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Abstract: Quinoxalines as building blocks in many drugs were synthesized via condensation of  α-diketones and o-
phenylenediamines in the presence of Mg(HSO4)2 as a catalyst. The reaction was carried out at room temperature and 
sonication conditions with high to excellent yields. 
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Introduction 
The quinoxaline core is present in many drugs with 

antitumor [1-3], anticancer [4], antiamoebic [5], 
anticonvulsant [6], antimalarial [7], antiinflamatory-
antioxidant [8], and antiprotozoal activity [9]. Some 
fluorescent dyes [10], electroluminescent materials 
[11], chemically controllable switches [12], and 
organic semiconductors also contain the quinoxaline 
moiety [13]. Because of The important application of 
quinoxaline compounds in both medicinal and 
industrial fields, a number of protocols have been 
developed for the synthesis of quinoxaline derivatives. 
The best reported method for their synthesis is the 
reaction of aryl 1,2-diamine with a 1, 2-dicarbonyl 
compound in the presence of an acid as catalyst. Acetic 
acid [14], iodine [15], CuSO4.5H2O [16], Zn[(L) 
proline] [17], Ni-Nanoparticles [18], galliun(III)triflate 
[19], Montmorillonite K10 [20], task-specific ionic 
liquids [21], MnCl2 [22], and ZrO2/Ga2O3/MCM-41 
[23] have been applied in the above mentioned method. 

The use of ultrasound in organic transformation is 
now well known to enhance rates, yields and 
selectivity of reactions. Ultrasound in several cases 
facilitates organic transformation at ambient conditions 
which otherwise require drastic conditions of 
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temperature and pressure.  
Mg(HSO4)2 as an inorganic solid acid, was used as 

catalyst for various organic transformation [24]. This 
solid acid has many advantages such as low cost, 
simple preparation, easy handling and it is eco-
friendly. 

Results and discussion 
In continuation of our investigations on the 

applications of solid acids in organic synthesis (25-29), 
we investigated the synthesis of quinoxalines in the 
presence of Mg(HSO4)2 at  room temperature or  under 
sonication  conditions. Herein, we report that 
Mg(HSO4)2 is an efficient catalyst for the synthesis of 
quinoxaline derivatives  comparable with some other 
applied catalysts. The reaction of 1, 2-
phenylenediamine with benzil was investigated for 
optimization of the reaction conditions. Reaction at 
different temperatures and various molar ratios of 
substrates in the presence of Mg(HSO4)2 revealed that 
the best results were obtained under solvent-free 
conditions at room temperature and a molar ratio of 1, 
2-phenylenediamine/ benzil/Mg(HSO4)2 equal to 
1:1:0.1. The feasibility of the ultrasonic-assisted 
synthesis of quinoxaline in the presence of Mg(HSO4)2
was also demonstrated. The results obtained show that 
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sonications in CHCl3 at room temperature reduced the reaction time to 5 min (Table 1).  
Table 1. The synthesis of quinoxaline from 1, 2-phenylenediamine (1mmol) with benzil (1mmol) under various conditions. 

Ent. Catal. (mmol) Solv. Cond. Time(min)/ 
yield(%)[ref.] 

1 Mg(HSO4)2 / 0.12 CHCl3 r.t. 10/85
2 Mg(HSO4)2 / 0.10 CHCl3 ref. 10/92 
3 Mg(HSO4)2 / 0.12 EtOH r.t. 8/89 
4 Mg(HSO4)2 / 0.10 EtOH ref. 6/89
5 Mg(HSO4)2 / 0.10 - r.t. 9/98 
6 Mg(HSO4)2 / 0.10 EtOH ult./ r.t. 5/48 
7 Mg(HSO4)2 / 0.10 EtOH ult./ r.t. 5/68
8 Mg(HSO4)2 / 0.10 EtOH ult./ ref. 5/52
9 Mg(HSO4)2 / 0.10 CHCl3 ult./ r.t. 4/78 
10 Mg(HSO4)2 / 0.10 CHCl3 ult./ r.t. 5/97 
11 Mg(HSO4)2 / 0.10 CHCl3 ult./ ref. 3/95
12 I2 / 0.10 CH3CN r.t 3/98[15a]

