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ABSTRACT
Reducing of ethyl 4-((2-hydroxy-3-methoxybenzylidene)amino)benzoate (1) afford ethyl 4-((2-hydroxy-3-methoxybenzyl)
amino)benzoate (2). Reaction of this compound with Vilsmeier reagent affords novel 2-chloro-[1,3] benzoxazine ring (3). 
The corresponding acid hydrazide of compound 3 was synthesized from reaction of compound (3) with hydrazine hydrate. 
Newly series of hydrazones (5a–i) were synthesized from reaction of acid hydrazide with various aryl aldehydes. Antibacterial 
activity of the hydrazones was secerned utilizing gram-negative and gram-positive bacteria. Compound (5b) and (5c) exhibited 
significant antibacterial ability against both gram-negative and gram-positive bacteria, while the compounds (5a) showed mild 
antibacterial activity. Compounds (5d–i) did not display notable activity. The molecular docking of synthesised compounds 
were tested inside the pocket of bacterial gyrase enzyme target site by using MOE 2015 software, which acts as Adenosine 
triphosphate (ATP)-binding domain bacterial gyrase enzyme pocket and novobiocin was used as reference.
Keywords: Antibacterial, Benzoxazine, Hydrazone, Molecular docking, Vilsmeier.
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INTRODUCTION
Vilsmeier reagent is considered one of the most important 
reagents in organic chemistry. By utilizing this reagent, more 
than fifty functional  groups  and more than fifty different 
ring systems can be formed.1 Many heterocyclic rings and 
their derivatives have been synthesized utilizing Vilsmeier 
reagent.2-5 Fur thermore, these compounds exhibited 
various biological activity, such as, antimicrobial agents,6,7 
antiproliferative activity,8 antioxidants,9 and anticancer.10 
On the other hand, the 1,3-benzoxazine and their derivatives 
as well showed interesting biological activities, such as, 
antischistosomal activity, anticonvulsant, and antitumor 
activities,11 antimicrobial activity,12 fungicidal activity,13 and 
photochromic activity.14 In addition to 1,3-benzoxazine, the 
hydrazone derivatives possess diverse biological activities, 
such as, antimicrobial,15 α-glucosidase inhibitors,16 anti-
Alzheimer’s,17 and anticancer.18 It is clearly notable  that 
the existence of more than one active functional  group  in 
structure could augment their biological activity.19,20 In 
modern researches, the  molecular docking studies are 
extremely helpful to give a prediction of the ligand-receptor 
complex structure utilizing computation methods. Taking into 
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account ligand-receptor interaction, two points: strength of the 
interaction (what is known as “affinity”) and kind of an effect 
at the biochemical, electrophysiological, and behavioral level 
triggered by the ligand (what we refer to as “intrinsic activity”). 
To gain an prudence into the type of chemical forces implicated 
in the interaction, first one may build models of a specific 
pharmacophore or construct models of a receptor protein 
and inspect the binding forces. Interaction of a ligand with a 
receptor may consequence in receptor activation (agonists).21 
The extreme common path to predict the correct binding pose 
and binding affinity (BA) is protein-based modeling (docking) 
in physicochemical interactions amid a ligand and receptor 
by deduced from the 3D structures of both  molecules. In 
this work, docking method was performed to predict the 
antibacterial activity of the synthesized compounds.22 This 
work presents  green method for synthesis of 2-chloro-8-
methoxy-3-aryl-[1,3] benzoxazine utilizing Vilsmeier reagent 
and synthesized their corresponding hydrazones. These 
compounds were characterized from their fourier transform 
infrared spectroscopy (FTIR), 1H, 13C  NMR besides EIMs 
spectra. The antibacterial activities of these compounds were 
screened against gram-negative and gram-positive bacteria, 
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as well as, molecular docking was done by using MOE 2015 
software, which acts as ATP-binding domain bacterial gyrase 
enzyme pocket and using novobiocin as reference.

MATERIAL AND METHOD

General 
The melting point of synthesized compounds was established 
by open capillary tube using OMEGA MPS10 apparatus and 
it is uncorrected. The end of the reactions was monitored by 
thin-layer chromatography (TLC). Plates, brand Merck spot 
located with UV lights at 254 nm. The FTIR spectrums were 
affirmed with Perkin Elmer 400 spectrometer. The  NMR 
spectra were recorded on Bruker spectrometer 300 MHz (AL-
Bayt University, Jordan) in DMSO-d6 with tetramethylsilane 
as internal standard. The mass spectrum was recorded 
using Shimadzu GC MS-QP2010 Ultra  (Al-Mustansiriyah 
University, College of Science, Department of Chemistry).
Synthesis of Ethyl 4-((2-Hydroxy-3-Methoxybenzylidene)
Amino)Benzoate (1)
Ethyl-4-aminobenzoate (6 grams, 36.36 mmol) in 50 mL absolute 
ethanol was added in small portions to a stirring ethanolic 
solution of 3-methoxy-2-hydroxy benzaldehyde (5.52 grams, 
36.36 mmol) with three drops of acetic acid. The mixture was 
heated under reflux for 7 hours. Upon cooling, the precipitate 
was filtrated and washed with cold water and crystallized 
from methanol to afford orange nidel crystal. MP 98 to 101ºC. 
Yield 83%, FTIR (KBr, Ʋmax/ cm-1); 3379 (OH), 3045 (CHAr), 
2958, 2831 (CHalph.), 1705 (C=O), 1620 (C=N), 1595, 1502 ( 
C=C); 1H NMR (300 Mz, CDCl3) δ; 1.24 (t, J 7.0, 3H, CH3), 
3.83 (s, 3H OCH3), 4.13 (q, J 7.01, OCH2), 6.60 (d, J 8.4, 2H, 
H9), 6.67  (t,.J 6.8, 1H, H5) 6.71(d, J 7.1, 1H H4), 6.85  (d, J 
7.7,1H, H6), 7.65 (d, J 8.4, 2H, H10), 8.67 (s, 1H, H7, CH=N), 
9.83 (bs, 1H, OH). 13C NMR (75 MHz, DMSO-d6) δ; 14.87 (1C, 
CH3), 56.56 (1C, OCH3), 60.09 (1C, OCH2), 114.89 (1C, C3), 
117.71 (1C, C4), 120.07 (1C, C6), 123.29 (2C, C9), 125.18 (1C, 
C5), 127.69 (1C, C11), 132 (2C, C10), 149.08 (1C, C2), 151.23 (1C, 
C1), 152.77 (1C, C9), 156.82 (1C, C7), 166.27 (1C, C=O), EIMs 
= 299.2 for C17H17NO4.
Synthesis of Ethyl 4-((2-Hydroxy-3-Methoxybenzyl)
Amino)Benzoate (2)
This compound has been synthesized according to procedure 
described by Shakir et al.23 The resulting product purified by 
recrystallization from ethanol to obtain white precipitate. MP 
198 to 199ºC. Yield 79 %, FTIR (KBr, Ʋmax/ cm-1); 3406 (OH), 
3307  (NH), 3057(CHAr), 2993, 2848  (CH alph.), 1674  (C=O), 
1601, 1529 (C=C); 1H NMR (300 MHz, CDCl3) δ; 1.26 (t, J 
7.1, 3H, CH3), 3.79 (s, 3H OCH3), 4.18 (q, J 7.2, 2H, OCH2) 
4.26 (s, 2H, CH2NH), 4.83 (bs, 1H, NH), 6.59 (d, J 8.7, 2H, 
H9), 6.67 to 6.68 (m,.2H, H4 and H5), 6.85 (d, J 7.7,1H, H6), 
7.65 (d, J 8.7, 1H, H10) 10.06 (bs,1H, OH). 13C NMR (75 MHz, 
DMSO-d6) δ; 14.59 ,(1C, CH3), 42.51 (1C,CH2NH), 56.67 (1C, 
OCH3), 60.18  (1C, OCH2), 115.77  (1C, C3), 117.98  (1C, C4), 
121.23 (1C, C6), 123.55 (2C, C9), 126.11 (1C, C5), 128.48 (1C, 
C11), 132.83  (2C, C10), 149.35  (1C, C2), 150.21  (1C, C1), 

