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ABSTRACT 
Despite significant advancements in drug discovery, many diseases still lack effective treatments. Oxazepine 

derivatives, a class of heterocyclic compounds, have shown promising potential in many therapeutic areas, 

however, their discovery and development are still relatively limited. Accordingly, the research aims to prepare, 

characterize, and biologically evaluate new oxazepine derivatives derived from benzimidazole substitutes. The 

aim was to identify compounds with biologically active potential. Several oxazepine derivatives were prepared 

starting from the preparation of substituted benzimidazole (SA1) as a starting material with high productivity 

and then reacting it with ethyl chloroacetate in the presence of a base to obtain the corresponding ester (SA2). 

The ester (SA2) reacts with hydrazine to obtain hydrazide (SA3). Hydrazones (SA4-5) were obtained from the 

reaction of hydrazide (SA3) with different Benzaldehydes in the presence of glacial acetic acid as a catalyst. 

Finally, oxazepine derivatives (SA6-11) were obtained from the reaction of hydrazones with maleic anhydride, 

succinic anhydride, or phthalic anhydride. The prepared compounds were confirmed by physical methods like 

melting point and color and by spectroscopic methods using infrared spectroscopy (FT-IR) and proton magnetic 

resonance spectroscopy (1H-NMR). Some of the prepared compounds were biologically evaluated. Against 

three strains of bacteria: Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa, and a type of 

yeast: Candida albicans, and compared with different antibiotics and antifungals. Some compounds showed 

biological activity against Gram-positive and Gram-negative bacteria and yeast, these results highlight the 

potential of this class of compounds for further exploration as potential drug candidates. Future studies could 

 

1. Introduction 

Benzimidazole was discovered during research on vitamin B12, where the benzimidazole nucleus was found to 

be a suitable structure on which drugs can be developed [1]. Benzimidazole derivatives are more effective and 

useful compounds from a medical point of view in addition to being broad-spectrum biochemicals. 

Benzimidazole derivatives have shown practical applications in various fields, where benzimidazole derivatives 

have been found to have many pharmacological activities, for example, antimicrobial [2] , antiviral  [3], and 

powerful antidote for various types of cancer [4], analgesic[5] , antihypertensive [6] . On the other hand, Schiff 

bases or hydrazones are considered a source of oxazepines and other heterocyclic rings. Oxazepines refer to 

seven-ring heterocyclic compounds containing oxygen at the first position and nitrogen at the third position in 

addition to five carbon atoms [7] . The various pharmacological and biological functions that heterocyclic 

systems may perform have attracted the attention of researchers due to their broad pharmacological effects. 

Oxazepine derivatives (benzodiazepines) were originally used in the treatment of psychiatric disorders 

characterized by anxiety and tension. Oxazepines and their derivatives have been linked to a variety of biological 

and pharmacological effects, including antiepileptic, antifungal, anti-inflammatory, muscle relaxant, analgesic, 

and antibacterial activity [8].  

Based on that, the objective of the research is to develop a series of novel oxazepine derivatives derived from 

various substituted benzimidazoles through a series of reactions and under specific conditions and the structural 

diversity and potential modifications that can enhance biological activity to characterize the synthesized 

oxazepine derivatives using spectroscopic techniques (e.g., 1H-NMR- FT-IR) and assess their purity and 

monitor the reaction through chromatographic methods. 

2. Experimental Section 

Material and methods 

All chemicals used were produced by Fluka, BDH, and Aldrich Companies. Melting points were recorded in 

open capillaries using an electrothermal digital Stuart SMP30 melting point apparatus and were uncorrected. 

The infrared spectrum of the prepared compounds was measured in the central laboratory of the College of 
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Science/University of Mosul using an FT-IR Spectrophotometer, Bruker. 1H-NMR spectra were measured on a 

Bruker Ascend 400 MHZ spectrometer at the University of Basra/College of Education for Pure Sciences, in 

deuterated dimethyl sulfoxide (DMSO-d6) as a solvent and tetramethylsilane (TMS) as an internal standard. 

