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ABSTRACT. In this study, benzo[h]coumarin and the corresponding substituted chalcones were designed and 
synthesized. These compounds have been used as a precursor to prepare various heterocyclic compounds like 
pyrimidines, pyrazole, pyrazole-1-carbothioamide, diazepines, oxazepines, isoxazoles and epoxides. The structures 
of the synthesized compounds were confirmed by FT-IR, 1H and 13C-NMR spectroscopy. These target heterocyclic 
derivatives were biologically screened against Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) 
pathogenic bacteria. The best obtained result was for compound (6b) against S. aureus, Gram-positive bacteria. 
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INTRODUCTION 

A primary cause of high morbidity and death globally is the continuing increase in bacterial 
infections, which is explained by the development of antibacterial and antifungal drug resistance 
[1]. The rise of new microbial diseases and the development of antibiotic resistance make the 
development of new antimicrobial drugs for the treatment of microbial infections critically 
necessary [2]. An antimicrobial is a substance that either inhibits the growth of bacteria or 
eliminates them [3]. Among significant types of biological molecules are the heterocyclic 
compounds [4]. They are thought to belong to a class of substances that significantly affect how 
different diseases are treated. Also, these heterocyclic motif-containing chemicals are often used 
as food additives, cosmetics, pharmaceuticals, and well-known antimicrobials [5]. Compounds 
containing N and O are highly potent and crucial for drug manufacturing. In the field of medical 
chemistry, oxygen-containing heterocyclic molecules are essential [6]. Among heterocycles, the 
lactone-ring system is one of the most prevalent [7]. Coumarin scaffolds and their derivatives 
exhibit many therapeutic and biological properties [8-10]. They have been described as, 
anticoagulant, antioxidan [11], potassium channel opener [12], antiviral [13], anti-Alzheimer [14], 
antifungal and anticancer [15] agents (Figure 1).  
 Furthermore, it has been found that coumarin derivatives function as acetyl cholinesterase 
inhibitors [16-18]. A few coumarin compounds have been found to be used as diagnostic tools. 
Drug resistance must become a growing concern in the treatment of incurable diseases [19]. The 
medical concern of bacterial resistance to the traditional antibiotics has been exacerbated [20]. As 
well as leading to challenges in the development of potent antimicrobial medications with 
optimum activity [21]. Usually, the benzopyran ring is chemically modified to produce coumarin 
derivatives. The von Pechmann, Perkin, Knoevenagel, Reformatski, Kostanecki-Robinson, Wittig 
and Baylis-Hillman reactions, in addition to the intramolecular Claisen condensation and Baker-
Venkataraman rearrangement, are all used in the classical method of coumarin production [22]. 
Many application of benzocoumarin derivatives are in the field of medicinal chemistry [23]. The 
coumarin skeleton is still an important source of number of important antibiotics and antifungal 
components, including novobiocin, coumermycin A1, and chlorobiocin [24]. Therefore, what is 
presented herein is the synthesis of novel hybrid molecules by the reaction of 3-nitrobenzaldehyde 
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or 4-methoxy benzaldehyde with 3-acetyl-2H-benzo [h] chromen-2-one for making substituted 
chalcones. These chalcones were used as a starting material for perparing important 
benzo[h]coumarin heterocycles such as pyrimidines, phenyl pyrazole, pyrazole-1-
carbothioamide, oxazepine, isoxazole and epoxides. In addition, the initial in vitro assessment of 
some synthesized compounds as antimicrobial agents against two bacterial species, S. aureus and 
E. coli has been screened. 

 
 

 Figure 1. Some applications of benzocoumarin nucleus. 
 

RESULTS AND DISCUSSION 
 
Various nucleophilic reagents including thiourea, guanidine, phenyl hydrazine, 
thiosemicarbazide, benzene-1,2-diamine, 2-amino phenol, hydroxyl amine hydrochloride and 
hydrogen peroxide were used and reacted with chalcones (4a,b) to form the heterocyclic 
compounds such as pyrimidines, phenyl pyrazoles, pyrazole-1-carbothioamide, diazepines, 
oxazepines, isoxazoles and epoxides (5a,b-12a,b) respectively (Scheme 1). All the synthesized 
compounds were established by FT-IR, 1H NMR, and 13C NMR spectroscopy. 
 The chemical structure of synthesized compounds was confirmed by spectral data. The FT-IR 
spectra of compounds 4a–12b exhibited absorption bands in the range of 1708–1735 cm-1 due to 
the lactone carbonyl stretching. Compounds 4a and 4b showed two bands assignable to the (C=O) 
carbonyl group stretching of chalcone at 1672 and 1673 cm-1 respectively [25, 26]. Compounds 
5a–11b showed stretching bands of (C=N) group in the range of 1602–1680 cm-1. Compounds 
5a, b, 9a and 9b presented stretching bands for (N-H) group in the range of 3324–3341 cm-1 [25-
30]. In addition, compounds 6a, 6b, 8a and 8b showed two bands in the range of 3140–3293      
cm-1 due to the primary amine (NH2) stretching of pyrimidin-2-amine and pyrazole-1-
carbothioamide [27-29]. Other absorption bands corresponding to substituents were 
comprehensively analyzed.  
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Scheme 1. Synthesis of benzo[h]coumarin-chalcone derivatives (4a,b - 12a,b). Reagents and 
conditions: (i) EtOH. (ii) Piperidine. (iii) Stirring and reflux 6-10 h, 65-75 °C. (iv) 
NH2CSNH2, 10% KOH. (v) NH2CNHNH2, 10% KOH. (vi) PhNHNH2, Gla, 
CH3COOH. (vii) NH2NHCSNH2, Gla, CH3COOH. (viii) benzene-1,2-diamine, Gla, 
CH3COOH. (ix) 2-aminophenol, Gla, CH3COOH. (x) NH2OH.HCl, 10% KOH. (xi) 
30% H2O2, (5N. NaOH). 

