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 Optimal method were developed for the green synthesis of quinoxaline derivatives based on the 
highly efficient and simple condensation reaction of various aromatic 1,2-diketones and 1,2-
diamines  in nearly quantitative yields in water. In this method we did not use any catalyst. The 
very mild reaction conditions, the high yields of the products, and the absence of any catalyst 
make this methodology an efficient and green route for synthesis of quinoxalines. 
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1. Introduction     

       Development of strategically important processes which are environmentally cleaner and more 
efficient which lead to greater structural variation, with simple work up, high yields, purity, and 
minimizes the formation of waste, is currently receiving considerable attention1. In this context, water 
played an important role in these processes. Water is an elegant solution with the ultimate goal of 
hazard-free, waste-free and energy efficient for the synthesis of biologically active compounds with 
potential application in the pharmaceutical or agrochemical industries2-6. Quinoxaline derivatives are 
ubiquitous in many biologically important compounds7-10such as antibiotics, which are known to 
inhibit the growth of Gram-positive bacteria and are also active against various transplantable 
tumors11,12. They are used as dyes, 13 antitumoralagents14 and catalyst's ligands. Therefore, the 
syntheses of biologically important quinoxaline derivatives have received considerable attention, and 
there are several reports for the synthesis of quinoxaline derivatives in the literature. Furthermore, 
their synthesis on using zeolites15-19, microwave20,21 and solid phase synthesis22 and zinc23-26 catalyst, 
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and CAN27 have also been reported. However, their reactions require toxic reagents, harmful organic 
solvents; catalyst limited substrate and moderate yields. Furthermore, to the best of our knowledge, 
no report about condensation reaction of diamines and diketone without any catalyst has been 
reported in the literature. 

      Our interest in green chemistry led us to contemplate the possibility of using water as highly 
potential solvent for quinoxaline synthesis. Obviously, our goal was to develop highly efficient, green 
and preparative simple procedure for industrial large-scale production of quinoxaline with simple 
condensation of aromatic 1,2-diketones and 1,2-diamines with high purity and in excellent yield 
without catalyst in pure water (Scheme 1). 

 

1 2 3
 

Scheme 1 Synthesis of quinoxaline derivatives in water 

 

2. Results and Discussion 
 

       In an initial experiment, aromatic 1,2-diketone 1 (3mmol) was treated with o-phenylenediamine 2 
(3mmol) in water (20 mL) in the absence of any catalyst at reflux conditions. After 2 h, starting 
materials were consumed and the corresponding quinoxaline 3 was formed as the only detectable 
product and isolated in 95% yield (Scheme1). To test the feasibility of a large-scale reaction, 1 (10 
mmol) was treated with 2 (10 mmol) in water (50 mL) at reflux condition. The product was isolated 
in 90% yield after 2 h. Furthermore, it was possible to monitor the reaction visually. A white 
suspension were obtained after addition of the o-phenylenediamine and aromatic 1,2-diketone to the 
water, and the reaction mixture became orange viscose liquid or solids after the reaction is complete.  

       Furthermore, it is important to note that, in the large-scale production, the final treatment is very 
simple without using any organic solvent and the pure product was obtained by simple decantation. 
Next, the scope and limitation of this simple process were explored by using a wide range of aromatic 
1,2-diketones and 1,2-diamines. A variety of structurally diverse aromatic diamines and diketones 
underwent the simple condensation reaction smoothly without using any catalyst for affording the 
quinoxaline derivatives to high yields. The results are summarized in Table1. We show proposed 
mechanism in Scheme 2. With symmetrical aromatic diamines the reaction showed good product 
yields. With electron donating substituents in the amine part, increased yields of products were 
obtained and the effect is the reverse with electron with drawing substituents. On the other hand, 
electron donating substituents associated with aromatic 1,2-diketone decreased the product yields and 
with electron with drawing groups the effect is opposite. However, the variations in the yields were 
very small and both substituted aromatic diamines such as 4-chloro and 3-methyl gave the condensed 
products in excellent yields in water. 
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Table 1 synthesis of quinoxalinederivativesin water. 
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3. Conclusions 
 

       As a result of the investigation, we have demonstrated a highly efficient and entirely green 
protocol for simple condensation of aromatic 1,2-diketonesand 1,2-diamines which leads to 
production of biologically important quinoxaline derivatives. In comparison with recently reported 
methods, the reactions proceed smoothly under mild conditions to furnish the respective products in 
short reactiontimes and high yields. 
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4. Experimental 
 
4.1. Materials and Methods 
 

     All chemicals were of research grade and were used as obtained from Aldrich or Merck. The 
reactions were carried out in a round-bottomed flask of 10 ml capacity or test tube. 1H and 13C NMR 
spectra were recorded with a Bruker EX 500 FT NMR. All NMR data were obtained in CDCl3 and 
DMSO-d6 solution and chemical shifts were given in ppm relative to TMS and are compared with the 
reported literature values. Melting points were determined on a Buchi 541 apparatus and are 
uncorrected. 

