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5,14-diones under microwave irradiation 
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ABSTRACT  

Oxalic acid and proline based deep eutectic solvent (DES) has been identified as an effective catalyst and 

environmentally benign reaction medium for one-pot synthesis of 

13-aryl-13H-benzo[g]benzothiazolo[2,3-b]quinazoline-5,14-diones via three-component reaction of aromatic 

aldehydes, 2-aminobenzothiazole and 2-hydroxy-1,4-naphthoquinone under microwave irradiation. The reported 

approach shows significant advantages such as easy work-up, environment-friendly process, short reaction times, 

excellent yields, one-pot multicomponent reaction, chromatography-free purification, the recycling and the re-use 

of the DES.  
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1. Introduction 

Nitrogen and sulfur containing heterocycles played a significant role in medicinal chemistry and in the 

development of pharmaceutically interesting drugs. Among them, pyrimidines and thiazoles have been well 

documented in medicinal chemistry with respect to their significant biological activities such as antimicrobial [1], 

antiproliferative [2], antidiabetic [3], anti-cancer [4], antimalarial [5], antiviral [6], antidiabetic [7], and 

antiproliferative activities [8]. Pyrimidine derivatives can also be used as acidizing corrosion inhibitors [9]. In 

addition, the 1,4-naphthoquinone ring is an important structural motif found in a large number of natural or 

synthesized bioactive compounds. These naphthoquinone-based molecules have been shown to possess various 

biological activities, such as antimicrobial [10], antiradical [11], antioxidant [12], antileukemic [13] and 

anticancer properties [14]. When two or more different heterocyclic moieties are present in a single molecule, a 

more pronounced effect is usually observed because it may have all the properties of the moiety and enhance the 

pharmacological activity. Despite the significant advancements have been made to develop atom- and 

step-economic strategies toward polyheterocylic compounds by combining various structurally diverse motifs [15], 

the development of an environmentally friendly methodology for the synthesis of a single structural framework by 

combining pyrimidines, thiazoles and 1,4-naphthoquinone motifs is still needed. 

From the viewpoint of green chemistry, the development of a high efficiency, environmentally benign, atom- 

and step-economical synthesis strategy is a research priority in the field of organic chemistry. One of the most 

promising green synthetic strategies is the use of microwave in combination with a green solvent to develop a 

one-pot multicomponent reaction (MCR). In recent years, a new family of solvents, so-called low melting 

mixtures (LMMs) [16], low-transition-temperature mixtures [17] or deep eutectic solvents (DESs) [18-19] has 

introduced as a new nascent sustainable solvent. DESs have similar physical and chemical properties as ionic 

liquids (ILs) [20-21] such as non-flammability, low volatility and recyclability but are less toxic, better 

biodegradable, attractive low prices, and easier synthesis process. DESs can be simply obtained by mixing and 

gently warming a suitable hydrogen bond acceptor (HBA) such as choline chloride (ChCl) with hydrogen-bond 

donors (HBD) such as acids, alcohols, amines or carbohydrates. The melting point of DESs is much lower than 

that of the individual components and most DESs stay as liquids at room temperature. These inherent beneficial 

properties allow DESs to replace volatile organic solvents and ILs in many physical and chemical processes, 

especially in extraction and separation processes [22], polymerization and material sciences [23-24], biomass 

processing [25] as well as organic synthesis [26-43]. In addition, one-pot MCRs have become an important tool 
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for the development of medicinal, organic, and combinatorial chemistry and have become one of the most 

powerful synthetic methods for the construction of novel and structurally complex molecules in a single step 

without isolation of intermediates from three or more reactants [44]. MCRs offer high synthetic efficiency over 

conventional multistep synthesis.  

Microwave assisted organic synthesis (MAOS) has recently gained popularity as a widely accepted method 

due to a key advantage of modern scientific microwave apparatus. In comparison with traditional heating methods, 

the procedure is more convenient, fast, simple and easy to manipulate. A large number of organic reactions can be 

carried out under microwave irradiation in higher yields, shorter reaction times, better product purity, lower costs 

and easier workup. The successes in MAOS may be attributed to specific microwave effects, low inertia of 

heating, the absence of contact between the heated body and the heater, and the possibility of selective heating of 

reaction mixture components. The temperature increase is likely to remain uniform throughout the sample which 

minimizes the formation of by-products and decomposition products [45]. Thus, the combination of MCR and 

DES under microwave irradiation should ensure that the reaction process is convenient, environmentally friendly 

and efficient to utilize all reactants in the product framework. 

As part of our continuing interest in the development of efficient and environmentally benign synthetic 

methodologies [46-49], herein we report a novel and effective method for synthesis of 

13-aryl-13H-benzo[g]benzothiazolo[2,3-b]quinazoline-5,14-diones via one-pot three-component reactions of 

aromatic aldehydes, 2-aminobenzothiazole and 2-hydroxy-1,4-naphthoquinone under the combination of DES and 

microwave irradiation (Scheme 1). 

 

Scheme 1. Synthesis of 13-aryl-13H-benzo[g]benzothiazolo [2,3-b]quinazoline-5,14-diones in oxalic acid/proline 

2. Experimental section 

2.1 General  

All reagents were commercially available and used without further purification. Melting points were 

determined on an X-5 digital melting point apparatus and are uncorrected. IR spectra were determined on a Bruker 

Tensor 27 Fourier transform infrared spectrometer using KBr disks. NMR spectra were recorded on a Bruker 
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DRX-500 spectrometer (500 MHz for 
1
H NMR, 125 MHz for 

13
C NMR) using CDCl3 as the solvent with TMS as 

internal standard. High-resolution mass spectroscopy (HRMS) was recorded on Thermo Scientific LTQ FT Ultra 

FT-MS.  

