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Introduction 

Quinoxalines are a kind of important nitrogen-containing 

heterocycle due to their significant pharmacological and 

biological properties (Scheme 1).
1-7

 National Cancer Institute 

(Bethesda, MD), for example, showed that compounds (I and II) 

have in vitro anticancer activity.
8
 Min Teng and co-workers 

reported that compound III, served as the hGLP-1 receptor 
agonist, is the most potent and efficacious compound in their is 

the most potent and efficacious compound in their system.
9
 Over  

 

 

 

 

 

 

 

 

 

 

Scheme1. Several quinoxaline-containing active 

moleculars 
 

 

 

 

 

 

 

 

 

 

Scheme 2. Different synthetic approaches toward vicinal 

tricarbonyl compounds 

 
the past decades, various synthetic strategies to construct this 

skeleton have been reported.
10-19

 Among these strategies, vicinal 

tricarbonyl intermediate is the most common one to treat with 

phenylene diamine.
20

 

In order to construct this key intermediate,
21-26

 two approaches 

are put forward. One is a two-step procedure, i.e. β–dicarbonyls 

or other substrates are firstly employed to construct α-functional 

β-dicarbonyls and then followed by oxidation.
27-39

 The other is 

that β-dicarbonyls are directly oxidized by strong oxidations, 

such as Dess–Martin periodinane (DMP),
40

 2-iodoxybenzoic acid 

(IBX),
41

 iodosobenzene (PhIO),
42

 SeO2,
43

 cerium ammonium 

nitrate (CAN)
44

 or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone  
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Vicinal tricarbonyl intermediates are directly synthesized from β–dicarbonyls with the aid of Cu 

(II) salts and air, and they are further condensed with phenylene diamine to produce a range of 

quinoxalines in moderate to good yields in one-pot reaction. 
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Table 1. Optimization of the reaction conditiona 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aReaction was carried out with 0.1 mmol ethyl benzoylacetate and catalyst in 

2 mL solvent in air for 1 h and then 0.2 mmol benzene-1,2-diamine was 
added and reacted for 2 h at room temperature. 

bYields were determined by 1H-NMR analysis using diphenylmethanol as an 
internal standard. 

cStep I at  40 oC. 

d
Amount of catalyst is 10 mol%. 

e Amount of catalyst is 5 mol%. 

(DDQ)/2,2,6,6-tetramethyl piperidin-1-oxyl (TEMPO)
45

. 

However, the tedious synthesis strategies or the use of strong 

oxidation reagents undoubtedly increase the cost of reactions and 
restrict the sequent reacions in synthetic chemistry, which are not 

satisified with requirement of green chemistry and atom 

economy. Searching for a mild and green procedure is timely. 

Herein, we report a direct strategy that is able to convert β–

dicarbonyls to vicinal tricarbonyl intermediates using catalytic 

amount of Cu(II) salts in air without strong oxidation. 
Subsequently, these intermediates are condensed with benzene-

1,2-diamine to form quinoxaline derivatives in one pot. This 

efficiently and atom-economically synthetic strategy can tolerate 

a wide scope of functional groups from moderate to good yields 

(Scheme 2). 

Results and discussion 

In our initial investigation, we used ethyl benzoylacetate (1a) 

and benzene-1,2-diamine (2a) as model substrates (Table 1). 1a 

(0.1 mmol) and Cu(OTf)2 (20 mol %) were stirred in 2 mL 

CH3CN at 50 
o
C in air for 1 h, and then 2a (0.2 mmol) was added 

into the above system. After the reaction completed, 51% yield of 

3a was obtained (Table 1, entry 1). Based on this result, we 

optimized the reaction conditions. When Cu(OTf)2 was replaced 

by other salts, such as Cu(CH3CN)4PF6, Cu(NO3)2· 2.5H2O, 

Zn(NO3)2·6H2O and Fe(NO3)3·9H2O (Table 1, entries 2–5), the 

reaction was inefficient except for Cu(NO3)2· 2.5H2O that could 
improve the yield to 72%. The optimization of solvents indicated 

that acetonitrile was the only appropriate solvent towards our 

reaction (Table 1, entry 3 and entries 6 –12). Temperature also 

played a vital role in this reaction. When the temperature 

decreased from 50 
o
C to 40 

o
C, inferior result was obtained 

(Table 1, entry 13). At last, we reduced the amount of catalyst 

and found 10 mol % of Cu(II) salt was adequate for this 

conversion (Table 1, entries 14 and 15). 

