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ABSTRACT: A series of novel 24 phenylhydrazono phenoxyqui-
noline derivatives were synthesized with moderate to excellent
yield and screened for their efficacy against the α-amylase enzyme
through in silico studies. The structures were characterized using
spectroscopic techniques such as 1HNMR, 13CNMR, and HREI-
MS. Comprehensive computational studies including, drug-likeness
and ADMET profiling, quantum chemical calculations, molecular
docking, and molecular dynamics (MD) simulation studies, were
performed. A density functional theory study of the synthesized
compounds indicated a favorable reactivity profile. The synthesized
novel analogues were docked against α-amylase (PDB 6OCN)
enzymes to investigate the binding interactions. Based on the
docking studies, one of the compounds was found to be the hit
with the highest negative binding affinity for α-amylase. A MD simulation study indicated stable binding throughout the simulation.

■ INTRODUCTION
Heterocyclic compound precursors find broad application in
biological and pharmaceutical contexts. Among these, nitro-
gen-containing compounds stand out as being particularly
prominent in drug discovery research. Medicinal chemists
design and develop novel building blocks of heterocyclic motifs
that exhibit prominent biological responses to the targeted
reactive species or diseases.1 2-Chloroquinoline scaffolds are
interesting precursors because of their range of biological
activities,2 and these compounds have attracted the attention
of many scientific research fields such as material science,
optics, agriculture, medicinal chemistry, and other developing
areas.3 One of the quinoline derivatives is used as an
antiasthma agent.4

Over the past few decades, many researchers have focused
on synthetic heterocyclic compounds, which have many
biological and medicinal applications.5,6 Quinoline-core
containing molecules exhibit numerous biological and
pharmaceutical activities such as antifungal,7 antimalarial,8

anticancer,9 anti-HIV,10 free radical scavenging,11 antihyper-
tensive,12 and antituberculosis.13 Moreover, some fluorinated
and nonfluorinated quinoline derivatives are used as antibiotics
and antimicrobial drugs (Figure 1), such as nadifloxacin (an
antibiotic used for the treatment of staphylococcal infection),14

ciprofloxacin, and grepafloxacin (an antibacterial agent).15

Antioxidants are key in diabetes as low levels of antioxidants
can lead to complications. Plasma antioxidants in the blood

have been linked to the development of diabetes mellitus
(DM), and regulating the levels of radical scavengers is
impaired as the disease progresses.16 An increasing level of
glucose in the blood is referred to as hyperglycemia; this occurs
as a result of the aberrant function of insulin. Any destruction
of the cells causes insulin secretion to be restricted or reduced,
resulting in uncontrolled blood glucose levels.17 DM
consequences have been linked to oxidative stress, including
retinopathy and atherosclerotic vascular disease, which is the
leading cause of mortality in diabetic patients. There are
various pathways through which DM can be inhibited, one of
which is via enzyme inhibition methods.18 According to
previous reports, hyperglycemia can cause the nonenzymatic
glycosylation of numerous proteins, which can lead to chronic
diabetic problems. As a result, controlling postprandial blood
glucose is crucial for diabetes therapy and preventing chronic
vascular problems.19 By partially inhibiting the enzyme
reaction of complex carbohydrates, α-amylase inhibitors may
contribute by preventing postprandial hyperglycemia and,
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hence, delaying glucose absorption.20 In patients with type 2
diabetes, acarbose, voglibose, and miglitol are commonly used
either alone or in combination with insulin secretagogues. α-
Amylase inhibitors have been used as targets for drug
development in the treatment of diabetes, obesity, and
hyperlipidemia. The development of efficient nitrogen-based
α-amylase inhibitors with excellent specificity and efficacy
could improve DM treatment. The objective of this research
was to design novel phenylhydrazono phenoxyquinoline
derivatives and synthesize, characterize, and validate them
through in silico studies as suitable α-amylase inhibitors for
DM treatment. The development of efficient nitrogen-based α-
amylase inhibitors with excellent specificity and efficacy has the
potential to improve the DM treatment.
The results of the present current in silico studies showed

that the newly synthesized 5a−5x compounds had antidiabetic
activity by good binding activity of α-amylase and α-
glucosidase enzymes, and these compounds were the best
binding targets.

■ RESULTS AND DISCUSSION
Chemistry. The synthesis of phenylhydrazono phenox-

yquinolines (5a−5x) is demonstrated in Scheme 1. Initially,

the core nucleus 2-chloroquinoline was treated with various
substituted phenolic compounds (2a−i) in the presence of
K2CO3 in DMF at 100 °C for 1 h, which affords the desired
substituted 2-phenoxyquinoline-3-carbaldehyde (3a−3i).21
Subsequently, hydrazide Schiff’s bases [3-((2-(4-nitro/
bromophenyl)hydrazono)methyl)-2-phenoxyquinolines (5a−
5x)] were synthesized by a catalytic amount of acetic acid
using appropriate aldehyde (3a−3i) with substituted (4-bromo
or nitro) phenyl hydrazine (4a−4b) in methanol at 65 °C for
30 min. The 1H nuclear magnetic resonance (NMR) spectrum
of compound 3-((2-(4-nitrophenyl)hydrazono)methyl)-2-phe-
noxyquinoline (5a) exhibited chemical shifts in the aromatic
region ranging from δ 11.63 to 7.32−7.27 ppm. The singlet at
δ 11.63 ppm is assigned to the proton singlet of the amino
function group, and δ 8.95 ppm is for the imine proton singlet.
The 13C NMR spectrum exhibited the aryl carbons of
phenylhydrazono phenoxyquinoline signals ranging from δ
153.82 to 112.11 ppm, the extreme downfield signal at δ
159.00 ppm assigned to the phenoxy carbon at C-2. All of
these spectral data confirmed the formation of the desired
molecule, further supported by the observation of m/z at
384.1222 in the mass spectrum [HRMS-ESI (m/z)] for
C22H16N4O3 [M]+ = 384.1222. The chemical shift values of

Scheme 1. Synthesis of Phenylhydrazono Phenoxyquinolines (5a−5x)

Figure 1. Fused quinolines are antiasthma, antibiotic, and antimicrobial drugs.
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the remaining compounds of the series were also assigned
similarly and are included in the Experimental Section.
Computational Studies. Drug-Likeness and In Silico

ADMET Prediction. The drug-likeness of synthesized phenyl-
hydrazono phenoxyquinoline derivatives (5a−5x) was assessed
by evaluating a set of physicochemical properties aligned with
established rules. This analysis incorporated Lipinski’s rule of
five and Veber’s rule to estimate the drug-likeness attributes.
Key parameters such as molecular weight, lipophilicity,
hydrogen bond donors and acceptors, molecular refractivity,
topological polar surface area, and number of rotatable bonds
were scrutinized to ascertain the drug-likeness and ADMET
profile of synthesized compounds are detailed in Table 1. The
findings from this investigation notably revealed that all of the
synthesized compounds met the criteria set by these rules. The
emphasis on drug-likeness aided in the initial categorization of
compounds based on their inherent drug-like properties. This
assessment is crucial in the early stages of drug discovery. The
successful adherence to the drug-likeness criteria underscored
the promise of these compounds for future drug development
activities.
To assess the pharmacokinetic properties of the synthesized

compounds (5a−5x), an in silico profiling was conducted
using the pkCSM server. The results of the assessment are
detailed in Table 2, showed promising characteristics across
the various parameters. Notably, all of the compounds
displayed high rates of intestinal absorption. Compound 5l
exhibited exceptional absorption at 100%. However, when
examining their distribution, three key parameters were
considered: the volume of distribution, blood−brain barrier
(BBB) permeability, and central nervous system (CNS)
permeability. The findings indicated a satisfactory volume of
distribution for the compounds, suggesting a potentially

