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ABSTRACT

Thymol is known for its strong anti microbial properties, effective against various bacteria and fungi. As thymol
has low solubility in water and photo decomposition, the current study is to overcome the disadvantages Thymol is
known for its strong antimicrobial properties, effective against various bacteria and fungi. As thymol has low
solubility in water and photo-decomposition, the current study is to overcome the disadvantages and level up the
potency against microbes. Thymol and sulphanilic acid were coupled with an azo linkage by diazotization and
coupling reactions. An orange-red dye (BBH-1) was synthesized in optimum condition. Structure of the compound
was confirmed by FTIR and 3C-NMR. Physical properties like melting point and solubility have been established.
Docking studies have been performed against protozoal protein 5QQ5 and fungal protein 5FSA in comparison with
Metronidazole and Itraconazole as standards, respectively. In which the compound BBH-1 possessed potent anti-
protozoal effect over the standard drug. Meanwhile, acceptable antifungal effect have been observed when
compared to Itraconazole. Insilico toxicity studies revealed that the compound is extremely safe with LDs, around
5000 mg/kg. As per the research outcome, this azo derivative is safe to perform animal studies, and it is suitable for
topical application. Further development is encouraged by chemical optimization.

KEYWORDS: Thymol, azo derivative, anti microbial, docking studies.

INTRODUCTION

Azo compounds constitute an important class of organic
molecules distinguished by the presence of the azo (-
N=N-) functional group.) These compounds exhibit
remarkable versatility, with applications spanning dyes,
pigments, pharmaceuticals, and advanced material
sciences. Due to their diverse biological activities,
particularly in antimicrobial and anti parasitic treatments,
research on azo compounds has gained significant
traction.’!. Their structural flexibility allows for
modifications that enhance pharmacological properties,
making them valuable candidates for drug
development.®)  Medicinal chemistry focuses on
designing and developing compounds with therapeutic
potential, and azo compounds play a pivotal role in this
field due to their bioactive nature.** Numerous azo
derivatives have demonstrated effectiveness as
antimicrobial,  anticancer, and anti-inflammatory
agents.®”® Their mode of action frequently involves
interacttions with biological targets such as enzymes and

receptors via the azo linkage. Additionally, azo prodrugs
serve as targeted drug delivery systems, wherein
enzymatic reduction in specific physiological conditions
releases the active therapeutic agent. The growing issue
of antimicrobial resistance underscores the need for
novel therapeutic agents.[***%121% Azo compounds have
exhibited promising antimicrobial properties against a
range of  bacterial, fungal, and protozoal
pathogens. 51 Their  structural  characteristics
facilitate selective interactions with microbial enzymes,
disrupting essential cellular processes.’*” Some azo
derivatives, such as sulfonamides, have already been
successfully used in clinical treatments for bacterial
infections.™” Moreover, computational drug design and
in silico studies have significantly contributed to
optimizing azo-based molecules for enhanced therapeutic
efficacy. Advancements in computational methods,
particularly Computer-Aided Drug Design (CADD),
have transformed the development of azo-based
pharmaceuticals. Molecular docking and molecular
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dynamics simulations help identify potential drug
candidates by predicting their interactions with
biological targets. Additionally, Quantitative Structure-
Activity Relationship (QSAR) models offer valuable
insights into optimizing azo derivatives for improved
efficacy and reduced toxicity. The integration of artificial
intelligence and machine learning in medicinal chemistry
has further accelerated the discovery of novel azo-based
therapeutics.*>*® This study focuses on the synthesis,
characterization, and biological evaluation of novel azo
compounds with potential antimicrobial and therapeutic
applications. It employs computational approaches to
assess the safety and effectiveness of these
compounds.®*?1%21" By utilizing modern drug design
techniques, this research aims to contribute to the
development of effective antimicrobial agents and
expand the role of azo chemistry in medicinal
applications. In summary, azo compounds offer
significant potential in pharmaceutical sciences, serving
as a foundation for innovative drug development. Their
chemical adaptability, combined with advances in
computational methodologies, creates new opportunities
for discovering therapeutic agents. This research seeks to
provide valuable insights into the potential of azo
compounds in addressing current medical challenges.

