compound 5 and 6a - 6d. Reagent and condition: (i) CsHsSO>Cl,
K»CO3, CH3CN, stirrer in rt, 8 h; (ii) Ethyl chloro acetate, K,COj3, stirring in RT, 2 - 3 h.

The IR spectrum generally showed absorption by
the functional groups present in the target compounds.
An essential indicator in the spectrum was the loss of
absorption of the NH group at wavelengths > 3,100
cm™!. The compounds 6a - 6d keep 2 C=0O bond

stretching vibration groups, both of the pyridazinone
ring and the aliphatic ester chain were observed at about
1,738 - 1,758 cm ! and 1,673 - 1,690 cm ™!, respectively.
The absorption band at 1,212 - 1,293 cm ! indicated the
C-0 stretching of the ester. The IR spectroscopy shows
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several peaks and typical bond vibrations for compound
5 that wave number 1,194.95 cm™' indicating the SO»
bond vibration attached to the pyridazinone ring. The
vibration of the C-Br bond at wave number 689.58 cm™!.
The spectrum HRMS of all compounds is displayed at
the appropriate calculated molecular mass and the
molecular mass.

Compounds 5 and 6a - 6d were successfully
synthesized as evidenced by the loss of the NH proton
peak on H-NMR. The loss of the NH proton peak is due
to a substitution reaction with the ethyl chloro acetate
(Figure 2). The peak signal of the protons Ha and Hf3
on the pyridazinone ring are in good agreement which
exhibited a doublet peak orientation at a chemical shift
of approximately at 8H 6.95 - 7.07 ppm and 6H 7.71 -
7.74, respectively. The signal belonging to the CHj3
group of the aliphatic ester chain was observed in the
aliphatic region at d8H 1.30 - 1.32 ppm with triplet
orientation. Meanwhile, protons in the CH» group of the
aliphatic ester chain resulted at 6H 4.26 - 4.28 ppm in a
quartet orientation. The induction effect of the nitrogen
atom and the carbonyl group caused the protons of the
methylene-bound nitrogen to be most deshielding in the
other protons in the aliphatic ester chain. It appears at
O0H 4.97 - 4.98 ppm with singlet orientation.

Molecular docking results

A study using molecular docking was done on the
aldose reductase enzyme (PDB ID: 1Z89), which is the
crystal structure of human aldose reductase combined
with the sulfonyl-pyridazinone inhibitor [39]. The 1289
receptor was chosen as the target because the native

ligand is a pyridazinone derivative containing an SO-
group, and this structure is consistent with the target
compound. Molecular docking was performed to
position ligands at the desired binding sites of the
receptor. The antagonist activity of the synthesized
pyridazinone derivatives against aldose reductase was
assessed based on their binding free energy values and
the types of interactions with the aldose reductase
enzyme. The docking process is carried out around the
active site where the native ligand is located. These
active sites corresponded to Cachau et al. [41] study,
who reported that there are the active site residues
(Trpl11, Tyr48, and Hisl10) performed hydrogen
bonds between the inhibitor and AR2, and other residues
(Trp20, Trp79, Asp43, Ser159, GInl83, Asnl60, and
Tyr209, Cys298, Tyr309, and Trp219) allow to the
shape of the active site.

The docking protocol was validated by redocking
the sulfonyl-pyridazinone native ligand, which
exhibited a binding free energy of —11.93 kcal/mol and
an RMSD of 1.34. The RMSD value of the redocked
ligand, bein < 2, indicates that the docked ligand is
similar to the position of the native ligand, suggesting
that this method can be reliably used as a docking
protocol. This is further supported by the
superimposition of the native ligand with the sulfonyl-
pyridazinone ligand pose, demonstrating the similarity
in the binding pose of the redocked ligand with the
native co-crystal ligand at the active site residues of
aldose reductase. The superimposition of the native
ligand and the redocked ligand pose of the sulfonyl-
pyridazinone is shown in Figure 4.