 
The 1H-NMR spectral data of compounds 4a–12b showed signals of the benzocoumarin 

moiety (C4-H), and were resonated as singlets in the range of δ = 8.12–8.90 ppm [25]. Compounds 
4a and 4b, exhibited two doublets for each one related to protons of the α,β-unsaturated chalcone 
at δ = 6.98, 7.46 and 7.15, 7.30 ppm respectively [25, 26]. Compounds 5a, 5b, and 9a, 9b showed 
broad singlets in the range of δ = 11.53–11.93 ppm due to the N-H group [25-30]. Compounds 
5a–6b presented singlets in the range of δ = 6.78–7.20 ppm indicating to the (CH=C) group of the 
pyrimidine ring, whereas singlets of the (CH=C) group for pyrazoline ring 7a–8b were appeared 
in the range of δ = 6.85–7.20 ppm [25, 28]. Compounds 9a-11b demonstrated doublet of doublet 
in the range δ = 4.42–5.69 ppm, indicating that the (Ar-CH-) proton of diazpine, oxazpine, and 
isoxazole is present. Also, protons of the five and seven membered rings resonated as doublet of 
doublet in the range of δ = 2.38–3.47 ppm due to the (-CH2-) [29-31]. Compounds 12a and 12b 
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exhibited two doublets for each corresponding to the oxirane (epoxide) ring at 3.75, 3.87 ppm, 
and 3.73, 3.86 ppm, respectively [32]. 

The 13C-NMR spectra of compounds 4a–12b showed that the C4 of the benzocoumarin moiety 
was resonated in the range of δ = 153.3–169.8 ppm [25-29]. Compounds 4a and 4b exhibited 
signals due to the carbonyl group (C=O) of the chalcone at δ = 195.0 and 196.0 ppm respectively 
[25, 26]. Compounds 5a–11b presented peaks in the range of δ = 152.7–162.2 ppm due to the 
carbon of C=N group [27-32]. Compounds 5a–6b revealed peaks in the range of δ = 91.7–110.6 
ppm and δ = 156.4–185.4 ppm [27–29], referring to the (-CH=C-Ar) carbons of the pyrimidine 
ring, whereas 7a–8b in the pyrazoline ring which have the same group appeared in the range of δ 
= 111.2–109.5 ppm and δ = 148.9–142.9 ppm, respectively [25, 28]. Compounds 9a–11b 
presented two peaks in the range of δ = 67.7–39.8 ppm, and δ = 66.1–24.3 ppm, pointing to the  
(-CH2-CH-) of the diazpine, oxazpine, and isoxazole ring [30-31]. Compounds 12a and 12b 
showed peaks of the carbonyl group in the regions δ = 195.3 ppm and δ = 191.9 ppm, respectively. 
Also, same compounds showed peaks related to carbons of the oxirane (epoxide) ring at δ = 93.2, 
66.1 ppm, and δ = 66.9, 56.12 ppm, respectively [32]. 

  
Antibacterial activity 
 
As shown in Figure 2, the results exhibited that some of the synthetic compounds possessed 
antibacterial activity compared with ceftriaxone as control. It was noted that the best inhibition 
zone was for compound (6b) against S. aureus, while the least effect on the same bacteria was 
with compound (12b). The E. coli inhibition zone was effected significantly by using compound 
(5a), but slight effect was noted with compound (8b). 

 
 

Figure 2. Antibacterial activity of benzocoumarin derivatives. 
 

EXPRIMENTAL 
 
Materials and methods 
 
All the chemicals ordered from BDH and Sigma-Aldrich were used without further purification. 
The following methods were employed in this research: 1H NMR spectra were determined on 
Bruker 400 MHz, with TMS (Tetramethylsilane) used as an internal reference. 13C NMR (100 
MHz, Bruker) DMSO-d6 was used as the solvent. FT-IR (Bruker Alpha Platinum- ATR) was 
conducted. 0.2 mm silica gel 60F254 plates from (Merck, Darmstadt, Germany) using UV light for 
detection, column chromatography and other equipment. 
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Synthesis methods  
 

Synthesis of 3-acetyl-2H-benzo[h]chromen-2-one (3) 
 

A mixture of 1-hydroxy-2-naphthaldehyde (1) (0.05 mol) and ethyl acetoacetate (2) (0.01 mol) 
was dissolved in absolute ethanol (30) mL, and (0.5) mL of piperidine was added. The reaction 
mixture was refluxed with stirring on a water bath for 4 h. After the completion of reaction, the 
reaction mixture was poured into (100 g) of crushed ice with stirring [25]. The precipitate obtained 
was filtered off and purified by column chromatography to give the target compound. 

      
Synthesis of 3-acetyl-2H-benzo[h]chromen-2-one (3). C15H10O3, color: yellowish crystals, yield: 

70%, m.p.: 185-187 °C, Rf = 0.89, DCM: Hex : EtOAc (1:7:2); FT-IR(ATR) (ν, cm-1): 3030     
(ArC-H), 2929 (C–H, CH3), 1739 (C=Olactone), 1674 (C=Oketone), 1209 (C-O). 1H NMR (400 MHz, 
DMSO-d6, ppm): δ 8.56 (d, 1H, J = 8.5 Hz, H Ar), 8.34 (s, 1H, H4coumarin), 7.99–7.90 (m, 1H, H Ar), 
7.64–7.55 (m, 2H, HAr), 7.29–7.20 (m, 1H, H Ar), 7.14–7.06 (m, 1H, HAr), 2.24 (s, 3H, -CH3). 13C 
NMR (100 MHz, DMSO-d6): δ 196.6, 153.3, 150.3, 143.0, 135.8, 132.6, 131.1, 129.1, 125.1, 
124.2, 119.1, 117.4, 116.0, 112.9, 30.0. 
 