With the optimized reaction conditions in hand (Table1, entry 

14), we explored the scopes of this conversion (Table 2). Both 

electron-donating and electron-withdrawing substitution at the 

phenyl ring of the benzoyl group could be tolerated in this system. 

The substrates of p-methyl, p-methoxyl p-fluoro, p-bromo even 

p-nitro substituted smoothly reacted with benzene-1,2-diamine, 
giving moderate to good yields (Table 2, 3b–3f). Other 

heterocyclic aromatic substrates were also suitable for our 

system. When ethyl 3-(furan-2-yl)-3-oxopropanoate (1g) and 

ethyl 3-oxo-3-(thiophen-2-yl) propanoate (1h) separately reacted 

with benzene-1,2-diamine (2a) in standard conditions, relevant 

products were achieved with the yield of 63% and 60% (Table 2, 
3g and 3h). Moreover, aliphatic β-keto ester could also proceed 

to generate corresponding quinoxaline (Table 2, 3i). Afterward, 

we investigated the scope of R
2
. Apart from ethyl benzoylacetate 

3a, butyl, cyclohexyl, benzyl benzoylacetate and β-ketoamide 

generated the corresponding products with moderate yields  

Table 2. Synthesis of quinoxaline derivatives
a
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Reaction was carried out on 0.1 mmol β-dicarbonyl substrate, 10 mol % 
Cu(NO3)2•2.5H2O, in 2 mL CH3CN, at 50 oC, in open flask for 1 h, then 

followed by the addition of 0.2 mmol various 1,2-phenylene diamine 
substrate at room temperature for 2 h. The isolated yield was based on 1.  

b The reaction was carried out at 50 oC for 3 h, followed by the addition of 0.2 
mmol benzene-1,2-diamine at room temperature for 3 h. 

c The pyrazino[2,3-b]pyrazine-2,3-diamine was dissolved in 2 mL CH3OH 
then added into system. 

entry     catalyst solvent yield (%)
b 

  1 Cu(OTf)2 CH3CN 51 

  2 Cu(CH3CN)4PF6 CH3CN 0 

  3 Cu(NO3)2·2.5H2O CH3CN 72 

  4 Zn(NO3)2 ·6H2O CH3CN 0 

  5 Fe(NO3)3·9H2O CH3CN 0 

  6 Cu(NO3)2·2.5H2O 1,4-dioxane 0 

  7 Cu(NO3)2·2.5H2O DCM 0 

  8 Cu(NO3)2·2.5H2O toluene 0 

  9 Cu(NO3)2·2.5H2O DMSO 0 

 10 Cu(NO3)2·2.5H2O CH3OH 0 

 11 Cu(NO3)2·2.5H2O THF 0 

 12 Cu(NO3)2·2.5H2O DMF 0 

 13
c
 Cu(NO3)2·2.5H2O CH3CN 47 

 14
d 

Cu(NO3)2·2.5H2O CH3CN 72 

 15
e 

Cu(NO3)2·2.5H2O CH3CN 57 
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Scheme 3. Control experiments 

(Table 2, 3j–3n). As for 3i and 3m, a part of starting materials 
was decomposed in our systerm leading to the low yields. At the 

same time, various 1,2-phenylene diamines were used to react 

with ethyl benzoylacetate (1a). The quinoxaline derivated from 

4-fluoro substrate was isolated with two isomers in the ratio of 

1:3 (Table 2, 3o and 3o'). Other symmetric disubstituted 1,2-

diaminobenzene, such as difluoro, dichloro, dimethyl, dimethoxy 
and naphthalene, could generate the desired products with 58%–

74% yields (Table 2, 3p–3t). Heteroaromatic diamine pyrazine-

2-3-diamine could produce final product in 33% yield. Since the 

low solubility of starting material in acetonitrile, tricarbonyl 

intermediate was not able to react with diamine efficiently. Yet 

diethyl malonate could not be converted into the relevant 
tricarbonyl intermediate by this method. 