2.2. Preparation of oxalic acid and proline based deep eutectic solvent 

Oxalic acid and proline based deep eutectic solvent was prepared according to reported method in literatures 

[40-41]. Briefly, a mixture of oxalic acid dihydrate (12.6 g, 100 mmol) and proline (11.5 g, 100 mmol) was heated 

at 80 
o
C until a yellowish viscous liquid appeared. It can be directly used without any further purification. 

2.3. Typical procedure for preparation of 13-aryl-13H-benzo[g]benzothiazolo [2,3-b]quinazoline-5,14-diones 

 A mixture of aromatic aldehydes (1 mmol), 2-hydroxy-1,4-naphthoquinone (1 mmol) and 

2-aminobenzothiazole (1 mmol) in DES (1.0 ml) was stirred under microwave irradiation at 80 °C for an 

appropriate time. The progress of the reaction was monitored by TLC. After completion of the reaction, the 

mixture was cooled to room temperature and cold water was added to the reaction mixture. The insoluble crude 

product was isolated by filtration, washed with water and purified by recrystallization from ethanol.  

2.4. Selected spectra data for some new compounds 

13-(2-Methoxyphenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4b). 

Yellow solid; IR (KBr): v 3069, 1639, 1645, 1558, 1515, 1448, 1401, 1322, 1235, 1174, 1078, 948, 750 cm
-1

; 

1
H NMR (CDCl3, 500 MHz) δ: 8.07-8.11 (m, 4H), 7.74 (t, J = 7.5 Hz, 2H), 7.68 (t, J = 7.5 Hz, 2H), 7.24 (d, J = 

7.5 Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H), 6.87 (t, J = 8.0 Hz, 2H), 6.33 (s, 1H), 3.76 (s, 3H) ppm; 
13

C NMR (CDCl3, 

125 MHz) δ: 184.2, 181.5, 157.4, 154.1, 135.0, 133.0, 129.5, 128.7, 128.1, 127.2, 126.6, 126.2, 122.8, 121.6, 

120.3, 113.2, 110.3, 55.7 ppm; HRMS (ESI, m/z): calcd for C25H17N2O3S (M+H)
+
: 425.0960; found 425.0959. 

13-(3-Methoxyphenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4c). 

Brown solid; IR (KBr): v 3055, 1673, 1625, 1478, 1462, 1361, 1327, 1265, 1128, 1040, 958, 761 cm
-1

; 
1
H 

NMR (CDCl3, 500 MHz) δ: 8.12-8.10 (m, 4H), 7.72 (t, J = 9.0, 2H), 7.68 (t, J = 9.0, 2H), 7.20 (d, J = 9.0, 1H), 

6.87 (d, J = 9.0, 1H), 6.83 (s, 1H), 6.78-6.76 (m, 1H), 6.23 (s, 1H), 3.72 (s, 3H) ppm; 
13

C NMR (CDCl3, 125 MHz) 

δ: 185.3, 181.6, 160.2, 154.1, 139.0, 136.8, 135.0, 134.8, 133.2, 129.7, 126.3, 122.4, 115.1, 113.8, 57.6 ppm; 

HRMS (ESI, m/z): calcd for C25H17N2O3S (M+H)
+
: 425.0960; found 425.0962. 

13-(4-Methoxyphenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4d). 

Yellow solid; IR (KBr): v 3065, 1672, 1525, 1488, 1466, 1363, 1317, 1262, 1148, 1043, 968, 781 cm
-1

; 
1
H 

NMR (CDCl3, 500 MHz) δ: 8.09 (d, J = 7.5, 4H), 7.74 (t, J = 7.5, 2H), 7.69 (t, J = 7.5, 2H), 7.19 (d, J = 8.5, 2H), 
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6.81 (d, J = 8.5, 2H), 6.17 (s, 1H), 3.77 (s, 3H) ppm; 
13

C NMR (CDCl3, 125 MHz) δ: 184.8, 181.3, 158.4, 154.7, 

135.0, 133.2, 132.7, 129.7, 129.6, 129.2, 127.2, 126.3, 122.9, 113.8, 55.2 ppm; HRMS (ESI, m/z): calcd for 

C25H17N2O3S (M+H)
+
: 425.0960; found 425.0961. 

13-(3,4-Dimethoxyphenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4e). 

Brown solid IR (KBr): v 3066, 1674, 1612, 1513, 1462, 1416, 1361, 1265, 1139, 1024, 971, 724 cm
-1

; 
1
H 

NMR (CDCl3, 500 MHz) δ: 8.10 (t, J = 7.5, 4H), 7.76 (d, J = 7.0, 2H), 7.69 (d, J = 7.0, 2H), 6.84-6.80 (m, 2H), 

6.76 (d, J = 8.5, 1H), 6.20 (s, 1H), 3.84 (s, 3H), 3.79 (s, 3H) ppm; 
13

C NMR (CDCl3, 125 MHz) δ: 184.6, 181.7, 

148.9, 147.9, 135.0, 133.1, 132.8, 129.7, 127.2, 127.1, 126.3, 122.9, 120.2, 116.2, 112.0, 110.8, 110.4, 56.0, 55.8 

ppm; HRMS (ESI, m/z): calcd for C26H19N2O4S (M+H)
+
: 455.1066; found 455.1065. 

13-(4-(tert-Butyl)phenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4h). 

