Schiff bases containing B-lactam rings: synthesis, characterization, and biological activity
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Abstract

The aim of this study is to synthesize biologically active Schiff bases and evaluate their antimicrobial
activity of synthesized compound. Schiff bases are synthesized by the condensation reaction of primary
amines with aldehydes or ketones. In this research, the synthesis process involves a room-temperature
condensation reaction between o-vanillin and ampicillin, a B-lactam containing antibiotic commonly
used to treat bacterial infections. As a solvent for the procedure of the Schiff base synthesis used methanol
under mild conditions.

Following the synthesis, the structural characterization of the obtained Schiff base is conducted using a
combination of spectroscopic techniques, including proton nuclear magnetic resonance ('"H NMR) and
carbon-13 nuclear magnetic resonance (*C NMR) spectroscopy, as well as high resolution mass
spectrometry (HRMS). These analytical methods assist in confirming the successful formation of the
target compound and provide insights into its molecular structure and purity.

Subsequently, the antimicrobial activity of the synthesized Schiff base is assessed through in vitro
antibacterial assays against Staphyloccoccus aureus ATCC6538, Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922 and clinical isolate Escherichia coli BDU32 The antibacterial efficacy of
the Schiff base is compared to that of the parent antibiotic, ampicillin, to ascertain whether the
modification augments, diminishes, or maintains its antimicrobial potential. This comparative analysis
furnishes valuable information on the structure-activity relationship and the potential of Schiff bases as
novel antibacterial agents.

The outcomes of this study contribute to the ongoing research in medicinal chemistry, particularly in the
development of Schiff base derivatives as potential drug candidates with enhanced pharmacological
properties.
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1. Introduction

Schiff bases were first described by Hugo Schiff approximately 160 years ago and have since been named
after him. While their role in coordination chemistry was recognized nearly a century ago, they remain
among the most widely used organic compounds, particularly as essential ligands [1]. Schiff bases are
the derivative of a ketone or aldehyde, where the carbonyl group is substituted with an imine or
azomethine group. It is typically produced by the condensation reaction of a primary amine with an
aldehyde.[2] Simplicity of synthesizing and complexing Schiff bases has garnered significant interest
from researchers due to their remarkable thermal, mechanical, electrical, and optical properties. Over the
past decades, extensive studies have been conducted on conjugated Schiff base polymers and
oligomers.[3] Schiff bases are among the most often used organic chemicals, acting as pigments, dyes,
catalysts, organic synthesis intermediates, and polymer stabilizers. Schiff bases have been intensively
investigated for their different biological functions, with promising results in a variety of medicinal
applications. According to research findings, these chemicals have antifungal, antibacterial, antimalarial,
antiproliferative, anti-inflammatory, antiviral, and antipyretic activities. Their wide-ranging bioactivity
emphasizes their significance in medicinal chemistry, making them excellent candidates for drug research
and development. [4]

Imines were first synthesized in the 19 century by Schiff in 1864. Since that time, numerous methods
for their preparation have been developed and reported [5]. The traditional synthesis described by Schiff
involves the condensation reaction between a carbonyl compound and an amine.[6] The Schiff base
reaction results in residual reactive groups, such as aldehydes and amines, within the multilayer films.
These remaining groups can undergo further reactions with other substances, allowing for the
modification of the product’s properties for a wide range of applications.[7]

As microorganisms continuously evolve and develop resistance to antibiotics, it is crucial to advance
research and improve antibiotics to counteract bacterial resistance. However, there is a notable lack of
studies on the synthesis of ampicillin Schiff base derivatives and their metal complexes, as well as the
assessment of their antibacterial properties. The antibacterial efficacy of ampicillin is primarily linked to
the presence of the imine functional group.[8]

2. Material and methods
Chemicals. All the chemicals used in this study were of high analytical grade. O-vanillin was purchased
from Aldrich and used without further purification. Ampicillin acquired from PanReac AppliChem.

Synthesis. 6-(2-((2-hydroxy-3-methoxybenzylidene)amino)-2-phenylacetamido)-3,3-dimethyl-7-
oxo -4-thia-1-azabicyclo [3.2.0] heptane-2-carboxylic acid. Ampicillin (0.349 g, Immol) was
dissolved in Sml methanol and o-vanillin (0.152 g, Immol) was dissolved and added. The reaction was
continued at room temperature for 3 hours with magnetic stirring. To monitor the progress of the reaction,
a sample taken from the mixture was analyzed by Thin Layer Chromatography (TLC). The obtained
material was isolated by vacuum evaporation, then purified with diethyl ether. Finally, the structure of
the material was confirmed by Nuclear Magnetic Resonance (NMR) spectroscopy. (Scheme 1) Yield
89%. M.p 211°C. '"H NMR spectrum of targeted compound: (DMSO-d6, 8, ppm), 1.5 s (6H, 2CH3),
3.73 s (3H, OCH3), 3.89 s (2H, 2CH), 5.45 s (2H, 2CH), 6.7-7.21 m (3H, Ar), 7.25-7.55 s (5H, Ar), 8.63
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s (IH, CH=N) (Figure 1). 1*C NMR spectrum of targeted compound (DMSO-d6, 5, ppm): 27.72 (2CH3),
56.39 (OCHs), 64.74 (CH), 67.17 ©, 67.39-74.15 (CH), 119.41 (2CHar), 123.23 (Car), 177.75 (2CHas),
127.94 (CHar), 139.27 (CHas), 139.28 (CHar), 148.49 (Car), 150.95 (Car), 151.1 (Car), 169.97(COO),

170.42 (CH=N), 172,85 (C=0), 173.14 (C=0) (Figure 2). HRMS (ESI- MS): 484.1544 [M+H] + (Figure
3-5).
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Scheme 1. Synthesis of o-vanillin based Schiff base.
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Scheme 2. Targeted compound.
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Figure 1. "H NMR spectrum of compound.
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Figure 2. '°C NMR spectrum of compound.