(b)

Figure 4 (a) Visualization of the binding mode of native ligand sulfonyl-pyridazinone (b) Superimposition between native

ligand (pink) and redocked-ligand of sulfonyl-pyridazinone (cyan).
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The binding free energy values for pyridazinone
derivatives are depicted in Table 1. The free energy
value of compounds 4a - 4d, 5, and 6a - 6d showed that
they have lower potential inhibitory activity against the
aldose reductase enzyme than the positive tolrestat
control (—14.12 kcal/mol). Compound 5 exhibited the
lowest binding free energy value (S =—12.61 kcal/mol).
The docking score value chosen for this study was the
one with the lowest score among all the target ligands
compared to the positive control (tolrestat). Compound
5 has a docking score close to the tolrestat value. So, it
is predicted that compound 5 has the best activity
compared to other ligands. The binding free energy
value is related to the strength of the bond formed
between the ligand and its receptor. The smaller the
binding free energy value, the stronger and more stable
the bond formed between the ligand and the receptor
[42]. Based on Table 1, the docking visualization results

showed that the positive control tolrestat has 19 contact

Trpl111, His110, Phel122, Tyr48, Cys80, Phel15, Trp79,
Thr113, Tyr209, Lys77, GInl83, Asnl60, Trp20,
Cys298, Trp219, Ala299, Cys303, Tyr309, Leu300.
Tolrestat as positive control interacts with the receptor
via 2 hydrogen bonds with Tyr48 and His 110 residues
and one hydrophobic bond (n-w stacking contact) with
Trpl11 residue. According to Urzhumtsev et al. [43],
tolrestat is an aldose reductase inhibitor that contains a
polar head of the COOH group. This head may interact
with residues Trplll, His110, and Tyr48 through
hydrogen bonds where it is shared between C=0O and
OH at the bottom of the AR active site. Compound 4a
formed one hydrogen bond with His110 and one
hydrophobic bond (n-H stacking contact) with Trp111.
Compounds 4b and 4d interact with important residues
in the process of blocking aldose reductase, or they act
similarly to how tolrestat positive controls interact. Each
of these compounds formed 2 hydrogen bonds with His

110 and Tyr48 and one hydrophobic bond (n-r stacking

residues on the active site of the receptor, namely contact) with Trp111.
Table 1 The docking result of pyridazinone derivatives.
Binding free
Comp energy RMSD Bond type Factor of
bond
(kecal/mol)
Hydrogen bond Hydrophobic Other interaction
Asp43, T1e260, Tyr209, Lys77, GInl83,
4a —9.53 1.05 His110 Tyrd8, Serl59, Asnl60, Trp79, Trp219, 11
Cys298, Trp20
_ . Trpl11, Trp20, Ala299, Leu300, Trp219,
4b 9.67 0.89 Tyr48, His110 Cys298. Trp79 9
Tyr48, Trplll, Cys298, Trp79, Trp20,
4c —9.60 0.67 Asp43 His110, Tyr209 Asnl160, Ser210, Glyl8, 11e260, GIn183, 10
Lys77
4d —9.43 1.28 Tyrd8, His110  Trp20, Trpl11 447, Trp219, Leu300, Ala299, Trp79, 9
Cys298
Tyr48, His1 10, .
5 _1261 076 His110, Cys298, Trplll, His110, I1e260, Trp20, Vald7, Trp79, Trp219, 13
Asn160 Tyr209 Asp43, Leu300, Lys77, Ala299, GIn183
_ . Tyr209, GInl83, Val47, Phel22, Trp79,
6a 12.20 1.93 Tyrd8, His110  Trp20, Trpl11 Cys298, Ala299, Leu300, Trp219 15
Tyr209, GIn183, Val47, Thrl113, Trp79,
6b —-12.00 1.09 Tyrd48, His110  Trp20, Trpl11  Phell5, Phel22, Cys80, Cys303, Leu300, 15
Ala299
~ . Cys298, Asn160, Ser159, GIn183, Tyr209,
6¢ 11.73 2.40 Tyr48, His110  Trp20, Trpl11 Phel22. Leu300, Pro310, Cys303. Ala299 13
Cys298, Tyr209, Vald7, Serl59, Asnl60,
6d —12.01 1.55 Tyrd8, His, 110  Trp20, Trpl11  GInl83, Trp79, Phel22, Thr113, Cys303, 15
Phel 15, Leu300, Ala299
Phel22, Cys80, Phell5, Trp79, Thrll3,
Tolrestat —14.13 1.87 Tyr48, His110 Trpl11 Tyr209, Lys77, Gln183, Asnl60, Trp20, -