favorable distribution of these compounds within the body.
However, the compounds demonstrated poor permeability
across both the BBB and CNS, indicating that they have a
limited ability to pass into critical areas of the CNS. Moreover,
the compounds were evaluated for their metabolic activity
against key cytochrome P450 enzymes (CYPs). The results
showed that all compounds were inactive against CYP2D6 but
exhibited activity against CYP3A4, CYP1A2, CYP2C19, and
CYP3A4. These findings indicate that the synthesized
compounds possess significant metabolic activity in the
human body.
The observed activity against various CYP enzymes

suggested the potential for efficient metabolism and con-
tributed positively to the pharmacological profiles of these
enzymes. Despite promising pharmacokinetic attributes, the in
silico toxicity assessment revealed interesting findings for the
synthesized compounds. Except for compounds 5L, 5o, 5w,
and 5x, all of the other compounds displayed AMES toxicity.
This indicated the potential mutagenic properties of these
compounds. However, synthesized compounds are hepatotoxic
and might have adverse effects on liver cells. As these
compounds demonstrate favorable pharmacokinetic profiles,
the observed toxicities are significant concerns. Addressing
these issues through structural modifications could enhance
the safety of these compounds. Overall, these findings
emphasize the importance of balancing efficacy with safety
and highlight the need for further optimization of these
compounds to achieve decreased toxicity.

Density Functional Theory Calculations. The synthesized
phenylhydrazono phenoxyquinoline derivatives (5a−5x) were
subjected to density functional theory (DFT) calculations.
ORCA 4.2.1 at the B3LYP/def2-SVP level theory was used to
carry out all of the calculations. The current study focused

Table 1. Predicted Physicochemical and Drug-Likeness Properties of the Synthesized Phenylhydrazono Phenoxyquinoline
Derivatives (5a−5x)a

compound MW (g/mol) m log P HBA HBD MR TPSA nRot Lipinski’s rule (Ro5) Veber’s rule

5a 384.39 3.84 5 1 114.56 92.33 6 + +
5b 398.41 3.24 5 1 119.52 92.33 6 + +
5c 398.41 3.24 5 1 119.52 92.33 6 + +
5d 412.44 3.45 5 1 124.49 92.33 6 + +
5e 418.83 4.32 5 1 119.57 92.33 6 + +
5f 418.83 4.32 5 1 119.57 92.33 6 + +
5g 418.83 4.32 5 1 119.57 92.33 6 + +
5h 453.28 4.8 5 1 124.58 92.33 6 + +
5i 463.28 4.43 5 1 122.26 92.33 6 + +
5j 440.49 3.86 5 1 133.83 92.33 7 + +
5k 398.41 3.24 5 1 119.52 92.33 6 + +
5L 444.44 2.42 7 1 127.54 110.79 8 + +
5m 418.29 4.57 3 1 113.44 46.51 5 + +
5n 432.31 4.78 3 1 118.4 46.51 5 + +
5o 432.31 4.78 3 1 118.4 46.51 5 + +
5p 446.34 4.99 3 1 123.37 46.51 5 + +
5q 452.73 5.05 3 1 118.45 46.51 5 + +
5r 452.73 5.05 3 1 118.45 46.51 5 + +
5s 452.73 5.05 3 1 118.45 46.51 5 + +
5t 487.18 5.52 3 1 123.46 46.51 5 + +
5u 497.18 5.15 3 1 121.14 46.51 5 + +
5v 474.39 5.39 3 1 132.71 46.51 6 + +
5w 432.31 4.78 3 1 118.4 46.51 5 + +
5x 478.34 3.88 5 1 126.42 64.97 7 + +

a+passed; −failed.
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mainly on the estimation of various molecular properties and
reactivity descriptors based on the energies of frontier
molecular orbitals (FMOs).22,23 The highest occupied
molecular orbital (HOMO) energy, lowest unoccupied
molecular orbital (LUMO) energy, and energy gap between
the HOMO and LUMO were estimated to determine the
reactivity of the compounds.24 These values help in predicting
the reactivity order among the synthesized compounds (5a−
5x). The HOMO energy signifies the electron-donating ability
of a molecule. On the other hand, the LUMO energy
represents its electron-accepting capacity.25,26 A smaller
HOMO−LUMO gap generally suggests greater reactivity and
greater potential for chemical interactions with biological
molecular targets.27,28 Figure 2 shows the FMOs of the
compounds that exhibited a good binding affinity in the
docking study. Other calculated chemical reactivity descriptors,
such as dipole moment, ionization potential, electron affinity,
electronegativity, chemical hardness, and electrophilicity, are
detailed in Table 3. The chemical reactivity order based on the
HOMO−LUMO energy gap from the highest to lowest
reactivity among the synthesized phenylhydrazono phenox-
yquinoline derivatives (5a−5x) is as follows: 5t > 5u > 5r > 5s
> 5q > 5x > 5w > 5v > 5m > 5o > 5n > 5p > 5L > 5c > 5h >
5d > 5j > 5k > 5a > 5b > 5g > 5f > 5e. Specifically, compound
5t exhibited the smallest HOMO−LUMO energy gap, which
indicates that it has the highest reactivity among the
synthesized compounds. Moreover, compound 5u displayed
the highest dipole moment. This suggested a substantial
separation of charges within the molecule, which might
influence its interactions in various chemical environments.

The calculated reactivity descriptors provided crucial insights
into the behavior, electronic structure, and potential chemical
interactions of synthesized compounds (5a−5x). The
estimated ionization potential and electron affinity indicated
a tendency to lose or gain electrons. However, their
electronegativity and chemical hardness reflect their electron-
attracting ability and stability. Electrophilicity helps to measure
the propensity of a compound to undergo electrophilic
reactions. These descriptors aided in elucidating the reactivity
patterns of these compounds in various chemical processes.
The results derived from these calculations will further help in
identifying and prioritizing compounds based on their
reactivity patterns.

Docking Study. The investigation focused on the molecular
interactions and binding affinities of synthesized analogue 5a−
5x with α-amylase. A docking study was carried out to decipher
the binding characteristics of the synthesized compounds. The
results of the docking studies are presented in Table 4, which
serves as a comprehensive repository of vital data on the
binding interactions between these analogues and α-amylase.
In this context, the synthesized analogue functioned as a
ligand, while α-amylase served as the receptor. The in silico
docking studies yielded insightful information about the
binding energies of these designed molecules. Compound 5d
emerged as the most promising candidate because of its
binding affinity of −9.2 kcal/mol for α-amylase. Further
examination of the ligand−protein complex revealed fascinat-
ing aspects of the binding interaction. Conventional hydrogen
bonds were formed between compound 5d and specific amino
acid residues within the α-amylase. Notably, SER478 and

Figure 2. FMOs along with respective energies for the synthesized compounds have good binding affinity.
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SER437 were identified as pivotal contributors to this binding
interaction. These hydrogen bonds, illustrated in Figure 3,
underscored the specificity and precision of the binding
between compound 5d and α-amylase. Such interactions are of
paramount importance as they are indicative of the stability
and strength of the ligand−protein complex. These findings
have significant implications for the potential therapeutic
applications of these synthesized analogues. In particular,
compound 5d was found to be promising for diabetes
management. The observed information in the docking study
suggested that these analogues can effectively modulate the α-
amylase activity. This attribute holds immense promise for
glycemic control in individuals with DM. α-Amylase plays a
pivotal role in carbohydrate digestion and glucose level
regulation. Compound 5c exhibited a substantial binding
affinity of −9.1 kcal/mol, which reflected its potential as an
effective ligand for α-amylase. Intriguingly, this compound
engaged in conventional hydrogen bond formation with key
amino acid residues within α-amylase, specifically GLN63 and
HIS299, as shown in Figure 3. These hydrogen bonds are
indicative of the precise nature of the molecular interaction.
Similarly, compound 5f demonstrated a commendable binding
affinity of −9.1 kcal/mol. This reaffirmed its potential as a
promising ligand. Notably, its interaction with α-amylase was
characterized by the formation of a carbon−hydrogen bond
with ALA198, as depicted in Figure 4. The identified
interactions indicate the diverse binding mechanisms em-
ployed by these analogues with the targeted protein. The range
of binding affinities was found between −7.7 and −9.2 kcal/
mol. This highlights the structural diversity and versatility of
the synthesized compounds with respect to α-amylase (PDB
6OCN). These findings collectively emphasize the potential of

these synthesized analogues as valuable candidates for further
investigation. The binding affinities and specific interactions
identified in this study emphasize the capacity of these
compounds to modulate α-amylase activity effectively. Such
modulation holds significant promise for regulating carbohy-
drate digestion. Consequently, glycemic control in individuals
with DM might also be possible. Furthermore, the diversity in
binding mechanisms and affinities among these derivatives
opens up possibilities for the development of promising α-
amylase inhibitors. This study not only augments the
understanding of ligand−protein interactions but also provides
a foundation for the rational design and optimization of novel
antidiabetics.

