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Abstract: The high commercial demand for quinoxalines needs a rapid, greener and safer synthetic 
method among the chemists. A series of quinoxaline derivatives has been synthesized by 
condensation of diamines and dicarboniles in microwave heating conditions and in solvent free 
media. This environmentally benign synthetic approach gives us excellent yields (80-90%) in 
shorter reaction time (3.5 minutes.). The method is cleaner with an easier work-up process. The 
structures of these synthesized products are based on elemental analysis and mass spectral data. 
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Introduction 

In the past few years, the use of microwaves in organic synthesis has increased dramatically, 
receiving widespread acceptance and becoming an indispensable tool1.  Microwave technology 
to heat and drive chemical reactions has become a powerful tool in medicinal chemistry 
community, since by employing this technique it is generally possible to prepare organic 
compounds very fast, with high purity and better yields compared to other more conventional 
methods2-4. One of the many advantages of using rapid 'microwave flash heating' for chemical 
synthesis is the surprised reduction in reaction times from days and hours to minutes and 
seconds5. The application of microwave heating under solvent-free conditions is promising 
alternative to polluting reaction and has been motivated the current field of interest. 

  Quinoxalines have extraordinary potential in pharmacological research6 and practice. 
These are important components of several pharmacologically active compounds7-13 and 
exhibit special and wider ranges of functions in biologically active compounds14 

electroluminescent materials15, dyes16 and anion sensors17. Although rarely describe in 
nature, synthetic quinoxaline derivatives showed variety of pharmaceutical activities 
encompassed major types of drug target families and effective in many clinical applications 
such as anti tumor agents18, kinase inhibitors19, HIV drugs20,  antibiotics21, ion channel 
regulators22 and anti protozoal agents23.  
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 Despite of various conventional methods described in literature for the synthesis of 
quinoxaline derivatives, synthesis of various new products embracing the principles of green 
chemistry24,25 has gain new high in recent years. Microwave-assisted organic synthesis 
(MAOS), fuelled by the development and availability of precision controlled, single-mode 
microwave reactors, has had a profound impact on the way chemists approach organic and 
parallel synthesis. Clearly, reductions in reaction times, improved yields and suppression of 
side products, relative to traditional thermal heating, are benefits of this emerging 
technology26. Microwave-assisted protocols for the general synthesis of functionalized 
quinoxalines have been developed to provide rapid and high-yielding access to a variety of 
quinoxaline derivatives. In this publication the primary aim of our research was concerned on 
achieving reasonable yields of the synthesized heterocyclic products which might have 
biological and pharmaceutical prospective, using greener synthetic methodology. This work is 
inspired by Darabai et al.27 and this publication is an good extension to their work. 

Experimental 
Melting points were taken in an electrically heated instrument and are uncorrected. 
Compounds were routinely checked for their purity on silica gel TLC plates and the spots 
were visualized by Iodine vapors. PMR spectra were recorded on Buker DRX 300 MHz FT 
NMR spectrometer using TMS as internal reference and chemical shift values are expressed 
in δ units. Mass spectra were run on Jeol SX-102 spectrometer. 

General synthetic procedure   
For the synthesis of these compounds, 0.4 mL of DMSO was added to a mixture of diamine 
(1.1 mmol) and a dicarbonyl (1 mmol) in an open glass tube and stirred for 2.5 minutes. The 
obtained22-23 paste was exposed to microwave irradiations for 3.5 minutes in cycles of 9-10 
seconds. The mixture was treated with water to dissolve the remaining amount of polar 
solvent. The precipitate was crystallized with hot aqueous ethanol. After cooling the filtrate, 
the resulted crystals were collected for filtration to afford the products1-8. 

Results and Discussion 
Microwave assisted chemical reactions have great potentials to be a ‘green chemistry’ tool, 
reduce environmental waste and use fewer chemical ingredients. The greener synthetic 
protocols were developed for synthesized quinoxaline derivatives. These products were 
easily synthesized in a shorter reaction time in comparison to the conventional methods. All 
the derivatives were obtained in very good amounts between 80-90% excellent yields. This 
process is safer, cleaner and environmental benign. 

