W,
[\

1JPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug. 2026, pp:754-810 www.ijprajournal.com

Rational Design and Biological Evalaution of Novel Chromone
Derivatives: An Integrated Molecular Docking and Synthetic
Approach

1Dr. S.K. SENTHIL KUMAR, 2Mr. S. VENKATRAMAN, 3V. SWETHA, 3K. TAMIZHENDHI,
3K. THIRUMALAI SELVAN, 3G. THIRUVENGADAM, 3K. THOWSIF.

!'Principal, Arunai College of Pharmacy, Velu Nagar, Thenmathur, Thiruvannamalai-606 603.
’Assistant professor, Department of Pharmaceutical Analysis, Arunai college of Pharmacy, Velu Nagar,
Thenmathur, Thiruvannamalai-606 603.

*B. Pharmacy Final Year Students, Arunai College of Pharmacy, Velu Nagar, Thenmathur, Tiruvannamalai-606

Date of Submission: 13-07-2026

Date of Acceptance: 27-07-2026

ABSTRACT

Chromone derivatives are an important class of
heterocyclic compounds known for their diverse
pharmacological activities, including anticancer,
antidiabetic, anti-inflammatory, and antioxidant
properties. The present study aimed to design,
synthesize, characterize, and evaluate a series of
substituted chromone derivatives for their potential
biological activities. Five chromone derivatives
were synthesized through a two-step synthetic route
involving chalcone formation followed by oxidative
cyclization. The synthesized compounds were
characterized by melting point determination and
FT-IR spectroscopy, confirming the formation of
the desired chromone derivatives.

The physicochemical properties, drug-likeness,
pharmacokinetic parameters, and toxicity profiles of
the synthesized compounds were evaluated using
Swiss ADME and ProTox web tools. All
compounds satisfied Lipinski's Rule of Five,
exhibited good  gastrointestinal  absorption,
acceptable drug-likeness, and showed no predicted
mutagenic, tumorigenic, skin irritant, or
reproductive toxicity. Molecular docking studies
were performed against selected protein targets
associated with anticancer, antidiabetic, anti-
inflammatory, and antioxidant activities. Several
compounds demonstrated favorable binding
affinities, suggesting promising interactions with
the target proteins.

The synthesized compounds were further evaluated
for in vitro antidiabetic activity using the a-amylase
inhibition assay. Among the tested compounds,
Compound 3 exhibited the highest inhibitory
activity, showing 94.1% inhibition at 500 pg/mL,
indicating significant antidiabetic potential. Overall,
the study demonstrates that the synthesized
chromone derivatives possess promising biological
activities and favorable drug-like characteristics.

These findings suggest that the synthesized
compounds may serve as potential lead molecules
for the development of new therapeutic agents,
although further pharmacological and in vivo
investigations are required to establish their clinical
potential.

Key words: Molecular Docking, Anti-Cancer,
Anti-Diabetic, Anti-Inflammatory, Antioxidant,
Protox , FT-IR spectroscopy , synthesized
compounds.

I. INTRODUCTION
CHROMONE

Chromone (C,HsO,) is a bicyclic, naturally
occurring heterocyclic compound (benzo-pyrone)
that serves as a fundamental structural skeleton in
medicinal chemistry and drug discovery.

It is widely found in plants and is considered a
“privileged scaffold” due to its ability to exhibit
diverse biological activities, including anti-
inflammatory, antioxidant, anticancer,
antimicrobial, and anti-diabetic properties.
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DIABETES MELLITUS

o Diabetes mellitus (DM) is a metabolic
disorder characterized by hyperglycaemia, glycosuria
and ketonemia.

o It is a group of metabolic diseases in which
there are high blood sugar levels for a prolonged period.

o Insulin is secreted by B-cells of pancreas to
control blood sugar levels.

L It is caused due to deficiency of insulin or
resistance to insulin or both.

STANDARD DRUG-ACARBOSE:

Acarbose is a complex oligosaccharide which reversibly
inhibits a-glucosidases, the final enzymes for the
digestion of carbohydrates in the brush border of small
intestine mucosa. It slows down and decreases digestion
and absorption of polysaccharides (starch, etc.) and
sucrose. The stop-NIDDM trial (2002) has shown that
long-term acarbose treatment in prediabetics reduces
occurrence of type 2 DM as well as hypertension and
cardiac disease. In diabetics, it reduces cardiovascular
events. Acarbose is a mild antihyperglycemic and not a
hypoglycemic, may be used as an adjuvant to diet in
obese diabetics.