In order to shed light on the mechanism, some control 

experiments were carried out (Scheme 3).
46,47

 When 2 equivalent 

TEMPO was added, no target compound was obtained. 

Interestingly, an adduct 5a of β-dicarbonyl radical and TEMPO 

was observed with an isolated yield of 55% (Scheme 3, eq 1). 
This result demonstrated a radical procedure in this system and β-

dicarbonyl radical generated from 1a was a key intermediate. 

Moreover, some vicinal tricarbonyl intermediates 4 could be 

isolated in the absence of benzene-1,2-diamine (Scheme 3, eq 2). 

The isolated vicinal tricarbonyl intermediate 4a could directly 

cooperate with 2a to form quinoxaline in 93% yield (Scheme 3, 
eq 3). However, we could not find any product formation when 

phenylene diamine was added into the solution, probably due to 

the existence of phenylene diamine restrain cooperation Cu(II) 

salt with substrate 1a. 

 

 

 

 

 

 

  Scheme 4. Proposed mechanism 

Based on the above results, a plausible mechanism of this 
reaction was illustrated in Scheme 4. Firstly, substrate 1a 

cooperated with Cu(II) salt to form the Cu(II) enolate A. 

Subsequently, A converted into the related radical species B via a 

single-electron transfer (SET) process. The radical species could 

be captured by TEMPO, suggesting that the intermediate B 

reacted with oxygen in air to get the peroxide C,
48-51

 followed by 
dehydration to generate vicinal tricarbonyl intermediate 4a. It is 

noted that there was an equilibrium between 4a and 6a. Keto 

form 4a and hydrate form 6a of vicinal tricarbonyl intermediate 

further reacted with 2a to form quinoxaline. 

Conlusion 

In summary, we have disclosed a direct, atom-economical, 

and environment-friendly method for the synthesis of vicinal 

tricarbonyl intermediate. Many functional groups could be 

tolerated in our system and various quinoxalines with moderate 

to good yields have been synthesised in virture of our strategy. 

As compared with those reported two approaches, the greatest 
advantage of our system is the mild oxidation of β-dicarbonyls to 

form vicinal tricarbonyl intermediates in situ catalysed by 

commercial Cu(II) salts. The whole procedure is accomplished in 

air without strong oxidants. The further investigation of the 

aerobic oxidation method to construct significant heterocyclic 

compounds is undergoing in our lab. 

Acknowledgments 

Financial support for this research from the Ministry of 

Science and Technology of China (2013CB834804, 

2014CB239402 and 2013CB834505), the National Natural 
Science Foundation of China (21390404 and 91427303), the 

Strategic Priority Research Program of the Chinese Academy of 

Science (XDB17030200) and the Chinese Academy of Sciences 

is gratefully acknowledged. 

References and notes 

1. M. Sheardown, E. Nielsen, A. Hansen, P. Jacobsen and T. Honore, 
Science, 1990, 247, 571-574. 

2. R. Sarges, H. R. Howard, R. G. Browne, L. A. Lebel, P. A. 

Seymour and B. K. Koe, J. Med. Chem., 1990, 33, 2240-2254. 
3. A. Gazit, H. App, G. McMahon, J. Chen, A. Levitzki and F. D. 

Bohmer, J. Med. Chem., 1996, 39, 2170-2177. 

4. L. E. Seitz, W. J. Suling and R. C. Reynolds, J. Med. Chem., 2002, 

45, 5604-5606. 

5. W. He, M. R. Myers, B. Hanney, A. P. Spada, G. Bilder, H. 

Galzcinski, D. Amin, S. Needle, K. Page, Z. Jayyosi and M. H. 

Perrone, Bioorg. Med. Chem. Lett., 2003, 13, 3097-3100. 
6. Y. B. Kim, Y. H. Kim, J. Y. Park and S. K. Kim, Bioorg. Med. 