Brown solid; IR (KBr): v 2961, 1696, 1674, 1571, 1541, 1467, 1362, 1277, 1217, 1107, 829, 728 cm
-1

; 
1
H 

NMR (CDCl3, 500 MHz) δ: 8.11 (t, J = 9.0 Hz, 4H), 7.83 (d, J = 9.0 Hz, 2H), 7.75 (t, J = 7.0 Hz, 2H), 7.70 (d, J = 

7.0 Hz, 2H), 7.19 (d, J = 7.5 Hz, 2H), 6.32 (s, 1H), 1.37 (s, 9H) ppm; 
13

C NMR (CDCl3, 125 MHz) δ: 184.8, 158.5, 

134.8, 133.0, 129.8, 127.4, 127.2, 126.6, 126.2, 126.0, 125.3, 123.0, 122.4, 113.3, 55.8, 31.1 ppm; HRMS (ESI, 

m/z): calcd for C28H23N2O2S (M+H)
+
: 451.1480; found 451.1483. 

13-(2-Chlorophenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4j). 

Orange solid; IR (KBr): v 3065, 1646, 1602, 1542, 1431, 1408, 1338, 1305, 1223, 1204, 1012, 922, 723cm
-1

; 

1
H NMR (CDCl3, 500 MHz) δ: 8.10 (t, J = 9.0 Hz, 4H), 7.76 (t, J = 7.5 Hz, 2H), 7.69 (t, J = 7.5 Hz, 2H), 

7.57-7.53 (m, 2H), 7.22-7.17 (m, 2H), 6.36 (s, 1H) ppm; 
13

C NMR (CDCl3, 125 MHz) δ: 183.7, 181.6, 136.7, 

135.2, 134.1, 133.0, 132.9, 129.9, 129.4, 129.3, 128.1, 127.3, 126.4, 126.3, 121.6, 58.3 ppm; HRMS (ESI, m/z): 

calcd for C24H14ClN2O2S (M+H)
+
: 429.0465; found 429.0464. 

13-(3-Chlorophenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4k). 

Brown solid; IR (KBr): v 3066, 1656, 1662, 1523, 1473, 1448, 1368, 1355, 1233, 1224, 1052, 926, 736 cm
-1

; 

1
H NMR (CDCl3, 500 MHz) δ: 8.12 (d, J = 7.5 Hz, 2H), 8.06 (d, J = 7.5 Hz, 2H), 7.73 (t, J = 7.5 Hz, 2H), 7.66 (t, 

J = 7.5 Hz, 2H), 7.48-7.44 (m, 2H), 7.17 (s, 1H), 6.38 (s, 1H) ppm; 
13

C NMR (CDCl3, 125 MHz) δ: 184.2, 141.0, 

135.0, 133.0, 132.8, 131.1, 129.7, 129.4, 128.2, 127.8, 127.2, 126.3, 125.4, 122.6, 122.1, 113.0, 55.8 ppm; HRMS 

(ESI, m/z): calcd for C24H14ClN2O2S (M+H)
+
: 429.0465; found 429.0466. 

13-(4-Bromophenyl)-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4m). 

Brown solid; IR (KBr): v 3161, 1662, 1644, 1588, 1715, 1484, 1467, 1362, 1279, 1253, 1071, 931, 739 cm
-1

; 
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1
H NMR (CDCl3, 500 MHz) δ: 8.10 (t, J = 7.5 Hz,4H), 7.75 (t, J = 7.5 Hz, 2H), 7.69 (t, J = 7.5 Hz, 2H), 7.38 (d, J 

= 8.0 Hz, 2H), 7.17 (d, J = 8.5 Hz, 2H), 6.21 (s, 1H) ppm; 
13

C NMR (CDCl3, 125 MHz) δ: 184.3, 140.8, 135.5, 

134.5, 133.0, 132.9, 130.0, 129.5, 129.3, 128.3, 128.0, 127.3, 127.2, 126.4, 126.3, 115.5, 63.3 ppm; HRMS (ESI, 

m/z): calcd for C24H14BrN2O2S (M+H)
+
: 472.9959; found 472.9959. 

4-(7,12-dioxo-12,13-dihydro-7H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazolin-13-yl)benzonitrile (4o). 

Brown solid; IR (KBr): v 3068, 1671, 1605, 1574, 1543, 1469, 1366, 1278, 1218, 1159, 1019, 965, 740 cm
-1

; 

1
H NMR (CDCl3, 500 MHz) δ: 8.12 (d, J = 7.5 Hz, 2H), 8.06 (d, J = 7.5 Hz, 2H), 7.74 (t, J = 7.5 Hz, 2H), 7.68 (t, 

J = 7.5 Hz, 2H), 7.53 (d, J = 7.5 Hz, 2H), 7.41 (d, J = 7.5 Hz, 2H), 6.47 (s, 1H) ppm; 
13

C NMR (CDCl3, 125 MHz) 

δ: 184.0, 163.5, 163.0, 135.0, 133.0, 132.9, 129.9, 129.8, 128.8, 127.2, 126.2, 121.8, 119.1, 109.9, 62.2 ppm; 

HRMS (ESI, m/z): calcd for C25H14N3O2S (M+H)
+
: 420.0807; found 420.0809. 

1-Methyl-13-phenyl-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4r). 

Orange solid; IR (KBr): v 3063, 1667, 1643, 1596, 1525, 1479, 1411, 1366, 1277, 1140, 1039, 963, 726 cm
-1

; 

1
H NMR (CDCl3, 500 MHz) δ: 8.08-8.14 (m, 4H), 7.75 (t, J = 7.5 Hz, 2H), 7.69 (t, J = 7.5 Hz, 2H), 7.38 (d, J = 

7.5 Hz, 1H), 7.21-7.23 (m, 1H), 7.17 (d, J = 8.0 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 6.37 (s, 1H), 2.56 (s, 3H) ppm; 

13
C NMR (CDCl3, 125 MHz) δ: 184.5, 182.8, 138.9, 134.7, 134.5, 133.0, 132.7, 130.1, 129.8, 129.0, 128.5, 128.2, 

127.8, 127.1, 126.2, 126.0, 125.5, 124.0, 123.1, 119.0, 61.8, 17.8 ppm; HRMS (ESI, m/z): calcd for C25H17N2O2S 

(M+H)
+
: 409.1011; found 409.1010. 