152.50 (1C, C9), 155.96 (1C, C7), 164.17 (1C, C=O), EIMs 301.1 
for C17H19NO4.
Synthesis of Ethyl 4-(2-Chloro-8-Methoxy-2H-Benzo[E]
[1,3]Oxazin-3(4H)-Yl)Benzoate (3)
A solution of ethyl 4-((2-hydroxy-3-methoxybenzyl)amino)
benzoate  (6  grams, 19.93  mmol) in DMF  (1.45  grams, 
19.93  mmol) was cooled to 0ºC with continuous stirring. 
POCl3  (phosphorus oxychloride)  (3.04  grams, 19.93  mmol) 
at 0ºC was added dropwise. After that, mixture stirred for 
one  hour at ambient temperature, then heated to 90ºC for 
3 hours. Upon cooling, the mixture poured into 20 mL crushed 
ice, then neutralized to pH 7 by sodium hydrogen carbonate. The 
precipitate was collected after washing with cooled water. The 
crud product purified by column chromatograph hexane:ethyl 
acetate  (4:1) to afford white precipitate. MP 159 to 161ºC, 
FTIR (KBr, Ʋmax/ cm-1); 3010 (CHAr), 2962, 2889 ( CHalph.), 
1722 (C=O), 1601, 1485 (C=C), 1H NMR (300 MHz, DMSO-
d6) δ; 1.29 (t, J 7.1, 3H, CH3), 3.81 (s, 3H, OCH3), 4.28 (q, J 
7.0, 2H, OCH2), 5.02 (dd, J 6.96, 1.84, 2H, CH2 oxazin), 5.91 (s, 
1H, CHoxazin), 6.55 (d, J 7.24, 1H, H5), 6.65 (t, J 7.4, 1H, H6), 
6.82 (d, J 7.28, 1H, H7) 7.45 (d, J 8.7, 2H, H10), 7.91(d, J 8.4, 
2H, H11). 13C NMR (75 MHz, DMSO-d6) δ; 14.62 (1C, CH3), 
54.81 (1C, CH2 oxazine), 56.62 ( 1C, OCH3), 60.17 (1C, OCH2), 
111.54 (2C, C10), 113.32 (1C, C7), 119.73 (1C, C12), 121.41 (1C, 
C5), 122.08  (1C, C6), 123.17  (1C, C4a), 124.68  (1C, C2), 
130.52 (2C, C11), 145.31 (1C, C8), 149.61 (1C, C8a), 153.18 (1C, 
C9), 165.93 (1C, C=O), EIMs 347.09 for C18H18ClNO4.
Synthesis of 4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]
Oxazin-3(4H)-Yl) Benzohydrazide (4)
Hydrazine hydrate (80%) (0.57 grams, 11.5 mmol) was added 
to a solution of ethyl 4-(2-chloro-8-methoxy-2H-benzo[1,3]
oxazin-3(4H)-yl)benzoate  (4  grams, 11.5  mmol) in 50  mL 
ethanol at ambient temperature. The mixture left to stand 
18  hours under vigorous stirring. The precipitated was 
collected by filtration and washed with cooled water to obtain 
white precipitated. The crud compound was recrystallized 
from aqueous methanol to obtain off white. MP 199 to 201ºC. 
Yield 67%. FTIR  (KBr, Ʋmax/  cm-1); 3398, 3309  (NH2), 
3209 (NH), 3028 (CHAr), 2939, 2841 (CH alph.), 1648 (C=O), 
1585, 1479 (C=C), 1H NMR (300 MHz, DMSO-d6) δ; 3.83 (s, 
3H, OCH3), 4.07 (bs, 2H, NH2), 5.00 (dd, J 7.0 1.86, 2H, CH2 
oxazine), 5.93 (s, 1H, CH oxazine), 6.58 (d, J 7.40, 1H, H5), 6.65 (t, 
J 7.46 , 1H, H6), 6.9  (d, J 7.44, 1H ,H7), 7.42  (d, J 8.6, 2H, 
H10), 7.88 (d, J 8.6, 2H, H11), 9.83 (bs, 1H, NH) 13C NMR (75 
MHz, DMSO-d6) δ; 54.32 (1C, CH2 oxazine), 56.13 ( 1C, OCH3), 
111.52 (2C, C10), 113.14 (1C, C7), 120.49 (1C, C12), 121.25 (1C, 
C5), 122.82  (1C, C6), 123.02  (1C, C4a), 124.26  (1C, C2), 
130.17 (2C, C11), 145.93 (1C, C8), 149.32 (1C, C8a), 153.63(1C, 
C9), 168.21 (1C, C=O). EIMs 333.09 for C16H16ClN3O3.
General Synthesis of 4-(2-Chloro-8-Methoxy-
2H-Benzo[1,3]Oxazin-3(4H)-Yl)-N’-(Substituted 
Benzylidene) Benzohydrazide (5a–i)
Aryl aldehyde (0.75 mmol) in ethanol 5 mL was added in few 
portions to a solution of 4-(2-chloro-8-methoxy-2H-benzo[1,3]
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oxazin-3(4H)-yl)benzohydrazide  (0.25-gram, 0.75  mmol) in 
5 mL acetic acid. The mixture was heated under reflux for 
5 hours. After cooling, the precipitate was collected and washed 
with warm methanol, then with cold water. The crud product 
is purified by crystallization from a suitable solvent.
4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-3(4H)-Yl)-
N’-(4-Chlorobenzylidene) Benzohydrazide (5a)
Recrystallized from aqueous DMF to afford white amorphous, 
Yield 86 %, MP 195-196 ˚C, FTIR  (KBr, Ʋmax/  cm-1); 
3309 (NH), 3032 (CH Ar), 2939, 2838 (CH alph.), 1646 (C=O), 
1606 (C=N), 1574, 1483 (C=C). 1H NMR (300 MHz, DMSO-
d6) δ; 3.84(s, 3H, OCH3), 5.12 (dd, J 7.2 1.9, 2H, CH2 oxazine), 
5.98 (s, 1H, CH oxazine), 6.54 (d, J 7.36, 1H, H5), 6.66 (t, J 7.42 , 
1H, H6), 6.89 (d, J 7.32, 1H ,H7) 7.44 (d, J 8.7, 2H, H10), 7.52(d, 
J 8.52, 2H, H17) 7.82 to 7.88 (m, 4H, H11, H16), 8.56(s, 1H, H14, 
CH=N) 9.87 (bs, 1H, NH); 13C NMR (75 MHz, DMSO-d6) δ, 
53.32 ( 1C, C4), 56.7 (1C, OCH3), 109.67 (2C, C10), 116.03 (1C, 
C7), 118.32  (1C, C2), 119.38  (2C, C11), 120.89  (1C, C12), 
121.14 (1C, C6), 121.99 (1C, C5), 123.11 (1C, C15), 123.97 (1C, 
C4a), 127.78 (2C, C16, C20), 128.23 (2C, C17, C19), 136.41 (1C, 
C18), 144.69  (1C, C8), 149.13  (1C, C8a), 150.77  (1C, C9), 
151.44 (1C, C=N), 166.11 (1C, C=O). EIMs = 455.1 calculated 
for C23H19Cl2N3O3.
4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-3(4H)-Yl)-
N’-(4-Nitrobenzylidene) Benzohydrazide (5b)
Crud product recrystallized from ethanol to obtain yellow 
precipitate. Yield 89%, MP 203 to 206ºC. FTIR  (KBr, 
Ʋmax/  cm-1), 3313  (NH), 3030  (CHAr), 2941, 2843  (CHalph.), 
1651 (C=O), 1612 (C=N) 1595, 1481 (C=C), 1468 (asymmetric 
NO2), 1349 (symmetric NO2); 1H NMR (300 MHz, DMSO-
d6) δ, 3.79  (s, 3H, OCH3), 4.94  (dd, J 7.0 1.84, 2H, CH2 
oxazine), 5.95  (s, 1H, CH oxazine), 6.55  (d, J 7.36, 1H, H5), 
6.63 (t, J 7.26, 1H, H6), 6.86 (d, J 7.36, 1H, H7) 7.48 (d, J 8.6, 
2H, H10), 7.84 (d, 2H, H11), 7.96(d, J 8.2, 2H, H16), 8.23(d, J 
8.22, 2H H17), 8.64  (s, 1H, H14, CH=N) 9.83  ( bs,1H, NH), 
13C NMR (75 MHz, DMSO-d6) δ; 54.06 (1C, C4), 57.26 (1C, 
OCH3), 109.23  (2C, C10), 116.58  (1C, C7), 118.53  (2C, C11), 
119.74  (1C, C2), 120.21  (1C, C12), 122.44  (1C, C6), 122.96 
(1C, C5), 123.09 (1C, C4a), 124.87 (2C, C17, C19), 130.39 (2C, 
C16, C20), 139.55 (1C, C15), 144.48 (1C, C8), 148.94 (1C, C8a), 
149.39 (1C, C9), 150.67 (1C, C18), 152.49 (1C, C=N), 167.02 (1C, 
C=O). EIMs = 466 calculated for C23H19ClN4O5.
4-(2-Chloro-2H-Benzo[E][1,3]Oxazin-3(4H)-Yl)-N’-(3,5-
Dichlorobenzylidene) Benzohydrazide (5c)
Crud product was recrystallized by acetonitrile to afford peal 
yellow amorphous. MP 226 to 228ºC. Yield 83%, FTIR (KBr, 
Ʋmax/cm-1), 3246 (NH), 3051 (CH Ar), 2963, 2871 (CH aliphatic), 
1645 (C=O), 1627  (C=N), 1597, 1487  (C=C), 1H NMR (300 
MHz, DMSO-d6) δ, 3 .84 (s, 3H, OCH3), 5.12 (dd, J 7.24 1.88, 
2H, CH2 oxazine), 6.07  (s, 1H, CHoxazine), 6.53  (d, J 7.1, 1H, 
H5), 6.64 (t, J 7.26, 1H, H6), 6.83 (m, 3H, H7, H17), 7.52 (m, 
3H, H10, and H18) 7.62 (d, J 8.22, 2H, H11), 8.04 (t, 2H, J 1.72, 
H16, and H20), 8.59  (s, 1H, H14, CH=N), 9.65  (bs, 1H, NH); 
13C NMR (75 MHz, DMSO-d6) δ, 54.23 (1C, C4), 57.03 (1C, 

