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ABSTRACT 

The aim of the present research work is to develop an efficient and ecofriendly methodology to synthesize benzoxanthones analogs by 

employing oxalic acid as nontoxic, biodegradable catalyst in water medium. The reactions were carried out under microwave 

irradiations.  Thus hereby a series of benzoxanthones were synthesized from various aromatic aldehydes of varying electronic natures via 

a complete green approach where microwave irradiation was used as an efficient green source of energy, oxalic acid was employed as 

green catalyst and water were used as green solvent in all the reactions. The synthesized compounds have given a good percentage of 

yield of all the products and they were characterized by melting point, FT-IR, H1-NMR C13-NMR and mass spectroscopic techniques.  

Keywords: Green Synthesis, Microwave, Benzoxanthone, Oxalic acid, Aqueous phase synthesis.  

 

1. INTRODUCTION 

 Benzoxanthones are important oxygen containing 

heterocyclic molecules. These are generally considered as 

benzofused analogs of xanthones which is a well-known 

secondary metabolite naturally occurring in plant body. These are 

represented by the general structure as shown in Figure 1:   

 
Figure 1. General structure of Benzoxanthone. 

 

The synthesis of benzoxanthone has attracted considerable interest 

from the researchers because of their wide range of applications in 

various fields of chemistry. They have been used as antibacterial, 

antiviral, anti-inflammatory, antimalarial, anti-HIV, antiallergic, 

antioxidant, antiplatelet, anticarcinogenic, antidiabetics, 

antitumour activities [1-11]. Moreover, they are also used in 

photodynamic therapy, as dyes, in laser technology, as fluorescent 

materials having sensitivity to pH  change for visualization of 

biomolecules and as antagonist for paralyzing action of 

zoxalolamine [12-16 ]. 

 Benzoxanthones are generally synthesized by acid 

catalysed condensation of β-napthol, dimidone and aromatic 

aldehydes Scheme 1. The Mechanism of the reaction is shown in 

Scheme 2. 

 
Scheme 1. General reaction Scheme. 

 
Scheme 2. Mechanism of the reaction. 

 

The synthesis of benzoxanthone has been reported in the presence 

of strontium triflate [17], InCl3, P2O5
 [18], NaHSO4-SiO2

 [19], 

HClO4
 [20], pTSA [21], Cu-SiO2

 [22], Caro acid [23], Cyanouric 

chloride [24] (2,4,6-trichloro-1,3,5-triazine), Camphor sulphonic 

acid [25], Dodecatungstophosphoric acid [26], iodine [27], 

RuCl3.nH2O
 [28], Calix-4-arene sulphonic acid [29], Sulfamic acid 

[30], ClSO3H
 [31], Silica-sulphuric acid [32], TBAF [33], Proline 

triflate [34], Zr(HSO4)2
 [35], ZnO(NPs) [36], SiWA [37], 

HBF4/SiO2,
 [38] [bmim][BF4] [39],Ceric ammonium nitrate 

(CAN) [40]. 

However, all the methodologies mentioned above suffer from one 

or more shortcomings such as the use of toxic and hazardous 

Volume 9, Issue 5, 2019, 4311 - 4316 ISSN 2069-5837 

Open Access Journal 
Received: 14.08.2019 / Revised: 04.10.2019 / Accepted:  06.10.2019 / Published on-line: 08.10.2019 

  Original Research Article 

Biointerface Research in Applied Chemistry 
www.BiointerfaceResearch.com 

https://doi.org/10.33263/BRIAC95.311316 
 

https://orcid.org/0000-0002-2225-2570
https://orcid.org/0000-0003-0380-7881
mailto:tanay.pramanik@gmail.com
https://www.scopus.com/authid/detail.uri?authorId=55681424100
https://doi.org/10.33263/BRIAC95.311316


Pooja Bedi, Goutam Pramanik, Tanay Pramanik 

Page | 4312  

catalysts, solvents, harsh reaction conditions, prolonged reaction 

time, high temperature, low yield and so on. 