3-Nitro-13-phenyl-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione (4s). 

Brown solid; IR (KBr): v 3065, 1668, 1651, 1574, 1506, 1460, 1335, 1295, 1278, 1128, 1045, 892, 725 cm
-1

; 

1
H NMR (CDCl3, 500 MHz) δ: 8.11 (t, J = 8.5 Hz, 4H), 7.76 (t, J = 7.5 Hz, 3H), 7.70 (t, J = 7.5 Hz, 3H), 7.55 (t, J 

= 7.5 Hz, 1H), 7.22-7.27 (m, 1H), 6.31 (s, 1H) ppm; 
13

C NMR (CDCl3, 125 MHz) δ: 184.7, 181.7, 155.7, 138.2, 

135.0, 133.1, 132.8, 129.7, 129.0, 128.3, 128.0, 127.2, 126.6, 126.3, 122.7, 117.5, 63.2 ppm; HRMS (ESI, m/z): 

calcd for C24H14N3O4S (M+H)
+
: 440.0705; found 440.0704. 

3. Results and Discussion 

The preparation of oxalic acid and proline based DES was performed by mixing oxalic acid and proline 

under heating at 80 ºC until a homogenous yellowish viscous liquid was formed (Scheme 2). Then, the mixture 

was cool to room temperature and the resulting eutectic solvent can be used directly without any further 

purification. This method gives DES with a 100% atomic economy because there is no by-product formation 

during the preparation of DES. 
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Scheme 2. Preparation of oxalic acid and proline based DES 

Then, the three-component reaction of benzaldehyde, 2-hydroxynaphthalene-1,4-dione and 

2-aminobenzothiazole was chosen as the model reaction for optimisation of the experimental parameters. Initially, 

the efficiency of different DESs was evaluated. As seen in Table 1, some DESs such as choline chloride 

(ChCl)/FeCl3, ChCl/ZnCl2, ChCl/urea, ChCl/itaconic acid, ChCl/tartaric acid, ChCl/p-TsOH acid, ChCl/citric acid, 

ChCl/oxalic acid could catalyze the reaction under microwave irradiation to furnish the expected product 4a in 

42-84% yield (Table 1, entries 2-9). To our great delight, the yield could be increased to 95% when oxalic 

acid/proline was used (entry 18). Based on these results, the reaction temperature was further evaluated. It was 

found that lower yields were obtained when the reactions were performed at lower temperature (< 80 
o
C, 

entries11-13). Therefore, 80 
o
C was chosen for subsequent studies. We further optimized the amount of oxalic 

acid/proline and found that the best amount of DES was 1.0 ml. A control experiment showed that only trace of 

product could be observed in the absence of DES. In addition, we also investigated the influence of not having 

microwave irradiation for this reaction (entry 18). It was found that the reaction under simple heating condition 

required longer reaction time and the expected product was obtained in relatively lower yield than under 

microwave irradiation. The effect of microwave power on the reaction was also examined. The results showed 

that 500 W was the appropriate power for this reaction. These results indicated that microwave irradiation 

effectively accelerated this three-component reaction. 

In order to display the practical applicability, this methodology was assessed on a larger scale. Gratifyingly, 

the model reaction was found to proceed smoothly on a 100-mmol scale to afford the desired product in 94% yield 

(entry 22). On the same scale, the recovery and recyclability of deep eutectic solvent was also investigated for the 

selected model reaction. At the end of the reaction, the mixture was cooled to room temperature and cold water 

was added to the reaction mixture. The insoluble product was isolated by simple filtration and subsequent washing 

with water. The filtrate including DES was evaporated under reduced pressure, dried in a vacuum at 100 
o
C. The 

recycled DES was reused in the next run. The results showed that even five cycles the DES could also drive the 

reaction and provide the product in a fairly good yield (entry 23). 
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Table 1  

Optimization of the reaction conditions
a
 

 

Entry DES Temperature (
o
C) MW (W) Time (min) Yield (%)

b
 

1 No 80 500 60 trace 

2 ChCl/FeCl3 (1:2) 80 500 30 42 

3 ChCl/ZnCl2 (1:2) 80 500 30 45 

4 ChCl/urea  (1:2) 80 500 30 54 

5 ChCl/itaconic acid (1:1) 80 500 30 72 

6 ChCl/tartaric acid (2:1) 80 500 30 76 

7 ChCl/p-TsOH acid (1:1) 80 500 30 78 

8 ChCl/citric acid (1:2) 80 500 30 81 

9 ChCl/oxalic acid (1:1) 80 500 30 84 

10 Oxalic acid/proline (1:1) 80 500 20 95 

11 Oxalic acid/proline (1:1) 50 500 20 53 

12 Oxalic acid/proline (1:1) 60 500 20 52 

13 Oxalic acid/proline (1:1) 70 500 20 85 

14 Oxalic acid/proline (1:1) 90 500 20 95 

15
c
 Oxalic acid/proline (1:1) 80 500 20 65 

16
d
 Oxalic acid/proline (1:1) 80 500 20 82 

17
e
 Oxalic acid/proline (1:1) 80 500 20 95 

18 Oxalic acid/proline (1:1) 80 0 120 90 

19 Oxalic acid/proline (1:1) 80 300 40 88 

20 Oxalic acid/proline (1:1) 80 400 30 89 

21 Oxalic acid/proline (1:1) 80 600 20 95 

22
f
 Oxalic acid/proline (1:1) 80 500 30 94 

23
g
 Oxalic acid/proline (1:1) 80 500 20 92, 90, 89, 86, 85 

a 
Reaction conditions: benzaldehyde (1 mmol), 2-hydroxynaphthalene-1,4-dione (1 mmol), 2-aminobenzothiazole 