OCH3), 111.42  (2C, C10), 113.33  (1C, C7), 120.62  (1C, C12), 
121.86 (1C, C5), 122.03 (1C, C6), 123.17 (1C, C4a), 124.74 (1C, 
C2), 125.02 (2C, C16, C20), 126.87 (1C, C15), 130.45 (2C, C11), 
131.24  (1C, C18), 135.92  (2C, C17, C19), 146.22  (1C, C8), 
149.11 (1C, C8a), 152.8 (1C, C=N), 153.72 (1C, C9), 167.16 (1C, 
C=O). EIMs = 489.1 calculated for C23H18Cl3N3O3.
4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-3(4H)-Yl)-
N’-(4-Hydroxybenzylidene) Benzohydrazide (5d)
Crud product was recrystallized from ethanol to afford white 
crystal. MP 178 to 180ºC. Yield 77%, FTIR (KBr, Ʋmax/cm-1); 
3312  (OH), 3257  (NH), 3066  (CHAr), 2971, 2845  (CHaliph.), 
1658 (C=O), 1625 (C=N), 1958, 1464 (C=C). 1H NMR (300 
MHz, DMSO-d6) δ, 3.81 (s, 3H, OCH3), 5.1 (dd, J 7.22 1.84, 
2H, CH2 oxazine), 6 (s, 1H, CH oxazine), 6.49 (d, J 7.1, 1H, H5), 
6.6 (t, J 7.24 , 1H, H6), 6.83 (m, 3H, H7, H17), 7.52 (d, J 8.4, 
2H, H10), 7.62 (d, J 8.56, 2H, H16), 7.83  (d, 8.42, 2H, H11,), 
8.61  (s, 1H, H14, CH=N), 9.67  (bs, 1H, NH), 10.83  (bs, 1H, 
OH), 13C  NMR  (75 MHz, DMSO-d6) δ, 54.51  (1C, C4), 
57.11 (1C, OCH3), 110.44 (2C, C10), 113.54 (1C, C7), 115.73 (1C, 
C15), 117.03  (2C, C16, C20), 120.21  (1C, C12), 121.08  (1C, 
C6), 121.33 (1C, C5), 123.54 (1C, C4a), 128.98 (2C, C17, C19), 
129.34 (2C, C11), 145.72 (1C, C8), 148.32 (1C, C8a), 153.48 (1C, 
C9), 154.01  (1C, C=N), 159.38  (1C, C18), 166.15  (1C, C=O). 
EIMs = 437 calculated for C23H20ClN3O4.
4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-
3(4H)-Yl)-N’-(2-Hydroxy-3-Methoxybenzylidene)
Benzohydrazide (5e)
Recrystallized from methanol to afford pale yellow. MP 173 
to 176ºC. Yield 75%, FTIR  (KBr, Ʋmax/cm-1), 3411  (OH), 
3249 (NH), 3080 (CHAr), 2962, 2839 (CH aliph.), 1644 (C=O), 
1624 (C=N), 1577, 1462 (C=C), 1H NMR (300 MHz, DMSO-d6) 
δ, 3.81 ( s, 3H, OCH3), 3.88 (s, 3H ,OCH3) 4.96 (dd, J 7.10 1.92, 
2H, CH2 oxazine), 5.97 (s, 1H, CH oxazine), 6.51 (d, J 7.14, 1H, 
H5), 6.57 (t, J 7.1, 1H, H6), 6.83 (m, 3H, H7, H18), 7.14 (dd, J 7.9, 
1.78, 1H, H19), 7.39 (m, 3H, H10, H20), 7.83 (d, J 8.42, 2H, H11), 
8.45 (s, 1H, H14, CH=N), 9.63 (bs, 1H, NH), 10.9 (bs, 1H, OH). 
13C NMR (75 MHz, DMSO-d6) δ, 54.89 ( 1C, C4), 56.34 (1C, 
OCH3), 59.52 (1C, C21, OCH3), 111.79 (2C, C10), 113.21 (1C, 
C7), 114.57  (1C, C18), 119.41  (1C, C19), 120.36  (1C, C12), 
121.27 (1C, C5), 122.17 (1C, C6), 123.42 (1C, C4a), 124.65 (1C, 
C2), 127.19  (1C, C20), 129.63  (1C, C15), 130.56  (2C, C11), 
146.48 (1C, C8), 147.05 (1C, C17), 149.12 (1C, C8a), 152.02 (1C, 
C16), 152.78  (1C, C=N), 153.56  (1C, C9), 167.12  (1C, C=O). 
EIMs = 467 calculated for C24H22ClN3O5.
4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-
3(4H)-Yl)-N’-(3-Ethoxy-4-Hydroxybenzylidene) 
Benzohydrazide (5f)
The crud product recrystallized from acetonitrile to obtain pale 
yellow needle crystal. MP 232 to 233ºC. Yield 80%, FTIR (KBr, 
Ʋmax/cm-1); 3324  (OH), 3292  (NH), 3006  (CHAr).2964, 
2837 (CH aliph.), 1648 (C=O), 1610 (C=N), 1558, 1510 (C=C). 
1H NMR (300 MHz, DMSO-d6) δ, 1.56 (t, J 7.48, 3H, OCH3), 
3.8 (s, 3H, OCH3), 4.12 (q, J 7.6, 2H ,OCH2), 5.02 (dd, J 7.2 
1.87, 2H, CH2 oxazine), 5.95 (s, 1H, CH oxazine), 6.5 (d, J 7.22, 