Thin layer chromatography (TLC) was used to monitor the reaction's progress and product purity. On pre-coated 

silica gel (60 F254) aluminum plates visualization was achieved in a UV chamber using a solvent mixture of 

Ethyl acetate and n-hexane (3:7). The biological activity of the compounds prepared was studied at the 

Department of Biology/College of Science/ University of Mosul. 

CHEMISTRY 

Synthesis 6-methyl-2-(3-nitrophenyl)-1H-1,3-benzimidazole (SA1) 

Dissolve (0.0327 mol, 4 g) of 4-methyl-ortho-phenylenediamine in (30 ml) of absolute ethanol and add (0.0372 

mol, 4.952 g) of 3-nitrobenzaldehyde and (0.0327 mol, 1.75 g) of ammonium chloride as a catalyst. Then the 

reaction mixture refluxed with stirring for (12) hours, this reaction was monitored by TLC, and the contents 

were poured into ice-cold water. Filtered, dried, and recrystallized by absolute ethanol, to give a dark brown 

precipitate M.P.135-137 °C, yielding 94% [9]. 

Synthesis ethyl [6-methyl-2-(3-nitrophenyl)-1H-1,3-benzimidazol-1-yl] acetate (SA2)   

A mixture of (SA1) (0.0118 mol, 3 g) with (0.0118 mol, 1.64 g) of anhydrous potassium carbonate is heated in 

(40 ml) of dry acetone with continuous stirring for (15) minutes, then (0.028 mol, 3.43 g) is added of ethyl 

chloroacetate gradually, the mixture is refluxed for (9) hours this reaction was monitored by TLC, the contents 

were poured into ice-cold water. Filtered (20 ml x 3) is washed with distilled water and dried then washed several 

times using petroleum ether, afforded solid as brown M.P. 98-100 °C, yielding 83% [10]. 

Synthesis 2-[6-methyl-2-(3-nitrophenyl)-1H-1,3-benzimidazol-1yl] acetohydrazide (SA3) 

A mixture of (0.0029 mol, 1 g) of ester (SA2) with (0.0118 mol, 0.59 g) of hydrazine hydrate (80%) was refluxed 

in (20 ml) of absolute ethanol for (6) hours, completion of the reaction was monitored by TLC, the reaction 

mixture was cooled, poured on to crushed ice the precipitate was filtered, dried and recrystallized from ethanol, 

to give a white precipitate M.P. 122-124 °C, yield 94% [11] 

General procedure for Synthesis of hydrazone derivatives (SA4-5) 

With stirring (0.003 mol, 1 g) of hydrazide (SA3) in (20 ml) of absolute ethanol, was added to the substituted 

benzaldehyde mixture (0.003mol), and add to it few drops of glacial acetic acid the mixture was refluxed for (9-

11) hours. Monitored by TLC, Then the reaction mixture is poured into a beaker containing ice water. The 

resulting precipitate is separated by filtration and washed (10 ml x 3) of distilled water and dried, then washed 

several times using ether. It is recrystallized using a mixture of benzene/1,4-dioxane The properties of the 

compounds are shown in (Table 1) [12] 

Table 1. Physical constants of hydrazine derivatives (SA4-5). 

Color Yield% m.p.(oC) R Comp.No. 

Light brown 86 129-131 3-CH3 SA4 
Yellowish brown 72 420-220  4-N(CH3)2 SA5 

General Procedure for Preparing Substitutes Oxazepane. (SA6-11) 

Dissolve (0.001 mol) of one of the hydrazone substitutes (SA6-11) in (15 ml) of dimethyl formamide, then 

gradually added to it (0.005 mol) of anhydrous maleic anhydride, succinic anhydride, or phthalic anhydride 

dissolved in (3 ml). of dimethylformamide, The mixture is refluxed with stirring for (18) hour, completion of 

the reaction was monitored by TLC, poured on to crushed ice. The resulting precipitate is separated by filtration 

and washed with (15 ml x 3) of distilled water. Then wash several times using benzene. The properties of 

compounds are shown in the (Table 2) and in scheme (1) [13] 

Table 2. Physical constants of compounds (SA6-11). 

Color Yield% m.p.(oC) R Comp.No. 