Molecular Dynamics Simulation. A molecular dynamics
(MD) simulation study of compound 5d against α-amylase
(PDB 6OCN) was performed for 100 ns using Desmond
software. The MD simulation study focused on identifying the
binding stability and interactions throughout 100 ns.
Compound 5d showed the highest negative binding affinity
and was found to be a hit against α-amylase (PDB 6OCN) in a
docking study. MD simulation helped to assess the stability of
the Cα structures from α-amylase (PDB 6OCN) with a
bounded ligand structure over 100 ns. Statistical analysis of the
rmsd, RMSF, protein−ligand contact, and interaction profile
data was performed using the obtained MD trajectory. The
rmsd was estimated for Cα (6OCN) and the bound hit (5d)
from the protein−ligand complex. The rmsd plots of each
sample were overlaid and are presented in Figure 5 to indicate
the deviations in the rmsd values of Cα (6OCN) and 5d
present in over 100 ns. The rmsd of 5d present in the complex
exhibited a sudden increase after 30 ns. After that period, the
rmsd plot of the bound ligands was consistent throughout the

Table 3. Calculated Energies of Chemical Reactivity Descriptors Based on the Energies of FMOs for Synthesized
Phenylhydrazono Phenoxyquinoline Derivatives (5a−5x)a

<!�Col Count:11(code HOMO (eV) LUMO (eV) HLG (eV) DM (Debye) IP (eV) EA (eV) χ (eV) μ (eV) η (eV) ω (eV)

5a −6.006 −2.474 3.532 6.376 6.006 2.474 4.240 −4.240 1.766 5.090
5b −5.997 −2.465 3.532 6.382 5.997 2.465 4.231 −4.231 1.766 5.068
5c −5.980 −2.452 3.528 6.851 5.980 2.452 4.216 −4.216 1.764 5.038
5d −5.975 −2.445 3.530 6.805 5.975 2.445 4.210 −4.210 1.765 5.021
5e −5.990 −2.451 3.539 7.414 5.990 2.451 4.221 −4.221 1.770 5.033
5f −6.053 −2.517 3.536 5.598 6.053 2.517 4.285 −4.285 1.768 5.193
5g −6.056 −2.523 3.533 4.973 6.056 2.523 4.290 −4.290 1.767 5.208
5h −6.034 −2.505 3.529 5.862 6.034 2.505 4.270 −4.270 1.765 5.165
5i −6.065 −2.533 3.532 4.826 6.065 2.533 4.299 −4.299 1.766 5.233
5j −5.984 −2.454 3.530 6.903 5.984 2.454 4.219 −4.219 1.765 5.042
5k −5.993 −2.462 3.531 6.604 5.993 2.462 4.228 −4.228 1.766 5.061
5L −5.927 −2.403 3.524 7.744 5.927 2.403 4.165 −4.165 1.762 4.923
5m −5.506 −2.119 3.387 2.008 5.506 2.119 3.813 −3.813 1.694 4.291
5n −5.501 −2.104 3.397 2.019 5.501 2.104 3.803 −3.803 1.699 4.256
5o −5.484 −2.093 3.391 2.441 5.484 2.093 3.789 −3.789 1.696 4.233
5p −5.482 −2.078 3.404 2.454 5.482 2.078 3.780 −3.780 1.702 4.198
5q −5.487 −2.112 3.375 3.015 5.487 2.112 3.800 −3.800 1.688 4.277
5r −5.550 −2.182 3.368 1.461 5.550 2.182 3.866 −3.866 1.684 4.438
5s −5.553 −2.183 3.370 0.683 5.553 2.183 3.868 −3.868 1.685 4.440
5t −5.540 −2.178 3.362 1.476 5.540 2.178 3.859 −3.859 1.681 4.429
5u −5.561 −2.195 3.366 0.577 5.561 2.195 3.878 −3.878 1.683 4.468
5v −5.490 −2.105 3.385 2.359 5.490 2.105 3.798 −3.798 1.693 4.260
5w −5.495 −2.112 3.383 2.235 5.495 2.112 3.804 −3.804 1.692 4.276
5x −5.430 −2.051 3.379 4.010 5.430 2.051 3.741 −3.741 1.690 4.141

aDM: dipole moment in Debye; IP: ionization potential in eV; EA: electron affinity in eV; χ: electronegativity in eV; η: chemical hardness in eV;
and ω: electrophilicity in eV.
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Table 4. In Silico Docking Results of Synthesized Compounds (5a−5x) against Human Pancreatic α-Amylase (PDB: 6OCN)

code BA
interacting
residues types of interaction distance

5a −8.7 ASP300 conventional H bond 2.27
ALA198 carbon H bond 2.98
TRP59 Pi−Pi stacked 4.05, 4.91
TYR62 Pi−Pi stacked 5.02

5b −8.1 ARG195 conventional H bond 6.15
HIS299 carbon H bond 2.83
TRP59 Pi−Pi stacked 4.73
TYR62 Pi−Pi stacked 4.27

5c −9.1 GLN63 conventional H bond 2.54
HIS299 conventional H bond 2.29
TRP59 Pi−Pi stacked 4.08, 4.80
TYR62 Pi−Pi stacked 4.55
TRP59 Pi-alkyl 5.46

5d −9.2 SER478 conventional H bond 2.30
SER437 conventional H bond 4.37
TRP434 Pi−Pi stacked 5.18
LEU438 Pi-alkyl 4.94
TRP434 Pi-alkyl 4.51

5e −7.8 TRP59 Pi−Pi stacked 4.84, 4.90, 5.81
LEU165 Pi-alkyl 5.26

5f −9.1 ASP300 salt bridge 2.15
ASP300 attractive charge 3.11
ALA198 carbon H bond 2.84
TRP59 Pi−Pi stacked 4.04, 4.76
TYR62 Pi−Pi stacked 5.28

5g −8.6 SER437 conventional H bond 4.55
SER478 conventional H bond 2.38
TRP434 Pi−Pi stacked 5.48
PHE436 Pi−Pi stacked 5.38
LEU438 Pi-alkyl 4.76
TRP434 Pi-alkyl 4.64

5h −8.2 ASP300 salt bridge 2.97
ASP300 attractive charge 3.05
TYR151 conventional H bond 2.55
ASP197 Pi-anion 4.99
TRP59 Pi−Pi stacked 4.14, 4.67
TYR62 Pi−Pi stacked 5.76

5i −7.7 TRP59 Pi−Pi stacked 4.51, 5.03
TYR62 Pi−Pi stacked 4.96
TRP58 Pi−Pi T-shaped 5.33, 5.73
HIS305 Pi-alkyl 4.86