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1H, H5), 6.61 (t, J 7.2 , 1H, H6), 6.8 to 6.89 (m, 3H ,H7, H16), 
7.02 (dd, J 7.4, 1.88, 1H, H19), 7.39 to 7.44 (m, 3H, H10, H20), 
7.78 (d, 8.6, 2H, H11,), 8.52 (s, 1H, H14, CH=N), 9.59 (bs, 1H, 
NH), 9.83  (bs, 1H, OH). 13C NMR (75 MHz, DMSO-d6) δ, 
13.58 (1C, CH3), 54.07 (1C, C4), 57.37 (1C, OCH3), 63.41 (1C, 
OCH2), 108.93  (1C, C16), 110.18  (2C, C10), 114.41  (1C, C19), 
115.23 (1C, C7), 117.66 (1C, C2), 118.97 (2C, C11), 121.05 (1C, 
C12), 121.87  (1C, C6), 122.31  (1C, C5), 123.77  (1C, C4a), 
126.61 (1C, C20), 129.87 (1C, C15), 144.95 (1C, C8), 146.17 (1C, 
C17), 148.56  (1C, C8a), 151.13  (1C, C9), 152.23  (1C, C18), 
152.67 (1C, C=N), 167.36 (1C, C=O). EIMs = 481 calculated 
for C25H24ClN3O5.
4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-3(4H)-
Yl)-N’-(4-Hydroxy-3,5-Dimethoxybenzylidene)
Benzohydrazide (5g)
Recrystallized from ethanol to afford pale yellow amorphous. 
MP 121 to 124ºC. Yield 76%, FTIR  (KBr, Ʋmax/cm-1), 
3396 (OH), 3257 (NH), 3030 (CH Ar), 2964, 2841 (CH aliph.), 
1640 (C=O), 1606 (C=N), 1550, 1483 (C=C), 1H NMR (300 
MHz, DMSO-d6) δ, 3.81  (s, 3H, OCH3), 3.89  ( s, 6H, 2 × 
OCH3), 4.98  (dd, J 7.24, 1.88, 2H, CH2 oxazine), 6.04  (s, 1H, 
CH oxazine), 6.54 to 6.63  (m, 4H, H5, H6, H16,H20), 6.83  (d, 
J 7.12, 1H, H7), 7.39 (d, J 8.22, 2H, H10), 7.79 (d, J 8.4, 2H, 
H11), 8.52 (s, 1H, H14, CH=N), 9.72 (bs, 1H, NH), 10.78 (bs, 
1H, OH), 13C NMR (75 MHz, DMSO-d6) δ, 55.08 (1C, C4), 
56.71  (2C, OCH3), 57.23  (1C, OCH3), 105.86  (2C, C16, C20), 
109.78 (2C, C10), 113.91 (1C, C7), 118.13 (1C, C2), 119.81 (2C, 
C11), 121.05  (1C, C12), 121.51  (1C, C6), 121.75  (1C, C5), 
123.28 (1C, C4a), 124.34 (1C, C15), 141.43 (1C, C18), 146.21 (1C, 
C8), 148.57 (1C, C8a), 150.66 (2C, C17, C19), 151.54 (1C, C9), 
152.11 (1C, C=N), 166.49 (1C, C=O). EIMs= 497 calculated 
for C25H24ClN3O6.
4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-3(4H)-
Yl)-N’-(3,5-Di-Tert-Butyl-2-Hydroxybenzylidene)
Benzohydrazide (5h)
Crude product recrystallized from ethanol to obtain white 
crystal. MP 227 to 230ºC. Yield 82%, FTIR (KBr, Ʋmax/cm-1); 
3423  (OH), 3205  (NH), 3033  (CHAr), 2985, 2868 (CHalph.), 
1641 (C=O), 1606  (C=N), 1552, 1481  (C=C), 1H NMR (300 
MHz, DMSO-d6) δ, 1.32  (s, 9H tBu), 1.43  (s,9H.tBu), 3.82 (s, 
3H, OCH3), 4.95  (dd, J 7.22 1.90, 2H, CH2 oxazine), 6.01  (s, 
1H, CH oxazine), 6.51  (d, J 7.14, 1H, H5), 6.57  (t, J 7.1, 1H, 
H6), 6.83 (d, J 7.2 , 1H, H7), 7.27(d, J 2.2, 1H, H18), 7.39 (d, J 
8.7, 2H, H10), 7.76 (d, J 2.25, 1H, H20), 7.87 (d, 8.6, 2H, H11), 
8.56 (s, 1H, H14, CH=N), 9.48 (bs, 1H, NH), 10.87 (bs, 1H, OH). 
13C NMR (75 MHz, DMSO-d6) δ, 29.25 (3C, CH3), 31.13 (3C, 
CH3), 33.48  (1C, C23, C(CH3)3), 34.55  (1C, C21, C(CH3)3), 
55.08 (1C, C4), 57.23 (1C, OCH3), 107.1 (1C, C15), 111.34 (2C, 
C10), 113.84  (1C, C7), 120.11  (1C, C12), 121.19  (1C, C5), 
121.73 (1C, C6), 123.63 (1C, C4a), 124.71 (1C, C2), 124.89 (1C, 
C20), 128.94  (1C, C18), 130.88  (2C, C11), 137.68  (1C, C17), 
141.31 (1C, C19), 146.09 (1C, C8), 149.25 (1C, C8a), 152.34 (1C, 
C=N), 153.11  (1C, C9), 154.98  (1C, C16), 167.03  (1C, C=O). 
EIMs = 549 calculated for C31H36ClN3O4.