     Synthesis of benzo[h]coumarin-chalcone  
 

A general procedure for the synthesis of 3-(3-aryl) acryloyl benzo[h]chromen-2-one (4a,b) 
 

4-Methoxybenzaldehyde and/or 3-nitrobenzaldehyde (0.02 mol) was dissolved in 25 mL of 
absolute ethanol, and 0.1 mL piperidine was added, the mixture was refluxed with stirring for 10-
12 h [26]. Then the mixture was cooled, filtered off. The crude product was further purified by 
column chromatography to give the target compounds (4a,b). 
 

     3-(3-(4-Methoxyphenyl) acryloyl)-2H-benzo[h]chromen-2-one (4a). C23H16O4, color: yellow 

crystals, yield: 60%, m.p.: 190-192 °C, Rf = 0.85, DCM: Hex:EtOAc (1:7:2); FT-IR(ATR) (ν, 
cm-1): 3044 (ArC-H), 2930 (Ar-OCH3), 1731 (C=Olactone), 1672 (C=Ochalcone), 1621, 1596 (C=C), 
1207 (C-O),  1H NMR (400 MHz, DMSO-d6 , ppm) : δ 8.61 (s, 1H, H4coumarin), 7.88–7.75 (m, 3H, 
HAr), 7.60 (d, J = 7.4 Hz, 2H, HAr), 7.46 (d, J = 8.7 Hz, 1H, Hβvinylic), 7.35–7.24 (m, 2H, HAr), 
7.23–7.14 (m, 1H, HAr), 6.98 (d, J = 7.5 Hz, 1H, Hαvinylic), 3.85 (s, 3H, -OCH3). 13C NMR (100 
MHz, DMSO-d6): δ195.0, 162.4, 158.3, 155.2, 142.3, 136.1, 133.5, 129.8, 129.3, 129.0, 128.9, 
126.5, 126.4, 122.9, 122.3, 122.1, 116.5, 116.2, 114.4, 113.3, 57.4. 

  
     3-(3-(3-Nitrophenyl) acryloyl)-2H-benzo[h]chromen-2-one(4b). C22H13NO5, color: greenish 

yellow crystals, yield: 63%, m.p.: 203-205 °C, Rf = 0.81, DCM:Hex:EtOAc (2:6:2); FT-IR(ATR) 
(ν, cm-1): 3018 (ArC-H), 1733(C=Olactone), 1673 (C=Ochalcone), 1591, 1581 (C=C), 1207 (C-O). 1H 
NMR (400 MHz, DMSO-d6, ppm): δ 8.70(s, 1H, H4coumarin), 8.62-8.53 (m, 2H, HAr), 8.01-7.92 (m, 
2H, HAr), 7.61(m, 6H, HAr), 7.30 (d, 1H, J = 8.4 Hz,Hβvinylic), 7.15 (d, 1H, J = 7.2 Hz,Hαvinylic). 13C 
NMR (100 MHz, DMSO-d6): δ 196.0, 169.8, 163.8, 163.5, 159.4, 156.3, 143.4, 137.1, 134.5, 
130.8, 130.3, 130.1, 130.0, 127.5, 127.4, 124.0, 123.3, 123.2, 117.4, 117.3, 115.5, 114.3.  

 
      Synthesis of different pyrimidines   

 
A mixture of the selected chalcone (4a,b) (0.004 mol), thiourea and/or guanidine HCl (0.004 mol) 
in ethanol 25 mL, and a solution of potassium hydroxide (0.2 g) in water 2 mL was added, the 
reaction mixture was refluxed with stirring for 5–7 h. Then, dried under vacuo using a rotary 
evaporator until dryness and the residue was acidified with dil. HCl and washed, filtered off [27]. 
The crude product was further purified by column chromatography to give the target compounds 
(5a,b) and (6a,b).  
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       3-(6-(4-Methoxyphenyl)-2-thioxo-1,2-dihydropyrimidin-4-yl)-2H-benzo[h]chromen-2-one (5a). 
C24H16N2O2S, color: brown crystals, yield: 65%, m.p.: 214–216 °C, Rf = 0.73, DCM : Hex : EtOAc 

(2:7:1); FT-IR (ATR)  (ν, cm-1):  3064 (ArC-H), 2931(Ar-OCH3), 1710 (C=Olactone), 1682 (C=N), 1213 
(C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 11.93 (s, 1H, NH-C=S), 8.34 (s, 1H, H4coumarin), 
8.18–8.06 (m, 1H, HAr), 7.69–7.61 (m, 1H, HAr), 7.45–7.36 (m, 1H, HAr), 7.18–7.10 (m, 1H, HAr), 
7.01–6.92 (m, 2H, HAr), 6.89–6.80 (m, 2H, HAr), 6.78 (s, 1Hpyrmidine), 6.54 (m, 1H), 3.63 (s, 3H,     
-OCH3). 13C NMR (100 MHz, DMSO-d6): 181.1, 170.1, 160.2, 158.3, 154.7, 150.2, 149.8, 143.0, 
136.2, 130.4, 129.5, 129.3, 128.2, 127.0, 125.7, 124.1, 122.9, 122.7, 119.4, 118.5, 91.7, 55.9. 