Materials and methods 
The reaction mixture of diamine and dicarbonyl was mixed with proper amount of DMSO and 
exposed to microwave irradiations (Table 1). Using this greener and simpler synthetic 
procedures various quinoxaline derivatives as 2,3-dimethylquinoxalne, 6H-indolo[2,3-
b]quinoxaline, 2,3-dimethyl-6-nitroquinoxaline, 3-nitro-6H-indolo[2,3-b]quinoxaline, 6H-
indolo[2,3-b] quinoxaline-3-carboxylic acid, quinoxaline-6-carboxylicacid, 6-nitroquinoxaline 
and 2,3-dimethylquinoxaline-6-carboxalineacid have been efficiently synthesized.  
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Table 1. Reaction details of quinoxaline derivatives 

Entry Diamine Dicarbonyl 
Molecular  
formula 

(Product) 

Yield 
% 

M.P. 
0C 

1 o-Phenylenediamine 2,3-butadione C10H10N2 87 101 
2 o-Phenylenediamine Isatine C14H9N3 87 152 
3 4-Nitrobenzene-1,2-diamine 2,3-butadione C10H9N2O2 90 151 
4 4-Nitrobenzene-1,2-diamine Isatine C14H8N4O2 88 >250 
5 1,2-Phenylenediamine-4-

carboxylicacid 
Isatine C15H9N3O2 80 > 250 

6 1,2-Phenylenediamine-4-
carboxylicacid 

Glyoxal C9H6N2O2 84 > 250 

7 4-Nitrobenzene-1,2-diamine Glyoxal C8H5N3O2 90 192 
8 1,2-Phenylenediamine-4-

carboxylicacid 
2,3-butadione C11H10N2O2 87 250 

Synthesis of 2,3-dimethylquinoxalne (1)  
PMR (DMSOd6): 8.0 (d, 2H, ArH), 7.6 (d, 2H, ArH), 2.3 (s, 6H, CH3), MS (m/e): 158 
(C10H10N2), 130 (C8H6N2), 108 (C6H8N2), 80 (C4H4N), 54 (C4H6). Anal Cal. C, 75.92; H, 
6.37; N, 17.71 Found C, 75.81; H, 6.13; N, 17.6443.2.   

Synthesis of 6H-indolo[2,3-b]quinoxaline (2) 
PMR (DMSOd6) :10.0 (s, 1H, NH)   8.0 (d, 2H, ArH), 7.6 (d, 2H, ArH), 7.5 (d, 1H, ArH), 
7.4 (d, 1H, ArH), 7.0 (d, 2H, ArH), MS(m/e): 219(C14H9N3),169C1OH7N3), 130 (C8H6N2), 
107 (C6H6N2), 95 (C4H5N2) , 119 (C8H9N), 98 (C5H10N), 80 (C4H9N2 ), 54 (C4H4), Anal Cal. 
C, 76.70; H, 4.14; N, 19.17 Found C, 76.69; H, 4.09; N, 19.05. 

Synthesis of 2,3-dimethyl-6-nitroquinoxaline (3) 
PMR (DMSOd2): 9.0 (d, 3H, ArH), 8.6 (d, 1H, ArH), 8.0 (d, 1H, ArH), 2.3 (s, 3H, 
CH3), MS(m/e): 203(C10H9N3O2), 189 (C9H7N3O2), 175 (C8H5), 158 (C10H10N2), 153 
(C6H7N2), 130 (C8H6N2), 108 (C6H8N2), 99 (C4H5NO2), 97 (C6H11N), 80 (C4H4N2), 
71(C4H9N), Anal Cal. C, 59.11; H, 4.46; N, 20.68; O, 15.75 Found C, 58.92; H, 4.38; N, 
20.57; O, 15.68. 