4-(2-Chloro-8-Methoxy-2H-Benzo[1,3]Oxazin-3(4H)-
Yl)-N’-(3,5-Di-Tert-Butyl-4-Hydroxybenzylidene)
Benzohydrazide (5i)
Recrystallized from chloroform-methanol(1-2) to afford white 
powder. MP 191 to 193ºC. Yield 80%, FTIR (KBr, Ʋmax/cm-1), 
3400  (OH), 3217  (NH), 3031 (CHAr), 2943, 2843 (CHalph.), 
1647  (C=O), 1608  (C=N), 1553, 1467  (C=C), 1H NMR (300 
MHz, DMSO-d6) δ, 1.44 (s, 18H, 2 × tBu), 3.85 (s, 3H, OCH3), 
5.07 (dd, J 7.14 1.88, 2H, CH2 oxazine), 5.58 (s, 1H, OH), 5.98 (s, 
1H, CH oxazine), 6.48 (d, J 7.26, 1H, H5), 6.59 (t, J 7.1, 1H, H6), 
6.89 (d, J 7.2 , 1H, H7), 7.39 (d, J 8.6, 2H, H10), 7.85 (d, 8.44, 
2H, H11), 7.89 (s, 2H, H16), 8.6 (s, 1H, H14, CH=N), 9.58 (bs, 1H, 
NH), 10.88 (bs, 1H, OH). 13C NMR (75 MHz, DMSO-d6) δ, 
30.35 (6C, CH3), 34.65 (2C, C(CH3)3), 54.89 (1C, C4), 56.73 (1C, 
OCH3), 111.45  (2C, C10), 113.91  (1C, C7), 115.18  (1C, C15), 
120.44 (1C, C12), 121.08 (1C, C5), 122.11 (1C, C6), 123.48 (1C, 
C4a), 124.03  (1C, C2), 124.28  (2C, C16, C20), 130.47  (2C, 
C11), 136.78 (2C, C17, C19), 145.81 (1C, C8), 149.05 (1C, C8a), 
152.13 (1C, C=N), 153.36 (1C, C9), 157.09 (1C, C18), 166.95 (1C, 
C=O). EIMs = 549 calculated for C31H36ClN3O4. 
Screening Antibacterial Activity
The antibacterial activities of the synthesized compounds (5a–i) 
were screened against standard typed strains of four gram-
negative bacteria, which are Acinetobacter calcoaceticus 
ATCC 23055, Escherichia coli ATCC 10538, Pseudomonas 
aeruginosa ATCC 15442, and Salmonella typhimurium 
ATCC 14028, as well as, four gram-positive bacteria, which 
are Bacillus subtilis ATCC 6051, Enterococcus faecalis 
ATCC 29212, Streptococcus pyogenes ATCC 19615, and 
Staphylococcus aureus ATCC 29213. These microorganisms 
were acquired from the central service laboratory-college 
education for pure science-Ibn Al-Haitham. The antibacterial 
activities were assayed in terms of  minimal inhibitory 
concentrations  (MICs) by employing the dilution assays 
according to the CLSI24 and the same procedure described by 
Saoud SA et al.25