 

     3-(6-(3-Nitrophenyl)-2-thioxo-1,2-dihydropyrimidin-4-yl)-2H-benzo[h]chromen-2-one (5b). 
C23H13N3O4S, color: light yellow crystals, yield: 69%, m.p.: 224-226 °C, Rf = 0.70, DCM : Hex : 

EtOAc (2:7:1); FT-IR (ATR) (ν, cm-1): 3018 (ArC-H), 1735 (C=Olactone), 1672 (C=N), 1207 (C-O). 1H 
NMR (400 MHz, DMSO-d6,ppm): δ 11.58 (s, 1H, NH-C=S), 8.12 (s, 1H, H4coumarin), 7.69–7.61 
(m, 2H, HAr), 7.44–7.35 (m, 1H, HAr), 7.30–7.22 (m, 2H, HAr), 7.15–7.08 (m, 1H, HAr), 7.01–6.92 
(m, 2H, HAr), 6.83 (s, 1Hpyrmidine), 6.80 (m, 2H, HAr), 6.74 (m, 1H, HAr). 13C NMR (100 MHz, 
DMSO-d6): δ 187.3, 185.4, 161.9, 160.7, 158.8, 155.1, 150.6, 150.2, 143.4, 136.6, 135.5, 130.8, 
129.9, 129.7, 128.6, 127.4, 126.1, 124.5, 123.3, 123.1, 119.8, 119.0, 92.1. 

 

     3-(2-Amino-6-(4-methoxyphenyl)pyrimidin-4-yl)-2H-benzo[h]chromen-2-one (6a). C24H17N3O3, 

color: yellowish crystals, yield: 66%, m.p.: 231–233 °C, Rf = 0.77, DCM : Hex : EtOAc (2:7:1) ; FT-
IR (ATR) (ν, cm-1): 3214, 3293 (NH2), 3023 (ArC-H), 2933 (Ar-OCH3), 1735(C=Olactone), 1602 
(C=N), 1211 (C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.12 (s,1H, H4coumarin), 7.72–7.59 (m, 
2H, HAr), 7.44 (d, 1H, J = 8.6 Hz, HAr), 7.30–7.22 (m, 2H, HAr), 7.12 (s, 1Hpyrmidine), 6.85 (s, 2H, 
H Ar), 6.81–6.74 (m, 1H, H Ar), 5.34 (s, 2H, NH2pyrmidine), 3.81 (s, 3H, -OCH3). 13C NMR (100 
MHz, DMSO-d6): δ 158.3, 156.4, 152.7, 148.3, 147.9, 146.5, 141.1, 134.3, 128.4, 127.5, 127.3, 
125.1, 123.7, 121.0, 120.8, 117.5, 116.6, 114.8, 113.9, 111.1, 107.8, 54.0. 

 

     3-(2-Amino-6-(3-nitrophenyl) pyrimidin-4-yl)-2H-benzo[h]chromen-2-one (6b). C23H14N4O4, 

color: yellowish crystals, yield: 69%, m.p.: 241-243 °C, Rf = 0.71, DCM : Hex : EtOAc (2:7:1); FT-
IR (ATR) (ν, cm-1): 3243, 3293 (NH2), 3060 (ArC-H), 1720 (C=Olactone), 1602 (C=N), 1207 (C-O).  1H 
NMR (400 MHz, DMSO-d6, ppm): δ 8.51 (s, 1H, H4coumarin), 8.44–8.31 (m, 1H, HAr), 7.98–7.90 
(m, 2H, HAr), 7.89–7.75 (m, 1H, HAr), 7.68–7.58 (m, 1H. H Ar), 7.56–7.47 (m, 1H, HAr), 7.45–7.31 
(m, 2H, HAr), 7.20(s, 1H, HAr), 7.08–6.94 (m, 2H, HAr), 6.34 (s, 2H, NH2pyrmidine). 13C NMR (100 
MHz, DMSO-d6): δ 162.2, 161.0, 159.1, 155.5, 151.0, 150.6, 149.2, 143.8, 137.0, 135.8, 133.5, 
131.1, 130.2, 127.8, 126.5, 123.7, 123.5, 120.2, 119.3, 117.6, 116.7, 113.9, 110.6. 

 

      Synthesis of phenyl pyrazoline  
 

A mixture of the selected chalcone (4a,b) (0.004 mol) was refluxed with phenyl hydrazine (0.004 
mol) in absolute ethanol (20) mL and (5 drops) of glacial acetic acid was added, at (80 °C) for 8 
h. After completion of the reaction, the solvent was removed under vacuo [28]. The crude product 
was purified by column chromatography to give the target compounds (7a,b). 

