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ABSTRACT

 The objective of this work was to synthesize new 1,3-oxazepine derivatives and evaluate 
the antioxidant activity of the synthesized compounds. The synthesis of Schiff’s base of oxazepine 
was achieved in four steps involving condensation of aniline and benzaldehyde followed by (2+5) 
cycloaddition occurs between the imine and anhydride leading to the formation of 1,3-oxazepine-
4,7-dione. Later the oxazepine dione undergoes condensation with thiosemicarbazide and finally 
nucleophilic addition of active carbonyl group to form Schiff’s bases. The synthesized compounds 
8a-e were obtained in yield ranging from 69-77%. The antioxidant activity of the compounds was 
evaluated at various concentrations (100-500 µg/mL) using DPPH radical scavenging assay and 
hydroxy radical scavenging assay. The compounds had IC50 in the range of 34.297 µg to 131.04 µg 
in the DPPH scavenging assay whereas the IC50 ranged of 49.943 µg to 153.13 µg in the hydroxy 
radical scavenging assay.
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INTRODUCTION

 Oxazepine are seven membered heterocyclic 
structures with one nitrogen and one oxygen replacing 
the carbon atom at various positions1 . Three isomeric 
forms of oxazepine have been known (Figure 1).

 The most common route of synthesis of 
oxazepine involves pericyclic cycloaddition of Schiff 
base or hydrazone with maleic, phthalic and succinic 
anhydrides2-6. Oxazepine derivatives were found 
to exhibit a vast variety of biological activities like 
antibacterial7, antifungal8, hypnotic muscle relaxant9, 
antagonistic10, inflammatory11 and antiepileptic12.

 Chronic disorders such cancer, diabetes, 
neurodegenerative diseases, and cardiovascular 
diseases all have oxidative stress as a major 
contributor to their aetiology13. In some biological 
systems, reactive oxygen species (ROS) are created Fig. 1. Isomeric forms of oxazepine
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as part of regular cellular oxygen metabolism14. 
Oxidative stress may develop as a result of the 
impact of an increase in ROS on intracellular 
antioxidant capacity14. Free radicals including 
hydroxyl and superoxide anion radicals as well 
as nonradical species like singlet oxygen and 
hydrogen peroxide are examples of ROS15. ROS 
cause oxidative stress and affect hepatic and 
extrahepatic organs. Degenerative diseases like 
cancer, dementia, and ageing are thereby caused 
by leadership, either directly or indirectly16.

 Antioxidants are necessary substances that 
lower or neutralise ROS, shielding organisms from ROS 
and shielding cells from oxidative damage. As a result, 
a lot of study has been done to find newly synthesised 
antioxidants to stop damage caused by ROS17. 

 Recent research have shown that 
oxazepines and their derivatives are used as 
chemical inhibitors of enzyme activity in clinical, 
crucial pharmaceutical, and synthetic chemistry 
applications. The antibacterial, antiradical, antioxidant, 
antiepileptic, antihyperglycemic, antimicrobial, 
antidote, anti-carcinogenic, and anti-HIV properties 
of oxazepines were previously described.

 Considering the vast potential of oxazepine 
heterocycles, in the present work we attempted to 
synthesize new 1,3-oxazepine derivatives and evaluate 
the antioxidant activity of the synthesized compounds.

MATERIAL AND METHODS

 Ani l ine,  benzaldehyde (SD Fine), 
maleic anhydr ide,  4-chlorobenzaldehyde, 
4-hydroxybenzaldehyde (Loba), 2-nitrobenzaldehyde, 
3-nitrobenzaldehyde (Sulab) and thiosemicarbazide 
(CDH) were used in the study. All the other solvents 
were procured form Sigma, Finar and Qualigens 
and were of analytical grade. Precoated silica gel 
G plates were used for thin layer chromatography 
and distilled water was prepared fresh using glass 
distillation assembly. Melting point of the compounds 
was checked using melting point apparatus by open 
capillary procedure and remain uncorrected for 
atmospheric variations.

 The scheme for synthesis of the Schiff 
bases of oxazepine (Scheme 1) was devised using 
the methods reported in various literature18-20. The 
methods were modified as per the requirement of 
the reactants to obtain product in high yields.

Scheme 1. Pathway for synthesis of compounds
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Synthesis of benzylidene benzenamine, 3
 In a 25 mL beaker accurately measured 
benzaldehyde (10 mmol) and aniline (10 mmol) were 
mixed with 10 mL of ethanol at room temperature and 
2-3 drops of glacial acetic acid was added to it. The 
mixture was then exposed to microwave irradiation 
at 270W for 2-3 minute. The reaction mixture was 
then cooled in ice bath the products purified by 
recrystallization in ethanol to give the product 318. 

