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ABSTRACT: La(OAc)3 has been used as an efficient catalytic system for the synthesis of 

quinoxalines. This method provides several advantages over methods that are currently employed 

such as a simple work-up, mild reaction conditions, good to excellent yields, and a process  

to recover and reuse the catalyst for five cycles with consistent activity. 
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INTRODUCTION 

Quinoxalines, an important class of fused heterocyclic 

compounds [1,2], have attracted much synthetic attention 

because of their wide range of pharmacological and 

therapeutic activities such as anticancer [3],  

anti-inflammatory [4], anti-depressant [5], anti-HIV [6], and 

anti-viral [7]. In addition to the medicinal applications, 

they have been used as dyes [8] and important 

intermediates in the synthesis of organic semiconductors [9], 

chemically controllable switches [10], building blocks  

for the synthesis of anion receptors [11], cavitands [12], 

and dehydoannulenes [13]. The most common approach 

for the preparation of quinoxalines involves the 

condensation of 1,2-aryldiamine with 1,2-diketone  

in refluxing ethanol or acetic acid [14]; but, there are many 

reports which has been focused on finding new catalysts 

to improve the yield of this condensation reaction. Many 

catalysts including I2 [15,16], SA [17], Montmorillonite 

K-10 [18], SSA [19], H6P2W18O62�.24H2O [20], InCl3 [21], 

MnCl2 [22], CuSO4.5H2O [23], Zn/L-Proline [24], and  

 

 

 

CAN [25] have been explored. However, most of these 

procedures have significant drawbacks such as long 

reaction times, low yields of the products, harsh reaction 

conditions, difficult work-up, and the use of expensive 

and environmentally toxic catalysts, reagents, or media. 

In addition, some of the starting materials have to be 

synthesized and purified first, hence these methods are 

time-consuming. Thus, the development of new catalytic 

methods is highly desirable. In this article, we report  

an efficient protocol for the synthesis of quinoxaline 

derivatives in good to excellent yields by the 

condensation of 1,2-diamines with 1,2-diketones 

catalyzed by La(OAc)3 in water. 

 

EXPERIMENTAL SECTION 

Chemicals and instrumental analysis  

Commercial grade 1,2-diamines and 1,2-ketones were 

purchased from Merck or Aldrich. The solvents were of 

analytical grade and were used as received. Silica gel  
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(Merck, grade 9385, 230-400 mesh, 60 A°) for column 

chromatography was used as received. The course of  

the synthesis and the purity of the products were followed by 

TLC on silica gel plates (Merck F60254, 20110, 0.2 mm, 

ready-to-use), using ethyl acetate/ n-hexane (1:4)  

as eluent. The eluent for column chromatography was  

the same as the TLC eluent. Melting points were recorded 

using a Buchi B540 melting point apparatus and are 

uncorrected. 1H and 13C NMR spectra were recorded  

at room temperature on a Bruker AC 400 and 500 MHz 

spectrometers using CDCl3 or DMSO-d6 as the NMR 

solvents. 1H NMR spectra are referenced to 

tetramethylsilane (0.00 ppm) and 13C NMR spectra are 

referenced from the solvent central peak (for example, 

77.23 ppm for CDCl3). Chemical shifts are given in ppm. 

GC-MS (EI), 70 ev, HP6890 Column: HP-5 (30 m × 

0.25mm × 0.2 umL MSD: HP5793) were used to record 

the mass spectra. IR spectra were taken as KBr pellets o 

n an ABB Bomem MB-100 FT-IR spectrophotometer.  

IR is reported as characteristic bands (cm-1) at their maximum 

intensity. 

 

General procedure for the synthesis of quinoxaline 

derivatives (Table 2, entries 1-19) 

To a stirred solution of of an appropriate 1,2-diketone 

(1 mmol) and 1,2-diamine (1 mmol) in water (5 mL),  

a catalytic amount of La(OAc)3 (20 mol %) was added,  

and the mixture was stirred at 100 °C (reflux) for  

an appropriate time (Table 2). After completion of  

the reaction (monitored by TLC), the mixture was cooled 

to room temperature, the product was recrystallized from 

EtOH and collected by filtration or purified by column 

chromatography on silica gel using ethylacetate/  

n-Hexane (1:4 v/v) as the eluent to give the analytically 

pure quinoxalines.  