Cys298, Trp219, Ala299, Cys303, Tyr309,
Leu300
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Compound 5 exhibited the lowest binding free
energy value (S = —12.61 kcal/mol), indicating that it
has a high binding affinity and forms a more stable
interaction with the receptor compared to other target
compounds. The strength of the bond formed between
the ligand and its receptor is directly related to the
lowest-bidding free energy. The smaller the value of the
binding free energy, the stronger the bond formed
between the ligand and the receptor. In this study, the
docking score value selected was based on the docking
score value compared to the positive control (tolrestat).
The tolrestat value has binding free energy value of
—14.13 kcal/mol, while compound 5 has a docking
score that is close to the tolrestat value. So, it is predicted
that compound 5 has the best activity compared to other
ligands. This result is also supported by the pose of the
interaction that occurs, in which compound 5 formed 5
hydrogen bonds with residues Tyr48, His110, His110,
Cys298, and Asnl60, and 3 hydrophobic bonds, namely
n-H stacking contact interactions with Trpll1 and
His110, as well as one ©-m interaction stacking contact
with Tyr209. Additionally, the carbonyl group in SO»
can improve the compound's electronic properties,
thereby increasing the hydrogen bonding interactions.
The more hydrogen bonds, the stronger the ligand-
receptor complex formation. In addition, the geometric
tension due to the interaction of hydrogen bonds makes
the ligand transfer more effective [44]. This
conformation indicates that compound 5 has the
potential to be an aldose reductase inhibitor because it
can bind to important residues for inhibitor activity
(Tyr48, His110, His110, Cys298, Trp 111). Meanwhile,

(a)

Trp20 and Cys80 are not important residues, so whether
or not the ligand binds to them does not significantly
affect activity. This binding mode is in accordance with
that reported by Cachau ef al. [41]. Hodoscek [45] has
also reported the binding modes of 6 aldose reductase
inhibitors that also form binding conformations with the
critical residues Tyr48, Hisl110, and Trplll; the
combination of hydrogen bonding and aromatic-
aromatic interactions has been attributed to playing a
major role in enhancing the binding affinity of ARIs.
Salem et al. [46] found that compounds 12B and 15C
were potent antagonists for ALR2 over ALRI1, both in
vitro with IC50s of 0.29 and 0.35 puM, and they were
more potent than the standard ALR2 inhibitor epalrestat
with an IC50 of 0.40 uM. This result was supported by
molecular docking studies, where these compounds
formed bonds with residues His110, Tyr48, and Trp111.
Furthermore, the given results are in line with the
binding conformation that occurs in the sulfonyl-
pyridazinone native co-crystal ligand, which forms 3
hydrogen bonds with His110, Tyr48, and Trplll, as
well as 3 hydrophobic bonds with Trp111, Trpl11, and
Leu30017 (Figure 4). It also is confirmed by the
previous research that hydrogen bonding was
established between Tyr48 and His110 and the carbonyl
group of D-glyceraldehyde established, while the 2"OH-
group of D-glyceraldehyde showed hydrogen bonding
with the amide oxygen of NADPH, His110, and Trp48
[45]. Visualize the 2D binding pose of compound 5 and
tolrestat against the aldose reductase enzyme (PDB ID
1789) proposed in Figure 5.

(b)

Figure 5 Binding poses of (a) compound 5 and (b) tolrestat on the active site of aldose reductase enzyme (PDB ID 1Z89).
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Even though compounds 6a - 6d have higher bond-
free energy (S) values than the tolrestat positive control,
they just form 2 hydrogen bonds with His 110 and Tyr48
and 2 hydrophobic interactions, namely n-n stacking
contact with Trplll and =n-H stacking contact with
Trp20.

Based on observations, the structure of the tested
ligands lies within the active site, where the carbonyl
group of the pyridazinone ring of compound 5, the
carbonyl group of the aliphatic ester from 6a - 6d, and
the native sulfonyl-pyridazinone face towards the anion
portion of the polar-binding pocket which is enclosed by
H-bond donors and several aromatic rings from the
catalytic residues Tyr 48, His 110, Trpl11, Trp20 and
Lys77 [43]. The pyridazinone ring portion of compound
5, 6a - 6d and the native ligand extend in the middle of
the high hydrophobic site or selectivity pocket, while the
aromatic ring portion is at the end site which consists of
residues Thr113, Phel122, Leu300, and Cys303 [47].