Synthesis of 1,3-oxazepine-4,7-dione, 5
 Maleic anhydride (10 mmol) in toluene  
(10 mL) was added to product 3 (10 mmol) in toluene 
(20 mL). The reaction mixture was refluxed for  
2 hours. The solvent was removed under reduced 
pressure using rotary evaporator. The solid product 
was recrystallized using ethanol to obtain 5 of 
sufficient purity18.

Synthesis of thiosemicarbazide derivative of 
oxazepine, 6
 Equimolar amounts of thiosemicarbazide 
and oxazepine dione were combined with 5  
(10 mmol), 20 mL of ethanol, and 8–10 drops of 
glacial acetic acid. After 6 h of heating at 90°C, the 
reaction mixture was cooled to 20°C. The following 
crude was filtered, methanol washed, and dried19.

General procedure for synthesis of Schiff base 
of oxazepine, 8a-e
 A solution of aryl aldehyde (0.001 mol) 
in absolute ethanol (20 mL) and a few drops of 
glacial acetic acid were combined with a solution 
of oxazepin-thiosemicarbazone, 6, (0.001 mol) 
in absolute ethanol (30 mL). For 12 h, the stirred 
reaction mixture was refluxed. A precipitate formed 
after cooling, which was filtered out, rinsed with cold 
ethanol, and then re-crystallized from ethanol20.

Antioxidant Assay
DPPH Scavenging Assay
 The antioxidant action of the synthesized 
compounds was determined using 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging assay21.
 Utilising the stable radical DPPH, the 
synthetic compounds' free radical scavenging 
activity was assessed in terms of their capacity to 
donate hydrogen or to scavenge free radicals. The 
test samples (100 mL, 100–500 g/mL) were made in 
DMSO and then filled with methanol to a final volume 
of 4 mL before being combined with 1.0 mL of DPPH 

solution. In a visible spectrophotometer, the resulting 
solution's absorbance was measured at 517 nm. 
Ascorbic acid served as the benchmark substance. 
Higher free radical scavenging activity was shown 
by the reaction mixture's lower absorbance. 
The percentage of free radicals that the sample 
successfully inhibited was used to express the 
radical scavenging activity and was computed using 
the formula below: 

 Where At is the absorbance in the presence 
of the test samples and Ao is the absorbance of the 
control (blank, without sample). The results of each 
test were run in triplicate, and mean values minus 
standard deviations were used to express the findings.

Hydroxy radical scavenging activity
 Test solutions of different concentrations 
(100 L)-100, 200, 300, 400, and 500 g/mL-were added 
to with 1 mL of iron EDTA solution, 0.5 mL of EDTA 
solution, 1 mL of DMSO, and 0.5 mL of ascorbic acid. 
For 15 min, the mixture was heated to between 80 
and 90 degrees in a boiling water bath. After 15 min 
of room temperature incubation, the reaction mixture 
received 1 mL of ice-cold TCA and 3 mL of Nash 
reagent. At 412 nm, the absorbance was measured22. 
The formula below is used to compute the hydroxyl 
radical scavenging activity as a percentage.

 HRSA stands for Hydroxyl Radical 
Scavenging Activity, while Abs control and Abs 
sample refer to the absorbance of the test solution 
and control, respectively.

RESULTS AND DISCUSSION

Results
 A total of five oxazepine derivatives were 
synthesized and characterized for the retention 
factor (Rf), solubility, yield (%), melting point (°C) 
and antioxidant action.

N-benzylidene-2-(4-oxo-2,3-diphenyl-3,4-
dihydro-1,3-oxazepin-7(2H)-ylidene)hydrazine- 
carbothioamide, 8a
 Yield-77%; color-white; melting point-
181-183°C; Rf (n-hexane: ethyl acetate (9:1)-0.69; 
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soluble in DMSO, slightly soluble in methanol; IR 
(cm-1)-1601.95 (C=S/C=O str), 3054.41 (C-H str), 
1311.656 (C-N str), 3435.37 (N-H str), 1525.76 (C=C 
bend); 1HNMR (d, ppm)-6.6 (N-H), 6.8-7.9 (Ar C-H), 
8.1 (HC=N); m/z (calculated)-440.52.