CANCER

Cancer is a highly complicated disease that arises from
the uncontrolled growth and division of abnormal cells,
which can invade surrounding tissues and spread to
other parts of the body. Despite significant progress in
medical science, conventional treatments such as
chemotherapy and radiotherapy are often associated
with several limitations, including severe side effects
and resistance. Therefore, the development of new
therapeutic agents with improved efficacy and safety
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has become an important area of scientific investigation.

Anticancer agents are substances that suppress the
proliferation of cancer cells, trigger programmed cell
death (apoptosis), or disrupt biological processes
involved in tumor growth and metastasis. In recent
years, naturally derived phytochemicals have attracted
considerable interest due to their potential therapeutic
benefits. These compounds are often considered
promising because they may exhibit strong biological
activity with relatively lower toxicity compared to many
synthetic drugs.
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INFLAMMATORY

Inflammation is defined as a protective response involving host cells, blood vessels, and proteins and other mediators that
is intended to eliminate the initial cause of cell injury, as well as the necrotic cells and tissues resulting from the original
insult, and to initiate the process of repair (ROBBINS).

Term inflammation is derived from Latin word ‘inflammare’ = ‘to burn’.

Our Principal safeguard against injury.

OXIDANT

The process of oxidation in the human body damages cell membranes and other structures, including cellular proteins,
lipids and DNA. When oxygen is metabolised, it creates unstable molecules called 'free radicals', which steal electrons
from other molecules, causing damage to DNA and other cells.

The body can cope with some free radicals and needs them to function effectively.

However, the damage caused by an overload of free radicals over time may become irreversible and lead to certain
diseases (including heart and liver disease) and some cancers (such as oral, oesophageal, stomach and bowel cancers).

AIM:
To design, perform molecular docking, synthesis, characterize and biological evaluate novel chromone derivative for
their in-vitro anti-cancer, anti-diabetic, anti-inflammatory, antioxidant activity.

OBJECTIVES:

1.Molecular Design

To design novel chromone derivatives using molecular modelling tools.

To evaluate physicochemical properties and drug-likeness using Lipinski’s rule.

2.In-Silico Studies

To perform molecular docking studies against selected protein targets:
Anti-cancer

Anti-diabetic

Anti-inflammatory

Antioxidant

3.Synthesis
To synthesize the designed chromone derivatives using an optimized synthetic route

4.Characterization

To characterize the synthesized compounds using:
IR Spectroscopy
Melting Point
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PLAN OF WORK:
° MOLECULAR DESIGN OF TARGET COMPOUND

ChemSketch, SwissADME, ProTox 3.0(Lipinski rule)

o MOLECULAR DOCKING STUDIES
Protein preparation, Ligand preparation, Docking using Swiss Dock.

o SELECTION OF OPTIMIZED COMPOUND AND SYNTHETIC SCHEME PLANNING
o CHEMICAL SYNTHESIS INTERMEDIATE FORMATION, CHROMONE FORMATION
o ISOLATION AND PURIFICATION OF SYNTHESIZED COMPOUNDS
o CHARACTERIZATION IR SPECTROSCOPY
o IN-VITRO BIOLOGICAL EVALUATION ANTI-DIABETIC ACTIVITY (e-amylase inhibition).
GENERAL SCHEME
0 0 0
ethanol
CHy NoaH O Y Q
ik _
OH R, 60-100C :
2-3hrs 1
O-Hydroxy gimlf\f Yde Refix Intermediate
feoph . .
AoRpeore R, | Derivatives
1) | 4-Nitro benzaldehyde
: 2) | 2-Nitro benzaldehyde
g[}r;m C | ethanol 3) | 4-Dimethylamine
. benzaldehyde
Reflux KCro
2 4) | Benzaldehyde
5) | 4-Hydroxy benzaldehyde

Chromone Derivative
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CHARACTERIZATION

Spectroscopy is the branch of science that deals with the study of interaction of electromagnetic radiation with
matter. spectroscopy is the most pole the study filtration or study of atomic and molecular structure of organic
compound.