In addition to the above mentioned methodologies, several 

environmental friendly synthetic protocols involving the use of 

PEG-400 [41], TTAB [42] are also documented in literature. But 

till now, no one has carried out synthesis of benzoxanthone by 

using biodegradable catalyst using efficient ecofriendly energy 

source. Oxalic acid being a completely biodegradable and strong 

acid, has a great potentiality to be used as green catalyst for 

synthesis of Benzoxanthone but to the best of our knowledge, 

oxalic acid has never been used as catalyst for the said purpose by 

any researcher till date.  So our research group has synthesized a 

series of benzoxanthone by using aqueous solution of oxalic acid 

under microwave irradiations for the very first time ever. Oxalic 

acid is a completely biodegradable and non-toxic compound 

having very high acidity which accelerates the rate of the reaction. 

Microwave irradiation on the other hand is a well-known 

ecofriendly source of energy. Thus microwave assisted synthesis 

of benzoxanthones in water medium, using biodegradable oxalic 

acid as catalyst can surely be considered as a completely new and 

total green approach from all aspect.   

 

2. MATERIALS AND METHODS 

2.1. General. 

1-H and 13-C NMR spectra were recorded with Bruker ACF300 

or DPX 300 or DPX 500 spectrometer in CDCl3 solvent. The 

characterization of synthesized compounds was done by 

determining melting point, by recording IR, 1H, 13C nuclear 

magnetic resonance (NMR) and mass spectra. All the 

commercially available reactants and chemicals were used directly 

without doing further purification as they were obtained from the 

suppliers.   

The synthesized compounds are not entirely new compounds, they 

are the compounds  which are already reported in the literature, 

the synthesized compounds are characterized by melting point, 

IR,1H and 13C-NMR, direct mass analysis and by HRMS, the 

obtained results are verified by comparing the same with literature 

reported characterizations. The melting point, IR, and NMR 

spectra of the prepared compounds were identical to those of 

reported ones. All the reactions were carried out using microwave 

reactor with power 560W.  

2.2. General Procedure for Synthesis. 

In a conical flask 0.015 moles of each of β-napthol, dimidone and 

desired aldehyde were taken. Then the flask was charged with 10 

ml of aqueous solution of 2M oxalic acid. The reaction mixture 

was exposed to microwave irradiation for specific time at 560 W 

microwave reactors. The reaction mixture was cooled down to 

room temperature after every 1 min of the exposure under MW 

irradiation. The progress of reaction was continuously monitored 

by checking thin-layer chromatography (TLC). After the 

completion of reaction (indicated by TLC), the reaction was 

quenched by pouring the reaction mixture into crushed ice. The 

solid crude product that was precipitated in water medium was 

separated out by filtration. The crude product was recrystallized 

from hot ethanol (two times). Finally, it was washed with hexane 

to remove any non-polar impurities and to get pure 

benzoxanthone. The obtained pure products were characterized by 

melting point, FT-IR, NMR and mass spectra. 

3. RESULTS  

 A simple and efficient method is hereby developed for one pot 

synthesis of  12-aryl-8, 9, 10, 12-tetrahydrobenzo[a]-xanthen-11-

one derivatives by condensation of various substituted 

benzaldehydes, β-naphthol and dimidone using oxalic acid as 

biodegradable catalyst under microwave irradiation. After various 

attempts of synthesis of our target compound with various 

amounts of solvents and catalysts, it was found that 10mL aqueous 

solution of 2M oxalic acid was the most suitable one for carrying 

out our reactions.  

After carrying out the given reaction for several times by varying 

the power of microwave reactor, 560 W powers were found to be 

the most optimized and effective power of MW irradiation which 

was allowing the reaction to be completed within stipulated time 

duration and giving a considerably good percentage of yield of the 

desired product. The purification of the compound was a 

challenging job. As all the crude products were obtained in solid 

form and we wanted to minimize the usage of solvent for the 

purpose of purification, the purification of the crude compounds 

was carried out via recrystallization instead of doing the same via 

column chromatography. The purity of the compound was not up 

to the mark after first time recrystallization from hot ethanol. Thus 

a 2nd time recrystallization was carried out from hot ethanol to 

obtain compound with enough purity. Finally a hexane wash was 

given to remove the non-polar impurities from the compound.  

