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ABSTRACT:

The study explores sustainable synthesis strategies for tetrazines and tetra-azepines using environmentally benign, microwave-assisted methods. Tetrazines were
synthesized by reacting dihydroformazan with phenyl imino-isocyanodichloride, o-tolyl imino-isocyanodichloride, and similar reagents in a microwave oven. The
resulting products were purified via crystallization and further modified through acetylation and benzoylation using acetic anhydride and benzoyl chloride,
respectively. Similarly, tetra-azepines were synthesized by reacting dihydroformazan with oxalic acid, ethylene glycol, and chloroacetic acid in a microwave oven
for 1–2 minutes. These reactions yielded products that were also purified and derivatized through acetylation and benzoylation. The structures of all synthesized
compounds were confirmed using elemental analysis and spectral data. This comparative study highlights the efficiency, eco-friendliness, and rapid processing of
microwave-assisted synthesis methods for these heterocyclic compounds, demonstrating their potential for broader applications in green chemistry.

Introduction:

The increasing demand for sustainable and environmentally friendly chemical processes has catalyzed a paradigm shift toward green chemistry. One
such approach is the use of microwave-assisted synthesis, which has gained prominence due to its efficiency, rapid reaction times, and reduced
environmental impact. Microwave-assisted methods not only minimize the use of hazardous reagents but also enhance reaction yields, reduce energy
consumption, and improve product purity. This study focuses on the green synthesis of two significant classes of heterocyclic compounds: tetrazines
and tetra-azepines, which have widespread applications in pharmaceuticals, agrochemicals, and materials science.

Tetrazines, a class of nitrogen-rich heterocycles, have garnered attention due to their versatile chemical properties and potential applications in
medicinal chemistry, energetic materials, and as intermediates in organic synthesis. Traditionally, their synthesis involves methods that are energy-
intensive and generate significant waste. By employing microwave-assisted synthesis, the reaction conditions can be optimized to reduce reaction times
and environmental impact. The tetrazines in this study were synthesized by reacting dihydroformazan with various imino-isocyanodichloride
derivatives under microwave irradiation. These synthesized compounds were further derivatized through acetylation and benzoylation to explore their
structural diversity.

Tetra-azepines, on the other hand, are seven-membered heterocycles known for their biological activity and use in the design of functional materials.
Conventional synthesis of these compounds often involves multiple steps, extensive reaction times, and the use of harmful solvents. The use of
microwave-assisted methods in this study allowed for the rapid synthesis of tetra-azepines by reacting dihydroformazan with oxalic acid, ethylene
glycol, and chloroacetic acid. As with the tetrazines, these products were purified and derivatized through acetylation and benzoylation, ensuring their
structural integrity and potential application.

This comparative study aims to highlight the efficacy and sustainability of microwave-assisted methods in synthesizing these two important classes of
heterocyclic compounds. By analyzing the reaction conditions, product yields, and structural characteristics, this work underscores the role of green
chemistry in modern synthetic methodologies. Additionally, it provides insights into the potential scalability and industrial applications of these
environmentally benign synthesis techniques.

Results and Discussion:

This study demonstrates the successful synthesis of tetrazines and tetra-azepines through microwave-assisted green chemistry methods. The reactions
were rapid, efficient, and environmentally benign, aligning with the principles of sustainable synthesis.

A) Synthesis of Tetrazines
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The tetrazines were synthesized by reacting dihydroformazan with phenyl iminoisocyanodichloride and similar reagents under microwave irradiation.
The reaction proceeded efficiently, yielding products with excellent purity as confirmed by crystallization. The structural confirmation of the
synthesized tetrazines was achieved using elemental analysis, IR, and ¹H NMR spectroscopy.

Reaction Scheme:

 Elemental Analysis: The experimental elemental composition was consistent with the theoretical values, confirming the expected
stoichiometry.

 IR Spectroscopy: The IR spectra showed characteristic absorption bands corresponding to the tetrazine ring and functional groups. Key
peaks included strong bands for C=N stretching and N-H bending, validating the formation of the heterocyclic structure.

 ¹H NMR Spectroscopy: The ¹H NMR spectra exhibited signals corresponding to the aromatic protons of the phenyl group and the
characteristic resonances of the tetrazine moiety.

The derivatization of tetrazines via acetylation and benzoylation was also successful, as confirmed by spectral data. Acetylation introduced an acetyl
group, evident from the IR absorption band around 1740 cm⁻¹ (C=O stretch) and additional peaks in the ¹H NMR spectrum. Benzoylation introduced a
benzoyl group, confirmed by the appearance of peaks corresponding to aromatic protons of the benzoyl group in the NMR spectrum.

B) Synthesis of Tetra-Azepines

The synthesis of tetra-azepines was achieved by reacting dihydroformazan with carbonyl and dihydroxy compounds such as oxalic acid, ethylene
glycol, and chloroacetic acid under microwave irradiation for 1–2 minutes. These reactions demonstrated the versatility of microwave-assisted methods
in synthesizing seven-membered heterocyclic compounds.

Reaction Scheme:

 Elemental Analysis: The elemental composition matched the theoretical values, confirming the molecular structure of the synthesized tetra-
azepines.

 IR Spectroscopy: The IR spectra exhibited characteristic bands for the azepine ring system and functional groups. Notable peaks included
C=O stretching vibrations and N-H bending frequencies, indicating the successful formation of the azepine core.

 ¹H NMR Spectroscopy: The ¹H NMR spectra displayed signals corresponding to the hydrogen atoms in the tetra-azepine ring and any
substituents, supporting the structural assignment.

As with tetrazines, the tetra-azepines were acetylated and benzoylated successfully, introducing acetyl and benzoyl groups to the parent compounds.
These derivatized products exhibited additional peaks in their IR and NMR spectra, confirming the modifications.

Comparative Analysis of Microwave-Assisted Synthesis

The use of microwave-assisted methods for both tetrazines and tetra-azepines provided several advantages over conventional synthesis techniques:

1. Reaction Efficiency: The reactions were completed in minutes compared to hours required by traditional heating methods.

2. Purity: The products obtained were of high purity, requiring minimal post-reaction purification.

3. Eco-Friendliness: The method significantly reduced solvent usage and energy consumption, aligning with green chemistry principles.

4. Versatility: The ability to synthesize and derivatize a variety of tetrazines and tetra-azepines highlights the adaptability of this approach.
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Structural and Functional Insights

The structural confirmation of the synthesized compounds underscores the utility of microwave-assisted synthesis in constructing nitrogen-rich
heterocycles. Both tetrazines and tetra-azepines possess diverse functional groups that make them suitable for applications in pharmaceuticals, materials
science, and agrochemicals. Their successful derivatization expands their chemical versatility, paving the way for potential use in further synthetic
modifications and industrial applications.

Conclusion:

This work highlights the efficacy of microwave-assisted green synthesis for tetrazines and tetra-azepines, offering a sustainable alternative to traditional
methods. The comparative analysis underscores the advantages of these methods in terms of reaction time, efficiency, and environmental impact,
making them a valuable addition to modern synthetic chemistry.
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