(1 mmol) in solvent (1.0 ml) at 80 
o
C under microwave irradiation (500 W) unless otherwise specified in the 

table. 

b
 Isolated yield. 

c
 The reaction was performed in 0.50 ml oxalic acid/proline. 

d
 The reaction was performed in 0.75 ml oxalic acid/proline. 

e
 The reaction was performed in 1.25 ml oxalic acid/proline. 
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f 
The reaction was carried out in 100 mmol scale. 

g
 DES was reused for 5 times. 

 

Under the optimizing the reaction conditions, the scope and generality of this protocol were explored. As 

summarized in Table 2, various aromatic aldehydes bearing electron-rich (OMe, Me and 
t
Bu) or electron-poor 

groups (F, Cl, Br, NO2 and CN) reacted with 2-hydroxynaphthalene-1,4-dione and 2-aminobenzothiazole to afford 

the desired products in high yields. The product yields were only slightly affected by the location of the 

substituents (on ortho-, meta-, or para-positions of the benzene ring). Notably, halo-substituted aldehydes were 

successfully converted into target products, which allowed for easy further synthetic modifications. Furthermore, 

the acid-sensitive heterocyclic aldehydes such as furan-2-carbaldehyde and 2-thiophene-carbaldehyde were found 

to be suitable substrates for this reaction and generated the corresponding products in 85% and 89% yields, 

respectively (entries 16 and 17). Unfortunately, reactions with aliphatic aldehydes such as 3-methylbutyraldehyde 

and cyclohexanecarbaldehyde were unsuccessful. Notably, the current reaction with electronically-differentiated 

2-aminobenzothiazoles also worked well to afford the corresponding products 4r and 4s in high yield (entries 18 

and 19).  

Table 2 
Synthesis of 13-aryl-13H-benzo[g]benzothiazolo [2,3-b]quinazoline-5,14-diones in oxalic acid/proline. 

Entry Ar R
1
 Product Time/min Yield/%

a
 

m.p./
o
C 

Found Reported 

1 Ph H 4a 10 95 262-263 261-262 [50] 

2 2-MeOC6H4 H 4b 15 92 213-214  

3 3-MeOC6H4 H 4c 12 90 247-248  

4 4-MeOC6H4 H 4d 10 93 224-225  

5 3,4-(MeO)2C6H3 H 4e 20 91 236-237  

6 3,4,5-(MeO)3C6H2 H 4f 20 91 278-279 278-279 [50] 

7 4-MeC6H4 H 4g 10 92 227-228 228-229 [50] 

8 4-(CH3)3CC6H4 H 4h 10 91 228-229  

9 4-FC6H4 H 4i 25 88 290-292 289-290 [50] 

10 2-ClC6H4 H 4j 25 92 210-211  

11 3-ClC6H4 H 4k 20 94 239-240  

12 4-ClC6H4 H 4l 20 95 271-272 272-273 [50] 

13 4-BrC6H4 H 4m 20 92 216-217  

14 4-NO2C6H4 H 4n 20 93 310-311 310-311 [50] 

15 4-CNC6H4 H 4o 20 93 260-261  
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16 2-Furanyl H 4p 20 85 310-311 309-310 [50] 

17 2-Thiophenyl H 4q 20 89 309-310 308-309 [50] 

18 Ph 4-Me 4r 25 85 234-235  

19 Ph 6-NO2 4s 25 86 239-240  

a
 Isolated yield.  

On the basis of the experimental results described above and previous literature report [50], a plausible 

mechanism for the synthesis of 13-phenyl-12H-benzo[g]benzo[4,5]thiazolo[2,3-b]quinazoline-7,12(13H)-dione 

(4a) is proposed (Scheme 3). It is assumed that DES may play dual role as solvent and catalyst in promoting 

Knoevenagel condensation between benzaldehyde and 2-hydroxy-1,4-naphthoquinone by activation of carbonyl 

carbon of benzaldehyde through hydrogen bonding to give intermediate I. This is followed by Michael addition 

of 2-aminobenzothiazole to the C=C bond of intermediate I and on tautomerization to generate intermediate II. 

Then, an intramolecular cyclic condensation between the amino and the carbonyl groups of the Michael adduct 

II occurred to yield intermediate III, which finally underwent dehydration and aromatization to afford the 

desired product 4a. We think that the hydrogen bonding nature of DES enhances the electrophilicity of the 

carbonyl groups in three steps: Knoevenagel condensation, Michael addition, and intramolecular cyclization. 

 

Scheme 3. A plausible mechanism for the synthesis of 13-phenyl-12H-benzo[g]benzo[4,5]thiazolo[2,3-b] 
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quinazoline-7,12(13H)-dione 

4. Conclusion 

In summary, we have successfully developed a novel process for synthesis of 13-aryl-13H-benzo[g]benzothiazolo 

[2,3-b]quinazoline-5,14-diones  via one-pot three-component reactions of aromatic aldehydes, 

2-aminobenzothiazole and 2-hydroxy-1,4-naphthoquinone using oxalic acid and proline based deep eutectic 

solvent as an effective catalyst and environmentally benign reaction medium under microwave irradiation. The 

current method can be readily scaled up to a preparative scale with some advantages such as cleaner reaction 

profile, short reaction time, high yields, simple workup procedure and avoidance of the use of toxic organic 

solvents and chromatographic separation. 