The compound was pure enough only after giving the final round 

of hexane was, as seen from their spectroscopic data analysis.  

The obtained results are summarized in table -1. As observed from 

table-1, aromatic aldehydes substituted with either electron-

donating or electron-withdrawing groups underwent the reaction 

smoothly and all of them have given the products with good to an 

excellent percentage of yields. It was worthy to note that all the 

reactions were completed within time duration of 25 to 44 

minutes. It was interesting to note that 3-NO2 benzaldehyde took 

maximum time to go for completion of reaction when it was made 

to react with beta napthol and dimidone whereas the reaction took 

minimum time to go for completion with 4-NO2 benzaldehyde. 

Thus the position of the functional group of aromatic aldehyde 

plays an important role while the rate of reaction is considered. In 

general, it was an electron withdrawing group of aromatic 

aldehyde which makes the reaction to become more feasible. The 

mechanism of the reaction also justifies the same observation as 

an electron withdrawing group increases the electrophilicity of 

aromatic aldehyde. 
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Table 1. MW assisted synthesis of benzoxanthones with different aldehydes in aqueous 

Solution of oxalic acid. 

Entry X Time (Min) % Yield Observed M. P of product (
0
C) 

1 4-Cl 33 81 180-182 

2 4-Br 30 72 185-186 

3 4-F 27 84 176-178 

4 2-NO2 30 78 216-218 

5 3-NO2 44 71 167-168 

6 4- NO2 25 81 174-176 

7 4-CH3 30 73 172-174 

 

Characterization of Benzoxanthones. 

3.1. 12-(4-chlorophenyl)9,9-dimethyl-9,10-dihydro-8H-

benzo[a]xanthen-11(12H)-one 

 

O

O

Cl

 
Figure 2. Structure of compound 3.1 

M.P. = 180-182 0C 

IR (KBr, cm-1): 1629.9(C=O), 1182.4(C-O Str.) 
1H NMR (400 MHz,CDCl3): δ ppm: 7.88 (d, J=8Hz,1H, Ar-H), 

7.77–7.75(m, 2H,Ar-H), 7.27– 7.10 (m, 7H,Ar-H), 5.67(s, 

1H,CH), 2.56(s, 2H, CH2), 2.32(dd,2H, CH2), 1.1 (s, 3H,CH3), 

0.95 (s, 3H,CH3) 
13C-NMR (400 MHz, CDCl3): δ ppm: 196.9, 164.15, 147.8, 143.4, 

132.0, 131.6, 131.3, 129.9, 129.2, 128.6, 128.5, 127.2, 125.1, 

123.5, 117.2, 113.8, 50.9, 41.4, 34.3, 32.3, 29.4, 27.1.  

MS (ESI): m/z=389.12 [M+H]+ 

3.2. 12-(4-Bromophenyl)-9,9-dimethyl-8,9,10,12-

tetrahydrobenzo[a]xanthene-11-one.   

O

O

Br

 
Figure 3. Structure of compound 3.2 

M.P. = 185–186 0C  

IR (cm-1) (KBr):  1649.19 (C=O), 1170.83 (C-O Str.)  
1H- NMR (400 MHz, CDCl3): δ ppm: 7.90 (d, J=8 Hz, 1H, Ar-H), 

7.79–7.75 (m, 2H, Ar-H), 7.43–7.20 (m, 7H, Ar-H), 5.66 (s, 1H, 

CH), 2.55 (s, 2H, CH2), 2.32 (dd, 2H, CH2), 1.11 (s, 3H, CH3), 

0.95 (s, 3H, CH3)  
13C-NMR (400 MHz, CDCl3): δ ppm: 197.0, 164.19, 147.79, 

143.85, 131.58, 131.43, 131.27, 130.30, 129.22, 128.59, 127.24, 

125.13, 123.54, 120.20, 117.14, 117.05, 113.80, 50.94, 41.47, 

34.35, 32.36, 29.41, 27.24.  