MATERIALS AND METHODS

Materials

This research utilized various chemicals and reagents,
including sulphanilic acid, sodium nitrite, hydrochloric
acid, thymol, and sodium hydroxide, for the synthesis of
azo compounds. Multiple solvents, such as water,
ethanol, ethyl acetate, benzene, chloroform, methanol,
and n-hexane, were used for solubility and purification
studies. The crude product was purified using solvent
fractionation, recrystallization with ethanol, and
chromatographic  techniques such as  column
chromatography and thin-layer chromatography (TLC)
and melting point using Cole Parmer MP-250 to ensure
purity. The characterization of the synthesized azo

Stepl: Diazotisation Reaction

compounds was performed using various spectroscopic
techniques.  UV-Visible  spectrophotometry  was
employed to examine electronic transitions within the
200-800 nm range. Infrared (FTIR) spectroscopy was
used to identify functional groups by scanning in the
4000-400 cm™ range wusing Jasco FTIR 4X.
Additionally, Nuclear Magnetic Resonance (NMR)
spectroscopy, including both *H and 3C NMR, was
conducted using a Bruker Ascend™ 500 spectrometer
with DMSO-d6 as the solvent. Computational studies
were carried out to assess the biological potential of the
synthesized compounds. Molecular docking was
performed using PyRx software to predict ligand-
receptor interactions, while BIOVIA Discovery Studio

was utilized for visualizing binding affinities.
Furthermore, pharmacokinetic properties, including
absorption, distribution, metabolism, and excretion

(ADME), were predicted using SWISSADME software.
Toxicity assessments were conducted using ProTox-3.0
to evaluate potential risks. By integrating both
experimental and computational approaches, this
research provided a comprehensive understanding of the
structural and biological characteristics of the newly
synthesized azo derivatives.

Methods

The synthesis of azo compounds involved a sequence of
chemical reactions, purification procedures, and
characterization techniques. Initially, thymol of 2g was
melted and dissolved in a 10% sodium hydroxide
solution 30ml while being maintained in an ice bath. At
the same time, sulphanilic acid 1.73ml was dissolved in
concentrated hydrochloric acid 4ml and reacted with
sodium nitritelg to generate the diazonium salt. This
solution was then gradually added dropwise to the
thymol mixture, ensuring that the temperature remained
between 0-5°C. The reaction mixture was continuously
stirred, with 10% sodium hydroxide added incrementally
to promote the coupling reaction.

N,*CI-
NHo
NaNO,/ HCI
0-5° C o
o=s=o0 =
OH ou

Sulphanilic Acid

p-DiazoChlorobenzene Sulphonic acid
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Step: 2 Coupling reaction

N,"CI” HaC
OH
+
(o] :s] —0 HLC CHs
OH
p-DiazoChloro benzene
sulfonic acid Thymol

10%NaOH
0-5°C

3
HO ™ N\
= (o]

4-{(E)-[4-hydroxy-2-methyl-5-(propa
n-2-vlphenvl]diazenyl} benzene-1-sulf
onic acid

Figure 1: Synthesis Scheme.

The resulting azo compound was precipitated,
neutralized with water, filtered, and dried. Purification of
the crude product was carried out through solvent
fractionation using n-hexane, followed by
recrystallization with ethanol to eliminate impurities.
Further refinement was achieved via column
chromatography, utilizing silica gel (100-200 mesh) as
the stationary phase. A gradient solvent system
comprising n-hexane and ethanol (9:1), followed by
ethyl acetate and ethanol (1:1), was employed for
elution. The purified fractions were collected, evaporated
to dryness, and analyzed using thin-layer
chromatography (TLC) on a silica gel plate with
ethanol:benzene (3:7) as the mobile phase. Retention
factor (Rf) values were measured to verify purity.
Characterization of the synthesized azo compounds was
conducted using various spectroscopic techniques. UV-
Visible spectrophotometry was utilized to examine
electronic transitions within the 200-800 nm range.
Fourier Transform Infrared (FTIR) spectroscopy was
applied to identify functional groups within the 4000—
400 cm™ range. Additionally, Nuclear Magnetic
Resonance (NMR) spectroscopy, including 3C NMR,
was performed using a Bruker Ascend™ 500
spectrometer with DMSO-d6 as the solvent.
Computational studies were incorporated to assess the
biological potential of the synthesized azo compounds.
Molecular docking analysis was carried out using PyRx
software to evaluate ligand-receptor interactions, while
BIOVIA Discovery Studio was employed for
visualization and affinity analysis. Pharmacokinetic

properties, such as absorption, distribution, metabolism,
and excretion (ADME), were predicted using
SWISSADME  software.  Additionally,  toxicity
evaluations were conducted using ProTox-3.0 to assess
potential safety risks. By integrating both experimental
and computational approaches, this study provided a
comprehensive evaluation of the structural and biological
properties of the synthesized azo derivatives.

