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Green SDS-assisted synthesis of quinoxaline derivatives 

 in the water  

1. Introduction 

Performing organic reactions in the water has 

attracted much attention over the past decades due 

to its numerous advantages such as being 

considerably safe, non-toxic, environmentally 

friendly and cheap [1-5]. In addition, using water as 

solvent can facilitate access to different reactivity 

and selectivity patterns compared with those 

observed in common organic solvents due to its 

unique physical and chemical properties. 

Quinoxalines and its derivatives are an important 

class of nitrogen-containing heterocyclic 

compounds and have shown a broad spectrum of 

biological activities such as antiviral [4], 

antibacterial [6], anti-inflammatory [7], and 

anticancer [8], which have made them privileged 

structures in pharmacologically active compounds. 

Various methods have been reported for synthesis 

of quinoxaline derivatives via a condensation 

process catalysed by Lewis and Bronested acids [9-
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17], or using Bi, Pd(OAc)2, and MnO2  via a 

oxidative coupling reaction [18-20]. 

2. Experimental procedure 

To a mixture of o-phenylenediamine (1.0 mmol, 

282 mg) in water (3 mL) was added benzil (1.0 

mmol, 210 mg) and SDS (0.15 mmol, 43 mg ) at 

room temperature and the mixture was stirred 

vigorously at r.t. for 2 h. After completion of 

reaction (indicated by TLC), the precipitated solid 

which is almost a pure 2,3-diphenylquinoxaline was 

filtered and washed with cold water. Further 

purification was carried out by crystallization from 

hot ethanol to afford a white crystalline product 

(268 mg; 95%), mp 126–128 °C, which showed 

satisfactory analytical and spectroscopic properties. 
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Abstra c t  

A simple, practical and convenient procedure for the synthesis of quinoxaline derivatives has been 

developed by reaction of 1,2-phenylenediamines with 1,2-diketones in the presence of sodium dodecyl 

sulfate (SDS) in the aqueous medium at room temperature without any organic solvent. 
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3. Results and discussion  

As a part of our continued activities surfactant-assisted 

reactions [21-22], we report here for the first time a 

simple method for the synthesis of quinoxalines through 

the reactions of o-phenylenediamine with 1,2-diketones 

in aqueous media, using SDS, without any catalyst 

(Scheme 1). 

 

We started this synthesis by examining the reaction of 

o-phenylenediamine (1 mmol) with benzil (1 mmol) as 

a model reaction in different solvents using 0.1 mmol of 

SDS. As shown in Table 1, among the various solvents, 

water is obviously the best choice for this reaction. The 

use of SDS allowed the direct conversion of o-

phenylenediamine into the corresponding quinoxaline 

in a yield of 93% in water (3 mL) at room temperature 

(Table 1, Entry 1). 

To find the optimum amount of SDS, the yields of the 

model reaction using various amounts of SDS (5, 10, 15 

and 20 mol%) were obtained and compared. The results 

were summarized in Table 2. From these results, it can 

be concluded that the yields of reaction in the presence 

small amount of SDS were good to high and the 

optimum amount of surfactant was 15 mol%, the 

desired product was obtained in 95% yield within 2 h. It 

is noteworthy that presence of surfactant is essential for 

this reaction and the reaction did not occurs in the 

absence of SDS even after a long time (Table 2, Entry 

1). 

Table 1. Comparison of various solvents for the surfactant-

assisted synthesis of 2,3-diphenyl quinoxalinea 

Entry Solvent Time (h:min) Yield (%)b 

1 H2O 2:00 93 

2 EtOH/H2O (1:3) 4:00 89 

3 EtOH 4:30 82 

4 THF 10:00 81 

5 CH3CN 10:00 81 

a Reaction conditions: Benzil (1.0 mmol), o-

phenylenediamine (1.0 mmol), sodium dodecyl sulfate 

(10 mol%), solvent (3 mL) b Isolated yields. 

Table 2. Effect amount of SDS on the yield of 2,3-diphenyl 

quinoxalinea 

Entry  SDS (mol %) Time (h) Yield (%)b 

1 0 24 --- 

2 5 2 91 

3 10 2 93 

4 15 2 95 

5 20 2 95 

a Reaction conditions: Benzil (1.0 mmol), o-phenylenediamine 

(1.0 mmol), water (3 mL) b Isolated yields 

In addition to SDS, we screened the effect of other 

surfactants such as cetyl trimethylammonium bromide 

(CTAB), tetradecyl trimethyl ammonium bromide 

(TTAB), dodecyl trimethyl ammonium bromide 

(DTAB), and Esterquat, on the time and yield of the 

model reaction. As shown the best result is refered to 

SDS (Table 3, Entry 1). 