Dark Brown 63 112-209  4-N(CH3)2 SA6 

Dark Brown 42 614-414  3-CH3 SA7 

Light Brown 58 216-016  4-N(CH3)2 SA8 
Light Brown 49 401-371  3-CH3 SA9 

Brown 88 69 -49  4-N(CH3)2 SA10 
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R= 3-CH3 (SA4,7,9,11), 4-N(CH3)2 (SA5,6,8,10). 

Scheme 1. The route of synthesis of benzimidazole substitute, hydrazone derivatives, and oxazepine 

derivatives. 

Biological activity 

In this study, we assessed the inhibitory activity of several compounds (SA3, SA4, SA5, SA6, SA11), against 

various Gram-positive and Gram-negative bacteria, including: Staphylococcus aureus 6538, Escherichia coli 

11229, Pseudomonas aeruginosa 95110 as well as yeast, including: Candida albicans . The inhibitory 
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effectiveness was compared using the antibiotics listed in (Table 3).    

Table 3. Shows the antibiotics and antifungals used. 

Producing company 
Concentration 

µg/Disc 
Abbreviation Antibiotics and antifungals 

General Company for the 
Manufacture of Medicines and 

Medical Supplies / Samarra-Iraq 

10 CIP Ciprofloxacin 

Bioanalyse(turkey) 

10 AX Amoxicillin 
15 AZM Azithromycin 

50 ITR Itraconazole 

20 AMB Amphotericin B 
100 NY Nystatin 

inhibitory activity test 

The inhibitory activity of the prepared compounds under study was tested using the sensitivity test method (disc 

diffusion method) and based on the method of Bauer and his group [14] according to CLSI [15], where the 

bacterial suspension was prepared in the nutrient broth medium at a concentration of (108) cells/cm3 compared 

to McFarland tube No. (0.5) cells/cm3 of the suspension and inoculated using a sterile cotton swab on (Mueller 

Hinton agar-Oxoid) medium, then the plates were incubated at room temperature for (10-15) minutes, for 

impregnation to occur. To study the antibacterial efficacy of the prepared materials on the growth of bacteria, 

filter paper discs (Whatman No. 1) with a diameter of (6 mm) were prepared, saturated with a concentration of 

(200 mg/ml) of the selected prepared compounds, and dimethyl sulfoxide DMSO was used as a solvent. Then, 

the discs were fixed with sterile forceps on the surface of the inoculated plates with the use of antibiotics and 

fungicides shown in Table (6) for comparison. The plates were incubated at a temperature of (37 0C) for (18-

24) hours. After the incubation period ended, the diameters of inhibition around the discs were measured [16] 

3. Results and Discussion 

Chemistry 

The synthesis of oxazepine derivatives from benzimidazole substituents typically involves a multi-step approach 

as in scheme (1). The starting material (SA1) was prepared by reacting 4-methyl-ortho-phenylenediamine with 

3-nitrobenzaldehyde in the presence of ammonium chloride as a catalyst which is an environmentally friendly 

and inexpensive catalyst, as it works to shorten the reaction time and increase productivity up to 94%. Following 

its diagnosis by (1H-NMR), the compound was characterized (FT-IR) by the appearance of a characteristic nitro 

band at (1345 cm-1) belonging to (C-NO2 sym.) and at (1519 cm-1) belonging to (C-NO2 asy.), in addition to 

other bands. Then, the ester (SA2) was prepared by reacting the starting material with ethyl chloroacetate in dry 

acetone in the presence of K2CO3 as a base. The reaction includes the nucleophilic displacement of chlorine in 

the ethyl chloroacetate compound by the amine group in the starting material. The ester is characterized by the 

appearance of an ester carbonyl stretching band at (1739 Cm-1)[17]. Then, the ester was reacted with aqueous 

hydrazine to obtain hydrazide (SA3), which is adsorbed by the appearance of an amide carbonyl stretching band 

at (1665 Cm-1). It was observed that the absorption of the carbonyl group of the hydrazide was shifted to a lower 

frequency compared to the absorption of the ester group. This is attributed to the presence of the resonance 

phenomenon in the hydrazide, which leads to the reduction of the double bond character (C=O), and thus the 

force constant of this bond decreases and its frequency decreases [18]. The Hydrazide compound (SA3) was 

converted to a Hydrazone (SA4-5) derivative via the reaction with different aromatic aldehydes in ethanol 

absolute as a solvent and glacial acetic acid as a catalyst. FTIR spectral data of compounds, the appearance of 

clear absorption bands at (1618,1602Cm-1). for (C=N) amine and carbonyl band in rang at (1665,1650 Cm-