13 I2 / 0.10 DMSO r.t 35/95[15b]

14 CuSO4 .5H2O / 0.10 H2O r.t 15/96[16]

15 CuSO4 .5H2O / 0.10 EtOH r.t. 8/97[16]

16 Zn[(L)proline] / 0.10 HOAc r.t. 5/99[17]

17 Ga(OTf)3 / 0.05 EtOH r.t. 5/96[19]

18 HOAc / 0.15 mL MeOH MW 5/99[14]

19 HOAc / 0.15 mL ETOH ref. 12(h)/85[14]

20 K10 / 0.10 H2O r.t. 2.5(h)/100[20]

21 ZrO2/Ga2O3/MCM-  
41/0.2 g CH3CN r.t. 2h/97[23] 

The applicability of the present method to a large 
scale process was examined with condensation of 10 
mmol of 1,2-phenylenediamine and 10 mmol of  benzil  
under solvent free condition at room temperature 
which gave 2, 3-diphenylquinoxaline in 90% yield. 
Various 1, 2-phenylenediamines and 1, 2-diketones 
were used as substrates for the synthesis of 
quinoxalines under solvent free at room temperature or 
sonication conditions (Scheme 1 and Table 2). 
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Scheme 1: Synthesis of quinoxalines in the presence of 
Mg(HSO4)2

We also have reported the synthesis of quinoxalines 
via the reaction of α-hydroxyketones with o-
phenylenediamines followed by oxidation with 
trichloromelamine (TCM). The best conditions for 
reaction of 1, 2-phenylenediamine with benzoine in the 
presence of Mg(HSO4)2 was solvent-free at room 
temperature and a molar ratio of 1, 2-

phenylenediamine: benzoin: Mg(HSO4)2, equal to 
1:1:0.10. After completion of the reaction, the mixture 
washed with EtOH (10 mL) and filtered to obtain 2,3-
diphenyl-1, 2-dihydroquinoxaline as intermediate 
(yield 93%, mp 136°C). The intermediate was oxidized 
in the presence of TCM (0.5 mol %) under solvent-free 
and room temperature condition. After completion of 
the reaction, the mixture was washed with EtOH (10 
mL) and filtered to obtain 2, 3-diphenylquinoxaline 
(96% yield, Scheme 2). 

Scheme 2: Conversion of benzoine to quinoxaline in the 
presence of Mg(HSO4)2
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Table 2. The synthesis of 2, 3-quinoxaline in the presence of Mg(HSO4)2, at room temperature or under ultrasonic irradiation.a

Ent. Prod. 
 

Method A 
Time(min)/ 
Yield (%)b

Method B 
Time(min)/ 
Yield (%)b

m.p (°C)ref 

1
N

N

9/98 5.00/97 127-128[15a] 

2
N

N

7/97 4.00/94 115-116[20] 

 

3
N

NO2N

8/93 4/92 191-192[20] 

 
4

N

N

OMe

OMe

6/94 4 /95 151-152[16] 

 
5

N

N

OMe

OMe

5/95 3 /96 126-127[16] 

 

6
N

NO2N

OMe

OMe

7/91 4 /92 192-193[16] 

7
N

N

F

F

4/97 3/97 134-135[17] 

 

8
N

N

F

F

5/98 3/98 164-165[17] 

9
N

N

F

F

O2N

7/96 4/93 175-176[17] 

10 
N

N CH3

CH3

5/82 3/80 98-99[23,20] 

11 
N

N CH3
NO2

CH3

5/73 3/71 135-136[23] 

a All  the products are known and were characterized by IR and 1H-NMR and by comparison of their physical properties with those reported in the literature.  
bIsolated yield. 

Conclusion 

In conclusion, we have demonstrated a simple 
method for the synthesis of quinoxaline using 
Mg(HSO4)2 as an eco-friendly, inexpensive,  less time-
consuming and efficient reagent. Short reaction times, 

high yield, simplicity of operation and easy work-up 
are some advantages of this method. 