RESULTS AND DISCUSSION

Preliminary Studies

The synthesized azo compound, was obtained as a
crystalline solid. The percentage yield of the compound
was found to be 55.68% wi/w, which is relatively high
compared to the theoretical vyield, confirming a
successful synthesis. Table 1 summarizes the general
characteristics of the synthesized compound, including
molecular formula, molecular weight, and state.

Table 1: General Characteristics of Synthesized
Compound.

Molecular Molecular
S-No Formula Weight State
1 | c16H18N204s | 33439 | crystalline
g/mol

The compound exhibited orange red colouration,
confirming the presence of an extended conjugated
system.

o Ot

0

C
HO‘%\ ’

4-{[4-hydroxy-2-methyl-5-(propan-2-yl)phenyl)diazenyl}benzene-1-sulfonic acid

Figure 2: Synthesized sample.

Figure 3: 2D structure of compound.
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Solubility Profile

The solubility studies indicate that compound is soluble
in water, ethanol, and methanol, while it is insoluble in
benzene and n-hexane, suggesting potential hydrophilic
interactions.

Table 2: Solubility Profile.

Structural Analysis

The UV-visible spectrophotometric analysis of BBH-1
was performed in ethanol solvent within the range 200—
800 nm. The absorption maximum (A max) was observed
at 371.5 nm, indicating a strong m-n* transition due to the
presence of an extended conjugated system.

S.No | Solvent Solubility
1 Water Soluble
2 Ethanol Soluble
3 Benzene Insoluble
4 n-Hexane Insoluble
1.54 . . =
A max=371.5nm
1.00 N
Ab
i 0.50 B
0.00
I I
-0.24
200 400 600 800

Figure 4: UV visible Absorption Spectrum of compound.

The IR spectral analysis of sample reveals key functional
groups within its molecular structure. A strong
absorption at 3439.42 cm™ corresponds to -OH
stretching, indicating the presence of hydroxyl groups,
likely involved in hydrogen bonding. The peaks at
2966.95 cm™ suggest aliphatic C-H stretching, pointing
to the existence of alkyl chains. The absorption at
1634.38 cm™ is characteristic of C=C stretching in
aromatic systems, confirming an aromatic ring. The
presence of an azo (-N=N-) group is supported by a

100

strong band at 1512.88 cm™, while the C-N stretch at
1319.07 cm™ further indicates nitrogen-containing
functionalities. Additionally, two distinct S=O stretching
vibrations appear: asymmetric stretching at 1387.53 cm™
and symmetric stretching at 1195.65 cm™, which are
characteristic of sulfone (-SO,) groups. The C-S
(aromatic) stretching at 1040.41 cm™ and the C-O
stretching at 1127.19 cm™ further confirm the presence
of sulfur and oxygen functionalities.
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The provided information is a Carbon-13 Nuclear
Magnetic Resonance (33C NMR) spectrum that displays
the number of protons bonded to each carbon in a

) 3000 . A
Figure 5: IR Characterizatio

n of Compound Prepared.

molecule as well as chemical shifts (ppm). The ppm
values show the electrical environment of the carbon
atoms in the structure, while the Atom Number column
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probably relates to particular carbon atoms. According to
the data, the carbons at 17 and 18 ppm are linked to six
protons and exhibit a chemical shift of 1.18-1.19 ppm,
indicating that they are methyl groups (-CHs3) in a
somewhat nonpolar environment, most likely connected
to sp® hybridised carbon. Similarly, a -CH,- group is
indicated by the carbon being linked to two protons at 15
and 23 ppm (with a shift of 2.51 ppm). Three protons
make up the carbon at 19 ppm with a shift of 2.59 ppm;
this is probably a methyl group in a slightly different

Balachandar_S.21.fid

Fi
10001970_BBH-1_DMSO
= [ b}

electrical environment. Because they contain fewer
protons, the carbons at 16 ppm (3.30 ppm) and 10, 13, 2,
3, 5, and 6 ppm (with shifts of 6.81, 7.58, and 7.76 ppm)
are more likely to be attached to electronegative atoms or
be in aromatic/conjugated systems. The consistency of
the structure is confirmed by the sum of 18 protons
bonded to these carbons. The influence of shielding
effects, hybridisation, and electronegativity inside the
molecule is reflected in the changes in chemical shifts.
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Thin Layer Chromatography (TLC) Analysis

The TLC analysis was performed using ethanol as a
solvent system. A single spot with an Rf value of 0.52
was observed under UV light, confirming the purity of
the synthesized compound.