4.2. General procedure for Synthesis of quinoxaline in water 
 

      A mixture of o-phenylenediamine(3 mmol) and 1,2-dicarbonyl(3 mmol), water (10 mL) were 
added and stirred at reflux conditions for the 60- 200 min. After the reaction was completed, pure 
products were isolated by filtration and washing with hot water, or ethanol.  Aqueous mixture was 
extracted with 10 ml of diethylether or ethyl acetate and dried over anhydrous Na2SO4, and solvent 
was removed under reduce pressure to give the desired products. The crude product was analyzed by 
1H and 13C NMR. Further purification was carried out by crystallization. 

 
4.3.Spectral Data of Selected Compounds 
 

4.3.1. 2,3-Diphenylquinoxaline (Table 1, Entry 1) 

 

      White solid, mp 126-127°C; 1HNMR (CDC13, 500 MHz) δppm:  8.21 (dd, J=3.40,6.32 Hz, 2H), 
7.80 (dd, J=3.40,6.32 Hz, 2H), 7.58 (m, 4H), 7.40 (m, 6H); 13 C NMR (CDC13, 125 MHz)δ ppm: 
152.0, 143.6, 142.6, 141.9, 137.1, 130.6, 130.5, 130.0, 129.8, 129.5, 129.2, 127.9; IR (KBr) νmax(cm-

1): 3050, 1538, 1340, 760, 722. 
 

4.3.2. 2,3-Bis(4-chloro-phenyl)quinoxaline (Table 1, Entry 2) 

    

        Mp 150-151°C; 1HNMR (CDC13, 500 MHz)δ  ppm: 8.08 (dd, J=3.40, 7.21 Hz, 2H), 8.00 (dd, 
J=3.40, 6.40 Hz, 2H), 7.94 (dd, J=5.42,8.64 Hz, 4H), 7.30-7.52 (m, 4H); 13 C NMR (CDC13, 125 
MHz)δ ppm:152.7, 141.7, 140.6, 139.5 132.3 130.3, 129.5, 129.0, 128.8, 128.1; IR (KBr) νmax (cm-

1): 3060, 1540, 1550, 1341, 1210, 845, 730. 
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4.3.3. 6-Methyl-2,3-diphenylquinoxaline (Table 1, Entry 4) 

       White solid: mp 117-119°C; 1H NMR (DMSO/d6, 500 MHz) δ ppm: 8.12 (d, J=8.50 Hz,1H), 
7.92(s, 1H), 7.60 (dd, J=1.70, 8.50 Hz, 1H), 7.52 (m, 4H), 7.32 (m, 6H), 2.62 (s, 3H); 13 C NMR 
(DMSO/d6, 125 MHz)δ ppm: 153.7, 153.0, 141.7, 140.8, 140.1, 139.7, 132.7, 130.3, 129.1, 
129.0128.6, 128.4, 22.3; IR (KBr) νmax (cm-1): 3060, 1662, 1590, 1212, 870, 711, 642. 

4.3.4. 6-Methyl-2,3- Bis(4-chloro-phenyl) quinoxaline (Table 1, Entry 5) 

       White solid: 1H NMR (DMSO/d6, 500 MHz) δ ppm: 8.11 (d, J=8.30 Hz,1H), 7.90(s, 2H), 7.61 
(dd, J=1.72, 8.52 Hz, 1H), 7.50-7.60 (m, 3H), 7.30-7.34 (m, 6), 2.62 (s, 3H); 13 C NMR (DMSO/d6, 
125 MHz)δ ppm: 153.4, 153.0, 141.8 140.6, 140.2, 139.6, 132.7, 130.1, 129.2, 129.0, 128.7, 128.5, 
22.7; IR (KBr) νmax (cm-1): 3062, 1664, 1592, 1213, 872, 712, 641. 

4.3.5. 6-Nitro-2,3-diphenylquinoxaline (Table 1, Entry 10) 

        Mp192-193°C; 1H NMR (CDC13, 125 MHz) δ ppm:9.12 (d, J=2.32 Hz,1H), 8.50 (dd, J=2.32, 
9.11Hz, 1H,), 8.38 (d, J=9.11Hz, 1H), 7.58 (m, 4H), 7.42; (m, 6H); IR (KBr) νmax (cm-1): 3052, 
2933, 1625, 1338, 1139. 
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