      
3-(5-(4-Methoxyphenyl)-1-phenyl-1H-pyrazol-3-yl)-2H-benzo[h]chromen-2-one (7a). 
C29H20N2O3, color: orange crystals, yield: 70%, m.p.: 227-229 °C, Rf = 0.64, Hex : EtOAc : MeOH 

(8:1:1); FT-IR(ATR) (ν, cm-1): 3020 (ArC-H), 2931 (Ar-OCH3), 1733  (C=O lactone), 1672 (C=N), 1207 
(C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.52 (s, 1H, H4coumarin), 8.24 (d, 1H, J = 8.4 Hz, 
HAr), 7.91–7.84 (m, 2H, HAr), 7.72–7.67 (m, 3H, HAr), 7.64–7.58 (m, 2H, HAr), 7.55–7.46 (m, 1H, 
HAr), 7.33–7.24 (m, 3H, HAr), 7.18–7.13 (m, 1H, HAr), 6.99 (s, 1Hpyrazol), 3.79 (s, 3H, -OCH3). 13C 
NMR (100 MHz, DMSO-d6):δ 160.1, 158.2, 154.6, 150.1, 149.7, 148.3, 142.9, 136.1, 134.9, 
132.6, 130.2, 129.3, 129.2, 126.9, 125.6, 124.0, 122.8, 122.6, 122.1, 119.3, 118.4, 116.7, 115.8, 
109.7, 55.8.  
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      3-(3-(3-Nitrophenyl)-1-phenyl-1H-pyrazol-5-yl)-2H-chromen-2-one (7b). C24H15N3O4, color: 

orange yellow needles, yield: 75%, m.p.: 240-242 °C, Rf = 0.65, Hex : EtOAc : MeOH (8:1:1); FT-
IR (ATR) (ν, cm-1): 3053 (ArC-H), 1722 (C=Olactone), 1672 (C=N), 1204 (C-O). 1H NMR (400 MHz, 
DMSO-d6, ppm): 8.57 (s,1H, H4coumarin), 8.34–8.23 (m, 2H, HAr), 7.98–7.89 (m, 1H, HAr), 7.76 (dd, 
1H, J = 7.3, 3.5 Hz, HAr), 7.70–7.62 (m, 2H, HAr), 7.61–7.51 (m, 1H, HAr), 7.48–7.39 (m, 1H, 
HAr), 7.38–7.25 (m, 2H, HAr), 7.24–7.18 (m, 2H, HAr), 7.17–7.08 (m, 3H, HAr), 6.85 (s, 1H,pyrazol). 
13C NMR (100 MHz, DMSO-d6): δ 163.8, 162.6, 160.7, 157.0, 152.6, 152.1, 150.8, 145.4, 138.5, 
137.4, 135.1, 132.7, 131.8, 131.6, 129.3, 128.0, 126.5, 125.3, 125.1, 124.5, 121.8, 120.9, 119.1, 
118.2, 112.1, 111.2. 

       
Synthesis of pyrazole-1-carbothioamide  
 
A mixture of the selected chalcone (4a,b) (0.004 mol) in absolute ethyl alcohol 20 mL, 
thiosemicarbazide (0.004 mol) and (3-5 drops) of glacial acetic acid was added. The reaction mixture was 
refluxed with stirring for 10-12 h. After reaction completion, a mixture was poured into (100 g) of 
crushed ice with stirring to give a precipitated solid that was filtered and washed [29]. The crude 
product was purified by column chromatography to give the target compounds (8a,b).  

      
 5-(4-Methoxyphenyl)-3-(2-oxo-2H-benzo[h]chromen-3-yl)-1H-pyrazole-1-carbothio amide (8a). 

C24H17N3O3S, color: pale yellow crystals, yield: 65%, m.p.: 228-230 °C, Rf = 0.69, Hex : EtOAc : 

MeOH (8:1:1); FT-IR (ATR) (ν, cm-1): 3243, 3241 (NH2), 3057 (ArC-H), 2980 (Ar-OCH3), 1731 
(C=Olactone), 1602 (C=N), 1211 (C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.22 (s, 1H, H4coumarin), 
8.10 (s, 1H, HAr), 7.99 (m, 1H, J = 7.8, 1.5 Hz, HAr), 7.68–7.60 (m, 3H, HAr), 7.56–7.46 (m, 2H, 
HAr), 7.33–7.27 (m, 1H, HAr), 7.20 (s, 1H,pyrazol), 6.4 (s, 2H, S=C-NH2), 3.83 (-OCH3). 13C NMR 
(100 MHz, DMSO-d6): δ 176.9, 160.7, 158.8, 155.1, 150.7, 150.2, 148.9, 136.6, 130.8, 129.9, 
129.7, 127.4, 126.1, 123.4, 123.2, 122.6, 119.9, 119.0, 117.2, 116.3, 110.2, 56.4. 

      
5-(3-Nitrophenyl)-3-(2-oxo-2H-benzo[h]chromen-3-yl)-1H-pyrazole-1-carbothioamide (8b). 
C23H14N4O4S, color: pale yellow crystals, yield: 69%, m.p.: 235-237 °C, Rf = 0.67, Hex : EtOAc : 

MeOH (8:1:1); FT-IR (ATR) (ν, cm-1): 3241, 3214 (NH2), 3053 (ArC-H), 1732 (C=Olactone), 1676 
(C=N), 1211 (C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.30 (s, 1H, H4coumarin), 8.00–7.89 (m, 
2H, HAr), 7.83–7.74 (m, 1H, HAr), 7.61 (d, 2H, J = 7.3 Hz, HAr), 7.63–7.53 (m, 1H, HAr), 7.53–
7.41 (m, 2H, HAr), 7.36–7.22 (m, 2H, HAr), 7.16 (s, 1H,pyrazol), 6.74 (s, 2H, S=C-NH2). 13C NMR 
(100 MHz, DMSO-d6): δ 177.7, 160.0, 158.1, 154.4, 149.9, 149.5, 148.1, 135.9, 134.4, 133.1, 
130.1, 129.2, 129.0, 126.7, 125.4, 122.6, 122.4, 121.9, 119.2, 118.3, 116.5, 115.6, 109.5. 