1)[19]. All details of FTIR spectral data of compound (3-7) were listed in Table 4. In addition to diagnosis by1H-

NMR in table 6. Oxazepine substitutes (SA6-11) were prepared by ring-closure, which includes the reaction of 

the prepared hydrazones (SA4-5) with anhydrous maleic anhydride or succinic anhydride or phthalic anhydride 

in the presence of dimethylformamide as the solvent to form the product, which is the oxazepine compound with 

a heterogeneous seven-membered ring. The prepared compounds were identified spectroscopically by 1H-

NMR- FT-IR, as shown in the following (Table 4-6) and figure (1,2). 

Table 4.  FT-IR absorption spectra data (Cm-1) of the prepared compounds. 

others vC=N vC=O 
vC-H 

alph. 

vC-H 

arom. 
vN-H 

Comp. 

No. 

as.1519(C-NO2) 1651 - 2981,2923, 3097 3153 SA1 
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sy.1345(C-NO2) 2858 

as.1202(C-O-C) 

sy.1165(C-O-C) 
1621 1739 

2978,2919 

2863 
3088 - SA2 

as.3304(NH2) 

sy.3195(NH2) 
1621 1665 2920,2861 3034 3087 SA3 

- 1602 1665 2920,2862 3040 3198 SA4 
- 1618 1650 2918,2893 3035 3187 SA5 

Table 5.  FT-IR absorption spectra data (Cm-1) of the prepared compounds. 

Ar C-C 
 

C-O-C C-N 
vC=O 
amide 

vC=O 
Lactam 

vC=O 
Lactone 

R 
Comp. 
No. 

1455 
as.1229 

sy.1127 
1277 1682 1693 1778 4-N(CH3)2 SA6 

1487 
as.1253 
sy.1125 

1286 1657 1680 1755 3-CH3 SA7 

1454 
as.1254 

sy.1161 
1239 1655 1692 1730 4-N(CH3) SA8 

1488 
as.1254 

sy.1125 
1286 1657 1678 1774 3-CH3 SA9 

1455 
as.1217 
sy.1125 

1278 1661 1739 1795 4-N(CH3)2 SA10 

1456 
as.1254 

sy.1104 
1287 1684 1747 9817  3-CH3 SA11 

Table 6. 1H-NMR spectra data (ppm) of the prepared compounds. 

1H-NMR δ (ppm) DMSO-d6 Comp. No. 

, H13.22 (s, 1H) N]9.04 (s, 1H), 8.64 (d,1H), 8.34 (d, 1H), 7.87 (t, 1H), 7.53 (s, 1H), 7.43 (d, 
1H), 7.10 (d,1H) [.3H, 2.43(s,3H) CH-Ar 

SA1 

]8.53 (s, 1H) , 8.43 (d, 1H), 8.24 (d, 1H), 7.90 (t, 1H), 7.50 (s, 1H), 7.21 (d, 1H), 7.12 (d, 1H  

[ester.3H, 1.23 (t, 3H) C3HO, 2.50 (s,3H) C-2H4.14 (q, 2H) C –, 4.25 2H, 5.34 (s, 2H) CH-Ar  
SA2 

, H9.04 (t, 2H) N ]H), 7.59 (s, 1H), 7.47 (d, 18.79 (s, 1H), 8.64 (d, 1H), 8.36 (d, 1H), 7.89 (t, 

1H), 7.22 (d, 1H)[.3H, 2.48 (s, 3H) C2H, 4.51 (d, 1H) N2H, 1H) Cs, 4.94 ( H-Ar  
SA3 

, H11.88 (s, 1H) N]8.53 (s, 1H)،8.34 (d, 1H) ،8.21 (d, 1H) ،7.83 (t, 1H) ،7.62 (s, 1H) ،7.55  
(s, 1H)،7.49 (t, 1H) ،7.43(d, 1H) , 7. 31(s, 1H), 7.24(d, 1H)   [=N, 5.58, H, 8.02 (s, 1H) CH-Ar 

3HPh, 2.32 (s, 3H) C3HCO, 2.45 (s, 3H) C2H(s, 2H) C. 