Therefore, it is predicted that the tested ligands
have antagonistic activity or being aldose reductase

inhibitors, particularly the excellent value of binding

free energy, the high percentage of residue contact, and
the similarity of the interaction of the test ligand with

critical residues.

ADME Properties

Here, ADME analysis was carried out on
compounds 5 and 6a - 6d, because based on molecular
docking studies previously, these compounds have
potential as aldose reductase inhibitor agents. Therefore,
an analysis of pharmacokinetic properties and safety for
a drug candidate must be carried out before the drug is
used on the target. High throughputs pharmacokinetic,
such as adsorption, distribution, metabolism, excretion,
and toxicity (ADMET) profiles using in silico model
research is an in vitro screening to anticipate failures of
drugs caused by undesirable properties of
pharmacokinetic compounds in drug candidate
development [47].

The bioavailability profiles showed that all
synthesized compounds comply with Lipinski’s rule of
5 (Table 2).

Table 2 Lipinski’s rule of 5 properties of pyridazinone derivatives.

Compounds
Lipinski’s rule of 5 properties
5 6a 6b 6¢c 6d
Molecular weight 391 288 288 288 337
Hydrogen bond donor 0 0 0 0 0
Hydrogen bond acceptor 4 5 5 5 4
LogP 3.99 1.48 1.48 1.48 2.24

Drug candidates (Compound 5 and 6a - 6d) that
comply with Lipinski’s 5 rules are said to have
druglikeness properties [48,49] because they have good
bioavailability properties and can be absorbed by
moving across the gastrointestinal membrane into the
bloodstream [50]. The solubility and permeability of
drugs through membranes that are given orally are
related to molecular size, lipophilicity, hydrogen bonds,
and partition coefficients [31].

The bioavailability profile of pyridazinone
derivatives shows that all synthesized compounds have
complied with Lipinski’s 5 rules (Table 2). The
molecular weights of all selected ligands fall within the

range of 288 - 391, which is approximately 500. Drug
molecules with appropriate molecular weights are
expected to quickly diffuse through cell membranes,
causing high pharmacological activity against biological
targets. Additionally, the quantity of donors (0) and
hydrogen bond acceptors (4 - 5) is suitable. This means
that the compound has excellent binding affinity and
selectivity to biological targets. The log p-values of all
compounds were within the acceptable range of 1.48 -
3.99, indicating that they were predicted to be able to
pass through lipid bilayer membranes due to their good
lipophilicity.
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The Pharmacokinetic prediction (ADME profiles)
of the compounds performed using pre-ADME (Table
3). Blood Brain Barrier (BBB) penetration values of
compound 5 showed a percentage of 2.37 which means
that the compound has a high absorption capacity of the
CNS. While compounds 6a - 6d in the range from 0.13
to 0.78, lead to moderate absorption into the Central
Nervous System (CNS). The extent to which a drug can
penetrate the blood-brain barrier can have an impact on
the CNS. Aldose reductase is expressed in all target
tissues that are complicated by diabetes. In the brain,
aldose reductase is found in various cells, primarily the
Schwann cells of peripheral nerves, including neurons
and glial cells, which play a significant role in diabetic
peripheral neuropathy (DPN). In hyperglycemic
conditions, the polyol pathway’s hyperactivity in the
peripheral nervous system (PNS) leads to neuropathies.
Epalrestat is one of the aldose reductase inhibitor agents
that can treat diabetic neuropathy. Experimental studies
indicate that epalrestat reduces sorbitol accumulation in
the sciatic nerve, erythrocytes, and ocular tissues in
animals, and in erythrocytes in humans [51]. Other
research has also shown that sulfonylurea and
biguanide-based diabetes medicines can quickly cross
the blood-brain barrier and start a number of molecular
signaling pathways that improve memory and cognitive
function in both mice and people [52]. Banks [53] found
that statins or N-acetylcysteine can reverse the BBB
opening in some models of DM. In addition, N-
acetylcysteine, combined with insulin, alleviates the
oxidative damage to the cerebrum by regulating redox
homeostasis in type 1 diabetic mellitus canines, where
NAC can cross the cell membrane and the blood-brain
barrier and rapidly accumulate in peripheral organs [54].
Based on the above studies, the high BBB properties of
the target compound are expected to also provide a
positive effect for the therapy of diabetes complications.
However, further research is needed to determine the
potential implications of the CNS effects in the context
of diabetes complications on this target compound.