       
Synthesis of benzo[b] [1,4] diazepine and benzo[b] [1,4] oxazepane  
 
A mixture of the selected chalcone (4a,b) (0.004 mol) in absolute ethanol 20 mL was added to 
1,2-diaminobenzene and/or 2-aminophenol (0.004 mol) and (3-5 drops) of glacial acetic acid was 
added. The reaction mixture was refluxed with stirring for 10-12 h [30]. The mixture was then 
cooled, after evaporating the solvent, the crude product was purified by column chromatography 
to give the target compounds (9a,b) and (10a,b). 

      
3-(2-(4-Methoxyphenyl)-2,3-dihydro-1H-benzo[b] [1,4] diazepin-4-yl)-2H-benzo [h] chromen-2-
one (9a). C29H22N2O3, color: pale yellow crystals, yield: 57%, m.p.: 242-244 °C, Rf = 0.66, Hex : 

EtOAc (8:2); FT-IR(ATR) (ν, cm-1): 3324 (NH), 3060 (ArC-H), 2980 (Ar-OCH3), 1711 (C=Olactone), 
1672 (C=N), 1211 (C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.57 (s, 1H, H4coumarin), 8.42 (d, 2H, 
J = 7.2 Hz, HAr), 8.20 (d, 2H, J = 8.4 Hz, HAr), 7.92–7.88 (m, 1H, HAr), 7.85 (d, 1H, J = 7.8 Hz, 
HAr), 7.72 (dd, 1H, J = 7.5, 1.4 Hz, H Ar), 7.68–7.60 (m, 3H, HAr), 7.50–7.41 (m, 2H, HAr), 5.61 
(s,1H, NH), 3.60 (m, 1Hdiazepin), 3.41 (s, 3H, -OCH3), 2.67(dd, 1H, J = 7.7, 3.2 Hz, CH2diazepin), 
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2.38 (dd, 1H, J = 7.5, 3.7 Hz, CH2diazepin). 13C NMR (100 MHz, DMSO-d6): δ 161.2, 160.0, 158.1, 
154.4, 149.9, 149.5, 148.1, 135.9, 132.5, 130.1, 129.2, 129.0, 127.9, 126.7, 125.4, 122.6, 122.4, 
121.9, 119.2, 118.3, 116.5, 115.6, 112.8, 109.5, 67.0, 55.7, 38.8. 

      
 3-(2-(3-Nitrophenyl)-2,3-dihydro-1H-benzo[b] [1,4] diazepin-4-yl)-2H-benzo [h] chromen-2-

one (9b). C28H19N3O4, color: brown crystals, yield: 68%, m.p.: 255-257 °C, Rf = 0.63, Hex : EtOAc 

(8:2); FT-IR (ATR) (ν, cm-1): 3336 (NH), 3073 (ArC-H), 1720 (C=Olactone), 1677 (C=N), 1205 (C-O). 1H 
NMR (400 MHz, DMSO-d6, ppm): δ 8.62 (s, 1H, H4coumarin), 8.49-8.35(m, 2H, H Ar), 8.25(d, 1H, 
J = 8.4 Hz, HAr), 7.86 (dd, 1H, J = 7.6, 1.5 Hz, HAr), 7.72 (ddd, 1H, J = 8.9, 7.3, 1.6 Hz, HAr), 
7.68-7.60 (m, 2H, HAr), 7.56-7.50 (m, 5H, HAr), 7.50-7.45 (m, 1H, HAr), 7.45 (d, J = 7.8 Hz, 1H, 
HAr), 5.69 (s, 1H, -NH), 3.52 (m, 1H, CHdiazepin), 2.67 (dd, J = 7.7, 4.4 Hz, 1H, CH2diazepin), 2.36-
2.29 (dd, J = 7.5, 1.4 Hz, 1H, CH2diazepin). 13C NMR (100 MHz, DMSO-d6): δ 161.9, 160.7, 158.8, 
155.1, 150.6, 150.2, 148.8, 136.6, 135.5, 133.2, 130.8, 129.9, 129.7, 128.6, 127.4, 126.1, 124.5, 
123.3, 123.1, 122.6, 119.8,  119.0, 117.2, 116.3, 113.5, 110.2, 67.7, 39.5. 

      
3-(2-(4-Methoxyphenyl)-2,3-dihydrobenzo[b][1,4]oxazepin-4-yl)-2H-benzo[h] chromen -2-one 
(10a). C29H21NO4, color: golden yellow needles, yield: 69%, m.p.: 246-248 °C, Rf = 0.68, Hex : 

EtOAc (8:2); FT-IR (ATR) (ν, cm-1): 3043 (ArC-H), 2984 (Ar-OCH3), 1720 (C=Olactone), 1677 (C=N), 
1207 (C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.80 (s,1H, H4coumarin), 8.34-8.15 (m, 3H, HAr), 
8.16 (d, 2H, J = 8.4 Hz, HAr), 7.92 (d, 2H, J = 8.1 Hz, HAr), 7.65 (dd, 2H, J = 7.3, 1.5 Hz, HAr), 
7.50-7.40 (m, 3H, H Ar), 4.50(m, 1H, CHoxazepin), 3.46 (dd, 1H, J = 7.9, 1.4 Hz, CH2oxazepin), 3.01 
(dd, 1H, J = 7.1, 3.1Hz, CHoxazepin), 3.80 (s, 3H, -OCH3). 13C NMR (100 MHz, DMSO-d6): δ 162.2, 
161.0, 159.1, 155.5, 151.0, 150.6, 149.2, 137.0, 131.1 , 130.2, 130.1, 128.9, 127.8, 126.5, 124.9, 
123.7, 123.5, 123.0, 120.2, 119.3, 117.6, 116.7, 113.9, 110.6, 67.5, 56.7, 39.8. 