MS (ESI): m/z= 433.09 [M+H]+ 

3.3. 12-(4-Fluorophenyl)-9,9-dimethyl-8,9,10,12-

tetrahydrobenzo[a]xanthen-11-one.         

O

O

F

 
Figure 4. Structure of compound 3.3 

 

M.P. = 176-178 0C 

IR (KBr) cm: 1653.05 (C=O), 1162.15 (C-O Str.)   
1H NMR (400 MHz, CDCl3): δ ppm:  7.94 (d, J= 8 Hz, 1H, Ar-H), 

7.77 (t, J= 8.0 Hz, 2H, Ar-H), 7.43-7.29 (m, 5H, Ar-H), 6.85 (t, J= 

8 Hz, 2H, Ar-H), 5.70 (s, 1H,CH), 2.55(s, 2H, CH2), 2.33 (dd, 2H, 

CH2), 1.11 (s, 3H, CH3), 0.95 (s, 3H, CH3)     
13C NMR (400 MHz, CDCl3): δ ppm: 197.06, 164.05, 162.49, 

160.06, 147.81, 140.67, 140.65, 131.60, 131.33, 129.12, 128.58, 

127.17, 125.09, 123.62, 117.46, 117.17, 115.26, 115.04, 114.17, 

50.95, 41.48, 34.09, 32.35, 29.43, 27.16  

MS (ESI): m/z= 369.20 [M+H]+ 

3.4. 12-(2-nitrophenyl)-9, 9-Dimethyl-8, 9, 10, 12-

tetrahydrobenzo-[a]xanthen-11-one. 

O

O
NO2

 
Figure 5. Structure of compound 3.4 

 

M.P. =216-2180C.  

IR (KBr, cm-1): 1656.91(C=O), 1173.72 (C-O Str.) 
1H NMR (400 MHz, CDCl3): δ ppm: 8.56 (d, J=8.4,1H, Ar-H), 

7.84–7.80 (m, 3H, Ar-H), 7.39–7.17 (m, 5H, Ar-H), 7.05-7.03(m. 

1H, Ar), 6.57 (s, 1H, CH), 2.54 (dd, 2H, CH2), 2.23(dd, 2H, CH2), 

1.08 (s, 3H, CH3), 0.86(s, 3H, CH3) 
13C-NMR (400 MHz, CDCl3): δ ppm:  196.97, 163.86, 149.32, 

148.31, 139.24, 132.87, 131.89, 131.63, 131.18, 129.82, 128.33, 

127.71, 127.17, 125.37, 124.78, 124.57, 117.03, 116.28, 113.48, 

50.55, 41.52, 32.27, 30.36, 29.23, 27.15   

MS (ESI): m/z= 400 [M+H]+ 

3.5. 12-(3-nitrophenyl)-9, 9-Dimethyl-8, 9, 10, 12-

tetrahydrobenzo-[a]xanthen-11-one. 
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O

O

O2N

 
Figure 6.  Structure of compound 3.5 

 

M.P. =167-1680C.  

IR (KBr, cm-1): 1649.19(C=O), 1171.79 (C-O Str.) 
1H NMR (400 MHz, CDCl3): δ ppm: 8.11 (d, J=8,1H, Ar-H), 

7.81–7.78 (m, 5H, Ar-H), 7.44–7.33 (m, 4H, Ar-H), 5.80 (s, 1H, 

CH), 2.59 (s, 2H, CH2), 2.33(dd, 2H, CH2), 1.12 (s, 3H, CH3), 

0.94(s, 3H,CH3) 
13C-NMR (400 MHz, CDCl3): δ ppm:  196.92, 164.65, 148.45, 

147.90, 146.87, 134.94, 131.67, 131.05, 129.75, 129.17, 128.79, 

127.46, 125.3, 123.33, 123.21, 121.69, 117.32, 116.08, 113.21, 

50.84, 41.44, 34.84, 32.42, 29.35, 27.24 

MS (ESI): m/z= 400 [M+H]+ 

3.6. 12-(4-nitrophenyl)-9, 9-Dimethyl-8, 9, 10, 12-

tetrahydrobenzo-[a]xanthen-11-one. 

