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A. Ezabadi� and N. Farrokhinia

Department of Chemistry, Faculty of Sciences, Central Tehran Branch, Islamic Azad University, Tehran, Iran.

Received 15 July 2012; received in revised form 3 November 2012; accepted 5 February 2013

KEYWORDS
Quinoxaline
derivatives;
1,2-diamines;
1,2-dicarbonyls;
L-proline; Solvent-free
conditions.

Abstract. L-Proline has been found to be an e�cient organocatalyst for one-pot synthesis
of quinoxaline derivatives under solvent-free conditions. The method provides advantages
such as short reaction time, high yields and simple work-up.
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1. Introduction

Synthesis of quinoxaline and its derivatives has occu-
pied an important place in the realm of synthetic or-
ganic chemistry due to their wide range of biological ac-
tivities, as in tranquilizers [1], antimycobacterials [2,3],
cardiotonics [4], antidepressants [5], antitumors [6],
anticancers [7], and activities as kinase inhibitors [8].
They have also found to have applications as dyes [9]
and as key intermediates in the synthesis of organic
semiconductors [10].

Due to their great importance, many synthetic
strategies have been developed for the synthesis of
quinoxalines. This includes the Bi-catalyzed oxida-
tive coupling of epoxides and ene-1,2-diamines [11],
microwave irradiation [12], ultrasound irradiation [13]
with �-hydroxy ketones via a tandem oxidation pro-
cess using Pd(OAc)2 or RuCl2-(PPh3)3-TEMPO [14]
and MnO2 [15], hetroannulation of nitroketene N,S-
arylaminoacetals with POCl3 [16], a solid-phase syn-
thesis on SynPhaseTM lanterns [17], and cyclization
of �-arylimino oximes of �-dicarbonyl compounds
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under re
ux in acetic anhydride [18]. By far, the
most common method is the condensation of 1,2-
diamines with 1,2-dicarbonyl compounds. For this
transformation, many catalysts and reagents have
been reported, including I2 [19,20], sulfamic acid [21],
montmorillonite K-10 [22], polyaniline-sulfate salt [23],
H6P2W18O62.24H2O [24], InCl3 [25], CuSO45H2O [26],
Zn[(L)proline] [27], ceric ammonium nitrate [28], �-
toluenesulfonic acid [29], [Hbim]BF4 [30], silica gel [31],
Ni-nanoparticles [32], zirconium(IV)-modi�ed silica
gel [33], sulfated titania [34], Ga(OTf)3 [35], and
LiBr [36]. However, several of these methodologies
involve pollution, long reaction time and tedious work-
up, leaving considerable scope for the development of
a green, facile and e�cient process for these important
heterocyclic compounds.

Recently, L-proline has emerged as a powerful
catalyst for various synthetic reactions, such as the
synthesis of benzodiazepines [37], 1,8-dioxodecahydro
acridines [38], imidazole derivatives [39], and poly-
functionalized pyrano[2,3-c]pyrazoles [40]. In addi-
tion, L-proline in combination with ionic liquids has
proved to be an e�cient system for direct asym-
metric aldol reactions, cross-aldol reactions, Michael
additions, �-aminations of aldehydes and ketones,
Ullmann-type reactions, Mannich reactions, and di-
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Table 1. The in
uence of solvent, temperature and amount of catalyst on the condensation reactiona.

Entry Amount of
catalyst (mol%)

Solvent Temperature
(�C)

Time Yield
(%)b

1 10 C2H5OH Re
ux 2:10 h 90

2 10 CH3COCH3 Re
ux 5:30 h 75

3 10 H2O Re
ux 1 h 0

4 10 CH3CN Re
ux 1 h 86

5 10 CH2Cl2 Re
ux 3 h 93

6 10 CH3CO2C2H5 Re
ux 6 h 83

7 10 None 80 1 min 100

8 10 None 60 1 h 90

9 10 None 40 2 h 79

10 10 None rt 5 h 80

11 5 None 80 5 min 89

a: 1 mmol o-phenenylenediamine and 1 mmol benzil; b: Isolated yield.

Scheme 1. Synthesis of quinoxaline derivatives catalyzed
by L-proline.

rect asymmetric �-aminoxylation of aldehydes and
ketones [41]. Herein, we report a green and e�cient
method for the synthesis of quinoxaline derivatives in
high yields and short reaction times by the conden-
sation of 1,2-diamines with 1,2-dicarbonyl compounds
catalyzed by L-proline under solvent-free conditions
(Scheme 1).