5j −8 HIS201 conventional H bond 2.38
HIS299 conventional H bond 2.43, 2.52
GLU233 Pi-anion 3.52
TRP58 Pi-alkyl 5.30
ILE235 Pi-alkyl 5.02, 5.21
ALA307 Pi-alkyl 5.05

5k −8.2 ALA198 carbon H bond 3.06
ASP300 Pi-anion 4.58
TRP59 Pi−Pi stacked 4.53, 5.96
TYR62 Pi−Pi T-shaped 5.01
LEU162 Pi-alkyl 4.65

5l −8.3 ARG195 conventional H bond 6.23
HIS299 carbon H bond 2.87
ASP300 Pi-anion 4.08
TRP59 Pi−Pi stacked 4.81, 6.45
TYR62 Pi−Pi stacked 4.39
TRP59 Pi-alkyl 4.40

code BA
interacting
residues types of interaction distance

HIS305 Pi-alkyl 5.45
5m −8.5 THR163 conventional H bond 2.39

TYR62 Pi−Pi stacked 4.57
TRP59 Pi−Pi stacked 3.87

5n −8.4 ASP300 conventional H bond 2.74
ASP356 Pi-anion 4.33
HIS305 Pi−Pi stacked 2.98
TRP59 Pi−Pi stacked 3.99
LEU162 Pi-alkyl 5.07
ALA198 Pi-alkyl 4.91
TRP59 Pi-alkyl 5.05

5o −8.1 TRP284 conventional H bond 2.26
LYS261 carbon H bond 2.70
LYS261 Pi-cation 4.59, 4.92
TRP284 Pi−Pi stacked 3.65, 4.83
LEU237 alkyl, Pi-alkyl 4.41
LYS257 alkyl, Pi-alkyl 4.85

5p −8.7 ASP300 conventional H Bond 2.38
ASP356 Pi-anion 4.16
HIS305 Pi-sigma 3.00
TRP59 Pi−Pi stacked 3.97
ALA198 Pi-alkyl 5.00
LEU162 Pi-alkyl 5.08
TRP59 Pi-alkyl 4.06

5q −8.5 TRP434 Pi−Pi stacked 4.39, 4.84
LEU438 Pi-alkyl 4.84

5r −8.3 ASP300 Pi-anion 3.45
TRP59 Pi−Pi stacked 4.14, 5.28
ALA198 alkyl, Pi-alkyl 4.39, 4.78
HIS201 alkyl, Pi-alkyl 4.77
ILE235 alkyl, Pi-alkyl 5.02
LEU162 alkyl, Pi-alkyl 5.38, 4.86

5s −8.4 TRP434 Pi−Pi stacked 5.11
LEU438 Pi-alkyl 4.89

5t −8.7 TRP434 Pi−Pi stacked 5.05
LEU438 Pi-alkyl 4.87
TRP434 Pi-alkyl 4.53

5u −7.9 TRP59 Pi−Pi stacked 4.50, 5.02
TYR62 Pi−Pi stacked 4.98
TRP58 Pi−Pi T-shaped 5.30, 5.66
HIS305 Pi-alkyl 4.82
TRP59 Pi-alkyl 4.85

5v −9 TRP59 Pi−Pi stacked 4.53, 5.74
ILE51 alkyl, Pi-alkyl 4.78, 5.01
VAL107 alkyl, Pi-alkyl 5.23
LEU165 alkyl, Pi-alkyl 5.36

5w −8.1 ASP300 conventionalH Bond 2.17
HIS201 Pi−Pi T-shaped 5.82
ALA198 alkyl, Pi-alkyl 4.57
LEU162 alkyl, Pi-alkyl 4.68
LEU165 alkyl, Pi-alkyl 4.64
ILE235 alkyl, Pi-alkyl 4.31, 5.16
ALA307 alkyl, Pi-alkyl 4.92

5x −7.9 PHE436 Pi−Pi stacked 5.27
TRP434 Pi−Pi stacked 5.31
LEU438 alkyl, Pi-alkyl 4.84
TRP434 alkyl, Pi-alkyl 5.08
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simulation. This indicated that the complex achieved a
stabilized state after 30 ns in its respective structures. The
rmsd of Cα (5D41) was less than 2.5 Å, while the rmsd of the
hit compound (5d) did not increase above 3.5 Å. The rmsd
values plotted in Figure 5 help to indicate prominent scattering
in the 6OCN-5d complex. The rmsd profile was used to
determine the structural deviations in the docked complex
under a real-time simulation. However, further analysis of the
MD trajectory involved examining the RMSF profile of Cα
atoms within the complex. The resulting RMSF plot illustrated
in Figure 6 indicates residual fluctuations across the 100 ns
simulation period. Remarkably, the RMSF values for nearly all
of the residues remained consistently less than 3.5 Å. This
observation indicated the predominantly stable structural
behavior of the complex at the residue level. Some amino
acid residues present between the 200−250 positions showed
fluctuations with sharp peaks in the RMSF plot. However, the
values are not much greater than those of the other residues.
These findings suggest that the majority of the amino acid
residues present in the complex successfully maintain their
stability and limit the conformational variability of the 6OCN-
5d complex.
Furthermore, interactions within the 6OCN-5d complex

during MD simulations were done to estimate the residue-
specific engagement with the bound compound 5d. Analysis of
the interactions between the 6OCN residue and compound 5d
elucidated the critical residues governing the binding
dynamics. TRP59 was notably involved in the formation of
diverse interactions with compound 5d throughout the 100 ns.
Water bridges were formed with the majority of the residues.
Figure 7 shows a plot of the fraction of protein−ligand

interactions that occurred between specific amino acid residues
of 6OCN and compound 5d. Additionally, ASM53, TRP59,
SER108, HIS299, and TRP357 exhibited hydrogen bond
formation, highlighting their key roles at the binding interface.
The observed binding interactions suggested that the
interactions play a crucial role in maintaining the stability
and integrity of the 6OCN-5d complex.

■ CONCLUSIONS
A novel series of phenylhydrazono phenoxyquinoline deriva-
tives (5a−5x) were designed and successfully synthesized. In
silico studies, including pharmacokinetic profiling, docking,
and MD simulation, helped to investigate the biological
potential of these synthesized compounds. Compound 5d was
found to be effective against docked α-amylase (PDB 6OCN).
A MD simulation study helped to confirm the stability of the
docked complex 6OCN-5d over 100 ns. Moreover, the DFT
study successfully indicated that all these compounds have
good reactivity. Overall, the findings of the study suggest that
synthesized compounds could serve as α-amylase inhibitors
after optimization, and the resulting data will help medicinal
chemists design.

■ EXPERIMENTAL SECTION
Materials and Methods. Melting points (mp) reported

herein were recorded in open capillary tubes using an Elchem
microprocessor-based DT apparatus and were corrected. 1H
and 13C NMR spectra were acquired using Bruker 400 MHz
spectrometers, employing tetramethylsilane (TMS) as an
internal reference, and chemical shift values were expressed
in parts per million (ppm). High-resolution mass spectra were

Figure 3. 2D and 3D binding interactions of 5c and 5d with targeted α-amylase (PDB: 6OCN).
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obtained by using a Bruker MaXis HR-MS (ESI-Q-TOF−MS)
instrument. All reagents were purchased from Aldrich and used
as received. Solvents were removed under a vacuum. Organic
extracts were dried with anhydrous Na2SO4. Analytical thin-
layer chromatography (TLC) was performed using silica gel
60F254 aluminum sheets. Visualization of spots on TLC plates
was achieved through ultraviolet (UV) illumination, exposure
to iodine vapor, and heating the plates dipped in KMnO4 stain.
Silica gel with a 230−400 mesh size was used for purification
via column chromatography.
Synthesis of Phenylhydrazono Phenoxyquinoline

Derivatives (5a-5x). The synthetic work was carried out
using 2-chloro-3-formyl quinoline 1 as the starting material, as

shown in Scheme 1. The reaction of 2-chloro-3-formyl
quinoline (1) with phenol derivatives (2a−2l) in the presence
of K2CO3/DMF at 100 °C for 1 h yielded substituted 2-
phenoxyquinoline-3-carbaldehyde (3a−3l). This intermediate
further reacted with the 4-bromo/nitro phenylhydrazine (4a−
4b), resulting in corresponding 3-((2-(4-nitro/bromo phenyl)
hydrazono) methyl)-2-phenoxyquinoline (5a−5x), which was
subsequently treated with acetic acid in methanol at 65 °C for
30 min. The reaction mixture was then poured into chilled
water, filtered, and recrystallized using EtOH. All the newly
synthesized novel compounds were characterized by analytical
tools (1H NMR, 13C NMR, and HRMS).