 

Table 3. Effect of different surfactants on the reaction time and 

yield of 2,3-diphenylquinoxalinea 

Entry Surfactant Time (h) Yield (%)b 

1 SDS 2:00 93 

2 CTAB 3:30 85 

3 TTAB 5:00 85 

4 DTAB 4:00 86 

5 Esterquat 3:00 76 

6 DBSA[22] 2:00 96 

a Reaction conditions: Benzil (1.0 mmol), o-phenylenediamine 

(1.0 mmol) in the presence of 0.1 of various surfactants b Isolated 

yield 

The scope and the generality of the present method was 

then demonstrated by the condensation of various 

substituted o-phenylenediamine with 1,2-diketones 

using catalytic amount of SDS in water and the results 

are presented in Table 4. Using water as solvent at room 

temperature, quinoxaline derivatives with various 

functional groups were obtained in 1.25–14 h with 

excellent yields 92-97%. Among the reactions of 

different o-phenylenediamines and 1,2-diketones, no 

significant distinction on the yields of target products 

was observed. Even the sensitive substrate -furil 

(Table 4, entries 9-11) produced the corresponding 

quinoxalines without any difficulty. All substrates gave 

their corresponding quinoxaline exclusively as a single 

product. o-phenylenediamines with electron-donating 

and electron withdrawing groups both participated in 

this reaction equally well, apparently, the nature and 
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position of substitution on the aryl ring does not make 

much difference in reactivity. 

Two different mechanisms can be suggested for the 

synthesis of quinoxalines using SDS: (i) the micelle-

promoted mechanism in which the SDS micelles 

promotes formation of the quinoxalines in the micellar 

solution. o-Phenylenediamine and 1,2-diketone, which 

are both hydrophobic, are forced inside the hydrophobic 

core of the micelles, thus allowing the reaction to take 

place more easily (Scheme 2) [23], or (ii) the acid-

catalyzed mechanism which water or dodecyl hydrogen 

sulfate, which is formed in-situ by hydrolysis of SDS in 

water (Scheme 3) [24], can act as protic acids and 

facilitate nuclophilic attack of 1,2-diamines to 1,2-

diketones (Scheme 4) [25] 

 

 

Scheme 2 

 

 

 

 

Scheme 3 
 

 

Scheme 4 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. SDS assisted synthesis of quinoxaline derivatives in watera 

Entry 1,2-Diketone 1,2-Diamine Product 
Time 

 (h:min.) 

Yield 

(%)b 

1 Benzil o-Phenylenediamine Quinoxaline 2:00 95 

2 Benzil 4-Methylbenzene-1,2-diamine 6-Methyl-2,3-diphenylquinoxaline 1:40 96 

3 Benzil 4-Nitrobenzene-1,2-diamine 6-Nitro-2,3-diphenylquinoxaline 3:00 90 

4 Benzil 3,4-Diaminobenzophenone 6-Benzoyl-2,3-diphenylquinoxaline 5:00 94 

5 4,4'-Dimethoxybenzil 4-Methylbenzene-1,2-diamine 2,3-Bis(4-methoxyphenyl)-6-methylquinoxaline 2:00 95 

6 4,4'-Dimethoxybenzil 4-Methylbenzene-1,2-diamine 2,3-Bis(4-methoxyphenyl)-6-methylquinoxaline 1:30 97 

7 Phenanthrenequinone 4-Methylbenzene-1,2-diamine 11-Methyldibenzo[a,c]phenazine 1:40 97 

8 Phenanthrenequinone 3,4-Diaminobenzophenone 11-Benzoyldibenzo[a,c]phenazine 14:00 92 

9 Phenanthrenequinone o-Phenylenediamine Dibenzo[a,c]phenazine 2:00 96 

10 -Furil o-Phenylenediamine 2,3-Di(furan-2-yl)quinoxaline 1:35 95 

11 -Furil 4-Methylbenzene-1,2-diamine 2,3-Di(furan-2-yl)-6-methylquinoxaline 1:20 96 

12 -Furil 3,4-Diaminobenzophenone 6-Benzoyl-2,3-bis(furan-2-yl)quinoxaline 14:00 93 

a The products were characterized by spectroscopic (1HNMR and 13CNMR)comparison of their spectroscopic and physical data with 

authentic samples synthesized by reported procedures. b Yields refer to pure isolated product 
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4. Conclusion 

In conclusion, we have presented a green procedure for 

the synthesis of quinoxalines from o-phenylenediamine 

and 1,2-diketones in the presence of SDS in water as 

green solvent. The present procedure has many 

advantages such as mild conditions, easy operation 

procedures and environment friendly.  
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