 

2,3-bis(4-fluorophenyl)pyrido[3,4-b]pyrazine (3d) 
1H NMR (500 MHz, CDCl3), � 9.58 (s, 1H), 8.83 (d,  

J = 5.5 Hz, 1H), 7.97 (d, J = 6.0, 1H), 7.51-7.57 (m, 4H), 

7.06-7.09 (m, 4H); 13C NMR (75 MHz, CDCl3) � (ppm): 

165.3, 165.2, 162.0, 161.8, 156.6, 154.4, 154.0, 147.5, 143.5, 

136.2, 134.1, 132.0, 131.8, 131.8, 131.7, 121.2, 115.9, 115.6.; 

IR (� (cm-1)): 3049, 1597, 1509, 1381, 1325, 1230, 835; MS m/z 

(%) 319.09 (100.0%), 320.10 (20.7%), 321.10 (2.0%), 320.09 

(1.1%); Anal. Calcd for C19H11F2N3: C, 71.47; H, 3.47; F, 

11.90; N, 13.16. Found: C, 71.50; H, 3.46; F, 11.90; N, 13.14. 

 

 

 

 

 

 

 

Scheme 1: Model reaction. 

 

2,3-bis(4-fluorophenyl)pyrido[2,3-b]pyrazine (3h) 
1H NMR (500 MHz, CDCl3), � 8.32 (d, J = 2.4, 1H), 

7.69 (d, J = 8.2 Hz, 1H), 6.99 (dd, J = 8.2, 4.2 Hz, 1H), 

6.74 (m, 4H), 6.30 (m, 4H); 13C NMR (125 MHz, CDCl3) 

� 163.8, 161.9, 161.8, 154.4, 154.2, 152.8, 149.2, 137.7, 

135.8, 134.3, 134.2, 132.0, 132.0, 131.9, 131.8, 125.8, 

115.3, 115.1, 115.0; IR (� (cm-1)): 2925, 1728, 1597, 

1548, 1508, 1446, 1386, 1331, 1226, 832; Anal. Calcd for 

C19H11F2N3 (319.3): C, 71.47; H, 3.47; N, 13.16. Found: 

C, 71.64; H, 3.59; N, 13.38.  

 

2,3-di(pyridin-4-yl)pyrido[2,3-b]pyrazine (3o) 
1H NMR (500 MHz, CDCl3), 8.94 (d, J = 4.1 Hz, 1H), 

8.32 (d, J = 8.4 Hz, 1H), 8.14 (dd, J = 9.7, 4.8 Hz, 1H), 

7.68-7.81 (m, 5H), 7.69 (d, J = 7.8 Hz, 1H), 7.57 (d, J = 

7.8, 1H), 7.29 (m, 2H) ); 13C NMR (125 MHz, CDCl3) � 

155.8, 154.2, 154.1, 152.7, 148.8, 148.7, 148.4, 138.6, 

138.5, 136.3, 136.3, 128.1, 127.5, 125.7, 125.5, 125.2, 

125.0.; MS m/z (%) 285.10 (100.0%), 286.10 (20.2%), 

287.11 (1.6%). 

 

RESULTS  AND  DISCUSSION 

In order to get the best experimental results, we have 

considered the model reaction of o-phenylenediamine and 

benzil (Scheme 1) in different solvents and catalysts 

amount (Table 1). Reactions in EtOH and MeOH gave 

low yield of products in 120 min (Table 1, entries 3 and 4), 

while DMF and DMSO gave moderate yield of  

products within 60 min (Table 1, entries 1 and 2). 

Reactions in H2O provided desired product in 94% yield 

(Table 1, entry 5).  

Because of high product yield, being environmentally 

benign, and good availability, water was chosen as a solvent 

for further reaction optimization. In the study of catalyst 

loading, 10%, 15%, and 20 mol % of La(OAc)3 were tested, 

with 20 mol % of catalyst gave quantitative yield in 60 min 

(Table 1, entry 5), whereas 10% and 15 mol % catalyst 

�
NH 2

NH 2

O

O N

N

1a 2a 3a

20 mol% La (OAc)3

100 C
O
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Table 1: La(OAc)3-catalyzed condensation of o-phenylenediamine 1a and benzil 2a. 