MELTING POINT:
The melting point of the synthesized compounds is determined by capillary tube method.

IR SPECTROSCOPY:
IR spectrum was recorded by absorption of infrared radiation it causes changes in vibrational energy in the
ground state using the kbr pellet press method and determined the functional group present in in the compounds.

BIOLOGICAL EVALUATION OF ANTI DIABETIC ACTIVITY

They are Various assays for antidiabetic activity in-vitro assays are,

a-amylase inhibition

a-glucosidase inhibition Glucose uptake assay

0-AMYLASE INHIBITION ASSAY:

Principle of the Assay: The most common method uses DNSA (3,5-Dinitrosalicylic acid). Amyl down starch
into maltose. DNSA reacts with the resulting maltose to form a colored form inhibitor is present, less maltose is
produced, leading to a lighter color.

Diabetic activity by a-amylase

Alpha-amylase is an enzyme that plays a crucial role in breaking down starch Sugars like glucose and maltose.
It is found in various organisms, including plants, and microorganism. Alpha-amylase activity can be influenced
by factors like pH and the presence of certain metal ions. It is also target for inhibitors, which to manage
conditions like diabetes by slowing down the digestion of carbohydrate Evaluation of in-vitro anti-diabetic
activity by a-amylase inhibition assay E Inhibiting alpha-amylase slows the break, down of starch in to glucose,
them Reducing postprandial blood glucose spikes.

TEST: COMPOUND -1,2,3,4,5

TEST-1: FOR 100mcg/ml
TEST-2: FOR 200mcg/ml
TEST-3: FOR 300mcg/ml
TEST-4: FOR 400mcg/ml
TEST-5: FOR 500mcg/ml

Add 0.5ml of Synthetic compound
Add 0.5ml of a-amylase solution
!
Add 0.5ml of phosphate buffer solution
1

Incubate at 37°C for 10minutes

Add 0.5ml of starch solution
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Incubate at 37°C for 10 minutes

!
Add Iml of DNS reagent

!
Boil at 100°C for 5 minutes

Make up for 10ml with distilled water
!

Measure absorbance at 540nm

Calculation Formula:

% of inhibition = Absorbance of control - Absorbance of test x100
Absorbance of control

RESULT AND DISSCUSSION

»  This study, the molecular designing of the compounds were carried out by using different softwares.

»  The lipinski's rule of five and some of the designed compound was calculated by using softwares such as
chemsketch & swiss ADME.

TABLE.NO.1

CODE MW H-Bond H-Bond Logp M.R No. of creteria

acceptor donar (Cm’/mol)

Rules <500 <10 <5 <5 <150 Atleast-3
Compound 1 267.24 4 2 2.51 76.74 All
Compound 2 267.24 4 2 2.51 77.74 All
Compound 3 265.31 2 1 3.26 82.13 All
Compound 4 222.24 2 2 3.24 67.92 All
Compound 5 252.26 3 1 2.67 74.94 All

TABLE.NO.2

Code Solubility GI absorption BBB Synthetic

(log s) IPermeation  |Accessibility
Compound 1 Soluble High Yes 2.81
Compound 2 Soluble High Yes 3.02
Compound 3 Soluble High Yes 2.86
Compound 4 Soluble High Yes 2.88
Compound 5 Soluble High Yes 2.96
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In-Silico Toxicity Assessment Results:

The in-silico toxicity assessment results of the selected 4 ligand molecules were summarized in the Table 3. All
the molecules were found to be non-toxic in the terms of mutagenicity, tumorigenicity, skin irritancy and
reproductive effect based on the in-silico toxicity assessment study.

