ISSN: 2249-3875

www.pharmaerudition.org
ST
& Gy )
g ~5

Vol: 14 1ssue:04
(01-10)




ISSN 2249-3875

" nkernational Journal of Pharmaceutical Evudition

Research Paper

SYNTHESIS AND ANTIMICROBIAL EVALUATION OF HEXAMINE PREPARED BY
FORMALDEHYDE

Sahil Umrao, Neha Agrawal, Farin Banu, Harshal Sharma, Khushi Bundela, Arjun Mali,
Ovais Nabi, Maya Sharma’
Pacific College of Pharmacy, PAHER University, Udaipur-Rajasthan-313024

Hexamine (hexamethylenetetramine) is an important industrial chemical with applications in
pharmaceuticals, explosives, and resin production. This study focuses on the synthesis and evaluation
of hexamine using formaldehyde as the primary reactant. The synthesis process involves the reaction
of formaldehyde with ammonia under controlled conditions to form hexamine. Various reaction
parameters, including temperature, pH, and molar ratios, are optimized to maximize yield and purity.
The evaluation includes purity assessment, stability testing, and potential industrial applications. The
study provides insights into an efficient and scalable method for hexamine production while considering

environmental and economic factors.
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INTRODUCTION

Hexamine (hexamethylenetetramine) is a
versatile organic compound with significant
applications in various industries, including
pharmaceuticals, explosives, and polymer
production. It is a white crystalline solid with
high nitrogen content, making it valuable in the
synthesis of resins, fuel tablets, and as a
precursor in chemical reactions!. The synthesis
of hexamine primarily involves the reaction of
formaldehyde with ammonia in an aqueous
medium under controlled conditions2.
Formaldehyde, a key reactant, is an essential
industrial chemical widely used for producing

resins, plastics, and disinfectants. Its reactivity
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with ammonia facilitates the formation of
hexamine through a condensation reaction,
yielding a stable and high-purity products.
Various factors, including reaction temperature,
pH, and molar ratios, significantly influence the
efficiency and yield of hexamine synthesis* .

Given its extensive industrial applications,
optimizing the synthesis of hexamine is crucial
for cost-effective and sustainable production.
The results will provide insights into enhancing
yield, purity, and stability while addressing
economic and environmental considerations.

The synthesis of Hexamine
(Hexamethylenetetramine, CeHi2N4) involves

the reaction of formaldehyde (HCHO) with
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ammonia (NHs) in an aqueous medium. The
reaction follows a condensation process where
six molecules of formaldehyde react with four
molecules of ammonia to form hexamine and
water as a byproduct.
6HCHO+4NH3—CeH12N4+6H20

Reaction Mechanism:

1. Step 1:

ammonia to form

Formaldehyde reacts with
methyleneimine
intermediates.

2. Step 2: The intermediates undergo
cyclization and condensation to form hexamine.
3. Step 3: Water is produced as a byproduct
and needs to be removed to drive the reaction
forward.

Reaction conditions:

30-50°C (o  avoid
decomposition of formaldehyde and ammonia

o Temperature:

loss).

« pH: Neutral to slightly acidic conditions favor
hexamine formation.

e Molar Ratio: A 1.5:1 molar ratio of
formaldehyde to ammonia ensures optimal
yield 56

Purification Process:

After synthesis, hexamine is crystallized,
filtered, and dried to obtain a pure product. The
final compound is characterized using
techniques like FTIR and NMR for structural
confirmation’-8.

Materials and Methods

The following chemicals and reagents were
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used for the synthesis of hexamine:

1. Formaldehyde (HCHO, 37% aqueous
solution) — Used as the primary reactant.
(Sigma-Aldrich, USA)

2. Ammonia (NHs, 25% aqueous solution)
— Serves as the nitrogen source for hexamine
formation. (Merck, Germany)

3. Distilled Water — Used as the reaction
medium.

4. Sulfuric Acid (H.SO., 0.1M, if required)
—To adjust the pH during the reaction.

1. Synthesis of Hexamine

The synthesis was carried out following a
batch reaction method under controlled
conditions?.

1. Preparation of the Reaction Mixture:

A 6:4 molar ratio of formaldehyde to ammonia
was used to optimize the yield.

