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 Quinoxaline is a ubiquitous nitrogen containing fused heterocyclic 

motif which paved the attention of organic and medicinal chemists 

due to its biological properties and pharmaceutical importance.1 

Quinoxaline containing compounds have found use as potential  

anticancer,2 antiviral,3 antibiotic,4 and anti-inflammatory agents. A 

few  quinoxaline containing pharmacologically active molecules are 

shown in figure 1. For instance, quinacillin is highly effective in 

penicillin sensitive or penicillinase producing strains of  

staphylococcus aureus. Brimonidine is used to treat open angle 

glaucoma or ocular hypertension through the mechanism of reducing 

the synthesis of aqueous humor. Varenicline is prescribed as a 

medicine to treat nicotine addiction. This scaffold was also 

recognised in bioacids,5 organic synthons,6 electroluminescent 

materials,7 dyes,8 organic semiconductors,9 cavitands,10 

dehydroannulenes11 and ligands in coordination chemistry12. 

 Quinoxaline can be synthesized by (a) condensation of 1,2- 

diamines with 1,2-dicarbonyl compounds13 (b) oxidative cyclisation 

of α-haloketones  and 1,2 diamines14 (c) from α-hydroxy ketones15 

(d) from epoxides16 and (e) from diols.17 Reported methodologies for 

this scaffold include various catalysts/oxidants such as Bi(0),18 

HClO4/SiO2,
19 CeCl3.7H2O,20 DABCO,21 TMSCl,22 Ga(ClO4)3

23
  and 

transition metals24 like Mn, Ru, Pd and Cu. Solid phase synthesis25 

and microwave assisted26 synthesis for quinoxaline derivatives are 

also reported. Numerous methodologies are available for quinoxaline 

synthesis which require either expensive catalysts or hazardous 

additives. One such method involves manganese(IV) dioxide 

catalysed quinoxaline synthesis using unsubstituted diamines and α-

hydroxy ketone precursors with moderate yields and limited 

substrate scope via tandem oxidative reaction. On the other hand,  

hazardous perchloric acid was used to synthesize this privileged 

scaffold through a cyclisation-oxidation process.19 In addition to 

these,  stoichiometric amounts of TMSCl promoted quinoxaline 

synthesis was achieved, in water.22 Furthermore, copper catalysed 

quinoxaline synthesis was also explored using o-phenylenediamines 

and costly terminal alkynes in presence of toxic and excess amounts 

of DMAP as a base27a. Ga(ClO4)3 catalysed cycloaddition reaction 

was also developed for quinoxaline synthesis.23 Later on the utility of 

surfactants as microreactors was explored for quinoxaline synthesis 

in water using 1,2-diketones by a simple condensation approach.27b 

Subsequently quinoxaline synthesis from 1,2-diketones was done 

using manganese ferrite (MnFe2O4) nanoparticles.27c Recently Lewis 

acid catalysed asymmetric version of fused pyrroloquinoxaline was 

achieved27d. Cerium-oxide nanoparticles have also shown their utility 

in quinoxaline synthesis.27e In majority of these methods, toxic 

wastes are formed with a clear and imminent danger of 

environmental pollution. Eco-friendly reactions have always 

attracted organic chemists in which  the reactions are carried out in 

greener solvents. Thus the development of an efficient and 

environmentally benign methodology for the synthesis of 

quinoxaline derivatives remains highly desired.  

 

   Figure 1: Biologically active scaffolds based on quinoxaline  
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A simple, efficient and eco-friendly method has been developed for quinoxaline synthesis 

from inexpensive and readily available diamines and phenacyl bromides by catalyst- and

additive-free protocol.  
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Table 1: Effect of temperaturea  

 Entry Temperature (
o
C) Time (h) Yield

b
 (%) 

1 0 5 20 

2 20 5 50 

3 40 1 trace 

4 40 2 20 

5 40 3 50 

6 

7 

8 

9 

10 

11 

40 

40 

60 

80 

80 

100 

4 

5 

5 

2.5 

5 

2.5 

60 

65 

77 

85 

87 

80 
aReaction condition: o-phenylenediamine (1.2 mmol), phenacyl bromide (1.0 

mmol), water (3.0 mL). bIsolated yield. 

 
Table 2: Reactions of symmetrical diamines with phenacyl bromidesa  

Entry Diamine        Phenacyl  

                    bromide 

Product Time 

(h)       

Yieldb 

(%) 

1  

    
       1a 

2a         
3a 

2.5 85 

2 

      
1a 2b 

 

     
   3b 

3.0 83 

3 

    
1a 

2c 
3c 

3.0 81 

4 

     
1a 

2d 3d 

2.5 78 

5  

    
1a 

 

 
 

 

 
2e 

 

            3e 

2.5 76 

6  

 1b 

 

 
2a            3f 

2.5 77 

7 

 
    1b 

 

 

 

 
2b 3g 

3.0 78 

8 

    1b 

 
        2c 3h 

3.0 79 

9 

   1b 

 

 

 

 

       2d  

  3i 

2.5 75 

10 

1b 

 
         2e 

 
      3j 

2.5 73 

aReaction condition: o-phenylenediamine (1.2 mmol), phenacyl bromide (1.0 

mmol), water (3.0 mL), bIsolated yield.      
                           