Figure 4. 2D and 3D binding interactions of 5f and 5v with targeted α-amylase (PDB: 6OCN).

Figure 5. RMSD plot for Cα structures from α-amylase (red) and the bound hit ligand (blue).
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3-((2-(4-Nitrophenyl)hydrazono)methyl)-2-phenoxyqui-
noline (5a). Orange solid. Yield 82%. mp 255−257 °C. 1H
NMR (400 MHz, DMSO−d6): δ 11.63 (s,1H), 8.95 (s,1H),
8.53(s,1H), 8.13 (d, J = 9.6 Hz, 2H), 8.078 (d, J = 8 Hz, 1H),
7.67−7.63 (m, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.53−7.47 (m,
3H), 7.32−7.27 (m,5H). 13C NMR (100 MHz, DMSO-d6): δ
ppm 159.00, 153.82, 150.68, 145.77, 139.77, 135.96, 134.85,
130.90, 130.13, 128.89, 127.27, 126.64, 126.25, 125.97, 125.43,
122.19, 119.92, 112.11. HRMS-ESI (m/z): calcd for
C22H16N4O3 [M]+, 384.1222, observed = 384.1220.

3-((2-(4-Nitrophenyl)hydrazono)methyl)-2-(o-tolyloxy)-
quinoline (5b). Orange solid. Yield 85%. mp 261−263 °C. 1H
NMR (400 MHz, DMSO−d6): δ 11.64 (s,1H), 8.95 (s,1H),
8.58 (s, 1H), 8.19 (d, J = 9.2 Hz, 2H), 8.07 (d, J = 8 Hz, 1H),
7.63 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.2 Hz, 1H), 7.37 (d, J =
7.6 Hz, 1H), 7.33−7.20 (m, 5H), 2.15 (s, 1H). 13C NMR (100
MHz, DMSO-d6): δ ppm 158.72, 152.06, 150.58, 145.86,
139.38, 135.93, 134.84, 131.64, 130.88, 130.58, 128.91, 127.64,
127.21, 126.65, 126.11, 125.84, 125.80, 122.83, 119.55, 112.12,

16.57. HRMS-ESI (m/z): calcd for C23H18N4O3 [M]+,
398.1379, observed = 398.1376.

3-((2-(4-Nitrophenyl)hydrazono)methyl)-2-(p-tolyloxy)-
quinoline (5c). Orange solid. Yield 76%. mp 267−269 °C. 1H
NMR (400 MHz, DMSO−d6): δ 11.62 (s,1H), 8.92 (s,1H),
8.52 (s,1H), 8.18 (d, J = 9.2 Hz, 2H), 8.05 (d, J = 8 Hz, 1H),
7.64 (t, J = 7.6 Hz, 1H), 7.27 (d, J = 7.6 Hz, 4H), 7.18 (d, J =
8.4 Hz, 2H), 2.36 (s, 3H). 13C NMR (100 MHz, DMSO-d6): δ
ppm 159.16, 151.49, 150.68, 145.81, 139.37, 136.02, 134.73,
134.49, 130.85, 130.49, 128.85, 127.23, 126.62, 126.16, 125.87,
121.99, 119.85, 112.10, 20.92. HRMS-ESI (m/z): calcd for
C23H18N4O3 [M]+, 398.1379, observed = 398.1375.

2-(2 ,4-Dimethylphenoxy)-3-( (2-(4-nitrophenyl) -
hydrazono)methyl)quinoline (5d). Orange solid. Yield 75%.
mp 272−274 °C. 1H NMR (400 MHz, DMSO−d6): δ 11.64
(s, 1H), 8.93 (s,1H), 8.58 (s,1H), 8.19 (d, J = 9.6 Hz, 2H),
8.05 (d, J = 8 Hz, 1H), 7.64−7.60 (m, 1H), 7.54 (d, J = 8.4 Hz,
1H), 7.48 (t, J = 36.4 Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.16
(s, 1H), 7.10 (s, 2H), 2.33 (s, 3H) 2.09 (s, 3H). 13C NMR
(100 MHz, DMSO-d6): δ ppm 158.84, 150.67, 149.76, 145.90,

Figure 6. RMSF plot of Cα from the 6OCN-5d complex simulated for 100 ns.

Figure 7. Fraction of interactions formed between α-amylase (PDB 6OCN) and compound 5d over 100 ns MD simulation.
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139.35, 135.96, 134.76, 134.72, 132.11, 130.85, 130.18, 128.89,
128.05, 127.18, 126.65, 126.04, 125.76, 122.60, 119.49, 112.10.
HRMS-ESI (m/z): calcd for C24H20N4O3 [M]+, 412.1535,
observed = 412.1533.

2-(2-Chlorophenoxy)-3-((2-(4-nitrophenyl)hydrazono)-
methyl)quinoline (5e). Orange solid. Yield 89%. mp 282−284
°C. 1H NMR (400 MHz, DMSO−d6): δ 11.67 (s, 1H), 8.98
(s, 1H), 8.57 (s, 1H), 8.19 (d, J = 9.6 Hz, 2H), 8.06 (d, J = 8
Hz, 1H), 7.63 (t, J = 7.5 Hz, 1H), 7.55 (d, J = 8 Hz, 1H), 7.49
(t, J = 7.4 Hz, 1H), 7.29 (d, J = 8 Hz, 2H). 13C NMR (100
MHz, DMSO-d6): δ ppm 158.28, 150.65, 145.56, 139.47,
135.51, 135.10, 131.05, 130.81, 129.05, 128.96, 127.43, 127.43,
127.28, 126.64, 126.35, 126.15, 125.26, 119.38, 112.19.
HRMS-ESI (m/z): calcd for C22H15ClN4O3 [M]+, 418.0833,
observed = 418.0830.

2-(3-Chlorophenoxy)-3-((2-(4-nitrophenyl)hydrazono)-
methyl)quinoline (5f). Orange solid. Yield 70%. mp 285−287
°C. 1H NMR (400 MHz, DMSO−d6): δ 11.64 (s, 1H), 8.96
(s, 1H), 8.48 (s, 1H), 8.13 (d, J = 36.8 Hz, 3H), 7.45 (dd, J =
44.8−34 Hz, 8H). 13C NMR (100 MHz, DMSO-d6): δ ppm
158.70, 154.59, 150.65, 145.59, 139.39, 135.74, 135.04, 133.95,
131.54, 131.01, 128.91, 127.33, 126.64, 126.40, 126.18, 125.62,
122.58, 121.22, 119.86, 122.13. HRMS−ESI (m/z): calcd for
C22H15ClN4O3 [M]+, 418.0833, observed = 418.0831.