Acknowledgments  

Financial support for this work from the Nature Science Foundation of Hebei Province (No. B2015205182) and 

the National Natural Science Foundation of China (No. 21272053) is gratefully acknowledged. 

References 

[1] A.M. El-Sayed, S.M. Ibrahim, M.K. Soltan, M.E. Abo-Kul, Synthesis and antimicrobial activity of newly 

synthesized 4-substituted-pyrazolo[3,4-d]pyrimidine derivatives. Med. Chem. Res. 26 (2017) 1107-1116. 

[2] Z.-H. Li, J. Zhang, X.-Q. Liu, P.-F. Geng, J.-L. Ma, B. Wang, T.-Q. Zhao, B. Zhao, H.-M. Wei, C. Wang, 

D.-J. Fu, B. Yu, H.-M. Liu, Identification of thiazolo[5,4-d]pyrimidine derivatives as potent antiproliferative 

agents through the drug repurposing strategy. Eur. J. Med. Chem. 135 (2017) 204-212. 

[3] S.V. Hese, R.J. Meshram, R.D. Kamble, P.P. Mogle, K.K. Patil, S.S. Kamble, R.N. Gacche, B.S. Dawane, 

Antidiabetic and allied biochemical roles of new chromeno-pyrano pyrimidine compounds: synthesis, in 

vitro and in silico analysis. Med. Chem. Res. 26 (2017) 805-818. 

[4] A.K.A. Kumar, Y.D. Bodke, P.S. Lakra, G. Sambasivam, K.G. Bhat, Design, synthesis and anti-cancer 

evaluation of a novel series of pyrazolo[1, 5-a]pyrimidine substituted diamide derivatives. Med. Chem. Res., 

26 (2017) 714-744. 

[5] L.F.S.P. Azeredo, J.P. Coutinho, V.A.P. Jabor, P.R. Feliciano, M.C. Nonato, C.R. Kaiser, C.M.S. Menezes, 

A.S.O. Hammes, E.R. Caffarena, L.V.B. Hoelz, N.B. de Souza, G.A.N. Pereira, I.P. Ceravolo, A.U. Krettli, 

N. Boechat, Evaluation of 7-arylaminopyrazolo[1,5-a]pyrimidines as anti-Plasmodium falciparum, 

antimalarial, and Pf-dihydroorotate dehydrogenase inhibitors. Eur. J. Med. Chem. 126 (2017) 72-83. 

[6] C.C. Pacca, R.E. Marques, J.W.P. Espindola, G.B.O. Oliveira Filho, A.C. Lima Leite, M.M. Teixeira, M.L. 

Nogueira, Thiosemicarbazones and phthalyl-thiazoles compounds exert antiviral activity against yellow 

fever virus and Saint Louis encephalitis virus. Biomed. Pharmacother. 87 (2017) 381-387. 

[7] T.V. Sravanthi, S.S. Lulu, S. Vino, M.A. Jayasri, A. Mohanapriya, S.L. Manju, Synthesis, docking, and 

evaluation of novel thiazoles for potent antidiabetic activity. Med. Chem. Res., 26 (2017) 1306-1315. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 12 

[8] Y. Ozkay, L. Yurttas, M. Dikmen, S. Engur, Synthesis and antiproliferative activity evaluation of new 

thiazole-benzimidazole derivatives using real-time cell analysis (RTCA DP). Med. Chem. Res. 25 (2016) 

482-493. 

[9] J. Haque, K.R. Ansari, V. Srivastava, M.A. Quraishi, I.B. Obot, Pyrimidine derivatives as novel acidizing 

corrosion inhibitors for CrossMark N80 steel useful for petroleum industry: A combined experimental and 

theoretical approach. J. Ind. Eng. Chem. 49 (2017) 176-188. 

[10] M. Janeczko, O.M. Demchuk, D. Strzelecka, K. Kubinski, M. Maslyk, New family of antimicrobial agents 

derived from 1,4-naphthoquinone. Eur. J. Med. Chem. 124 (2016) 1019-1025. 

[11] O.S. Talalaeva, Y.F. Zverev, V.M. Bryukhanov, Mechanisms of antiradical activity of 

2,3,5,6,8-pentahydroxy-7-ethyl-1,4-naphthoquinone (a review). Pharm. Chem. J. 50 (2016) 353-357. 

[12] N.G. Deniz, C. Ibis, Z. Gokmen, M. Stasevych, V. Novikov, O. Komarovska-Porokhnyavets, M. Ozyurek, 

K. Guclu, D. Karakas, E. Ulukaya, Design, synthesis, biological evaluation, and antioxidant and cytotoxic 

activity of heteroatom-substituted 1,4-naphtho- and benzoquinones. Chem. Pharm. Bull. 63 (2015) 

1029-1039. 

[13] R. Inagaki, M. Ninomiya, K. Tanaka, M. Koketsu, Synthesis, characterization, and antileukemic properties 

of naphthoquinone derivatives of lawsone. ChemMedChem 10 (2015) 1413-1423. 

[14] R. Pingaew, V. Prachayasittikul, A. Worachartcheewan, C. Nantasenamat, S. Prachayasittikul, S. 

Ruchirawat, V. Prachayasittikul, Novel 1,4-naphthoquinone-based sulfonamides: Synthesis, QSAR, 

anticancer and antimalarial studies. Eur. J. Med. Chem. 103 (2015) 446-459. 