O

O

NO2

 
Figure 7. Structure of compound 3.6 

 

M.P. =174–176 0C.  

IR (KBr, cm-1): 1647(C=O), 1182(C-O Str.) 
1H NMR (400 MHz,CDCl3): δ ppm: 8.04 (d, J=8,1H, Ar-H), 

7.81–7.8 (m, 3H,Ar-H), 7.52–7.34 (m, 5H,Ar-H), 5.80 (s,1H,CH), 

2.59 (s, 2H,CH2),2.35(d, J=16.4Hz,1H, CH), 2.25(d, 

J=16.4Hz,1H, CH), 1.12 (s, 3H,CH3), 0.94(s, 3H,CH3) 
13C-NMR (400 MHz, CDCl3): δ ppm:  196.89, 164.74, 151.97, 

147.84, 146.39, 131.64, 131.09, 129.73, 129.46, 129.15, 128.76, 

127.49, 125.34, 123.74, 123.2, 117.2, 113.05, 50.85, 41.49, 34.95, 

32.37, 29.41, 27.17 

MS (ESI): m/z= m/z=400 [M+H]+ 

 

3.7.  9,9-Dimethyl-12-p-tolyl-8,9,10,12-

tetrahydrobenzo[a]xanthen-11-one.  

O

O

CH3

 
Figure 8. Structure of compound 3.7 

 

M.P. =172-1740C.  

IR (KBr, cm-1): 1648.23 (C=O), 1184.33 (C-O Str.) 
1H NMR (400 MHz, CDCl3): δ ppm: 8.01 (d, J=8,1H, Ar-H), 

7.77–7.73 (m, 2H, Ar-H), 7.44–7.21 (m, 5H, Ar-H), 6.97(d. 2H, 

Ar), 5.66 (s, 1H, CH), 2.56 (s, 2H, CH2), 2.34(dd, 2H, CH2), 

2.15(s, 3H, CH3) 1.11 (s, 3H, CH3), 0.96(s, 3H, CH3) 
13C-NMR (400 MHz, CDCl3): δ ppm:  197.09, 163.89, 148.00, 

141.94, 135.75, 131.56, 129.02, 128.79, 128.46, 128.36, 127.06, 

124.94, 123.77, 117.13, 114.45, 51.00, 41.49, 34.36, 32.4, 29.36, 

27.38, 21.09  

MS (ESI): m/z= 369.15 [M+H]+ 

 

4. CONCLUSIONS 

 It was first of its kind study where a completely new 

ecofriendly methodology was developed for the synthesis of 

benzoxanthones by making aromatic aldehydes react with 

dimidone and beta napthol. All the reactions were carried out in 

water medium and biodegradable oxalic acid was used as green 

ecofriendly catalyst for synthesis of this class of compound for the 

very first time ever. All the reactions were completed within 25-44 

minutes time duration under microwave irradiation. Various 

aromatic aldehydes with various electronic natures have given a 

considerably good percentage of yield. It was 4-nitro derivatives 

which have made the reaction to be most feasible. Thus an easy, 

economic, ecofriendly, simple, new methodology is developed for 

the very first time ever for synthesis of benzoxanthones in water 

medium employing biodegradable acid as catalyst.  It has opened 

a new door of opportunity for the chemist to employ oxalic or 

such biodegradable strong acid as green catalyst instead of using 

toxic catalyst for synthesis of pharmaceutically potent heterocyclic 

compounds in water medium.  
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