Experimental 
The materials were purchased from Sigma–Aldrich 

and Merck and were used without any additional 
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purification. The compounds gave all satisfactory 
spectroscopic data. A Bruker (DRX-500 Avanes) 
NMR was used to record the 1H-NMR and 13C-NMR 
spectra. All NMR spectra were determined in CDCl3 at 
ambient temperature. Melting points were measured on 
an Electrothermal. BANDELIN Sonopuls HD 3200 
ultrasonic apparatus (20 kHz, 150 W) was used for 
sonication. All of the products are known and were 
characterized by IR and 1H-NMR and comparison of 
their physical properties with those reported in the 
literature. 

General procedure for the synthesis of quinoxalines:  

Method A: A mixture of 1, 2-phenylenediamine 
(1 mmol), benzil (1 mmol) and Mg(HSO4)2 (0.1 mmol) 
was stirred at r.t. The reaction was monitored by TLC. 
After completion, the mixture was washed with CHCl3
(5 ml) and filtered to recover the catalyst. The solvent 
was evaporated and the crude product recrystallized 
from EtOH (5 ml) to afford pure quinoxaline 
derivatives.  

 Method B: The mixture of 1, 2-phenylenediamine 
(1 mmol), benzil (1 mmol), Mg(HSO4)2 (0.1 mol) and 
CHCl3 (10 ml) was placed in a flat bottom flask and 
irradiated in the ultrasonic apparatus. After completion, 
the mixture was filtered to recover the catalyst. The 
solvent was evaporated and the residue was 
crystallized from EtOH (5 ml). All products were 
known and were identified by comparison of their 
physical and spectroscopic data with those of authentic 
samples. 

Acknowledgments 
The Research Council of Yazd University is 

gratefully acknowledged for the Financial support for 
this work. 

References 
[1] Undevia, S. D.; Innocenti, F.; Ramirez, J.; House, 

L.; Desai, A. A.; Skoog, L. A.; Singh, D. A.; 
Karrison, T.; Kindler, H. L.; Ratain, M. J. Euro. J. 
Cancer 2008, 44, 1684. 

[2] Corona, P.; Carta, A.; Loriga, M.; Vitale, G.; 
Paglietti, G. Eur. J. Med  Chem. 2009, 44, 1579. 

[3] Urquiola, C.; Gambino, D.; Cabrera, M.; Lavaggi, 
M. L.; Cerecetto, H.; Gonzalez, M.; Cerain, A. L.; 
Monge, A.; Costa-Filho, A. J.; Torre, M. H. J. 
Inorg. Biochem. 2008, 102, 119. 

[4] Weng, Q.; Wang, D.; Guo, P.; Fang, L.; Hu, Y.; 
He, Q.; Yang, B. Eur. J. Pharm. 2008,581, 262.

[5] Budakoti, A.; Bhat, A. R.; Azam, A. Eur. J. Med. 
Chem. 2009, 44, 1317. 

[6] Wagle, S.; Adhikari, A. V.; Kumari, N. S. Eur. J. 
Med. Chem. 2009, 44, 1135. 

[7] Vicente, E.; Lima, L. M.; Bongard, E.; Charnaud, 
S.; Villar, R.; Solano, B.; Burguete, A.; Perez-
Silanes, S.; Aldana, I.; Vivas, L.; Monge, A. Euro. 
J. Med. Chem. 2009, 44, 1545. 

[8] Burguete, A.; Pontiki, E.; Hadjipavlou-Litina, D.; 
Villar, R.; Vicente, E.; Solano, B.; Ancizu, S.; 
Pérez-Silanes, S.; Aldana, I.; Monge, A. Bioorg. & 
Med. Chem. Lett. 2007, 17, 6439. 

[9] Hui, X.; Desrivot, J.; Bories, C.; Loiseau, P. M.; 
Franck, X.; Hocquemiller, R.; Figadère, B. Bioorg. 
Med. Chem. Lett. 2006, 16, 815.

[10] Jaung, J.-Y. Dyes and Pigm. 2006, 71, 245. 
[11] Thomas, K. R. J.; Velusamy, M.; Lin, J. T.; 

Chuen, C.-H.; Tao, Y.-T. Chem. Mater. 2005, 17,
1860.; Jonathan, L. S.; Hiromitsu, M.; Toshihisa, 
M.; Vincent, M. L.; Hiroyuki, F. Chem. Commun. 
2002, 8, 862.; Justin Thomas, K. R.; Marappan, 
V.; Jiann, T. L.; Chang-Hao, C.; Yu-ai, T. Chem. 
Mater. 2005, 17, 1860. 