[15] S. Ranatunga, C.-H.A. Tang, C.W. Kang, C.L. Kriss, B.J. Kloppenburg, C.-C.A. Hu, J.R. Del Valle, 

Synthesis of novel tricyclic chromenone-based inhibitors of IRE-1 RNase activity. J. Med. Chem. 57 (2014) 

4289-4301. 

[16] C. Russ, B. König, Low melting mixtures in organic synthesis - an alternative to ionic liquids? Green Chem. 

14 (2012) 2969-2982. 

[17] M. Francisco, A. van den Bruinhorst, M.C. Kroon, Low-transition-temperature mixtures (LTTMs): A new 

generation of designer solvents. Angew. Chem. Int. Ed. 52 (2013) 3074-3085. 

[18] P. Liu, J.W. Hao, L.P. Mo, Z.H. Zhang, Recent advances in the application of deep eutectic solvents as 

sustainable media as well as catalysts in organic reactions. RSC Adv., 5 (2015) 48675-48704. 

[19] S. Khandelwal, Y.K. Tailor, M. Kumar, Deep eutectic solvents (DESs) as eco-friendly and sustainable 

solvent/catalyst systems in organic transformations. J. Mol. Liq., 215 (2016) 345-386. 

[20] M.A.A. Rocha, A. van den Bruinhorst, W. Schröer, B. Rathke, M.C. Kroon, Physicochemical properties of 

fatty acid based ionic liquids. J. Chem. Thermodyn. 100 (2016) 156-164. 

[21] K. Fujii, Y. Soejima, Y. Kyoshoin, S. Fukuda, R. Kanzaki, Y. Umebayashi, T. Yamaguchi, S.I. Ishiguro, T. 

Takamuku, Liquid structure of room-temperature ionic liquid, 1-ethyl-3-methylimidazolium 

bis-(trifluoromethanesulfonyl) imide. J. Phys. Chem. B 112 (2008) 4329-4336. 

[22] X.X. Li, K.H. Row, Development of deep eutectic solvents applied in extraction and separation. J. Sep. Sci. 

39 (2016) 3505-3520. 

[23] F. del Monte, D. Carriazo, M.C. Serrano, M.C. Gutierrez, M.L. Ferrer, Deep eutectic solvents in 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 13 

polymerizations: a greener alternative to conventional syntheses. ChemSusChem 7 (2014) 999-1009. 

[24] D.V. Wagle, H. Zhao, G.A. Baker, Deep eutectic solvents: sustainable media for nanoscale and functional 

materials. Acc. Chem. Res. 47 (2014) 2299-2308. 

[25] N. Guajardo, C.R. Muller, R. Schrebler, C. Carlesi, P.D. de Maria, Deep eutectic solvents for 

organocatalysis, biotransformations, and multistep organocatalyst/enzyme combinations. ChemCatChem. 8 

(2016) 1020-1027. 

[26] N. Azizi, S. Dezfooli, M.M. Hashemi, Greener synthesis of spirooxindole in deep eutectic solvent. J. Mol. 

Liq. 194 (2014) 62-67. 

[27] J. Lu, X.T. Li, E.Q. Ma, L.P. Mo, Z.H. Zhang, Superparamagnetic CuFeO2 nanoparticles in deep eutectic 

solvent: an efficient and recyclable catalytic system for the synthesis of imidazo[1,2-a]pyridines. 

ChemCatChem 6 (2014) 2854-2859. 

[28] P. Wang, F.P. Ma, Z.H. Zhang, L-(+)-Tartaric acid and choline chloride based deep eutectic solvent: An 

efficient and reusable medium for synthesis of N-substituted pyrroles via Clauson-Kaas reaction. J. Mol. Liq. 

198 (2014) 259-262. 

[29] D. Chandam, A. Mulik, P. Patil, S. Jagdale, D. Patil, S. Sankpal, M. Deshmukh, Oxalic acid dihydrate: 

proline (LTTM) as a new generation solvent for synthesis of 3,3-diaryloxindole and chromone based 

bis(indolyl)alkanes: Green, chromatography free protocol. J. Mol. Liq. 207 (2015) 14-20. 

[30] H.C. Hu, Y.H. Liu, B.L. Li, Z.S. Cui, Z.H. Zhang, Deep eutectic solvent based on choline chloride and 

malonic acid as an efficient and reusable catalytic system for one-pot synthesis of functionalized pyrroles. 

RSC Adv. 5 (2015) 7720-7728. 

[31] P. Liu, J. Hao, Z. Zhang, A general, effcient and green procedure for synthesis of 

dihydropyrimidine-5-carboxamides in low melting betaine hydrochloride/urea mixture. Chin. J. Chem. 34 

(2016) 637-645. 

[32] N. Azizi, F. Shirdel, Task specific dicationic acidic ionic liquids catalyzed efficient and rapid synthesis of 

benzoxanthenones derivatives. J. Mol. Liq. 222 (2016) 783-787. 

[33] D.A. Alonso, A. Baeza, R. Chinchilla, G. Guillena, I.M. Pastor, D.J. Ramon, Deep eutectic solvents: the 

organic reaction medium of the century. Eur. J. Org. Chem. (2016) 612-632. 

[34] M.A. Bakht, M.J. Ansari, Y. Riadi, N. Ajmal, M.J. Ahsan, M.S. Yar, Physicochemical characterization of 

benzalkonium chloride and urea based deep eutectic solvent (DES): A novel catalyst for the efficient 

synthesis of isoxazolines under ultrasonic irradiation. J. Mol. Liq. 224 (2016) 1249-1255. 