Synthesis of 3-Nitro-6H-indolo [2,3-b]quinoxaline (4)  
PMR (DMSOd6): 8.6 (d, 1H, ArH), 8.3 (d, 1H, ArH), 7.5 (d, 1H, ArH), 7.4 (d, H, ArH), 
7.0 (d, 2H, ArH), MS (m/e): 264 (C14H8N4O2), 219 (C14H9N3), 142 (C9H6N2), 130 
(C8H6N2), 108 (C8H8N2), 99 (C4H5NO2), 98 (C5H10N2), 95 (C4H5N3), 80 (C4H4N2), 58 
(C2H6N2), Anal Cal. C, 63.64; H, 3.05; N, 21.20; O, 12.11 Found C, 63.70; H, 3.11; N, 
21.18; O, 12.07. 

Synthesis of 6H-Indolo[2,3-b]quinoxaline-3-carboxylic acid (5) 
PMR (DMSOd6): 10.0 (s ,H, NH),  9.0 (d, 1H, ArH), 8.6 (d, 1H, ArH), 8.3 (d, 1H, ArH), 7.5 
(d, 1H, ArH), 7.4 (d, 1H, ArH), 7.0 (bd, 2H, ArH), 6.8 (d, 1H, ArH 6.5 (d, 1H, ArH), 6.3 (d, 
1H, ArH), MS (m/e): 263 (C15H9N3O2) 219 (C14H9N3),  130 (C8H6N2), 108 (C8H8N2), 98 
(C5H6O2), 95 (C4H5N3), 80 (C4H4N2), 58 (C2H6N2). Anal Cal. C, 68.44; H, 3.45; N, 15.96; 
O, 12.16 Found. C, 68.49; H, 3.39; N, 15.90; O, 12.09. 
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Synthesis of Quinoxaline-6-carboxylicacid (6) 
PMR (DMSOd6): 8.9 (d, H, ArH), 8.7 (d, 2H, ArH), 8.5 (d, 1H, ArH), 8.2 (d, 1H, ArH), MS 
(m/e): 174 (C9H6N2O2),  152 (C7H8N2O2), 130 (C8H6N2), 127 (C6H9NO2), 108 (C6H8O2) , 98 
(C5H10N2), 80 (C4H4N), 56 (C2H4N2), Anal Cal. C, 62.07; H, 3.47; N, 16.09; O, 18.37 
Found. C, 61.09; H, 3.40; N, 16.04; O, 18.40. 

Synthesis of 6-Nitroquinoxaline (7) 
PMR (DMSOd6): 8.7 (d, 2H, ArH), 8.6 (d, 1H, ArH) 8.3 (d, 1H, ArH)), MS (m/e): 175 
(C8H5N3O2), 153 (C6H7N3O2), 130 (C8H6N2), 128 (C5H8N2O2), 123 (C6H5NO2), 99 
(C4H5NO2), 80 (C4H4N2), 56 (C2H4N2), Anal Cal. C, 54.86; H, 2.88; N, 23.99; O, 18.27 
Found. C, 54.65; H, 2.74; N, 23.76; O, 18.11. 

Synthesis of 2,3-Dimethylquinoxaline-6-carboxylicacid (8) 
PMR (DMSOd6): 8.9 (d, 1H, ArH), 8.5 (d, 1H, ArH), 8.2 (d, 1H, ArH), 2.3 (s, 3H, CH3), 
MS (m/e): 202 (C11H10N2O2), 188(C10H8N2O2), 174 (C9H6N2O2), 158 (C10H10N2), 155 
(C8H13NO2), 152 (C7H8N2O2), 130 (C8H6N2), 108 (C6H8N2), 98 (C5H6O2), 80 (C4H4N2), 71 
(C4H9N)., Anal Cal. C, 65.34; H, 4.98; N, 13.85; O, 15.82 Found C, 65.29; H, 5.03; N, 
13.89; O, 15.76. 

Conclusion 
Different quinoxaline derivatives were successfully prepared using microwaves as source of 
heating following very easy work up process. This environment friendly procedure was 
accompanied by the reaction mixture of diamines and dicarbonyls with proper amount of 
DMSO which were exposed to microwave irradiations. All the products were found in 
excellent yields within a shorter reaction time. It is ample clear from these syntheses that a 
variety of quinoxaline derivatives may efficiently be prepared without using conventional 
methods.  
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