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ABSTRACT

Diazepines are a class of nitrogen-containing heterocycles that have a seven-membered ring structure that includes two atoms of
nitrogen. Chalcone-based diazepine moieties have attracted significant interest from researchers due to their increased pharmacological,
biological, and therapeutic abilities. The present research included the synthesis of three new diazepine derivatives by the reaction
between 1,2-diaminobenzene and three distinct chalcone derivatives. The produced compounds underwent characterization
using 'HNMR and Fourier-transform infrared spectroscopies. The diazepines that were obtained were subjected to screening for
antibacterial activity against Escherichia coli, Pseudomonas, and Bacillus subtilis. The findings revealed that derivative F exhibited
the most potent action against E. coli and B. subtilis, while derivative D showed the greatest activity specifically against B. subtilis.
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1. INTRODUCTION

In the field of therapeutic applications, some scaffolds are more
prevalent than others among the wide variety of natural and synthesized
compounds [1]. Barresi et al. have the first to introduce favored structure,
which refers to a singular molecular framework capable of serving as a
ligand for a wide range of receptors [2]. It has been shown that the group
of compounds made by fusing a benzene ring with a 1,4-diazepine ring
has a wide range of pharmacological effects [3]. The first identification
of medicinal compounds containing 1,4-diazepine was made in the late
1950s by American researchers employed by Hoffman-La Roche [4].
Their focus was on investigating compounds that exhibited anxiolytic
qualities [4]. The 1,3-diazepine scaffold has become widely accepted as
a favored molecule in the field of drug development [5,6]. The chemical
is present in both natural and synthetic forms and exhibits an array of
biological actions, such as anticancer, antibacterial, and antiviral effects.
Pentostatin and coformycin are two adenosine deaminase inhibitors that
possess anticancer qualities and have received approval from the FDA.
In addition, avibactam, a 3-lactamase inhibitor, has also been licensed by
the FDA [7]. Several additional 1,3-diazepines, including DMP323, an
HIV protease inhibitor, and other medical activities [8-10]. Heterocyclic
compounds are an important group of organic compounds [11] that have
aring structure with at least two different types of atoms, such as nitrogen
(N), oxygen (O), sulfur (S), phosphorus (P), selenium (Se), silicon (Si),
bismuth (Bi), and arsenic (As). The inclusion of heteroatoms inside the
ring structure imparts several noteworthy physical and chemical features
to heterocyclic compounds [12].

In this work, the diazepine derivatives synthesized through chalcone
reaction were used as antibacterials against Escherichia coli,
Pseudomonas, and Bacillus subtilis.

2. MATERIALS AND METHODS

The materials in the present research procured from BDH and Merck.
The Fourier-transform infrared (FT-IR) spectra had been obtained
using a Bruker spectroscopic instrument. The 'HNMR spectra have
been recorded using a Bruker 400 MHz spectrometer.
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2.1. General Prepare of Compounds (A-F)

2.1.1. Prepare of chalcone derivatives (4-C)

0.01 mol of each 2-hydroxy acetophenone was mixed with
0.01 mol of 4-bromobenzaldehyde, 2-hydroxybenzaldehyde, and
2,4-dihydroxybenzaldehyde, respectively, in 30 mL of absolute ethanol
and 10% sodium hydroxide. Stirred the mixture for 8 h at 75°C, filtered
off of solution [13].

2.1.2. Prepare of (2E)-3-(4-bromophenyl)-1-(2-hydroxyphenyl)
prop-2-en-1-one (4)

Color: Light brown. Yield: 64%. M.P: 203°C. FT-IR (cm™): 3339
v(Hydroxyl), 3042 v(C-H)romatic» 2976 and 2886 v(C-H of aliphatic
ring), 1651 v(carbonyl) [14], 1617 v(C=C alkene), and 1590 v(C=C of
aromatic ring) [15], as shown in Figure 1.

2.1.3. Synthesis of  (2E)-3-(2-hydroxyphenyl)-1-(2-
hydroxyphenyl)prop-2-en-1-one (B)

Color: Dark yellow. Yield: 69%. M.P: 187°C. FT-IR (cm’l): 3496
V(Hydroxyl), 3056 v(C-H of aromatic ring), 2952 and 2886 v(C-H of
aliphatic ring), 1660 v(C=0), 1626 v(C=C of alkene) [16], and 1594
V(C=C)romatic> a8 shown in Figure 2.