Compound 5 showed the highest binding to
plasma proteins with a value of 97.08 % of PPB
compared to others. Furthermore, the others are
moderately bound to plasma proteins, ranging from
74.34 to 84.89 %, which means that the tested
compound is predicted to have the ability to induce
pharmacological action on the target protein. Plasma

Protein Binding (PPB) indicates the free drug fraction
available for distribution to various tissues. Drugs not
tightly bound (free-form drugs) to plasma proteins
easily bounded to their receptors (targets) or other
tissues to cause a pharmacological response [55]. The
length of time the drug binds to plasma proteins could
affect the duration of pharmacology of drug
administration.

HIA and Caco-2 models measured intestinal
permeability and metabolism. The compounds 5 and 6a
- 6d had a well-absorbed HIA profile with % HIA values
ranging from 97.97 to 98.4 %. The Caco-2 cell
permeability of compounds was middle permeability,
ranging from 5.39 to 30.09 nm/s, indicating that
pyridazinone derivatives can be absorbed by the human
intestine. Caco-2 cell, a human colon epithelial cancer
cell line, mimics the human intestinal epithelium, so that
used as an evaluation model of intestinal permeability
and the toxicity for the selection of drug discovery [56].
The acceptable percentage of HIA values and Caco-2
cell permeability of compounds 6a - 6d align with their
drug-likeness properties above, suggesting their
efficient oral absorption. When compared with other
aldose reductase inhibitors (here are tolrestat and
epalrestat), the target compound is predicted to have
fairly safe ADMET properties that are almost the same
as other inhibitors. The target compound is predicted to
have fairly safe ADMET properties that are almost the
same as other inhibitors (in this case tolrestat and
epalrestat). However, when compared to tolrestat,
compound 5 is predicted to have a better level of safety.
According to the prediction results, tolrestat has
hepatotoxic and immunotoxic properties. Based on the
half-life of the compound (T1/2), compound 5 also has
a faster half-life than tolrestat, so the hepatotoxicity of
compound 5 is likely to be more minimal. Many aldose
reductase inhibitors have been withdrawn from the
market. In this regard, Tolrestat was withdrawn because
of serious effects and reduced efficacy in subsequent
clinical trials. Previous studies have shown that tolrestat
can cause hepatocellular damage [57,58]. Only
epalrestat, a carboxylic acid derivative ARI, is available
on the market to date.

The toxicity results also shown in Table 3 indicate
that all the pyridazinone derivatives studied were
nontoxicity. However, it should be noted that compound
5 was hepatotoxic. Some parts of compound 5 are active
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and can be modified, namely the benzene part bound to

the pyridazinone ring containing the electron-
withdrawing group m-Br and the benzene part bound to
sulfonyl. Modifying the variation of the electron-
withdrawing or electron-pushing group or removing the
group in the benzene part is predicted to be able to
eliminate the hepatotoxic properties of the compound,
thereby increasing its safety level. However, this
modification must also consider its impact on the
strength of the inhibitor activity of the target compound.

Subsequently, rat acute oral toxicity test (LDso) and

classification of toxicity were determined based on the
Globally Harmonized System (GSH). From Table 3, it
can be seen that based on LD50 value, compounds 5
(1,250 mg/kg), 6a (1,600 mg/kg), and 6¢ (1,650 mg/kg)
were classified in class 4 indicated “harmful if
swallowed” belongs to GSH. This means that they were
to be slightly acute toxic. Then, both 6b and 6d (2,400
mg/kg) are indicated as “may be harmful if swallowed”,
according to GSH. It means that all compounds were

low toxic compounds.

Table 3 ADMET profiles of pyridazinone derivatives using pre-ADME and Protox II.