RESULT AND DISCUSSION
Novel 2-chloro-benzo-1,3-oxazine (3) was synthesized from 
the reaction of  (2) with Vilsmeier reagent as depicted in 
Scheme 1. The acid hydrazide derivative of the corresponding 
2-chloro-benzo-1,3-oxazine was synthesized from the 
reaction of hydrazine hydrate with compound (3) at ambient 
temperature. Nine new hydrazides were synthesized from 
reaction of compound (4) with nine aryl aldehyde, as depicted 
in Scheme 1. All synthesized compounds were characterized 
by FTIR, 1H NMR, 13C NMR, and EIMs.

The FTIR of compound (1) showed peak at 3,379 cm-1 for 
phenolic OH and peak at 1,705  cm-1 attributed to carbonyl 
of ester. New interesting peak of imine group was located at 
1,620 cm-1. The 1H NMR of this compound exhibited the all 
aromatic protons at their expected regions. Furthermore, the 
spectrum exhibited the protons of an ethoxy group of ester 
and interesting peak at 8.67 ppm attributed for CH=N as well, 
displaying to a broad peak at 9.83 ppm for phenolic OH. The 
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13C NMR as well showed all expected peak beside the carbon 
of imine group were located at 156.82 ppm and the peak of 
C=O was located at 166.27 ppm. The IR of compound  (2) 
showed disappearing proton of imine group, as well as, the 
1H NMR spectrum confirm the success of reduction by 
exhibiting a new peak at 4.26 ppm attributed to CH2NH 
as well, exhibiting a new broad peak at 4.83 ppm for NH. 
The 13C NMR spectrum showed the disappearing carbon of 
imine group carbon and new carbon was located at 42.51 ppm 
for CH2NH. The disappearance of OH and NH signals from 
the FTIR spectrum of compound (3) indicates that the reaction 
between compound (2) and Vilsmeier reagent was successful. 
Furthermore, the 1H  NMR of compound  (3) exhibited the 
disappearance of the NH and OH peaks, moreover rising new 
peaks for 1,3-oxazine ring. The double doublet peak (due to 
1, 3 splitting) with integral of two protons at 5.02 ppm clearly 
refers to two protons attached C4 of 1,3-oxazine ring. The 
singlet peak for one proton at 5.91 ppm refers to existence of 
one proton for position two of 1,3-oxazine ring. The 13C NMR 
as well confirms formation of 1,3-oxazine ring and exhibited 
two new peaks at 54.81 ppm attributed to C4 and 124.68 ppm 
attributed to C2. The presence of C2 at a lower magnetic field 
refers to the existence of chloride atom and this fact confirmed 
by sodium fusion test, as well as, EIMs confirm the existence 
of chloride by exhibiting the molecular ion corresponding to 
the mass of the suggested structure. The base peak and some 
fragments also confirm the existence of chloride atom. The 
proposed mechanism for the formation of a 2-chloro-1,3-
oxazine ring was depicted in Figure 1.

The FTIR spectrum of compound  (4) exhibited the 
successful convert the ester to corresponding acid hydrazide. 
The peaks of NH and NH2 were located at 3,209, 3,398, 
and 3,309  cm-1. The peak of carbonyl amide was located 
at 1,648  cm-1. Furthermore, the 1H  NMR spectrum was in 
agreement with the FTIR spectrum. The 1H NMR spectrum 
showed a new broad peak at 4.07 ppm for two protons 
attributed to NH2 and the second interesting peak assigned at 
9.83 ppm attributed for NH. The basic protons were located 