2. Experimental

1,2-Diamine (1 mmol), 1,2-diketone (1 mmol), and L-
proline (0.011 g, 10 mol%) were mixed. The mixture
was stirred at 80�C and the progress of the reaction
was monitored by thin-layer chromatography (TLC).
Due to the solubility of L-proline in ethanol, it is not
necessary to separate it from the reaction mixture.
Therefore, after completion of the reaction, hot ethanol
was added to the reaction mixture, and the pure prod-
uct was crystallized from it. All products are known
compounds, which were satisfactorily characterized by
physical and spectra data.

3. Results and discussion

To evaluate the e�ect of the catalyst under dif-
ferent reaction conditions, the condensation of o-
phenylenediamine 1 and benzil 2 was selected as a
model reaction, and the results are shown in Table 1.
First, we examined the solvents and solvent-free con-
ditions (Table 1, entries 1-7). An excellent yield of
product 3a was obtained under solvent-free conditions.
Second, the e�ect of catalyst loading and temperature
on the reaction e�ciency was examined (Table 1,
entries 8-11). With 10 mol% of the catalyst, the yield
of 3a increased from 80% to 100% as the temperature
increased from r.t to 80�C. Similar changes in yields
were also observed with the catalyst amount at a
constant temperature. Therefore, it is reasonable to
conclude that the best result was achieved when the
reaction was performed with 10 mol% of catalyst and
at 80�C under solvent-free conditions.

In order to study the generality and scope of this
protocol, a series of 1,2-diamines and 1,2-diketones
was applied. The results in Table 2 show that all
reactions proceeded e�ciently and the products were
obtained in good to excellent yields, in short reaction
times. However, when the electron-donating group
(-OMe) was placed in the phenyl group associated with
1,2-dicarbonyl compounds, the reaction needed more
time for completion (Table 2, entries 2 and 8). It
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Table 2. Synthesized quinoxaline derivatives.

Entry 1,2-diamine 1,2-diketone Producta Time
(min)

Yieldb

(%)
M.p.

(�C) [Ref.]

1 1 100 120-122 [13]

2 60 67 140-141 [13]

3 15 90 147-148 [13]

4 35 85 128-130 [13]

5 3 86 180-182 [35]

6 2 98 104-106 [21]

7 2 100 109-110 [42]

8 60 100 120-121 [13]
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Table 2. Continued.

Entry 1,2-diamine 1,2-diketone Producta Time
(min)

Yieldb

(%)
M.p.

(�C) [Ref.]

9 35 86 135-136 [13]

10 40 99 113-114 [13]

11 30 98 160-161 [21]

12 55 98 164-166 [43]

a: 1 mmol o-phenenylenediamine and 1 mmol benzil;
b: Isolated yield.

is noteworthy to mention that all reactions proceeded
very cleanly and no side-products were observed.

In order to show the merit of this method, in
Table 3, we have compared our result with results
obtained by some other reported methods for synthesis
of 3a. The data presented in this table show the
promising feature of our method in terms of reaction
rate and the yield of product compared with those
reported in the literature.

A plausible reaction mechanism and the role of
L-proline catalyst are depicted in Scheme 2.

4. Conclusion

In conclusion, we have demonstrated that L-proline is
a powerful organocatalyst for the synthesis of various
quinoxaline derivatives under solvent-free conditions.
The features introduced by this protocol, such as using
a cheap and available organocatalyst, avoidance of
hazardous organic solvents and a very simple work-up
(employing only ethanol), are in accordance with the Scheme 2. Proposed mechanism.
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Table 3. Comparison of protocols for the synthesis of quinoxaline derivatives.

Entry Catalyst Solvent Temperature Time Yield
(%)

Ref.

1 Silica gel, grinding Neat 100�C 45 min 94 [31]
2 AcOH AcOH Re
ux 1 h 83 [44]

3 Acidic alumina Neat Microwave
900 W

3 min 85 [42]

4 H4SiW12O40 H2O r.t 1 h 96 [45]
5 Ultrasound irradiation Ethanol r.t 1 h 98 [13]
6 Zirconium(IV)-modi�ed silica gel Ethanol r.t 1.5 h 92 [33]
7 Zn[(L)proline] HOAc r.t 10 min 95 [27]
8 I2 DMSO r.t 35 min 95 [19]
9 Amidosulfonic Acid CH2Cl2 r.t 2 h 92 [46]
10 L-proline Neat 80 1 min 100 This work

principles of green chemistry. Therefore, this protocol
can be regarded as a great improvement in the synthesis
of quinoxaline derivatives.