SA4 

, H11.64 (s, 1H) N ]8.60 (s, 1H), 8.39 (d, 1H), 8.26 (d, 1H), 7.92 (t, 1H), 7.55 (d, 2H), 7.45 (d, 
1H), 7.21 (s, 1H), 7.18 (d,1H), 6.76 (d, 2H) [CO, 2H=N, 5.56 (s, 2H) CHH, 8.15 (S, 1H) C-Ar

Ph.3HPh, 2.53 (s, 3H) C3H3.00 (s, 6H)2C 

SA5 

, H11.64 (s, 1H) N]8.60 (s, 1H), 8.40 (d, 1H), 8.26 (d, 1H), 7.83 (t, 1H), 7.74 (s, 1H), 7.63 (d, 
2H), 7.52 (d, 2H), 7.41 (d, 1H), 7.14 (s, 1H), 6.76 (s, 1H),  6.72 (d, 1H) [-H, 8.10 (s,1H)CH-Ar

Ph.3H, 2.54 (s, 3H)C3HCO, 3.00 (s, 6H)2C2HN,  5.52 (s, 2H)C 

SA6 

, H11.88 (s, 1H)N]8.54 (s, 1H), 8.37 (d, 1H), 8.21 (d, 1H), 7.85 (t, 1H), 7.64 (s, 1H), 7.52(d, 
1H), 7.49 (d, 1H), 7.43 (s, 1H), 7.31 (t, 1H), 7.24 (d, 1H), 7.13 (d, 1H), 5.59 (s, 1H), 5.58 (s, 

H)1[.3H3H)CPh, 2.32 (s, 3HCO, 2.43 (s, 3H)C2HN, 5.10 (s, 2H)C-H, 8.03 (s, 1H)CH-Ar 

SA7 

, H11.66 (s, 1H)N ]8.99 (s, 1H), 8.61 (d, 1H), 8.41 (d, 1H), 8.21 (t, 1H), 7.94 (d, 2H), 7.82 
(d,2H), 7.62 (d, 1H), 7.54 (s, 1H), 7.41 (d, 2H), 7.21  (d, 1H), 7.15 (d, 2H) [, 8.28 (s, H-Ar

Ph.3H, 2.45 (s, 3H)C3HCO, 2.84 (s, 6H)2C2HN,  5.32 (s, 2H)C-H1H)C 

SA8 

, H11.27 (s, 1H)N ]8.66 (s, 1H), 8.35 (d, 1H), 8.30 (d, 1H), 8.21 (t, 1H), 7.81 (d, 2H), 7.76 
(d,2H), 7.62 (d, 1H), 7.50 (s, 1H), 7.41 (d, 2H), 7.19  (d, 1H), 7.15 (d, 1H)[, 8.05 (s, H-Ar 

.Ph 3H,2.31 (s, 3H)C3H, 2.45 (s, 3H)CCO2HC , 5.20 (s, 2H)N-HC 1H) 

SA9 

 

Figure 1. FT-IR. Spectrum of Compound (SA6). 
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Figure 2. 1HNMR. Spectrum of Compound (SA6). 

BIOLOGICAL    

The results of the inhibitory activity test of the prepared compounds (SA3, SA4, SA5, SA6, SA11), under study 

and using the disk diffusion method, showed a varying effect on the bacteria and yeast under study, which were 

chosen due to their importance in the medical field, as they cause several diseases. In addition, they differ in the 

nature of their resistance to antibiotics and therapeutic chemicals, and this effect differs according to the type of 

prepared compounds as well as the type of microorganisms used. The results shown in (Table 7) indicate that 

some of the tested compounds can inhibit the bacteria and yeast used. 

Table 7. Inhibitory activity of the prepared compounds on the growth of some Gram-negative and 

Gram-positive bacteria and yeast compared to antibiotics (inhibition circle diameter measured in mm. 