2-(4-Chlorophenoxy)-3-((2-(4-nitrophenyl)hydrazono)-
methyl)quinoline (5g). Orange solid. Yield 92%. mp 286−289
°C. 1H NMR (400 MHz, DMSO−d6): δ 11.64 (s, 1H), 8.96
(s, 1H), 8.52 (s, 1H), 8.19 (d, J = 8.8 Hz, 2H), 8.09 (d, J = 8
Hz, 1H), 7.68−7.60 (m, 2H), 7.53 (q, J = 13.6−12.8 Hz, 3H),
7.37 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H). 13C NMR
(100 MHz, DMSO-d6): δ ppm 159.17, 151.47, 150.68, 145.80,
139.35, 136.01, 134.76, 134.53, 130.90, 130.51, 128.87, 127.23,
126.65, 125.90, 122.01, 119.84, 112.12. HRMS-ESI (m/z):
calcd for C22H15ClN4O3 [M]+, 418.0833, observed =
418.0829.

2-(2 ,4-Dichlorophenoxy)-3- ( (2- (4-ni t rophenyl ) -
hydrazono)methyl)quinoline (5h). Orange solid. Yield 83%.
mp 293−295 °C. 1H NMR (400 MHz, DMSO−d6): δ 8.98 (s,
1H), 8.54 (s, 1H), 8.18 (d, J = 8.8 Hz, 2H), 8.09 (d, J = 8 Hz,
1H), 7.81 (d, J = 8.8 Hz, 2H), 8.09 (d, J = 8 Hz, 1H), 7.81 (t, J
= 17.6 Hz, 1H), 7.65 (t, J = 14.8 Hz, 1H), 7.57−7.49 (m, 4H),
7.34−7.21 (m,3H). 13C NMR (100 MHz, DMSO-d6): δ ppm
172.51, 162.15, 158.44, 150.88, 148.43, 146.10, 143.07, 136.68,
131.81, 130.86, 130.32, 129.43, 129.21, 127.93, 127.28, 126.66,
126.36, 126.16, 118.55. HRMS-ESI (m/z): calcd for
C22H14Cl2N4O3 [M]+, 452.0443, observed = 452.0440.

2-(4-Bromophenoxy)-3-((2-(4-nitrophenyl)hydrazono)-
methyl)quinoline (5i). Orange solid. Yield 78%. mp 297−300
°C. 1H NMR (400 MHz, DMSO−d6): δ 11.64 (s, 1H), 8.96
(s, 1H), 8.51 (s, 1H), 8.13 (dd, J = 41.2−40 Hz, 3H), 7.62 (q,
J = 22.4−39.6 Hz, 5H), 7.318 (d, J = 8 Hz, 4H). 13C NMR
(100 MHz, DMSO-d6): δ ppm 162.04, 159.15, 152.95, 150.88,
146.28, 143.44, 140.61, 136.38, 133.02, 131.65, 129.37, 127.28,
126.18, 126.08, 124.73, 122.01, 119.12, 117.74. HRMS-ESI
(m/z): calcd for C22H15BrN4O3 [M]+, 462.0328, observed =
462.0325.

2-(4-(tert-Butyl )phenoxy)-3-( (2-(4-nitrophenyl)-
hydrazono)methyl)quinoline (5j). Orange solid. Yield 74%.
mp 277−279 °C. 1H NMR (400 MHz, DMSO−d6): δ 11.64
(s, 1H), 8.93 (s, 1H), 8.50 (s, 1H), 8.18 (d, J = 9.2 Hz, 2H),
8.06 (d, J = 8 Hz, 1H), 7.66−7.59 (m, 2H), 7.52−7.47 (m,
3H), 7.28 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.8 Hz, 2H), 1.34
(s, 9H). 13C NMR (100 MHz, DMSO-d6): δ ppm 158.99,

151.47, 150.70, 147.57, 145.80, 139.37, 135.94, 134.86, 130.89,
128.88, 127.44, 126.78, 126.63, 126.63, 126.21, 125.93, 121.47,
119.96, 112.13, 31.77. HRMS-ESI (m/z): calcd for
C26H24N4O3 [M]+, 440.1848, observed = 440.1845.

3-((2-(4-Nitrophenyl)hydrazono)methyl)-2-(m-tolyloxy)-
quinoline (5k). Orange solid. Yield 87%. mp 256−258 °C. 1H
NMR (400 MHz, DMSO−d6): δ 11.64 (s, 1H), 8.95 (s, 1H),
8.58 (s, 1H), 8.19 (d, J = 9.2 Hz, 2H), 8.07 (d, J = 8 Hz, 1H),
7.62 (t, J = 14.8 Hz, 1H), 7.55−7.48 (m, 2H), 7.37 (d, J = 7.6
Hz, 1H), 7.33−7.20 (m, 5H), 2.14 (s, 3H). 13C NMR (100
MHz, DMSO-d6): δ ppm 158.72, 152.06, 150.68, 145.86,
139.38, 135.93, 134.84, 131.64, 130.88, 130.58, 128.91, 127.64,
127.21, 126.65, 126.11, 125.84, 125.80, 122.83, 119.55, 112.12,
16.57. HRMS-ESI (m/z): calcd for C23H18N4O3 [M]+,
398.1379, observed = 398.1377.

2-(2,6-Dimethoxyphenoxy)-3-((2-(4-nitrophenyl)-
hydrazono)methyl)quinoline (5l). Orange solid. Yield 77%.
mp 276−278 °C. 1H NMR (400 MHz, DMSO−d6): δ 11.67
(s, 1H), 8.89 (s, 1H), 8.59 (s, 1H), 8.19 (d, J = 5.6 Hz, 1H),
8.02 (q, J = 17.6−18 Hz, 1H), 7.60 (t, J = 15.2 Hz, 1H),7.53−
7,44 (m, 3H), 7.30−7.17 (m, 3H), 6.81 (q, J = 14−14 Hz,
2H), 3.70 (s, 6H). 13C NMR (100 MHz, DMSO-d6): δ ppm
158.80, 158.44, 153.05, 150.70, 145.97, 139.37, 137.53, 136.14,
134.42, 130.57, 128.89, 127.15, 126.97, 126.64, 126.16, 125.59,
119.13, 112.13, 106.18, 106.02, 56.52, 56.47. HRMS-ESI (m/
z): calcd for C24H20N4O5 [M]+, 444.1434, observed =
444.1431.

(2-(4-Bromophenyl)hydrazono)methyl)-2-phenoxyquino-
line (5m). Reddish brown solid. Yield 71%. mp 288−291 °C.
1H NMR (400 MHz, DMSO−d6): δ 11.53 (s, 1H), 8.85 (s,
1H), 8.43 (s, 1H), 8.08 (d, J = 9.6 Hz, 2H), 7.97 (d, J = 8 Hz,
1H), 7.57−7.53 (m, 1H), 7.49 (d, J = 8.4 Hz, 1H), 7.43−7.37
(m, 3H), 7.22−7.19 (m, 5H). 13C NMR (100 MHz, DMSO-
d6): δ ppm 157.00, 151.82, 148.68, 143.77, 137.37, 133.96,
132.85, 128.90, 128.13, 126.89, 125.27, 124.64, 124.25, 123.97,
123.43, 120.19, 117.92, 110.11. HRMS-ESI (m/z): calcd for
C22H16BrN3O [M]+, 417.0477, observed = 417.0475.

3-((2-(4-Bromophenyl)hydrazono)methyl)-2-(o-tolyloxy)-
quinoline (5n). Reddish brown solid. Yield 73%. mp 295−298
°C. 1H NMR (400 MHz, DMSO−d6): δ 11.64 (s, 1H), 8.95
(s, 1H), 8.58 (s, 1H), 8.19 (d, J = 9.2 Hz, 2H), 8.07 (d, J = 8
Hz, 1H), 7.63 (t, J = 14.4 Hz, 1H), 7.56−7.48 (m, 2H), 7.37
(d, J = 7.2 Hz, 1H), 7.31−7.22 (m, 5H), 2.14 (s, 3H). 13C
NMR (100 MHz, DMSO-d6): δ ppm 158.75, 152.09, 150.71,
145.89, 139.97, 134.87, 131.67, 130.91, 130.61, 128.94, 127.67,
127.24, 126.68, 126.14, 125.83, 122.86, 119.58, 112.15, 16.60.
HRMS-ESI (m/z): calcd for C23H18BrN3O [M]+, 431.0633,
observed = 431.0630.