The 47.3 gm of formaldehyde solution (37%)
was placed in a three-neck round-bottom flask
fitted with a magnetic stirrer, thermometer, and
reflux condenser.

Ammonia solution 70 gm (25%) was added
dropwise with constant stirring at 30-50°C1°.

2. Reaction Process:

The mixture was stirred continuously for 2-3
hours at a slightly acidic to neutral pH (6.5-
7.5). The reaction was monitored using pH
paper and a conductivity meter!!.

3. Crystallization and Purification:

The reaction solution was cooled to 5°C to

induce crystallization of hexamine.
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The crystalline product was filtered using a
vacuum filtration setup and washed with cold
distilled water to remove impurities'2.The
product was then dried in a hot air oven at 50-
60°C for 4 hours.

Characterization of Hexamine

To confirm the identity and purity of the
synthesized hexamine, by-

Melting Point Determination: Hexamine's
purity was assessed by measuring its melting
point using a digital melting point apparatus
(reported value: 280-282°C) 13-14,

Antimicrobial Activity

The following materials were used to evaluate
the antimicrobial activity of synthesized
hexamine:

1. Test Microorganisms:

a. Gram-positive bacteria: Staphylococcus
aureus

b. Gram-negative bacteria: Escherichia coli

c. Fungal strain: Candida albicans

Bacterial and fungal strains a, b, ¢ was
obtained from the waste water, curd & plant
fungi respectively's.

2. Growth Media:

a) Nutrient Agar (NA): Used for bacterial
culture growth.

b) Muller-Hinton Agar (MHA): Used for
antimicrobial susceptibility testing.

c) Sabouraud Dextrose Agar (SDA): Used
for fungal culture growth 16.

3. Chemicals and Reagents:
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a) Synthesized Hexamine: Tested for
antimicrobial activity.

b) Standard Antibiotics (Positive Control):
Ciprofloxacin (for bacteria) and Fluconazole (for
fungi).

c) Dimethyl Sulfoxide (DMSO, 10%): Used
as a solvent for hexamine dilution'”.

1. Preparation of Test Solutions

a) The synthesized hexamine was dissolved
in 10% DMSO to obtain stock solutions of
varying concentrations (5 mg/mL, 10 mg/mL,
and 20 mg/mL).

b) Standard antibiotics (ciprofloxacin and
fluconazole) were used as positive controls,
while DMSO alone was used as a negative
control'8,

2. Antibacterial and Antifungal Susceptibility
Testing

A. Agar Well Diffusion Method (for qualitative
assessment)

1. Preparation of Bacterial and Fungal
Cultures:

Bacterial cultures were grown overnight in
nutrient broth at 37°C, and fungal cultures
were maintained on SDA at 28°C.

2. Inoculation of Agar Plates:

MHA plates (for bacteria) and SDA plates (for
fungi) were uniformly inoculated using sterile
cotton swabs'®.

3. Well Formation and Sample Addition:

a) Wells of 6 mm diameter were made using a

sterile cork borer.
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b) Each well was filled with 100 pL of
hexamine solutions (5 mg/mL, 10 mg/mL, 20
mg/mL).

¢) Control wells contained standard antibiotics
(positive control) and DMSO(negative control) 29,
4. Incubation:

a) Bacterial plates were incubated at 37°C for
24 hours.

b) Fungal plates were incubated at 28°C for 48
hours.

5. Measurement of Inhibition Zones:

a) The diameter of zones of inhibition (mm)
was measured using a digital caliper?!.

B. Minimum Inhibitory Concentration (MIC)
Determination (for quantitative assessment)

a) The MIC was determined using the Broth
Dilution Method.

b) Two-fold serial dilutions of hexamine (0.5
32 mg/mL) were prepared in Muller-Hinton
broth for bacteria and Sabouraud broth for
fungi.

c) Microbial suspensions (1x10¢ CFU/mL)

were added to each well and incubated at the
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appropriate temperature.

d) The lowest concentration that visibly
inhibited microbial growth was recorded as the
MIC valueZ.

RESULTS AND DISCUSSION

1. The antimicrobial activity of hexamine was
evaluated against Staphylococcus aureus,
Escherichia coli, and Candida albicans. The
results, presented as zone of inhibition (ZOl) in
mm, are shown in Table 1.