N-(4-chlorobenzylidene)-2-(4-oxo-2,3-diphenyl-
3,4-dihydro-1,3-oxazepin-7(2H)-ylidene)
hydrazinecarbothioamide, 8b
 Yield-74; color-pale yellow; melting point- 
170-172°C; Rf (n-hexane: ethyl acetate (9:1)-0.72; 
soluble in DMSO, slightly soluble in methanol; IR 
(cm-1)-1605.41 (C=S/C=O str), 3055.14 (C-H str), 
1311.656 (C-N str), 3439.11 (N-H str), 1527.23 (C=C 
bend); 1HNMR (d, ppm)-6.7 (N-H), 6.7-7.9 (Ar C-H), 
8.2 (HC=N); m/z (calculated)-474.96.

N-(4-hydroxybenzylidene)-2-(4-oxo-2,3-diphenyl-
3,4-dihydro-1,3-oxazepin-7(2H)-ylidene)
hydrazinecarbothioamide, 8c 
 Yield-76; color-yellow; melting point-151-
153°C; Rf (n-hexane: ethyl acetate (9:1)-0.78; 
soluble in DMSO, slightly soluble in methanol; IR 
(cm-1)- 1609.07 (C=S/C=O str), 3051.68 (C-H str), 
1314.65 (C-N str), 3451.24 (N-H str), 1528.19 (C=C 
bend); 1HNMR (d, ppm)-6.7 (N-H), 6.7-7.9 (Ar C-H), 
8.1 (HC=N), 5.1 (O-H); m/z (calculated)-456.52.

N-(2-nitrobenzylidene)-2-(4-oxo-2,3-diphenyl-
3,4-dihydro-1,3-oxazepin-7(2H)-ylidene)
hydrazinecarbothioamide, 8d
 Yield-69; color-brown; melting point-166-

169°C; Rf (n-hexane: ethyl acetate (9:1)-0.64; 
soluble in DMSO, slightly soluble in methanol; IR 
(cm-1)-1600.95 (C=S/C=O str), 3053.41 (C-H str), 
1310.65 (C-N str), 3435.37 (N-H str), 1524.76 (C=C 
bend); 1HNMR (d, ppm)-6.2 (N-H), 6.8-7.6 (Ar C-H), 
8.4 (HC=N); m/z (calculated)-485.51.

N-(3-nitrobenzylidene)-2-(4-oxo-2,3-diphenyl-
3,4-dihydro-1,3-oxazepin-7(2H)-ylidene)
hydrazinecarbothioamide, 8e
 Yield-71; color-brown; melting point-
165-167°C; Rf (n-hexane: ethyl acetate (9:1)-
0.63; soluble in DMSO, sl ightly soluble in 
methanol; IR (cm-1)-1601.95 (C=S/C=O str), 
3054.41 (C-H str), 1311.656 (C-N str), 3436.37 
(N-H str), 1525.76 (C=C bend); 1HNMR (d, ppm)-
6.2 (N-H), 6.8-7.6 (Ar C-H), 8.4 (HC=N); m/z 
(calculated)-485.51.

Antioxidant action
 The antioxidant action of the synthesized 
Schiff bases of oxazepine was assessed using 
DPPH scavenging assay and hydroxy radical 
scavenging assay.

DPPH scavenging assay
 The absorbance of control as well as various 
concentration of the test solution was measured at 
517 nm using UV-Visible spectrophotometer and the 
%DPPH inhibition was measured (Table 1, Figure 2).

Table 1: %DPPH scavenging action of Schiff bases of oxazepine

Concentration 8a 8b 8c 8d 8e

         10 13.9566 ± 0.5844 25.8116 ± 0.4347 35.8303 ± 0.6221 4.2816 ± 0.5730 6.5761 ± 0.5649
         20 19.387 ± 0.4572 29.5971 ± 0.5866 41.4903 ± 0.4919 7.7234 ± 0.5517 9.2147 ± 0.5557
         30 25.3526 ± 0.4865 33.612 ± 0.7481 47.3794 ± 0.4861 12.0828 ± 0.5457 12.7712 ± 0.5433
         40 27.8768 ± 0.3157  39.9608 ± 0.3786 53.8041 ± 0.3367 15.3334 ± 0.4881 17.0925 ± 0.5147
         50 30.6296 ± 0.5933 44.3211 ± 0.0198 58.929 ± 0.1516 19.6928 ± 0.5650 20.8021 ± 0.4045

Fig. 2% DPPH Scavenging by test compounds

 The IC50 value of each test compound in 
inhibition DPPH radical was calculated from the 
graph (Table 2).