3-((2-(4-Bromophenyl)hydrazono)methyl)-2-(p-tolyloxy)-
quinoline (5o). Reddish brown solid. Yield 78%. mp 302−304
°C. 1H NMR (400 MHz, DMSO−d6): δ 11.39 (s, 1H), 8.69
(s, 1H), 8.29 (s, 1H), 7.95 (d, J = 9.2 Hz, 2H), 7.83 (d, J = 8
Hz, 1H), 7.41 (t, J = 15.2 Hz, 1H), 7.35 (d, J = 8.4 Hz, 1H),
7.27 (t, J = 14.8 Hz, 1H), 7.05 (d, J = 8 Hz, 4H), 6.95 (d, J =
8.4 Hz, 2H), 2.14 (s, 3H). 13C NMR (100 MHz, DMSO-d6): δ
ppm 159.16, 151.49, 150.68, 145.81, 139.37, 136.02, 134.73,
134.49, 130.85, 130.49, 128.85, 127.23, 126.62, 126.16, 125.87,
121.99, 119.85, 112.10, 20.92. HRMS-ESI (m/z): calcd for
C23H18BrN3O [M]+, 431.0633, observed = 431.0629.

3-((2-(4-Bromophenyl)hydrazono)methyl)-2-(2,4-
dimethylphenoxy)quinoline (5p). Reddish brown solid. Yield
81%. mp 307−309 °C. 1H NMR (400 MHz, DMSO−d6): δ
11.70 (s, 1H), 8.98 (s, 1H), 8.63 (s, 1H), 8.25 (d, J = 9.2 Hz,

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c00079
ACS Omega 2024, 9, 16384−16399

16394

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c00079?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


2H), 8.12 (d, J = 8 Hz, 1H), 7.70−7.66 (m, 1H), 7.60 (d, J = 8
Hz, 1H), 7.54 (t, J = 15.6 Hz, 1H), 7.34 (d, J = 8.4 Hz, 2H),
7.22 (s, 1H), 7.16 (s, 2H), 2.39 (s, 3H), 2.15 (s, 3H). 13C
NMR (100 MHz, DMSO-d6): δ ppm 159.84, 151.67, 150.76,
146.90, 140.35, 136.98, 135.76, 135.72, 133.11, 131.85, 131.18,
129.89, 129.05, 128.18, 127.65, 127.04, 126.76, 123.60, 120.49,
113.10, 21.92, 17.52. HRMS-ESI (m/z): calcd for
C24H20BrN3O [M]+, 445.0790, observed = 445.0788.

3-( (2- (4-Bromophenyl )hydrazono)methyl ) -2- (2-
chlorophenoxy)quinoline (5q). Reddish brown solid. Yield
70%. mp 311−313 °C. 1H NMR (400 MHz, DMSO−d6): δ
11.57 (s, 1H), 8.88 (s, 1H), 8.47 (s, 1H), 8.09 (d, J = 8.8 Hz,
2H), 7.99 (d, J = 8 Hz, 1H), 7.54 (t, J = 13.2 Hz, 2H), 7.47−
7.37 (m, 4H), 7.28−7.18 (m, 3H). 13C NMR (100 MHz,
DMSO-d6): δ ppm 158.28, 150.65, 145.56, 139.47, 135.10,
131.05, 130.81, 129.05, 128.96, 127.43, 127.28, 126.64, 126.35,
126.15, 125.65, 119.38, 112.19. HRMS-ESI (m/z): calcd for
C22H15Cl BrN3O [M]+, 451.0087, observed = 451.0085.

3-( (2- (4-Bromophenyl )hydrazono)methyl ) -2- (3-
chlorophenoxy)quinoline (5r). Reddish brown solid. Yield
73%. mp 312−315 °C. 1H NMR (400 MHz, DMSO−d6): δ
12.45 (s, 1H), 9.05 (d, J = 15.2HZ, 2H), 8.90 (s, 2H), 8.23 (d,
J = 8 Hz, 1H), 7.97 (d, J = 4.4 Hz, 2H), 7.80−7.71 (m, 2H),
7.61 (t, J = 17.2 Hz, 3H), 7.44 (q, J = 17.6−18 Hz, 2H). 13C
NMR (100 MHz, DMSO-d6): δ ppm 159.68, 155.59, 151.65,
146.59, 140.39, 136.73, 136.05, 134.95, 132.54, 132.02, 129.92,
128.32, 127.63, 126.62, 123.56, 122.21, 120.85, 113.13.
HRMS-ESI (m/z): calcd for C22H15Cl BrN3O [M]+,
451.0087, observed = 451.0086.

3-( (2- (4-Bromophenyl )hydrazono)methyl ) -2- (4-
chlorophenoxy)quinoline (5s). Reddish brown solid. Yield
76%. mp 317−319 °C. 1H NMR (400 MHz, DMSO−d6): δ
12.41 (s, 1H), 9.06 (s, 1H), 9.01 (s, 1H), 8.87 (d, J = 4 Hz,
2H), 8.21 (d, J = 8 Hz, 1H), 7.95 (d, J = 5.6 Hz, 2H), 7.76 (t, J
= 14.4 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.62 (d, J = 8.8 Hz,
3H), 7.45(d, J = 8.8 Hz, 2H). 13C NMR (100 MHz, DMSO-
d6): δ ppm 159.17, 151.47, 150.68, 145.80, 139.35, 136.01,
134.76, 134.53, 130.90, 130.51, 128.87, 127.23, 126.65, 126.15,
125.90, 122.01, 119.84, 112.12. HRMS-ESI (m/z): calcd for
C22H15Cl BrN3O [M]+, 451.0087, observed = 451.0084.

3-((2-(4-Bromophenyl)hydrazono)methyl)-2-(2,4-
dichlorophenoxy)quinoline (5t). Reddish brown solid. Yield
77%. mp 320−323 °C. 1H NMR (400 MHz, DMSO−d6): δ
9.07 (s, 1H), 8.63 (s, 1H), 8.26 (t, J = 21.2 Hz, 2H), 8.18 (d, J
= 8 Hz, 1H), 7.91 (t, J = 17.6 Hz, 1H), 7.80 (t, J = 14.8 Hz,
1H), 7.68−7.60 (m, 4H), 7.34 (q, J = 24.8−23.2 Hz, 3H). 13C
NMR (100 MHz, DMSO-d6): δ ppm 173.61, 163.25, 159.54,
151.98, 149.53, 147.20, 144.17, 137.78, 132.91, 131.91, 131.42,
130.53, 130.31, 129.03, 128.38, 127.76, 127.46, 127.26, 119.65.
HRMS-ESI (m/z): calcd for C22H14Cl2N3O [M]+, 484.9697,
observed = 484.9695.

2-(4-Bromophenoxy)-3-((2-(4-bromophenyl)hydrazono)-
methyl)quinoline (5u). Reddish brown solid. Yield 74%. mp
331−333 °C. 1H NMR (400 MHz, DMSO−d6): δ 11.40 (s,
1H), 8.72 (s, 1H), 8.27 (s, 1H), 7.89 (dd, J = 41.2−40 Hz,
3H), 7.38 (q, J = 22.8−55.8 Hz, 5H), 7.07 (d, J = 8 Hz, 4H).
13C NMR (100 MHz, DMSO-d6): δ ppm 163.03, 160.14,
153.94, 151.87, 147.27, 144.43, 141.60, 137.37, 134.01, 132.64,
130.36, 128.27, 127.17, 127.07, 125.72, 123.00, 120.11, 118.73.
HRMS-ESI (m/z): calcd for C22H15Br2N3O [M]+, 494.9582,
observed = 494.9580.