at their expected regions. On the other hand, the 13C NMR 
confirms conversion of the ester to their corresponding acid 
hydrazide. Exhibiting the carbon of amide at 168.21 ppm, 
while the carbonyl of ester at compounds (1–3) was located 
at 166.27 to 164.17 ppm, was  good evidence. The EIMs 
spectrum confirms the structure and exhibited the molecular 
ion M+ peak and the base peak (100%). The FTIR spectra of 
compounds (5a–i) displayed no existence of the NH2 at range 
as well. It showed a new peak at range 1,606 to 1,627 cm-1 
attributed to CH=N of hydrazone. Furthermore, the FTIR 
exhibited the peaks of substituted, such as, the peaks of OH 
for compounds (5d, 5e, 5f, 5g, 5h, and 5i) at 3,312, 3,411, 3,324, 
3,396, 3,423, and 3,400  cm-1, respectively. The two peaks 
of asymmetrical and symmetrical NO2 for compound  (5b) 
appeared at 1,468 and 1,349 cm-1, respectively. The 1H NMR 
of these compounds showed the proton of imine group of the 
hydrazone at 8.45 to 8.64 ppm with integral of one proton. 
The 1H NMR as well displayed the aromatic protons for the 
hydrazone and they are substituted, for instance, the OH 
of compound (5d) was located at 10.83 ppm. The proton of 
2-hydroxy group for (5e) was located at 10.90 ppm, as well as, 
two methoxy groups were located at 3.81 and 3.88 ppm. The 
proton of 4-hydroxy group for compound (5f) was located at 
9.83 ppm. The triplet peak at 1.56 ppm and quartite at 4.12 ppm 
assigned to five protons of 3-ethoxy group for same compound. 
The 1H NMR spectrum for compound (5g) exhibited the proton 
of hydroxyl group at 10.78 ppm and the two methoxy group was 
located at 3.89 ppm with integral of six protons. The proton of 
2-hydroxy group of compound (5h) was located at 10.87 ppm. 
The two singlets at 1.32 and 1.43 ppm were assigned for two 
tert-butyl groups with an integral equal nine for each peak. 
The proton of 4-hydroxy of compound (5i) was assigned at 
5.58 ppm and that attributed to satirical hindrances by two 
tert-butyl group.26 The eighteen protons of two symmetrical 
di-tert-butyl  groups were assigned as singlet peak at 1.44 
ppm. The 13C NMR spectra of (5a–i) (Figure 2 amd 3) showed 
shifting in value of C=O from 168.21 to between 166.11 
and 167.16 ppm, after conversion of compound  (4) to their 

Scheme 1: General synthetic route of 2-chloro-1,3-benzoxazine and 
their derivatives

Figure 1: Proposed mechanism for synthesized 2-chloro-1,3-
benzoxazine using Vilsmeier reagent
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corresponding hydrazones. Furthermore, the 13C spectra 
of these compounds displayed the new peaks attributed to 
new phenyl of hydrazone and their substituted  group  and 
the interesting carbons, which are attached to these groups 
besides peak of imine group. For instance, showed the C=N 

peak at 151.44 ppm and carbon attached with 4-chloro was 
located at 136.41 ppm. Compound (5b) (Figure 4) showed the 
peak of C=N at 152.49 ppm and the peak of carbon attached 
with 4-nitro was located at 150.67 ppm. The peak of C=N for 
compound (5c) (Figure 5) was located at 152.80 besides the 

Figure 2: (a) (2D) novobiocin as potent inhibitor against ATP-binding domain bacterial gyrase enzyme pocket (b) (3D) novobiocin as potent 
inhibitor against ATP-binding domain bacterial gyrase enzyme pocket

Figure 3: Compound (5a) 3D and 2D interaction

Figure 4: Compound (5b) 3D and 2D interaction
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two carbons attached two groups of chloride at positions meta 
was located at 135.45 ppm. The peaks assigned at 154.01 and 
159.38 ppm for compound (5d) (Figure 6) attributed to C=N 

and C18, which are attached to hydroxyl group. The spectrum of 
compound (5e) (Figure 7) exhibited peak of C=N at 152.78 ppm 
and the peak of carbon attached to the methoxy was located 

Figure 5: Compound (5c) 3D and 2D interaction 

Figure 6: Compound (5d) 3D and 2D interaction

Figure 7: Compound (5e) 3D and 2D interaction 
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at 147.05 ppm besides carbon-attached hydroxyl group was 
located at 152.02 ppm. The same results were exhibited at 
13C NMR spectra for rest compounds. The EIMs spectra of 
all compounds were in agreement with FTIR, 1H NMR, and 
13C NMR. The structure and some physical properties were 
tabulated in Table 1. The EIMs exhibited the value of molecular 
ion matched to the calculated value. The EIMs showed the 
base beak all fragmentations harmonized with the suggested 
structure.

Antibacterial Activity
The antibacterial activities for synthesized compounds (5a–i) 
were tested utilizing micro broth dilution assays. Standard 
strains of  gram-negative and  gram-positive bacteria 
were utilized. Commercial kanamycin and amoxicillin 
were utilized as references. The  MIC  (mg/mL) of newly 
synthesized compounds against the test microorganisms 
were determined. The results of the antibacterial capability 
are tabulated in Table 2. Compounds (5b) and (5c) (Figure 7) 

Table 1: Structure and some physical properties of synthesized compounds (5a–i)

No. Structure Yield % MP (ºC) Chemical formula EIMs
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O

O N

N
H

O
N

Cl

Cl
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NO2

89 203–206 C23H19ClN4O5 466
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O

O N
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N

Cl Cl

Cl

83 226–228 C23H18Cl3N3O3 489.1
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O

O N
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OH
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O

O N
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N
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O
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O

O N
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H
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N
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OH

80 232–233 C25H24ClN3O5 481
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O

O N
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H

O
N
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O

O 76 121–124 C25H24ClN3O6 497

5h
O

O N
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OH 82 227–230 C31H36ClN3O4 549
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O

O N

N
H

O
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OH

80 191–193 C31H36ClN3O4 549
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showed significant antibacterial ability against both  gram-
negative and  gram-positive bacteria. This efficiency could 
be attributed to the existence of electron-withdrawing 
substitution, which enhanced the antibacterial activity rather 
than electron-donating substitution.27-29 Compound  (5a) 
exhibited mild antibacterial activity toward  gram-positive 
bacteria and week antibacterial ability toward gram-positive 
bacteria. Compounds  (5e–i) (Figure  7), which consist 
of phenolic hydroxide, showed mild to low antibacterial 
capability against  gram-positive and did not show any 
notable antibacterial capability against gram-negative bacteria. 
It is obvious that existence of hydroxyl  group  reduces the 
antioxidant ability.30 Furthermore, the antibacterial capability 
of these compounds diminution with an increase in the satirical 
hindrance around the phenolic hydroxyl.25

Molecular Docking Study

Choosing Molecular Targets
By comparing our tested compounds with other ligands and 
determining the pharmacophoric feature that can bind with 
critical amino acid in the target site, target site selection has 
been done by  (https://www.rcsb.org/) protein data bank. 
Our compounds tested practically against many target sites, 
then good results determine suitable protein for doing docking 
studies.
Preparation of Receptor for Virtual Screening
After choosing protein of target site some processes should 
be done to give insights of molecular binding modes of the 
tested compounds inside the pocket of bacterial gyrase enzyme 
target site by using MOE 2015 software, which acts as ATP-
binding domain bacterial gyrase enzyme pocket. The binding 
sites were generated from the co-crystallized ligand, within 
crystal protein (PDB codes: 5 ctu). At first, water molecules 
were removed from the complex. Then, the crystallographic 

disorders and unfilled valence atoms were corrected using 
protein reports and utility, and clean protein options. 