In continuation of our work on heterocyclic chemistry,28 we  were 

keen to develop a catalyst free and greener approach for the synthesis 

of quinoxalines from 1,2-diamines and phenacyl bromides via a one- 

pot oxidative cyclization reaction in water. A typical experiment was 

performed by choosing o-phenylenediamine 1a and phenacyl 

bromide 2a as model substrates to synthesize 2-phenylquinoxaline 

3a (Scheme 1). With the advantages of using a greener solvent in 

mind, water was employed as the medium for the reaction. However 

at ambient temperature the reaction was found to be sluggish. To 

accelerate the reaction, dependence on temperature was examined at 

intervals of 20oC over a range from 0 to 100oC. As the temperature 

increased the yield of the product also increased affording a 

maximum yield of 85% at 80oC. More noticeably the time of the 

reaction was reduced to 2.5h and the results obtained are summarised 

in Table 1. 

 

 
Scheme 1:  One pot synthesis of quinoxaline through oxidative condensation  
 

To generalise the scope of the reaction, experiments were performed 

with various symmetrical diamines and substituted phenacyl 

bromides containing electron withdrawing as well as electron 

donating groups. The results are provided in Table 2. The reaction 

proceeded smoothly in all the cases illustrating that the presence of 

withdrawing/donating substituents on the aromatic ring of phenacyl 

bromide was well tolerated. The reaction was further examined by 

employing unsymmetrical diamines which would afford the 

regioisomeric products. With electron withdrawing substituents on 

the phenylene diamines, two regioisomeric products with 

substituents at positions 6 and 7 were obtained in a ratio of 2:1 

respectively. The isomers were separable by column chromatography 

using a mixture of EtOAc/Hexane. However with electron donating 

groups, an inseparable mixture of the regioisomers were obtained 

(Table 3). Based on these observations, we envisaged a plausible 

reaction mechanism for the formation of quinoxaline derivatives 

from o-phenylenediamine and phenacyl bromide (Figure 2). Initially 

a nucleophilic substitution occurs on the phenacyl bromide to afford  

the intermediate 3. Intermediate 3 spontaneously cyclises to form 3-

phenyl-1,2-dihydroquinoxaline 4, which undergoes aromatization 

under air oxidation to afford 2-phenylquinoxaline 5 as the final 

product.  

 
                               Figure 2: Plausible reaction mechanism 

 

In conclusion, we present here a catalyst or additive free 

methodology for quinoxaline synthesis from substituted o-

phenylenediamines and α-bromoketones. The overall procedure  

involves substitution, cyclisation and aromatisation reactions in a 

one-pot process under environmentally benign conditions.
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 Table 3: Reactions of unsymmetrical diamines with phenacyl bromidesa 

  Entry Diamine Phenacyl bromide            Products   Time (h) Yieldb(%) 

Ratio of isomers 

1 

 1c 2a 

 

   2.5 78
b 
(2:1)

c
 

2 

1c 2b 
 

  3.0 78b (2:1)c 

3 

1c 2c 
 

  3.0 81b(2:1)c 

4 

1c 2d 

 

    2.5     75b (2:1)c 

5 

1c 2e Cl N

N

N

NCl

and

3o

3o'

CH3 CH3

 

  2.5 75 b(2:1)c  

6 

1d 2a 

 

  2.5 78 b (2:1)c 

7 

1d 2b 

 

  2.5 78 b (2:1)c 

8 

1d 2c 

 

  3.0 75 b (2:1)c 

9 

1d 2d 

 

  2.5 75 b (2:1)c 

10 

1d 2e 

 

 3.0    72 b (2:1)c 

11 

1e 
2a 

          

  2.0       78
b
 (10:7)

c,d
 

12 

1e 2b 

        

 2.5        77b (10:7)c,d 

   13 

1e 
2c 

        

 2.5       76 b (10:7)c,d 

14 

1e 
2d 

         

 2.0  79 b (10:7) c,d 

15 

1e  
2e 

       

2.0  78 b (10:7) c,d   

aReaction condition: Substituted o-phenylenediamine (1.2 mmol), phenacyl bromide (1.0 mmol), water (3.0 mL),bOverall isolated yield,cRatio of  regioisomers 

were determined by 1H NMR from the reaction mixture, dMixture of regioisomers. 
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