TABLE.NO.3
Compounds Mutagenicity| Tumorigenicity [Skin Irritancy [Reproductive effect
Compound 1 Inactive Inactive Inactive Inactive
Compound 2 Inactive Inactive Inactive Inactive
Compound 3 Inactive Inactive Inactive Inactive
Compound 4 Inactive Inactive Inactive Inactive
Compound 5 Inactive Inactive Inactive Inactive

TABLE.NO.4 MOLECULA DOCKING RESULTS

ANTI CANCER ANTI DIABETIC

S. | COMPOUNDS | BINDING S. | COMPOUNDS BINDING
NO ENERGY NO ENERGY
(-Kcal/Mol) (-Kcal/Mol)
STD FLAVONE -7.4981 STD| ACARBOSE -8.3670
1 Cl -8.3728 1 Cl1 -7.8226
2 C2 -8.2938 2 C2 -7.7170
4 C4 8.0274 4 = -7.4360
5 (& -7.7869 5 C5 -7.8530
ANTI INFLAMMATORY ANTIOXIDANT
S. | COMPOUNDS | BINDING S. | COMPOUNDS BINDING
NO ENERGY NO ENERGY
(-Kcal/Mol) (-Kcal/Mol)
STD | DICLOFENAC -6.8606 STD | ASCORBIC ACID -7.9195
| Cl -7.8965 1 Cl1 -7.4640
2 2 -6.8172 2 c2 -7.7128
3 C3 76719 : e S (S
4 C4 7.1987 * 4 7438l
5 C5 -7.2446 5 C5 -7.3659
TABLE.NO.5

PHYSICAL DATA OF SYNTHESIZED COMPOUNDS

The designed compounds are synthesized by the Aniline react with the Aromatic benzaldehyde to formed the
Schiff base. It further treated with benzil and ammonium acetate in presence of ethanol. The molecular formula,
IUPAC name, physical appearance, percentage yield, melting point and solubility of the compound are
determined. This details are given as following data.

DOI: 10.35629/4494-1104754810 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal =~ Page 8



Y

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug. 2026, pp:754-810 www.ijprajournal.com

IJPRA Journal
TABLE.NO.5
Code Molecular Formula IUPAC Name
Compoundl |C H NO 2-(4-nitrophenyl)chromen-4-one
Compound2 |C H NO 2-(2-nitrophenyl)chromen-4-one
Compound3 |C H NO 2-[4-(dimethylamino)phenyl]chromen-4-one
Compound4 (C H O 2-phenylchromen-4-one
Compound5 (€ H O 2-(4-hydroxyphenyl)chromen-4-one
TABLE.NO.6
STEP1:
Code Appearance 'Yield (%) Melting point Solubility
Compound 1 Yellow crystals 79% 160 °C Acetone
Compound 2 [Yellow to 74% 95 °C Acetone
orange-yellow
crystalline solid

Compound 3  |Yellow to orange-red 70% 110°C Acetone

crystalline solid
Compound 4 Pale yellow to 72% 90 °C Acetone
yellow crystalline
solid

Compound 5 [Yellow crystalline 73% 185 °C Acetone

solid
STEP 2:

Code Appearance Yield (%) [Melting point Solubility
Compound 1 Yellow 81% 220 °C Acetone
Compound 2 Yellow 82% 180 °C Acetone
Compound 3 Yellow to 80% 180 °C Acetone

Orange-Yellow crystals
Compound 4 Pale yellow to half white 83% 100 °C Acetone
crystals
Compound 5  [Pale yellow to yellow crystals 86% 260 °C Acetone
SPECTRAL DATA

DOI: 10.35629/4494-1104754810

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 9



International Journal of Pharmaceutical research and Applications

x: ) Volume 11, Issue 4, Jul.-Aug. 2026, pp:754-810 www.ijprajournal.com

1JPRA Journal

The compounds were confirmed by the spectral analytical data such as following method

INFRARED SPECTRUM
COMPOUND 1
2-(4-nitrophenyl)chromen-4-one
WAVENUMBER") FUNCTIONAL
GROUP
1745.42 C=0
1511.64 Cc=C
3343.12 O-H
3103.60 C-H
1550.37 N=0

COMPOUND 2
2-(2-nitrophenyl)chromen-4-one

WAVENUMBER(CM") | FUNCTIONAL
GROUP
1676.58 C=0
1510.21 N=0
1600.56 C=C
1465.75 C-H

COMPOUND 3
2-[4-(dimethylamino)phenyl]chromen-4-one

WAVENUMBER(CM") | FUNCTIONAL
GROUP
3390.44 O-H
3236.98 C-H
1652.20 C=0
1518.82 C=C
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COMPOUND 4

