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Abstract

The present study describes the utilization of the naturally occurring amino acid
L-proline as a key building block to synthesizes ester which was subsequently
converted into the corresponding hydrazide, which served as an intermediate for
the synthesis a diverse of heterocyclic rings, including spirocyclic systems. All
newly synthesized compounds were characterized by infrared (IR) spectroscopy,
which exhibited characteristic absorption bands consistent with the expected
functional groups, and proton nuclear magnetic resonance ("H-NMR) spectroscopy
used to confirm the structur of the synthesized compounds, signals integration and
chemical shifts corroborated the proposed structures. The study include several

main approches.

Pathway A: The ester derivative Al, namely N-methoxycarbonyl
pyrrolidine-2-methyl carboxylate, was prepared by treating L-proline with methyl
chloroformate in the presence of potassium carbonate. This intermediate was
transformed into hydrazide A2 (N-methoxycarbonyl
pyrrolidine-2-carboxyhydrazide), which upon condensation with a substituted
aldehydes afforded hydrazones A3—A6. These hydrazones were then subjected to
cyclization under various reaction conditions to get different heterocyclic
compounds. Treatment with maleic anhydride and phthalic anhydride to obtain
seven-membered oxazepine and benzoxazepine derivatives A7-A14, respectively.
Furthermore, reaction with  glycolic acid yielded five-membered
1,3-oxazolidin-4-one derivatives A15—A18, while thioglycolic acid provided the
corresponding 1,3-thiazolidin-4-one analogues A19-A22.

Pathway B: The hydrazone intermediates were reacted with sodium azide to

afford tetrazole derivatives A23—A25. Oxidation with lead dioxide led to the



formation of oxadiazole derivatives A26—A28. Diazotization followed by coupling
with the hydrazones gave azo dye derivatives A29—A31. Additionally,
condensation with anthranilic acid produced the fused quinazolinone

heterocycles A32—-A34.

Pathway C: Thiosemicarbazide derivatives A35 and A36 were obtained by
reacting the hydrazide with phenyl isocyanate and ammonium thiocyanate,
respectively. Subsequent treatment of these derivatives with concentrated sulfuric
acid afforded thiadiazole derivatives A37-A38, whereas cyclization in aqueous
sodium hydroxide solution yielded triazole derivatives A39—A40. Reaction with
ethyl bromoacetate gave thiazolidinone derivatives A41-A42. In a parallel
approach, a Mannich-type condensation involving the hydrazide, nitromethane,
and formaldehyde produced the bis-piperazine derivative A43, while reaction with

phthalic anhydride gave the phthalazine derivative A44.

Pathway D: Spiro heterocyclic compounds were synthesized by condensing the
hydrazide with isatin and camphor to generate novel hydrazones A45—-A46. These
intermediates were further elaborated: cyclization with phthalic anhydride gave
oxazepine spiro derivatives A47—A48, with thioglycolic acid afforded thiazolidine
spiro derivatives A49—AS50, and with glycolic acid provided oxazolidine spiro

derivatives A51-AS52.
Antibacterial Activity Evaluation

The in vitro antibacterial activity of the synthesized compounds was assessed
against selected Gram-positive and Gram-negative pathogenic bacterial strains at a
concentration of 30 mg/mL. The results revealed that

compounds A8,A12,A17,A20,A21,A25,A26,A29,A30,A33,A35,A37,A39,A45,A46



exhibited significant inhibition zones ranging from 17 to 35 mm, with
compound A35 demonstrating the most potent activity (inhibition zone: 36 mm).
In contrast, compound A20 displayed no detectable antibacterial effect against

either of the tested strains.
Molecular Docking Studies

To wunderstand mechanistic into the observed antibacterial activity
against Escherichia coli (E. coli), molecular docking simulations were performed
for the most active derivatives (A21, A25, A30, A33, A35, and A37) against the
bacterial target enzyme DNA gyrase. The docking analysis aimed to elucidate the
binding modes and identify the key chemical interactions at the enzyme-ligand
interface. The studied compounds suggesting a possible correlation between their
computed docking scores and the observed inhibitory potency against the

pathogenic microorganism.
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