Chem. Lett., 2004, 14, 541-544. 

7. R. Zamudio-Vazquez, S. Ivanova, M. Moreno, M. I. Hernandez-
Alvarez, E. Giralt, A. Bidon-Chanal, A. Zorzano, F. Albericio and 

J. Tulla-Puche, Chemical Science, 2015, 6, 4537-4549. 

8. G. Vitale, P. Corona, M. Loriga and G. Paglietti, Il Farmaco, 

1998, 53, 594-601. 

9. M. Teng, M. D. Johnson, C. Thomas, D. Kiel, J. N. Lakis, T. 

Kercher, S. Aytes, J. Kostrowicki, D. Bhumralkar, L. Truesdale, J. 

May, U. Sidelman, J. T. Kodra, A. S. Jørgensen, P. H. Olesen, J. 
C. de Jong, P. Madsen, C. Behrens, I. Pettersson, L. B. Knudsen, 

J. J. Holst and J. Lau, Bioorg. Med. Chem. Lett., 2007, 17, 5472-

5478. 
10. G. Abderrazak, S. Abdelaziz and C. Gérard, Synth. Commun., 

1999, 29, 3459-3465. 

11. H. M. Meshram, P. Ramesh, G. Santosh Kumar and B. 

Chennakesava Reddy, Tetrahedron Lett., 2010, 51, 4313-4316. 

12. B. S. P. Anil Kumar, B. Madhav, K. Harsha Vardhan Reddy and 

Y. V. D. Nageswar, Tetrahedron Lett., 2011, 52, 2862-2865. 

13. H. Ma, D. Li and W. Yu, Org. Lett., 2016, 18, 868-871. 
14. R. V. Hoffman, H. O. Kim and A. L. Wilson, J. Org. Chem., 1990, 

55, 2820-2822. 

15. O. A. Attanasi, L. De Crescentini, P. Filippone, F. Mantellini and 

S. Santeusanio, Synlett, 2003, 2003, 1183-1185. 

16. Z. Wu and N. J. Ede, Tetrahedron Lett., 2001, 42, 8115-8118. 

17. Z. Zhao, D. D. Wisnoski, S. E. Wolkenberg, W. H. Leister, Y. 

Wang and C. W. Lindsley, Tetrahedron Lett., 2004, 45, 4873-

4876. 

18. S. Antoniotti and E. Duñach, Tetrahedron Lett., 2002, 43, 3971-

3973. 

 

Ph

O O

OEt

Cu
II

Ph

O O

OEt

Cu
I

Ph

EtO

O

OO

O

Cu
II

Ph

O O

OEt

O
Ph

O O

OEt

N

N

O

OEt

Ph

A

B

C

2a

+ Cu
II

-H
+

+H2O

-H2O

Ph

O O

OEt

HO OH

2a

O2

- 2 H2O - 3 H2O

4a

3a

1a
6a



  

Tetrahedron 4
 

19. R. S. Bhosale, S. R. Sarda, S. S. Ardhapure, W. N. Jadhav, S. R. 

Bhusare and R. P. Pawar, Tetrahedron Lett., 2005, 46, 7183-7186. 

20. M. B. Rubin, Chem. Rev., 1975, 75, 177-202. 

21. K. Yasumuro, J. Antibiot., 1995, 48, , 1425-1429. 
22. H. H. Wasserman, V. M. Rotello, D. R. Williams and J. W. 

Benbow, J. Org. Chem., 1989, 54, 2785-2786. 

23. H. H. Wasserman, J.-H. Chen and M. Xia, Helv. Chim. Acta, 
2000, 83, 2607-2616. 

24. M. B. Rubin and R. Gleiter, Chem. Rev., 2000, 100, 1121-1164. 

25. M. Orita, J. Antibiot., 1995, 48, 1430-1434. 

26. T. K. Jones, R. A. Reamer, R. Desmond and S. G. Mills, J. Am. 

Chem. Soc., 1990, 112, 2998-3017. 