 
      3-(2-(3-Nitrophenyl)-2,3-dihydrobenzo[b] [1,4] oxazepin-4-yl)-2H-benzo [h] chromen-2-one 

(10b). C28H18N2O5, color: light yellow needles, yield: 70%, m.p.: 248-250 °C, Rf = 0.65, Hex : EtOAc 

(8:2); FT-IR (ATR) (ν, cm-1): 3043 (ArC-H), 2984 (Ar-OCH3), 1708  (C=Olactone), 1672 (C=N), 1205  
(C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.90 (s, 1H, H4coumarin), 8.58–8.39 (m, 3H, HAr), 
8.23–8.09 (m, 3H, HAr), 7.98–7.86 (m, 3H, HAr), 7.70–7.58(m, 3H, HAr), 7.56–7.44(m, 2H, HAr), 
4.59 (t, 1H, J = 6.8 Hz  CHoxazepin), 3.47 (dd, 1H, J = 7.2, 2.4,Hz, CH2oxazepin), 3.04 (dd, 1H, J = 
7.3, 2.3 Hz, CH2oxazepin). 13C NMR (100 MHz, DMSO-d6): δ 160.8, 159.5, 157.6, 154.0, 149.5, 
149.1, 147.7, 135.5, 134.4, 132.1, 129.7, 128.8, 128.6, 127.5, 126.3, 125.0, 123.4, 122.2, 122.0, 
121.5, 118.7, 117.8, 116.1, 115.2, 112.4, 109.1, 66.1, 38.4. 

      
Synthesis of isoxazole  
 
A mixture of the selected chalcone (4a,b) (0.004 mol) and hydroxyl amine. HCl (0.004 mol) in 25 
mL ethanol, a solution of potassium hydroxide 0.2 g in 2 mL water was added, the reaction 
mixture was refluxed with stirring for 8–10 h. The alcohol was evaporated under vacuum until 
dryness, and the residue was acidified with dil. HCl to give a precipitated solid that was filtered 
and washed [31]. The crude product was purified by column chromatography to give the target 
compounds (11a,b). 

      
3-(5-(4-Methoxyphenyl)-4,5-dihydroisoxazol-3-yl)-2H-benzo[h]chromen-2-one (11a). 
C23H17NO4 , color: pale yellow crystals, yield: 52%, m.p.: 215-2217 °C, Rf = 0.76, DCM : Hex : 

EtOAc (2:7:1); FT-IR (ATR) (ν, cm-1):  3063 (ArC-H), 2980 (C-H,OCH3), 1710 (C=Olactone), 1681 
(C=N),  1209 (C-O). 1H NMR (400 MHz, DMSO-d6, ppm): δ 8.68 (s, 1H, H4coumarin), 8.23 (m, 1H, H 

Ar), 8.59–8.46 (m, 1H, HAr), 8.40 (d, 1H, J = 8.4 Hz, HAr), 8.13–7.99 (m, 1H, HAr), 7.72 (d, 1H, J 
= 8.1 Hz, HAr), 7.43–7.35 (m, 1H, HAr), 7.33–7.24 (m, 1H, HAr), 7.24–7.18 (m, 1H, HAr), 5.49 (m, 
1H, CHisoxazole), 3.48 (s, 3H, -OCH3), 2.76 (dd, 1H, J = 7.1, 2.1 Hz, CHisoxazole), 2.28 (dd, J = 7.4, 
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2.6 Hz, 1H, CHisoxazole). 13C NMR (100 MHz, DMSO-d6): δ 158.6, 155.0, 150.5, 150.1, 148.7, 
136.5, 133.0, 130.6, 129.7, 129.6, 128.4, 127.3, 126.0, 124.4, 123.2, 123.0, 118.8, 117.1, 67.0, 
56.2, 27.1. 

     
3-(5-(3-Nitrophenyl)-4,5-dihydroisoxazol-3-yl)-2H-benzo[h]chromen-2-one (11b). C22H14N2O5, 

color: yellow crystals, yield: 68%, m.p.: 226-228 °C, Rf = 0.72, DCM : Hex : EtOAc (2:7:1); FT-
IR(ATR) (ν, cm-1): 3053 (ArC-H), 1711 (C=Olactone), 1622 (C=N), 1209 (C-O). 1H NMR (400 MHz, 
DMSO-d6, ppm): δ 8.62 (s, 1H, H4coumarin), 8.17 (d, 1H,  J = 8.2 Hz, HAr), 8.53–8.40 (m, 1H, HAr), 
8.34 (d, 1H, J = 8.4 Hz, HAr), 7.99 (d, 1H, J = 9.0 Hz, HAr), 7.88–7.78 (m, 1H, HAr), 7.58–7.47 
(m, 1H, HAr), 7.72–7.63 (m, 1H, HAr), 7.38–7.30 (m, 1H, HAr), 7.27–7.19 (m, 1H, HAr), 7.19–7.12 
(m, 1H, HAr), 3.01 (dd, 1H, J = 8.8, 2.9 Hz, CH2isoxazole), 4.42 (m, 1H, CHisoxazole), 2.27 (dd, 1H, J 
= 8.1, 2.7 Hz, CH2isoxazole). 13C NMR (100 MHz, DMSO-d6): δ 160.1, 158.2, 154.5, 150.1, 149.7, 
148.3, 136.1, 134.9, 132.6, 130.2, 129.3, 129.1, 128.0, 126.9, 125.5, 124.0, 122.8, 122.6, 118.4, 
116.6, 66.6, 24.3. 