Table 3: Thin Layer Chromatography and Rf Value.
S.No | Colour of Spot Rf Value
1 Yellow 0.52

Melting Point Determination

The melting point of compound was recorded as 227-
229°C, indicating thermal stability. A small amount of
sublimation was observed, as seen in the melting point
analysis.

Figure 6: °C NMR spectrum of Compound.

40 30 20 10

Molecular Docking Studies

The docking studies were conducted to analyze the
interaction of BBH-1 with antifungal and antiprotozoal
targets. Docking studies with Trypanosoma cruzi (PDB
ID: 5QQ5) revealed a binding affinity of -8.6 kcal/mol,
suggesting strong interactions. Interaction studies with
Candida albicans (PDB ID: 5FSA) showed a binding
affinity of -7.6 kcal/mol, indicating potential antifungal
activity. The binding affinity of BBH-1 was compared
with standard antifungal and antiprotozoal drugs.
Metronidazole, a known antiprotozoal agent, had a
binding affinity of -4.9 kcal/mol, whereas Itraconazole, a
standard antifungal drug, had an affinity of -10.2
kcal/mol.

Table 6: Comparison of Binding Affinity with Standard Drugs.

- .. Binding
S.No | Protein ID | Ligand ID Binding  Affinity Standard Drug Affinity
(kcal/mol) (keal/mol)
1 5Q0Q5 BBH-1 -8.6 Metronidazole -4.9
2 5FSA BBH-1 -7.6 Itraconazole -10.2

www.wipls.org

| Vol 11, Issue 6, 2025.

ISO 9001:2015 Certified Journal

300




Balachandar et al. World Journal of Pharmaceutical and Life Science

s
A359

/]

2
HE n ez Tve
31 A5 Ar245,
7w
Nayp A2
Interactions
D van der Waals - Pi-Sigma
- Conventional Hydrogen Bond E Pi-Pi Stacked
Il Unfavorable Donor-Donor [] Prallt

Interactions

van der Waals I Pi-cation
- Conventional Hydrogen Bond [: Pi-Anion

] Carbon Hydrogen Bond

Interactions

[[] van der waals B PP stacked
I Conven tional Hydrogen Bond [l Pi-Pi T-shaped
[[] carbon Hydrogen Bond [ praikp
[: Pi-Sulfur

Interactions

[ van der waals B rrsioma

[ ] Carbon Hydrogen Bond D Pi-Pi Stacked
[ Halogen (C, Br, 1) ] Akvt
D Pi-Ang Pi-Alkyl

l_] Pi-Donor Hydrogen Bond

J/
Figure 10: Interactions of |traconazole W|th Candida albicans (PDB ID: 5FSA) in 3D and 2D.

Toxicity Studies
Toxicity analysis using ProTox-3.0 predicted for sample to be non-toxic with an LD50 value of 5000mg/kg.

Table 7: Toxicity Studies.

- Predicted - LD50 Toxicity
Toxicity Type Result Probability (mg/kg) Class
Hepatotoxicity | Inactive 0.65
Nephrotoxicity | Inactive 0.55
Mutagenicity Inactive 0.70 5000 5
Cytotoxicity Inactive 0.78
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CONCLUSION

The synthesized compound demonstrated good
solubility, thermal stability, and structural integrity,
confirmed by UV, IR, and NMR analyses. Molecular
docking studies revealed strong binding affinity against
Trypanosoma cruzi (-8.6 kcal/mol) and Candida albicans
(-7.6 kcal/mol), indicating potential antimicrobial
activity. Compared to standard drugs, sample showed
better affinity than metronidazole but slightly lower than
itraconazole, suggesting its potential as an antifungal and
antiprotozoal agent. Additionally, toxicity predictions
classified the compound as non-toxic (LD50: 5000
mg/kg), supporting its safety profile. These findings
highlight sample as a promising lead compound for
novel antimicrobial drug development, warranting
further in vitro and in vivo studies to confirm its
therapeutic potential.
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