Entrya
�� Solvent La(OAc)3 (%) Time (min) Yieldb (%) 

1 DMSO 20 60 71 

2 DMF 20 60 78 

3 EtOH 20 120 52 

4 MeOH 20 120 55 

5 H2O 20 60 94 

6 H2O 15 60 67 

7 H2O 10 60 49 

8 H2O none 200 0 

a) all reactions performed at 100°C.    b) Isolated Yield. 

Table 2: Heterocyclic derivatives from the reaction of 1,2-diamines and 1,2-diketones catalyzed by 20 mol % La(OAc)3. 

Entry 1,2- Diamine 1,2- Diketone Product Yielda (%) Time (h) Ref. 

1 
 

1a 

�

�

 
2a 

 
3a 

94 1 [20] 

2 
 

1b 
 

2a 

 
3b 

92 2.5 [20] 

3 

 
1c 

 
2b 

 
3c 

89 3 [26] 

4 

 
1c 

 
2c 

 
3d 

90 2.5 b 

5 

 
1d 

 
2a 

 
3e 

89 2.5 [27] 
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Table 2: 

6 

���

���  
1a 

 
2d 

 
3f 

95 0.5 [27] 

7 

 
1c 

 
2a 

 
3g 

90 2.5 [28] 

8 

 
1d 

 
2c 

 
3h 

95 2.5 b 

9 

 
1e 

 
2b 

 
3i 

93 2.5 [27] 

10 

 
1f 

 
2a 

 
3j 

96 2 [29] 

11 

���

���  
1e 

 
2a 

 
3k 

94 1 [29] 

12 
 

1b 
 

2d 

�

����

 
3l 

95 0.5 [27] 

13 
 

1a 

 
2b 

 
3m 

91 2.5 [27] 
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Table 2: 

14 

 
1e 

 
2d 

 
3n 

97 0.5 [27] 

15 
 

1d 
 

2e 
 

3o 

86 2.5 b 

16 

 
1d 

 
2d 

 
3p 

96 0.5 [27] 

17 

 
1d 

 
2b 

 
3q 

92 2.5 [27] 

18 
 

1d  
2f 

 
3r 

86 2 [30] 

19 

 
1d 

 
2g 

 
3s 

86 2 [30] 

 

a) Isolated Yield.     B) Their spectroscopic data have been reported in Experimental Section. 

 

loading only gave 49% and 67% yields respectively  

at reaction time of 60 min (Table 1, entries 6 and 7). When  

the same reaction was carried out in the absence of catalyst,  

the reaction did not yield the product even after 200 min, which 

indicates that catalyst is obviously necessary for the reaction 

(Table 1, entry 8). To clarify the catalytic role of La3+ ions, 

we used NaOAc (20 mol%) as the catalyst for the model 

reaction under optimized conditions in the absence of 

La(OAc)3, and no product was obtained (yield = 0 %).  

In this regard, we can attribute the catalytic activity of 

La(OAc)3 to the La3+ ions. 

Using the optimized reaction conditions, a range of 

substituted quinoxalines were synthesized (Table 2).  

It can be seen that in all cases, the difference in reactivity 

of diamines or diketones can be compensated by changing 

the reaction times. For example, the less reactive systems 

including substituted 1,2-phenylenediamines bearing 

electron-withdrawing groups (EWG) (Table 2, entry 2) 
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Table 3: Comparison of our results with some previously reported data for the synthesis of compound 3q. 

Method Temperature (°C) Time (h) Yielda (%) Ref. 

Uncatalysed reactions in mixture of EtOH and AcOH Reflux 16 97 [30] 

ZrCl4 20 4 95 [27] 

Silica-supported stannous chloride 20 3 94 [31] 

La(OAc)3 100 2.5 92 This work 

a) Isolated Yield. 

 

and diaminopyridines (Table 2, entries 3-5) were more 

slowly condensed and needed longer reaction times  

to reach quantitative conversion to the desired products.  

We compared some previously reported data for the 

synthesis of 3q (Table 2, entry 17) with our protocol 

(Table 3). As one can see our results show a very good 

comparability with previously reported data in terms of 

yields and reaction times. 

 

CONCLUSIONS 

To sum up a La(OAc)3-promoted synthesis of 

quinoxaline derivatives has been developed. High yields, 

short reaction times, and neat conditions are the important 

advantages of this protocol. 
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