ADMET Properties Compounds
5 6a 6b 6¢c 6d Tolrestat Epalrestat
ADME
) ) 97.70 97.97 97.97 97.97 98.14 98.79 99.51
Human Intestinal Absorbtion (HIA) (%)*
well well well well well well well
. 5.39 30.09 27.39 9.03 26.72 33.81 21.44
Caco-2 Cell Permeability (nm/sec)® . . . . . . .
middle middle middle middle middle middle middle
Skin Permeability —2.02 —3.46 —3.48 —3.48 —3.33 —2.32 —3.03
. i i 2.37 0.46 0.13 0.78 0.40 1.73 0.17
Blood Brain Barriers (BBB) Penetration® . . . . . . .
high middle middle middle middle high middle
Lo 97.08 74.34 82.68 78.77 85.47 93.58 97.79
Plasma Protein Binding (PPB) (%)4
strong weakly weakly weakly weakly strong strong
CYP_2C19 inhibition Yes Non Non Non Non Non Non
CYP_2C9 inhibition Yes Non Non Non Non Non Non
CYP_3A4 inhibition Non Non Yes Yes Non Non Non
CYP_3A4 substrate Non Non Non Non Non Yes Yes
T1/2 0.89 0.75 0.76 0.8 0.80 1.14 1.06
short short short short short intermediet  intermediet
Toxicity
Mutagenicity inactive inactive inactive inactive inactive inactive inactive
hepatoxicity active inactive inactive inactive inactive active inactive
Immunotoxicity inactive inactive inactive inactive inactive active inactive
Carcinogenicity inactive inactive inactive inactive inactive inactive inactive
Rat acute oral toxicity (LDso) (mg/kg) 1,260 1,600 2,400 1,650 2,400 2,250 5
Class® 4 4 5 4 5 5 2

2HIA: 0 ~ 20 % (poorly absorbed compounds); 20 ~ 70 % (moderately absorbed compounds); 70 ~ 100 (well absorbed compounds)

Caco-2 cell permeability; < 4 (low permeability); 4 ~ 70 (middle permeability); > 70 (high permeability)
°BBB: > 2.0 (high absorbtion to CNS); 2.0 ~ 0.1 (middle absorbtion to CNS); < 0.1(low absorbtion to CNS)

4PPB: > 90 % (Strongly bound); < 90 % (weakly bound)
¢Class: Class I: Fatal if swallowed (LD50 < 5); Class II: Fatal if swallowed (5 < LD50 < 50); Class III: Toxic if swallowed (50 < LD50
< 300); Class IV: Harmful if swallowed (300 <LD50 < 2,000); Class V: May be harmful if swallowed (2,000 < LD50 < 5,000); Class

VI: Non-toxic (LD50 > 5,000)
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For future study, molecular dynamics methods are
expected to strengthen the research results. However, in
this study, the researchers focused solely on the docking
phase. This is because, based on previous studies, it has
been proven that bioactivity predictions through the
molecular docking study approach with RMSD values
< 2, the smaller the binding free energy value, and the
conformation of ligand binding with important residues
on the receptor, show results that are in line with the
results of in vitro studies [59,60].

Conclusions

In this research, pyridazinone derivatives (4a - 4d,
5, and 6a - 6d) were successfully synthesized. The
compound structures were confirmed by IR, H-NMR,
and MS spectrophotometers. Generally, based on the
docking results, it could be assumed that compounds 6a
- 6d have middle inhibitory activity against aldose
reductase (PDB ID 1Z89) using the molecular docking
approach. That is the pyridazinone derivative compound
5 that is the best at blocking aldose reductase (PDB ID
1Z89). Based on Lipinski’s Rule of 5 and ADMET
profiles, pyridazinone derivatives (5 and 6a - 6d)
exhibited safe properties as drug candidates. However,
structural modification of compound 5 is required to
eliminate the effect of hepatotoxicity. Further research,
such as molecular dynamic approaches, in vitro, and in
vivo tests, are needed to determine the potential
bioactivity of pyridazinone derivative compounds,
especially compound 5, as aldose reductase enzyme
inhibitors. Therefore, compound 5 can be considered as
a reference for further drug design development to be a

potential agent for aldose reductase enzyme inhibitors.
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