NMR experiments. The NMR experiments were performed on a BRUKER FT NMR spectrometer
AVANCE 300 (Bruker, Karlsruhe, Germany) (300 MHz for 1H and 75 MHz for 13C) with a BVT 3200
variable temperature unit in 5 mm sample tubes using Bruker Standard software (TopSpin 3.1). Chemical
shifts are given in ppm (0) and are referenced to internal tetramethylsilane (TMS). Multiplicities are
declared as follows: s (singlet), d (doublet), t (triplet), and m (multiplet). Coupling constants J are given
in Hz. The experimental parameters for 1H are as follows: digital resolution = 0.23 Hz, SWH = 7530 Hz,
TD =32 K, SI =16 K, 90° pulse-length = 10 ms, PLI =3 dB,ns=1,ds =0, d1 = 1 s and for 13C as
follows: digital resolution = 0.27 Hz, SWH = 17985 Hz, TD = 64 K, SI =32 K, 90° pulse-length = 9 ms,
PL1 =1.5dB, ns =300, ds = 2, d1 =3 s. NMR-grade DMSO-d6 (99.7%, containing 0.3% H20) was
used to solubilize the synthesized compound.

MS experiments. High-resolution mass spectrometry (HRMS) was performed using electrospray
ionization (ESI) in positive-ion detection mode.
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Figure 3. MS spectrum of compound
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Figure 4. Isotope distribution of compound
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Figure 5. MS spectrum of compound with molecular formula
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2.1. Antibacterial activity assay. The antibacterial efficacy of the compound was evaluated against
Staphylococcus aureus ATCC 6538, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
and the clinical isolate Escherichia coli BDU32 using a two-fold microdilution assay [9-11]. The assay
was developed in accordance with CLSI guidelines. The bacterial strains utilized in the microbiological
research were sourced from the culture collection of Baku State University in Azerbaijan. The chemical
was prepared in DMSO and followed by dilution in 96-well microtiter plates using Muller Hinton Broth
(MHB) from “Liofilchem.” The chemical concentration varied from 512 to 4 pg/mL, and the final density
of the test cultures was calibrated to 0.5 McFarland using a digital densitometer. Following dilution,
bacterial strains were introduced into each well, and the plates were incubated for 24 hours at 37°C.
Following incubation, 30 pL of resazurin dye (0.01%) (Sigma Aldrich) was introduced to each well, and
the microplates were subsequently returned to the incubator for a further 3-4 hours. The transition from
blue to pink is regarded as indicative of bacterial proliferation. The minimum inhibitory concentration
(MIC) is defined as the concentration beyond which the tested substances fail to suppress the colour
change. The MIC of the investigated chemical was compared with the MICs of ciprofloxacin and
ampicillin.

3. Results and discussion

The targeted product 6-(2-((2-hydroxy-3-methoxybenzylidene) amino)-2-phenyl acetamido) -3,3-
dimethyl-7-oxo -4-thia-1-azabicyclo [3.2.0] heptane-2-carboxylic acid synthesized by the
condensation reaction ampicillin with o-vanillin and as a solvent methanol used. The synthesized
product analysed by NMR spectroscopy and high-resolution mass spectrometry. As an NMR
spectra successful formation of the Schiff base linkage (-C=N-). Characteristic proton signal of imine
group was observed in 8.63 s (1H, CH=N). The disappearance of the aldehyde proton signal from o-
vanillin further confirmed the condensation reaction. Due to the molecular weight in mass spectrometry
seen that 484.15 appeared in [M+H] +.

Determination of antibacterial activity of the targeted compound. The minimum inhibitory
concentration (MIC) of the targeted compound against the test cultures (Staphylococcus aureus ATCC
6538, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922) was determined using the
microdilution method and the resazurin dye [9-12]. The results were compared to those obtained with
the control antibiotics such as ciprofloxacin and ampicillin. Interestingly, the bacterial strains were more
sensitive to compound than to the controls (Table). S. aureus ATCC6538 was the most susceptible, with
a MIC value of 4 ng/mL when tested with the targeted compound. The MIC value was 8 pg/mL and 16
pg/mL in case of S. aureus ATCC25923 and E. coli clinical isolate, respectively. Escherichia coli ATCC
25922 was less susceptible to the test compound compare with the ciprofloxacin. However, the MIC
value of the ampicillin was 128 pg/mL in case of E. coli ATCC 25922 higher than the test compound.
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Table 1. Minimum Inhibitory Concentration value (ng/mL) for compound against bacterial strains

Bacterial strains

Samples S. aureus S. aureus E. coli E. coli
ATCC6538  ATCC25923 ATCC25922 )
cl. isolate
Compound 4 8 32 16
Ampicillin 16 16 128 64 o
The obtaining
results Ciprofloxacin / / 4 4 revealed

that
compound is active against S. aureus strains compare with the ampicillin, while the MIC value of the
antibiotic was 16 pg/mL for both bacterial strains. E. coli strains showed resistance against ampicillin,

and it is already known that gram negative bacteria are not susceptible against beta lactam antibiotics
[12]. In conclusion, the test compound demonstrated greater antibacterial activity against Gram-positive
bacteria compared to Gram-negative bacteria. These findings suggest that the compound holds promise
for further investigation, particularly in elucidating its mode of action against Staphylococcus aureus
bacterial strains.
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