2-phenylchromen-4-one

WAVENUMBER(CM") | FUNCTIONAL
GROUP
1655.27 C=0
2582.99 O-H
3347.42 N-H
323842 C-H
1594.67 C=C
COMPOUND 5
2-(4-hydroxyphenyl)chromen-4-one
WAVENUMBER(CM") | FUNCTIONAL
GROUP
3483.67 O-H
3238.41 C-H
1455.71 C-C
1557.54 1 C=C
1518.82 C=0
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BIOLOGICAL EVALUATION OF ANTI DIABETIC:

INHIBITION OF ALPHA AMYLASE

Control:0.820 absorbance

COMPOUND CONC %INHIBITION

Acarbose 50 45.88%
100 23.5%

C1 200 42.8%
300 59.6%

400 75.8%

500 89.4%

100 20.8%

C2 200 39.7%
300 56.9%

400 73.2%

500 87.6%

100 26.4%

C3 200 48.2%
300 67.5%

400 86.4%

500 94.1%

C4 100 17.6%
200 34.5%

300 50.8%

400 66.7%

500 81.5%

100 18.9%

C5 200 36.8%
300 53.7%

400 69.8%

500 84.2%

SUMMARYAND CONCLUSION

The present research focused on the design,
molecular docking, synthesis, characterization, and
biological evaluation of novel chromone derivatives
for their anti-diabetic, anti-cancer, anti-
inflammatory, and antioxidant activities. Chromone
was selected as the core scaffold because of its wide
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range of pharmacological properties and its
importance in medicinal chemistry. Five chromone
derivatives were designed by introducing different
substituents to improve their biological activity and
drug-likeness.

MOLECULAR DESIGN AND DOCKING:

The designed compounds were evaluated using
ChemSketch, SwissADME, and ProTox to
determine their physicochemical properties, drug-
likeness, and toxicity profile. Molecular docking
studies were carried out against selected protein
targets 6QXU (Anti-cancer), 3T42 (Anti-diabetic),
4WK7 (Anti-inflammatory), and 3H7U
(Antioxidant). The docking results demonstrated
favourable binding interactions and good binding
affinity, indicating the therapeutic potential of the
synthesized chromone derivatives.

SYNTHESIS AND CHARACTERIZATION

The present study successfully demonstrated the
design, molecular docking, synthesis,
characterization, and biological evaluation of novel
chromone derivatives. The docking studies revealed
favourable binding interactions with the selected
target proteins, while FTIR characterization
confirmed the successful synthesis of the
compounds. The in-vitro a-amylase inhibition assay
showed that the synthesized chromone derivatives
possess promising anti-diabetic activity with
increasing inhibition at higher concentrations.
Overall, the findings suggest that chromone
derivatives are promising lead molecules for the
development of new therapeutic agents with anti-
diabetic, anti-cancer, anti-inflammatory, and
antioxidant potential. Further in-vivo
pharmacological studies, toxicity evaluation, and
structural optimization are required to establish their
safety and therapeutic efficacy before clinical
application.

BIOLOGICAL IN-VITRO EVALUATION

The synthesized compounds were evaluated for in-
vitro anti-diabetic activity by the a-amylase
inhibition assay at different concentrations (100-500
pg/mL). The compounds exhibited concentration-
dependent inhibitory activity against a-amylase,
indicating promising anti-diabetic potential when
compared with the standard drug Acarbose.

Conclusion:

The present study successfully demonstrated the
design, molecular docking, synthesis,
characterization, and biological evaluation of novel
chromone derivatives. The docking studies revealed
favourable binding interactions with the selected
target proteins, while FTIR characterization
confirmed the successful synthesis of the
compounds. The in-vitro o-amylase inhibition assay
showed that the synthesized chromone derivatives
possess promising anti-diabetic  activity with
increasing inhibition at higher concentrations.
Overall, the findings suggest that chromone
derivatives are promising lead molecules for the
development of new therapeutic agents with anti-
diabetic,  anti-cancer, anti-inflammatory, and
antioxidant potential. Further in-vivo
pharmacological studies, toxicity evaluation, and
structural optimization are required to establish their
safety and therapeutic efficacy before clinical
application.
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