AZM AX CIP SA11 SA6 SA5 SA4 SA3 
Comp.NO. 

Microbiology 

30 30 45 R 10 15 R R Staphylococcus aureus 
20 R 40 R R R R 33 Escherichia coli 

R R R R R R R R 
Pseudomonas 

aeruginosa 
NY AMB ITR 

R 9 R R R Candida albicans 
R R R 

R: Resistance, CIP: Ciprofloxacin, AX: Amoxicillin, AZM: Azithromycin. 

ITR: Itraconazole, AMB: Amphotericin B, NY: Nystatin. 

 The compounds (SA5, SA6) showed inhibitory values against Staphylococcus aureus bacteria ranging from 

(15, 10) mm, respectively, and these values were less than the values of the control factor (antibiotics) under 

study. As for the compound (SA3), it showed high inhibitory activity against Gram-negative Escherichia coli 

bacteria, which was (33) mm, which was close to the effect of Ciprofloxacin, which was (40) mm, and better 

than the effect of Azithromycin, which reached (20) mm, and Amoxicillin, which showed resistance to it. As 

for Candida albicans yeast, the compound (SA6) showed an inhibition diameter of (9) mm, and the yeast was 

resistant to all the antifungals used as in Figure (3), while all the compounds and antibiotics were resistant to 

Pseudomonas aeruginosa bacteria, this effectiveness is due to the presence of heterocyclic compounds and the 

functional groups within them. 
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Figure 3. Biological activity of: A. (SA6, Ciprofloxacin, Amoxicillin, Azithromycin) against Staphylococcus 

aureus, B. (SA4,6,11) against Candida albicans, C. (SA3) against Escherichia coli. 

4. Conclusion 

Based on our findings, we have prepared the compound 6-methyl-2-(3-nitrophenyl)-1H-1,3-benzimidazole 

using the ammonium chloride catalyst, which is environmentally friendly, low cost, and gives an excellent yield 

of (94%). We have proven that different hydrazones of benzimidazole compound can be prepared after 

converting it to the ester and the corresponding hydrazide and then reacting it with several aldehydes. 

Hydrazones prepared several oxazepine derivatives by reacting with some available carboxylic acid anhydrides. 

The results obtained proved the accuracy and purity of the prepared compounds. On the other hand, the 

biological activities of the prepared compounds were evaluated against three strains of bacteria: Staphylococcus 

aureus, Escherichia coli, and Pseudomonas aeruginosa, and against a type of yeast: Candida albicans, and 

compared with different antibiotics and antifungals. Finally, the validity of the preparation of all the prepared 

compounds was studied using the physical properties as well as conducting spectral measurements including the 

FT-IR spectrum and the 1H-NMR spectrum of the protons present in the prepared compounds. 

ACKNOWLEDGMENTS 

The author is grateful to his family and the Department of Chemistry/College of Science and thanks to everyone 

who helped him to complete this research. 

 

Reference 
[1] E. Bennet-Jenkins and C. Bryant, “Novel sources of anthelmintics,” in International Journal for Parasitology, 1996. doi: 

10.1016/S0020-7519(96)80068-3. 

[2] H. Küçükbay, R. Durmaz, E. Orhan, and S. Günal, “Synthesis, antibacterial and antifungal activities of electron-rich 

olefins derived benzimidazole compounds,” Farmaco, vol. 58, no. 6, 2003, doi: 10.1016/S0014-827X(03)00068-5. 

[3] L. Liu, Y. F. Shen, Y. Hu, and J. F. Lu, “Antiviral effect of 7-(4-benzimidazole-butoxy)-coumarin on rhabdoviral 

clearance via Nrf2 activation regulated by PKCα/β phosphorylation,” Fish Shellfish Immunol, vol. 83, 2018, doi: 

10.1016/j.fsi.2018.09.054. 

[4] A. Gellis, H. Kovacic, N. Boufatah, and P. Vanelle, “Synthesis and cytotoxicity evaluation of some benzimidazole-4,7-

diones as bioreductive anticancer agents,” Eur J Med Chem, vol. 43, no. 9, 2008, doi: 10.1016/j.ejmech.2007.11.020. 