      
Synthesis of epoxides 
 
A mixture of the selected chalcone (4a,b) (0.004 mol) in 40 mL methanol was treated with 3 mL 
of 30% hydrogen peroxide and 1.5 mL of 5 N NaOH) with stirring and cooling to keep the 
temperature below 5 °C. After completion reaction the solution poured into crushed ice (100 g). 
The yellow turbid solution was extracted with chloroform (3×40 mL) and the combined organic 
layers were dried over MgSO4 [32]. Evaporation of the solvent left and the crude product which 
was purified by column chromatography to give the target compounds (12a,b).  

      
 3-(3-(4-Methoxyphenyl) oxirane-2-carbonyl)-2H-benzo[h]chromen-2-one (12a). C23H16O5, color: 

pale yellow crystals, yield: 53%, m.p.:197-199 °C, Rf = 0.77, DCM : Hex : EtOAc (3:5:2); FT-
IR(ATR) (ν, cm-1): 3061 (ArC-H), 2980 (Ar-OCH3), 2880 (C-Hoxirn), 1708 (C=Olactone), 1201 (C-O). 1H 
NMR (400 MHz, DMSO-d6, ppm): δ 8.62  (s, 1H, H4,coumarin), 8.42 (dd, 2H, J = 7.7, 1.3 Hz, HAr), 
8.25 (dd, 1H, J = 7.3, 1.5 Hz, HAr), 7.89–7.84 (m, 1H, HAr), 7.74–7.68 (m, 1H, HAr), 7.65–7.61 
(m, 1H, HAr), 7.53–7.46 (m, 1H, HAr), 7.47–7.41 (m, 1H, HAr), 3.87 (d, 1H, J = 2.4 Hz, CHoxirane), 
3.75 (d, 1H, J = 3.5 Hz, CHoxirane), 3.47 (s, 3H, -OCH3). 13C NMR (100 MHz, DMSO-d6): δ 191.9, 
159.6, 157.7, 154.0, 149.5, 135.5, 134.4, 132.1, 129.7, 128.8, 128.6, 126.3, 125.0, 123.4, 122.2, 
122.0, 117.9, 116.1, 93.2, 66.1, 55.2. 

 
     3-(3-(3-Nitrophenyl) oxirane-2-carbonyl)-2H-benzo[h]chromen-2-one (12b). C22H13NO6, color: 

pale yellow crystals, yield: 52%, m.p.: 210-212 °C, Rf = 0.75, DCM : Hex : EtOAc (3:5:2); FT-IR 
(ATR) (ν, cm-1): 3063 (ArC-H), 2817 (C-Hoxirane), 1706 (C=Olactone), 1207 (C-O). 1H NMR (400 MHz, 
DMSO-d6, ppm): δ 8.61 (s,1H H4,coumarin), 8.43–8.39 (m, 2H, HAr), 7.89–7.81 (m, 2H, HAr), 7.73–
7.67 (m, 1H, HAr), 7.68–7.57 (m, 2H, HAr), 7.56–7.45 (m, 2H, HAr), 7.48–7.39 (m, 1H, HAr), 3.86 
(d, 1H, J = 2.4 Hz, CHoxirane), 3.73 (d, 1H, J = 3.1 Hz, CHoxirane). 13C NMR (100 MHz, DMSO-d6): 
δ 195.3, 160.4, 158.5, 154.8, 150.4, 143.2, 136.3, 135.2, 132.9, 130.5, 129.6, 129.4, 127.1, 125.8, 
124.3, 123.1, 122.9, 119.6, 118.7, 116.9, 66.9, 56.12. 

       
Anti-bacterial activity studies 
 
The antibacterial activity of the prepared compounds was assessed against two types of bacteria: 
E. coli and S. aureus. Sensitivity testing was conducted using the disk diffusion method, with 
ceftriaxone (30 μg/disc) as a standard drug. The antibacterial activity solution was prepared (50 
μg/mL and 25 μg/mL) of each compound were dissolved in 30 μg/mL dimethyl sulfoxide and 
mixed to generate a homogenous solution. Using a sterile micropipette, a predefined volume of 
50 μg/mL and 25 μg/mL of solution was added to Whatman filter paper discs that had already 
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undergone sterilization. For quality control, aseptic injection of strains on sterile nutrient agar 
plate was performed. The plate was then incubated at 37 °C for 24 h. For the preparation of 5 mL 
nutrient broth bacterial cultures, three to five colonies were selected to provide a 0.5 Mc Farland 
standard, next a sterile cotton swab was used to inoculate the culture fluid in three different 
orientations on a sterile Muller-Hinton agar plate. Each disk was labeled with its unique ID 
number on the back of the Petri dish. The anti-bacterial activity was evaluated by measuring the 
zone of inhibition around the disk. 

CONCLUSION 
 
The aim of this work was the synthesis of heterocyclic compounds derived from 
chalcobenzo[h]coumarin. The target molecules were synthesized and characterized using 
spectroscopic techniques such as FT-IR, 1H, and 13C-NMR. The final compounds were evaluated 
for their antibacterial activity against two types of bacteria; Gram-negative E. coli (ATCC 25922) 
and Gram-positive S. aureus (ATCC 5923) clinical antibiotic-resistant isolates, using the disk 
diffusion method. Ceftriaxone was used as standard control. Compound (6b) showed better 
activities with 22.1 mm zone of inhibition at concentration of 25 μg/mL against S. aureus and 
(5a), showed the least activity against S. aureus at a concentration of 25 μg/mL, while the other 
compounds showed moderate to weak activity. 
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