2.14.  Prepare  of  (2E)-3-(2,4-dihydroxyphenyl)-1-(2-
hydroxyphenyl)prop-2-en-1-one (C)

Color: Light brown. Yield: 72%. M.P: 213°C. FT-IR (em™): 3378
V(Hydroxyl), 3011 V(C-H) aromaties 2819 V(C-H) ajphases 1661 V(C=0),
1628 V(C=C)ajkene> and 1571 V(C=C)omatic> a8 shown in Figure 3.
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Figure 1: Fourier-transform infrared spectra of derivative A.
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Figure 2: Fourier-transform infrared spectra of derivative B.
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Figure 3: Fourier-transform infrared spectra of derivative C.
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Figure 4: Fourier-transform infrared spectra of diazepine D.
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Figure 5: 'HNMR of diazepine D.
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Figure 6: Fourier-transform infrared spectra diazepine E.

2.2. Diazepine Derivatives Preparation (D-F)

As part of the experiment, 0.01 moles of the newly made chalcone
derivative (A-C) were mixed with 0.01 moles of O-phenylenediamine.
Following that, a solution of NaOH dissolved in absolute ethanol
(40 mL, 10%) was introduced to the mixture. After that, the solution
underwent reflux for a duration of 6 h. Following this, the resulting
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mixture from the reaction was introduced into a volume of cold
water measuring 300 mL. While being subjected to stirring for a
duration of 1 h. Subsequently, the solution was refrigerated for
24 h. Following this, the resulting solid precipitate was subjected to
filtration, washing, and subsequent recrystallization using ethanol as
the solvent [17] [Figures 4-9].
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Figure 8: Fourier-transform infrared spectra of diazepine F.

2.2.1. Synthesis of 2-[4-(2-bromophenyl)-4,5-dihydro-1H-1,5-
benzodiazepin-2-yl]phenol (D)

Color: Red. Melting point: 171°C, Yield: 74%. FT-IR (cm'l): 3352
v(primary amine), 3081 V(C-H)aromate, 2952 and 2861 v(C-H
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of aliphatic) [18] 1624 v(C=C), 1598 V(C=C)aromatic- 'H NMR
(Solvent: DMSO-dg, ppm): 9.13 (2H, s, amino group), 9.71 (1H, s,
hydroxyl), 7.02-7.96 (12H, m, aromatic ring), and 5.81 (1H, d, CP of
unsaturated) [19].
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Figure 9: '"HNMR of diazepine F.

Table 1: Antibacterial activity of the compounds produced,
namely, compounds D-F, were evaluated.

Bacteria Inhibition zone (mm)

D E F
Escherichia coli 13 11 17
Pseudomonas 15 13 14
Bacillus subtilis 10 13 15

2.2.2. Prepare of 2,2°-(2,5-dihydro-1H-1,5-benzodiazepine-
2,4-diyl)diphenol (E)

Color: Dark-Reddish. Melting point: 143°C, Yield: 69%. FT-IR (cm™):
3368 v(primary amine), 3068 v(C-H of Aromatic) [20], 2921 and 2877
V(C-H of aliphatic) 1633 v(C=C), 1586 v(C=C of aromatic). 'HNMR
(Solvent: DMSO-dg, ppm): 9.29 (2H, s, amino), 9.55 (1H, s, hydroxy),
6.65—7.80 (Aromatic ring as multiplet, 12H) [21], and 5.71 (Carbon of
{ unsaturated).

2.2.3. Prepare of 2-[4-(2-hydroxyphenyl)-2,5-dihydro-1H-1,5-
benzodiazepin-2-yl]benzene-1,4-diol (F)

Color: Dark yellow. Melting point: 187°C, Yield: 68%. FT-IR (cm™):
3352 v(primary amine), 3081 v(C-H of Aromatic), 2962 and 2861
V(C-H of aliphatic), 1624 v(C=C), 1598 v(C=C of Aromatic). 'H
NMR (DMSO-dg, ppm): 9.11 (2H, s, amino), 9.63 (1H, s, hydroxyl),
and 6.58-7.99 (Aromatic ring as multiplet, 12H), 5.49 (Carbon of 3
unsaturated).

2.3. Antibacterial Activity

The synthesized compounds, at a concentration of 50 mg/mL, were
exposed to testing against three microorganisms: E. coli, Pseudomonas,
and B. subtilis. This testing was conducted using the inhibition zone
process [22]. The results are shown in Table 1.

3. CONCLUSION

In the first step, a series of new diazepine derivatives (D-F) were
made and then characterized using two spectroscopic methods: FT-
IR spectroscopy (FT-IR) and proton nuclear magnetic resonance
spectroscopy ('H-NMR). Furthermore, a study was conducted on the
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synthesized compounds to assess their efficacy as antibacterial agents
against various bacterial strains, yielding promising results. Moreover,
compound F exhibited superior antibacterial efficacy compared to the
other produced derivatives due to the presence of two hydroxyl groups,
which serve as active functional groups.
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