[5] M. Gaba, S. Singh, and C. Mohan, “Benzimidazole: An emerging scaffold for analgesic and anti-inflammatory agents,” 

2014. doi: 10.1016/j.ejmech.2014.01.030. 

[6] A. S. Al-Wasidi, M. S. Refat, A. M. Naglah, and A. A. Elhenawy, “Different potential biological activities of 

benzimidazole derivatives,” 2021. doi: 10.21608/EJCHEM.2021.71477.3570. 

[7] N. I. Taha, “Synthesis of 1,3-Oxazepine Derivatives Derived from 2-(1H-Benzo[d][1,2,3]Triazol-1-yl) Acetohydrazide 

by Using Microwave Irradiation,” Int J Org Chem (Irvine), vol. 07, no. 03, 2017, doi: 10.4236/ijoc.2017.73016. 

[8] D. M. Hamid et al., “Oxazepine Derivatives, Synthesis and Applications,” 2023. [Online]. Available: 

http://www.ijnhs.com 

[9] S. R. Rithe, R. S. Jagtap, and S. S. Ubarhande, “One pot synthesis of substituted benzimidazole derivatives and their 

charcterization,” Rasayan Journal of Chemistry, vol. 8, no. 2, 2015. 

[10] S. Ilgın et al., “Design and synthesis of new benzothiazole compounds as selective hMAO-B inhibitors,” Molecules, 

vol. 22, no. 12, 2017, doi: 10.3390/molecules22122187. 

[11] S. I. C. AL-Khazraji, W. M. Sadik, and L. S. Ahamed, “Synthesis and Characterization of New 2-amino-5-



1176 | P a g 

e 

Preparation of Some Oxazepine Derivatives Derived from Benzimidazole Substitutes and Study of 

their Biological Activity   

SEEJPH Volume XXV, 2024; ISSN: 2197-5248; Posted: 25-10-2024 

  

 

chlorobenzothiazole Derivatives Containing Different Types of Heterocyclic as Antifungal Activity,” Baghdad Science 

Journal, vol. 21, no. 3, 2024, doi: 10.21123/bsj.2023.8318. 

[12] M. A. Shah et al., “Synthesis and Characterization of Novel Hydrazone Derivatives of Isonicotinic Hydrazide and Their 

Evaluation for Antibacterial and Cytotoxic Potential,” Molecules, vol. 27, no. 19, 2022, doi: 

10.3390/molecules27196770. 

[13] R. M. Muhiebes and E. O. Al-Tamimi, “Modification of Creatinine to Form New Oxazepane Ring and Study Their 

Antioxidant Activity,” Chemical Methodologies, vol. 5, no. 5, 2021. 

[14] A. W. Bauer, W. M. Kirby, J. C. Sherris, and M. Turck, “Antibiotic susceptibility testing by a standardized single disk 

method.,” Am J Clin Pathol, vol. 45, no. 4, 1966, doi: 10.1093/ajcp/45.4_ts.493. 

[15] CLSI, Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically; Approved 

Standard – 11th Edition. CLSI document M07-A11. 2018. 

[16] A. H. Najem, I. M. Khudhur, and D. Adeeba Younis Shareef, “The effect of some antibiotics on pathogenic 

characteristics of some bacteria,” Journal of Advanced Pharmacy Education and Research, vol. 10, no. 3, 2020. 

[17] B. K. Hamad and M. R. Ahamed, “Synthesis and Characterization of Heterocyclic Compounds Derived from 2-

Mercaptobenzothiozole and Study of Their Biological Activities,” Chemical Methodologies, vol. 6, no. 5, 2022, doi: 

10.22034/chemm.2022.332101.1447. 

[18] R. M. Silverstein, G. C. Bassler, and T. C. Morrill, spectrometric identification of organic compounds, 3rd ed. New 

york: John Willy & Sons, Inc, 1974. 

[19] L. R. Abdu-Rahem, A. Kh.ahmad, and F. T. Abachi, “Docking and Synthesis of Some 2-Aminothiazole Derivatives as 

Antimicrobial Agents,” Egypt J Chem, vol. 64, no. 12, 2021, doi: 10.21608/EJCHEM.2021.79221.3891. 

  

 