[12] Crossley, J. C.; Johnston, L. A. Chem. Commun.
2002, 1122. 

[13] Dailey, S.; Feast, J. W.; Peace, R. J.; Sage, I. C.; 
Till, S.; Wood, E. L. J. Mater. Chem. 2001, 11,
2238; O’Brien, D.; Weaver, M. S.; Lidzey, D. G.; 
Bradley, D. D. C. Appl. Phys. Lett. 1996, 69,
881; Dailey, S.; Feast, J. W.; Peace, R. J.; Saga, R. 
C.; Till, S.; Wood, E. L. J. Mater. Chem. 2001, 11,
2238. 

[14] Zhao, Z.; Wisnoski, D. D.; Wolkenberg, S. E.; 
Leister, W. H.; Wang, Y.; Lindsley, C. W. 
Tetrahedron Lett., 2004, 45, 4873. 

[15] More, S. V.; Sastry, M. N. V.; Wang, C.-C.; Yao, 
C.-F. Tetrahedron Lett. 2005, 46, 6345; Bhosale, 
R. S.; Sarda, S. R.; Ardhapure, S. S.; Jadhav, W. 
N.; Bhusare, S. R.; Pawar, R. P. Tetrahedron Lett.
2005, 46, 7183. 

[16] Heravi, M. M.; Taheri, S.; Bakhtiari, K.; Oskooie, 
H. A. Catal. Commun. 2007, 8, 211. 

[17] Heravi, M. M.; Taheri, S.; Bakhtiari, K.; Oskooie, 
H. A. Catal. Commun. 2007, 8, 1341. 

[18] Kumar, A.; Kumar, S.; Saxena, S. A.; De, A.; 
Mozumdar, S. Catal. Commun. 2008, 9, 778. 

[19] Cai, J.-J.; Zou, J.-P.; Pan, X.-Q.; Zhang, W. 
Tetrahedron Lett. 2008, 49, 7386. 

[20] Huang, T.-K.; Wang, R.; Shi, L.; Lu, X.-X. Catal. 
Commun. 2008, 9, 1143. 

[21] Dong, F.; Kai, G.; Zhenghao, F.; Xinli, Z.; 
Zuliang, L. Catal. Commun. 2008, 9, 317. 



Iranian Journal of Organic Chemistry Vol. 3, No. 4(2011) 755-759                                                    B. F. Mirjalili et al.   

759 
 

[22] Heravi, M. M.; Bakhtiari, K.; Oskooie, H. A.; 
Taheri, S. Heteroatom Chem. 2008, 19, 218. 

[23] Ajaikumar, S. Pandurangan, A. Appl.Catal. A: 
General, 2009, 357, 184. 

[24] Shirini, F.; Zolfigol, M.A.; Salehi, P.; Abedini, M. 
Curr. Org. Chem., 2008, 12, 183. 

[25] Mirjalili, B. F.; Bamoniri, A.; Zahra Zaghaghi, Z.  
Iran. J. Org. Chem. 2011, 3, 621. 

[26] Bamoniri, A.; Mirjalili, B. F.; Ghorbani-
Choghamarani, A.; Akbari, A.; Yazdanshenas, M. 
E.; Shayanfar, A. Iran. J. Org. Chem. 2011, 3,
603. 

[27] Bamoniri, A.; Mirjalili, B. F.; Pooladsanj, S.; 
Teymouri, F.; Iran. J. Org. Chem. 2011, 3, 573. 

[28] Bamoniri, A.; Mirjalili, B.F.; Ghorbani-Ch., A.; 
Yazdanshenas, M. E.; Shayanfar, A.; Akbari, A.; 
Iran. J. Catal. 2011, 2, inpress.   

[29] Mirjalili, B.F.; Bamoniri, A.; Akbari, A. Iran. J. 
Catal. 2011, 1, 87. 

 