3-((2-(4-Bromophenyl)hydrazono)methyl)-2-(4-(tert-
butyl)phenoxy)quinoline (5v). Reddish brown solid. Yield

72%. mp 313−316 °C. 1H NMR (400 MHz, DMSO−d6): δ
11.70 (s, 1H), 8.99 (s, 1H), 8.56 (s, 1H), 8.24 (d, J = 9.6 Hz,
2H), 8.12 (d, J = 8 Hz, 1H), 7.72−7.64 (m, 2H), 7.55 (t, J =
18 Hz, 3H), 7.33 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H),
1.39 (s, 9H). 13C NMR (100 MHz, DMSO-d6): δ ppm 158.99,
151.47, 150.70, 147.57, 145.80, 139.37, 135.94, 134.86, 130.89,
128.88, 127.24, 126.78, 126.63, 126.21, 125.93, 121.47, 119.96,
112.13, 34.69, 31.77. HRMS-ESI (m/z): calcd for
C26H24BrN3O [M]+, 473.1179, observed = 473.1180.

3-((2-(4-Bromophenyl)hydrazono)methyl)-2-(m-tolyloxy)-
quinoline (5w). Reddish brown solid. Yield 80%. mp 303−305
°C. 1H NMR (400 MHz, DMSO−d6): δ 11.74 (s, 1H), 9.05
(s, 1H), 8.68 (s, 1H), 8.29 (d, J = 9.2 Hz, 2H), 8.17 (d, J = 8
Hz, 1H), 7.72 (t, J = 14.8 Hz, 1H), 7.65−7.58 (m, 2H), 7.47
(d, J = 7.6 Hz, 1H), 7.41−7.32 (m, 5H), 2.24 (s, 3H). 13C
NMR (100 MHz, DMSO-d6): δ ppm 157.75, 151.09, 149.71,
144.89, 138.41, 134.97, 133.87, 130.67, 129.61, 127.94, 126.67,
126.24, 125.68, 124.87, 121.86, 118.58, 111.15, 15.60. HRMS-
ESI (m/z): calcd for C23H18BrN3O [M]+, 431.0633, observed
= 431.0631.

3-((2-(4-Bromophenyl)hydrazono)methyl)-2-(2,6-
dimethoxyphenoxy)quinoline (5x). Reddish brown solid.
Yield 79%. mp 308−312 °C. 1H NMR (400 MHz, DMSO−
d6): δ 11.49 (s, 1H), 8.72 (s, 1H), 8.41 (s, 1H), 8.02 (d, J = 8.8
Hz, 2H), 7.84 (dd, J = 18−18 Hz, 1H), 7.43 (t, J = 14.8 Hz,
2H), 7.32 (q, J = 15.6−14.8 Hz, 2H), 7.09 (q, J = 18−18.4 Hz,
2H), 6.65 (t, J = 14 Hz, 2H), 3.52 (S, 6H). 13C NMR (100
MHz, DMSO-d6): δ ppm 159.44, 154.05, 151.70, 146.97,
140.37, 138.53, 137.14, 135.42, 131.78, 129.89, 128.15, 127.64,
127.16, 126.59, 123.26, 120.13, 113.13, 107.02, 57.47. HRMS-
ESI (m/z): calcd for C24H20BrN3O3 [M]+, 477.0688, observed
= 477.0686.
Computational Studies. Ligand Preparation. The

chemical structures of synthesized phenylhydrazono phenox-
yquinoline derivatives (5a−5x) were generated using ACD/
ChemSketch software.29 BIOVIA Discovery Studio was used
to protonate the sketched chemical structures of synthesized
phenylhydrazono phenoxyquinoline derivatives (5a−5x).30
The prepared chemical structures were then energy minimized
and optimized employing the steepest descent algorithm and
the MMFF94 force field.25,31 Ligand structure optimization
was performed using the OpenBabel module from PyRx
0.8.32,33

Drug-Likeness and In Silico ADMET Prediction. The drug-
likeness and pharmacokinetic (ADMET) profiles of the
synthesized phenylhydrazono phenoxyquinoline derivatives
(5a-5x) were estimated utilizing the online SwissADME and
pkCSM servers.34,35 Various criteria from a set of rules,
including Lipinski’s rule (Ro5), Veber’s rule, Ghose’s rule,
Egan’s rule, and Muegge’s rule, were considered to estimate
the drug-likeness profile of synthesized phenylhydrazono
phenoxyquinoline derivatives (5a−5k).36−40

Density Functional Theory Calculations. The energies of
FMOs and chemical reactivity descriptors based on FMOs for
synthesized phenylhydrazono phenoxyquinoline derivatives
(5a−5x) were calculated utilizing the DFT method.25,26,41

Previously reported protocols were followed for carrying out
the DFT calculations.22,24,42 The B3LYP/DEF2-SVP level of
theory and the ORCA 5.0.4 program were employed for the
execution of all the DFT calculations.43−48 Input and output
files were generated on orca-enhanced Avogadro software.48,49

The chemical reactivity descriptors were calculated with
previously reported equations from Koopmans’ theory.50,51
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Molecular Docking Study. Target Protein Retrieval and
Preparation. Crystallographic structures of human pancreatic
α-amylase (PDB ID: 6OCN, resolution 1.15 Å) were
downloaded from the RCSB Protein Data Bank.52 These
structures underwent rigorous optimization and minimization
procedures employing AutoDockVina tools and BIOVIA
Discovery Studio.30,53 The optimization process included
tasks such as filling in missing residues, side chain generation,
and hydrogen atom addition.54,55 Additionally, the histidine
residues were assigned appropriate protonation states, and
charges were incorporated for both standard and nonstandard
residues, ensuring net charge stabilization. Nonstandard
residues, water molecules, cocrystal ligands, and extraneous
chains were systematically removed using BIOVIA Discovery
Studio to streamline the protein structures for subsequent
investigations.56−58

Docking of Ligands with the Target Protein. Docking
studies were conducted using the AutoDock Vina module in
PyRx 0.8 with a maximized grid spacing.31,33,59,60 Initially,
protein structures obtained from the RCSB Protein Data Bank
were thoroughly cleaned, with prior ligands and water
molecules. Polar hydrogen atoms were added, and the
structures were optimized using BIOVIA Discovery Studio,
ensuring accurate tautomeric states.61 Following energy
minimization, ligand and protein structures were chosen for
the docking study in Vina Wizard, with a maximized grid box
covering the entire protein. Parameters such as exhaustiveness
at eight and the number of modes at nine were configured for
the study.23 The docking data were subsequently analyzed with
the BIOVIA Discovery Studio visualizer, providing valuable
insights into protein−ligand interactions.30 This rigorous
computational approach integrates advanced tools and
protocols to comprehensively investigate molecular interac-
tions with precision.

MD Simulation. MD simulation of the hit compound was
carried out using Desmond 2020.1 software. MD simulation
was performed with the OPLS-2005 force field.62 The complex
was solvated in an orthorhombic box with TIP3P water
molecules. The explicit solvent model was used for solvation.63

Periodic boundary conditions were set as dimensions of 10 Å
× 10 Å × 10 Å to enclose the protein−ligand complex in a
water box.63−67 The physiological surroundings in the water
box achieved by the addition of NaCl atoms and charges were
counterbalanced with 0.15 M Na+ ions. Equilibration of the
complex was performed for the initial 10 ns with the NVT
ensemble.68 The NPT ensemble for a duration of the next 12
ns was achieved for brief equilibration and energy minimiza-
tion of the complex.69 A pressure of 1 bar with a relaxation
time of 1.0 ps was maintained via the Nose−Hoover chain
coupling approach.70 The barostat method was applied to
control the pressure.71 A production run was completed for a
period of 100 ns. The resulting MD trajectories were
statistically analyzed.72,73
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