Table 2: IC50 of test compounds in DPPH scavenging

 8a 8b 8c 8d 8e

IC50 93.47 µg 62.37 µg 34.29 µg 129.3 µg 131.04 µg

Hydroxy radical scavenging assay
 The absorbance of control as well as various 
concentration of the test solution was measured at 
412 nm using UV-Visible spectrophotometer and the 
% DPPH inhibition was measured (Table 3, Figure 3).
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Table 3: %Hydroxy radical scavenging action of Schiff bases of oxazepine

Concentration 8a 8b 8c 8d 8e

         10 7.5777 ± 0.2671 18.4333 ± 0.1624 28.1245 ± 0.5146 2.0402 ± 0.1302 3.315 ± 0.0568
         20 12.459 ± 0.2458 22.0765 ± 0.1694 33.6612 ± 0.3188 4.153 ± 0.0712 6.1202 ± 0.1799
         30 17.8508 ± 0.1610 25.5008 ± 0.0828 38.7132 ± 0.1943 8.0697 ± 0.0486 9.1603 ± 0.1094
         40 20.3641 ± 0.1234 31.402 ± 0.4471 45.0274 ± 0.0984 11.1839 ± 0.0436 13.0418 ± 0.0409
         50 23.2201 ± 0.2447 35.8159 ± 0.2790 49.8357 ± 0.1885 14.3483 ± 0.1278 16.2102 ± 0.0736

corresponding compounds. The proton NMR spectra 
of the Schiff’s bases depicted chemical shifts due to 
imine proton, aromatic protons and amine protons.

Antioxidant action 
 A stable hydrogen or nitrogen-centered 
free radical called DPPH can accept an electron 
to transform into a stable diamagnetic molecule. In 
the presence of suitable reducing agents, DPPH 
radicals undergo a reaction that results in the loss 
of colour in a stoichiometric relationship with the 
amount of consumed electrons, which is quantified 
spectrophotometrically at 517 nm. It is an indicator 
of the hydrogen donor capacity of the molecules. 
The compounds had IC50 in the range of 34.297 µg 
to 131.04 µg. 

 The HRS assay is used to determine the 
scavenging activity of free hydroxyl radicals, such 
as hydrogen peroxide, which harm body cells, in the 
presence of various test sample concentrations. The 
system employed to generate hydroxyl radicals is 
represented by the ascorbic acid-iron-EDTA model. 
Ascorbic acid, iron, and EDTA work together in this 
entirely aqueous environment to produce hydroxyl 
radicals. The test compounds had IC50 in the range 
of 49.943 µg to 153.13 µg. The results revealed a 
dose dependent inhibition of DPPH and hydroxy 
radicals by the test compounds. Also it was observed 
that the presence of hydrogen donor group in test 
compound (8c) was able to inhibit the free radicals 
better in comparison to compounds containing 
electron withdrawing substituents (8d, 8e).

CONCLUSION 

 Antioxidants are necessary substances 
that lower or neutralise ROS, shielding organisms 
from ROS and shielding cells from oxidative 
damage. The objective of the present investigation 
is to synthesize 1,3-oxazepine derivatives in a 
multistep reaction yielding Schiff bases. The Schiff 
bases would be evaluated for their antioxidant 
action using in vitro assay (DPPH scavenging 

Fig. 3. %HRSA by test compounds

 The IC50 value of each test compound in 
inhibition hydroxy radical was calculated from the 
graph (Table 4).

Table 4: IC50 of test compounds in hydroxy radical 
scavenging

 8a 8b 8c 8d 8e

IC50 116.00 µg 82.97 µg 49.94 µg 153.12 µg 152.11 µg

DISCUSSION

Chemistry
 The synthesis of Schiff’s base of oxazepine 
was achieved in four steps. In the first step 
condensation reaction occurs between aniline 
and benzaldehyde leading to the formation of 
benzylidineaniline with the loss of a water molecule. 
In the subsequent step, (2+5) cycloaddition occurs 
between the imine and anhydride leading to the 
formation of 1,3-oxazepine-4,7-dione23. Next, 
the oxazepine dione undergoes a condensation 
reaction with thiosemicarbazide leading to the 
formation of thiosemicarbazone derivative which 
finally undergoes nucleophilic addition by reaction 
with active carbonyl group of aromatic aldehydes 
leading to the formation of the desired Schiff’s base 
compounds. The IR spectra of all the compounds 
exhibited stretching and bending vibrations due 
to the presence of functional groups (C=O, C=S, 
C=N, C-C, C=C, N-H) in all the compounds. The 
vibrations due to O-H, C-Cl were also found in the 
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assay and hydroxy radical scavenging assay). 
From the study it could be concluded that the 
Schiff ’s base derived from 1,3-oxazepine-4,7-
diones were significant in inhibition of the radicals 
and are potential candidates for antioxidant action.
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