1. The largest ZOl was observed against S.
aureus at 20 mg/mL (18.6 mm), followed by E.
coli (14.2 mm) and C. albicans (16.6 mm) .

2. Hexamine showed a dose-dependent
increase in antimicrobial activity.

3. The positive controls (ciprofloxacin and
fluconazole) exhibited higher inhibition than
hexamine,  confirming  their  stronger
antimicrobial effects.

4. There is no inhibiton was observed for
DMSO, indicating that solvent interference was

negligible.

Table 1: Zone of Inhibition (mm) of Hexamine against Selected Microorganisms

Concentration (mg/mL) | S. aureus (Gram +ve) | E. coli (Gram -ve) | C. albicans (Fungi)
5 mg/mL 8.1+£05 6.7+0.3 72104

10 mg/mL 12.3+0.6 94+04 10.7£0.5

20 mg/mL 18.6+0.8 142+0.6 16.6+0.7
Ciprofloxacin (10 pug/mL) | 224+ 0.9 191108 —

Fluconazole (10 pug/mL) | — — 21409
Negative Control (DMSO) | No inhibition No inhibition No inhibition
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Ciprofloxacin

Fluconazole

Hexamine 5 mg/mL

Hexamine 10 mg/mL

Figure 1a.

/
Hexamine 20 mg/mL

Gram-positive bacteria: Staphylococcus aureus treated with Ciprofloxacin and different

concentration of Hexamine

Fluconazole

o

Ciorofloxacin

<+ Hexamine 20 mg/mL
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Hexamine 5 mg/mL
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Figure 1b.

Gram-negative bacteria: Escherichia coli treated with Ciprofloxacin and different

concentration of Hexamine

.| Hexamine 20 mg/mL

Hexamine 5 mg/mL

Ciprofloxacine

Fluconazole

Fig 1c. Fungal strain: Candida albicans treated with Ciprofloxacin and different concentration of

Hexamine
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Figure 2- Showing hexamine (05, 10, 20 mg/mL concentration) activity against gram

negative, gram positive bacteria and fungi

2. Minimum Inhibitory Concentration (MIC) Il. E. coli exhibited the highest MIC (5.0
The MIC values were determined using the mg/mL), indicating greater resistance.

broth dilution method and are presented in lil. C. albicans had an intermediate MIC value of
Table 2. 3.0 mg/mL.

Table 2: MIC (mg/mL) of Hexamine Against The findings indicate that hexamine exhibits

Selected Microorganisms both antibacterial and antifungal properties,

Microorganism MIC (mg/ml) with greater effectiveness against Gram-

S. aureus (Gram +ve) | 2.5
E. coli (Gram -ve) 5.0
C. albicans (Fungi) 3.0

positive bacteria compared to Gram-negative

bacteria. This observation is consistent with

previous research, which suggests that the

. The lowest MIC (2.5 mg/mL) was observed outer membrane of Gram-negative bacteria

against S. aureus, suggesting higher acts as a barrier, limiting drug penetration and

susceptibility to hexamine. contributing to higher resistance.

www.pharmaerudition.org  Feb. 2025, 14 (4), 01-09 el|lraoe



0) 04 16 43 (3 OO0 W

Figure 3. Al presentation of Synthesis and evaluation of Hexamine

The increased susceptibility of S. aureus to
hexamine can be attributed to its relatively
simple peptidoglycan cell wall, which facilitates
easier drug diffusion. In contrast, E. coli
displayed moderate resistance, likely due to the
presence of a lipopolysaccharide layer in its
outer membrane, which restricts the entry of
antimicrobial compounds.

Additionally, hexamine exhibited significant
antifungal activity against C. albicans, with a
minimum inhibitory concentration (MIC) of 3.0
mg/mL. This aligns with previous studies on
formaldehyde-derived compounds, which have
been shown to disrupt fungal cell membrane

integrity, leading to growth inhibition.

CONCLUSION
The study highlights the antimicrobial
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potential of hexamine, with significant activity
against S. aureus and C. albicans. The findings
suggest that hexamine could serve as a
potential antimicrobial agent, but further
research is needed to enhance its efficacy and

explore its mechanism of action.
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