27. H. H. Wasserman and C. B. Vu, Tetrahedron Lett., 1990, 31, 

5205-5208. 
28. H. J. Bestmann and W. Kloeters, Tetrahedron Lett., 1978, 19, 

3343-3344. 

29. H. H. Wasserman and W. T. Han, Tetrahedron Lett., 1984, 25, 
3743-3746. 

30. R. Ilhyong, K. Hiroki, M. Hironari, M. Satoshi, K. Mitsuo, Y. Joo-

Yong and K. Sunggak, Bull. Chem. Soc. Jpn., 2004, 77, 1407-

1408. 

31. C. M. Gasparski, A. Ghosh and M. J. Miller, J. Org. Chem., 1992, 

57, 3546-3550. 

32. S. J. Coats and H. H. Wasserman, Tetrahedron Lett., 1995, 36, 
7735-7738. 

33. S. Wolfe, J. E. Berry and M. R. Peterson, Can. J. Chem., 1976, 54, 

210-217. 
34. H. H. Wasserman, C. M. Baldino and S. J. Coats, J. Org. Chem., 

1995, 60, 8231-8235. 

35. K. Schank and C. Lick, Synthesis, 1983, 1983, 392-395. 

36. K. Schank and C. Lick, Chem. Ber., 1982, 115, 3890-3893. 

37. H. H. Wasserman and J. Parr, Acc. Chem. Res., 2004, 37, 687-701. 

38. M. R. Mahran, W. M. Abdou, M. M. Sidky and H. Wamhoff, 

Synthesis, 1987, 1987, 506-508. 
39. H. H. Wasserman and J. E. Pickett, J. Am. Chem. Soc., 1982, 104, 

4695-4696. 

40. M. J. Batchelor, R. J. Gillespie, J. M. C. Golec and C. J. R. 
Hedgecock, Tetrahedron Lett., 1993, 34, 167-170. 

41. A. Duschek and S. F. Kirsch, Chem. Eur. J., 2009, 15, 10713-

10717. 

42. J. Cui, Y.-N. Duan, J. Yu and C. Zhang, Org. Chem. Front., 2016, 

3, 1686-1690. 

43. F. Dayer, H. L. Dao, H. Gold, H. Rodé-Gowal and H. Dahn, Helv. 

Chim. Acta, 1974, 57, 2201-2209. 
44. A. Sivan and A. Deepthi, Tetrahedron Lett., 2014, 55, 1890-1893. 

45. Z.-L. Wang, X.-L. An, L.-S. Ge, J.-H. Jin, X. Luo and W.-P. 

Deng, Tetrahedron, 2014, 70, 3788-3792. 
46. X. Luo, Z.-L. Wang, J.-H. Jin, X.-L. An, Z. Shen and W.-P. Deng, 

Tetrahedron, 2014, 70, 8226-8230. 

47. H. Liu, W. Feng, C. W. Kee, Y. Zhao, D. Leow, Y. Pan and C.-H. 

Tan, Green Chemistry, 2010, 12, 953-956. 
48. S. E. Allen, R. R. Walvoord, R. Padilla-Salinas and M. C. 

Kozlowski, Chem. Rev., 2013, 113, 6234-6458. 

49. S. D. McCann and S. S. Stahl, Acc. Chem. Res., 2015, 48, 1756-
1766. 

50. C. Zhang, C. Tang and N. Jiao, Chem. Soc. Rev., 2012, 41, 3464-

3484. 
51. E. A. Lewis and W. B. Tolman, Chem. Rev., 2004, 104, 1047-

1076. 

Supplementary Material 

Supplementary material that may be helpful in the review 

process should be prepared and provided as a separate electronic 

file. That file can then be transformed into PDF format and 

submitted along with the manuscript and graphic files to the 

appropriate editorial office. 

 

 



  

 

Highlights 

1、 Direct oxidation of β–dicarbonyls into vicinal tricarbonyl intermediates was 

reported. 

2、 Inexpensive Cu (II) salt served as catalyst. 

3、 Air acted as oxidant. 

4、 A range of quinoxalines have been synthesized in one-pot reaction. 

 

  