[35] M. Zhang, P. Liu, Y.H. Liu, Z.R. Shang, H.C. Hu, Z.H. Zhang. Magnetically separable graphene oxide 

anchored sulfonic acid: a novel, highly efficient and recyclable catalyst for one-pot synthesis of 

3,6-di(pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridine-5-carbonitriles in deep eutectic solvent under microwave 

irradiation. RSC Adv. 6 (2016) 106160-106170. 

[36] D.R. Chandam, A.G. Mulik, D.R. Patil, A.P. Patravale, D.R. Kumbhar, M.B. Deshmukh, Oxalic acid 

dihydrate and proline based low transition temperature mixture: An efficient synthesis of spiro 

diindenopyridine-indoline triones derivatives. J. Mol. Liq. 219 (2016) 573-578. 

[37] M.A.P. Martins, G.C. Paveglio, T.S. Munchen, A.R. Meyer, D.N. Moreira, L.V. Rodrigues, C.P. Frizzo, N. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 14 

Zanatta, H.G. Bonacorso, P.A. Melo, S.R. Krzyzaniak, Deep eutectic solvent mediated synthesis of 

thiomethyltriazolo[1,5-a]pyrimidines. J. Mol. Liq. 223 (2016) 934-938. 

[38] D. Shahabi, H. Tavakol. One-pot synthesis of quinoline derivatives using choline chloride/tin (II) chloride 

deep eutectic solvent as a green catalyst. J. Mol. Liq. 220 (2016) 324-328. 

[39] P. Liu, J.W. Hao, S.J. Liang, G.L. Liang, J.Y. Wang, Z.H. Zhang, Choline chloride and itaconic acid-based 

deep eutectic solvent as an efficient and reusable medium for the preparation of 

13-aryl-5H-dibenzo[b,i]xanthene-5,7,12,14(13H)-tetraones. Monatsh. Chem. 147 (2016) 801-808. 

[40] D.R. Chandam, A.G. Mulik, D.R. Patil, M.B. Deshmukh, Oxalic acid dihydrate: proline as a new recyclable 

designer solvent: a sustainable, green avenue for the synthesis of spirooxindole. Res. Chem. Intermed. 42 

(2016) 1411-1423. 

[41] D.R. Chandam, A.A. Patravale, S.D. Jadhav, M.B. Deshmukh, Low melting oxalic acid dihydrate: proline 

mixture as dual solvent/catalyst for synthesis of spiro[indoline-3,9´-xanthene]trione and dibarbiturate 

derivatives. J. Mol. Liq. 240 (2017) 98-105. 

[42] M. Zhang, Y.H. Liu, Z.R. Shang, H.C. Hu, Z.H. Zhang, Supported molybdenum on graphene oxide/Fe3O4: 

An efficient, magnetically separable catalyst for one-pot construction of spiro-oxindole dihydropyridines in 

deep eutectic solvent under microwave irradiation. Catal. Commun. 88 (2017) 39-44. 

[43] B.L. Gadilohar, G.S. Shankarling, Choline based ionic liquids and their applications in organic 

transformation. J. Mol. Liq. 227 (2017) 234-261. 

[44] T. Zarganes-Tzitzikas, A.L. Chandgude, A. Domling, Multicomponent reactions, union of MCRs and 

beyond. Chem. Rec. 15 (2015) 981-996. 

[45] A.K. Rathi, M.B. Gawande, R. Zboril, R.S. Varma, Microwave-assisted synthesis - Catalytic applications in 

aqueous media. Coord. Chem. Rev. 291 (2015) 68-94. 

[46] B.L. Li, P.H. Li, X.N. Fang, C.X. Li, J.L. Sun, L.P. Mo, Z.H. Zhang, One-pot four-component synthesis of 

highly substituted pyrroles in gluconic acid aqueous solution. Tetrahedron 69 (2013) 7011-7018. 

[47] B.L. Li, M. Zhang, H.C. Hu, X. Du, Z.H. Zhang, Nano-CoFe2O4 supported molybdenum as an efficient and 

magnetically recoverable catalyst for a one-pot, four-component synthesis of functionalized pyrroles. New J. 

Chem. 38 (2014) 2435-2442. 

[48] M. Zhang, J. Lu, J.N. Zhang, Z.H. Zhang, Magnetic carbon nanotube supported Cu (CoFe2O4/CNT-Cu) 

catalyst: A sustainable catalyst for the synthesis of 3-nitro-2-arylimidazo[1,2-a]pyridines. Catal. Commun. 

78 (2016) 26-32. 

[49] M. Zhang, Q.-Y. Fu, G. Gao, H.-Y. He, Y. Zhang, Y.-S. Wu, Z.-H. Zhang, Catalyst-free, visible-light 

promoted one-pot synthesis of spirooxindole-pyran derivatives in aqueous ethyl lactate, ACS Sustainable 

Chem. Eng. 5 (2017) 6175-6182. 

[50] L.Q. Wu, C. Zhang, W.L. Li, Synthesis and antiproliferative evaluation of 

13-aryl-13H-benzo[g]benzothiazolo[2,3-b]quinazoline-5,14-diones. Bioorg. Med. Chem. Lett. 24 (2014) 

1462-1465. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 15 

Graphical abstract 

 

Low melting oxalic acid/proline mixture as dual solvent/catalyst for efficient synthesis of 

13-aryl-13H-benzo[g]benzothiazolo[2,3-b]quinazoline-5,14-diones under microwave irradiation 

Cui-Ting Ma, Peng Liu, Wei Wu, Zhan-Hui Zhang* 
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Highlights 

 

 The preparation of oxalic acid and proline based deep eutectic solvent is very easy. 

 The DES plays dual role as solvent and catalyst for one-pot three-component reaction. 

 The separation and purfication procedure are very simple. 

 The DES can be easily recovered and reused. 
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