Protein energy was minimized by applying CHARMM 
and MMFF94 force fields. The rigid binding site structure of 
protein was obtained by applying fixed atom constraint. The 
protein essential amino acid is defined and prepared for the 
docking process. 2D structures of tested compounds were 
drawn using Chem-Bio Draw Ultra 14.0 and saved in the 
MDL-SD file format. From MOE 2015 software, the saved 
file was opened, 3D structures were protonated and energy 
was minimized by applying 0.05 RMSD kcal/mol CHARMM 
force field. Then, the minimized structures were prepared for 
docking using prepares ligand protocol.
Molecular Docking Processes
The docking process was carried out using CDOCKER 
protocol. CDOCKER is a grid-based molecular docking method 
that employs CHARMM-based  molecular dynamics  (MD) 
scheme to dock ligands into a receptor-binding site. The 
receptor was held rigid, while the ligands were allowed to be 
flexible during the refinement. Each  molecule was allowed 
to produce seven different interaction poses with the protein. 
Then docking scores (CDOCKER interaction energy) of the 
best-fitted poses with the active site at bacterial gyrase enzyme 
was recorded (Table 3). We used all these processes to predict 
the proposed binding mode, affinity, preferred orientation of 
each docking pose, and binding free energy (∆G) of the tested 
compounds with  bacterial  gyrase enzyme. The calculated 
interaction energies for the tested compounds were in complete 
agreement with the experimental results, which showed that 
our compounds care potent inhibitors against bacterial gyrase 
enzyme.

Firstly, the key binding site of bacterial gyrase enzyme has 
been reported by the literature, consisting of amino Arg84, 
Ile86, Arg144, Asp81, pro87, and Gly85. The next Figure 8 

Table 2: Antibacterial activity of synthesized compounds (5a–i)

No. Bacteria/MICs (mg/mL)

Gram-negative bacteria Gram-positive bacteria

Escherichia 
coli

Acinetobacter 
calcoaceticus

Salmonella 
typhimurium

Pseudomonas 
aeruginosa

Bacillus 
subtilis

Streptococcus 
pyogenes

Enterococcus 
faecalis

Staphylococcus 
aureus

5a > 0.5 0.5 0.25 0.2 0.5 0.4 0.35 0.35

5b < 0.05 0.15 0.2 0.1 0.05 0.05 0.1 0.25

5c 0.15 0.25 0.25 0.01 0.2 0.25 0.3 0.2

5d 0.25 > 0.5 0.45 0.3 0.25 0.5 0.45 0.3

5e 0.4 > 0.5 0.45 0.4 0.3 0.25 0.3 > 0.5

5f 0.5 ND 0.5 0.35 0.45 > 0.5 ND > 0.5

5g > 0.5 > 0.5 ND 0.5 0.35 0.5 ND ND

5h 0.5 > 0.5 ND ND 0.4 0.45 ND > 0.5

5i ND > 0.5 ND > 0.5 0.5 0.5 0.4 ND

Amoxicillin < 0.05 < 0.05 ND < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Kanamycin < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 > 0.5 < 0.05 < 0.05
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show the reference compound (novobiocin) binding mode 2D 
and 3D simulation attachment against bacterial gyrase enzyme 
critical amino acids. Secondly, the next 3D and 2D Figure 9 
for molecular docking simulation of our tested compounds 
show the binding mode, molecular surface area, and length 
of hydrogen bonds/ Å.

After doing docking study for our compounds against 
bacterial gyrase enzyme as ATP-binding domain bacterial gyrase 
enzyme inhibitors, it shows that most of our compounds have good 
binding and attachment with the target site. Compounds (5a, 5b, 
and 5i) have excellent result compared with novobiocin as ATP-
binding domain bacterial gyrase enzyme inhibitors (Figure 10-11).

Figure 10: Compound (5h) 3D interaction Figure 9: Compound (5g) 3D interaction

Figure 8: Compound (5f) 3D and 2D interaction

Table 3: (DG) kcal/mol of tested compounds against bacterial gyrase enzyme target site PDB ID: 5 ctu 

Compound No.
Bonds No. Interaction with key amino 

acids
Score (DG)
kcal/mol RMSD value E-place

Bonds length 
range/ ÅH.B Pi

5a 2 - Arg144–Asp81 -5.39 1.44 -58.33 2.02–2.41
5b 1 1 Arg144–Ile86 -5.1 2.89 -45.7 2.32
5c 1 - Arg144 -5.72 2.58 -75.96 1.99
5d 1 1 Arg144–Pro87 -6.06 2.37 -67.61 2.69
5e 1 - Arg144 -6.89 2.56 -83.52 2.23
5f 1 - Arg144 -6.81 1.22 -72.87 2.19
5g 1 - Ser55 -6.26 1.75 -89.9 3.32
5h - - No interaction - - - -
5i - 2 Arg144– Ile86 -6.44 1.7 -101.69 -
Novobiocin 2 - Arg144–Asp81 -7.02 3.08 -84.7 2.32–2.42
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CONCLUSION
The novel compound 4-(2-chloro-8-methoxy-2H-benzo[e][1,3]
oxazin-3(4H)-yl) benzoate  (3) was successfully synthesized 
from reaction ethyl 4-((2-hydroxy-3-methoxybenzyl)amino)
benzoate with Vilsmeier reagent. This compound  (3) was 
converted to their corresponding acid hydrazide  (4). New 
series of hydrazones  (5a–i) were successfully synthesized 
and characterized. The antibacterial activity of these 
hydrazones was tested using MIC method. Compounds (5d) 
and  (5c) showed significant antibacterial ability toward all 
microorganisms under study. The phenolic hydroxyl group, 
electro donating group, and satirical hindrance around phenolic 
hydroxyl constrict the antibacterial activity. The  molecular 
structure docking shows (5a), (5b), and (5i) have excellent 
results compared with novobiocin as ATP-binding domain 
bacterial gyrase enzyme inhibitors.
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