References

1. Osdene, T.S., US Patent., 3, p. 185 (1965); Chem.
Abstr., 46, p. 3191 (1965).

2. Waisser, K., Odlerova, Z., Beckert, R. and Mayer, R.
\Comparison of the chemical structure and antimy-
cobacterial action with particular reference to a typical
strains. 3. oxalamidines, a new group of potential
antitubercular agents", Pharmazie., 44, pp. 234-235
(1989).

3. Seitz, L.E., Suling, W.J. and Reynolds, R.C. \Syn-
thesis and antimycobacterial activity of pyrazine and
quinoxaline derivatives", J. Med. Chem., 45, pp. 5604-
5606 (2002).

4. Jeon, M.K., Kim, D.S., La, H.J. and Gong, Y.D.
"Solid-phase synthesis of quinoxaline derivatives using
6-amino-2,3-dichloroquinoxaline loaded on AMEBA
resin", Tetrahedron Lett., 46, pp. 4979-4983 (2005)

5. Badran, M.M., Botros, S., El-Gendy, A.A., Abdou,
N.A., El-Assi, H. and Salem, A. \Part I: Novel quinox-
aline derivatives of biological interest", Bull. Pharm.
Sci., 24, pp. 135-144 (2001).

6. (a) Hazeldine, S.T., Polin, L., Kushner, J., Paluch,
J., White, K., Edelstein, M., Palomino, V., Corbett,
T.H. and Horwitz, J.P. \Design, synthesis, and bio-
logical evaluation of analogues of the antitumor agent,

2-4-[(7-Chloro-2 quinoxalinyl) oxy]phenoxygpropionic
Acid (XK469)", J. Med. Chem., 44, pp. 1758-1776
(2001);

(b) Hazeldine, S.T., Polin, L., Kushner, J., White,
K., Bouregeois, N.M., Crantz, B.P., Palomino, E.,
Corbett, T.H. and Horwitz, J.P. \II. Synthesis and
biological evaluation of some bioisosteres and con-
geners of the antitumor agent, 2-4-[(7-chloro-2 quinox-
alinyl)oxy]phenoxypropionic acid (XK469)", J. Med.
Chem., 45, pp. 3130-3137 (2002).

7. Lindsley, C.W., Zhao, Z., Leister, W.H., Robinson,
R.G., Barnett, S.F., Defeo-Jones, D., Jones, R.E.,
Hartman, G.D., Hu�, J.R., Huber, H.E. and Duggan,
M.E. Bioorg. \Allosteric akt (PKB) inhibitors: discov-
ery and SAR of isozyme selective inhibitors", Bioorg.
Med. Chem. Lett., 15, pp. 761-764 2(2005).

8. He, W., Myers, M.R., Hanney, B., Spada, A.P., Bilder,
G., Galzcinski, H., Amin, D., Needle, S., Page, K.,
Jayyosi, Z. and Perrone, M.H. \Potent quinoxaline-
based inhibitors of PDGF receptor tyrosine kinase ac-
tivity. Part 2: The synthesis and biological activities of
RPR127963 an orally bioavailable inhibitor", Bioorg.
Med. Chem. Lett., 13, pp. 3097-3100 (2003).

9. Brock, E.D., Lewis, D.M., Yousaf, T.I. and Harper,
H.H. The Procter and Gamble Company USA, WO.,
9, p. 951 (1999).

10. Dailey, S., Feast, W.J., Peace, R.J., Sage, I.C., Till, S.
and Wood, E.L. \Synthesis and device characterisation
of side-chain polymer electron transport materials for



A. Ezabadi and N. Farrokhinia/Scientia Iranica, Transactions C: Chemistry and ... 20 (2013) 1848{1854 1853

organic semiconductor applications", J. Mater. Chem.,
11, pp. 2238-2243 (2001).

11. Antoniotti, S. and Donach, E. \Direct and catalytic
synthesis of quinoxaline derivatives from epoxides and
ene-1, 2-diamines", Tetrahedron Lett., 43, pp. 3971-
3973 (2002).

12. (a) Zhao, Z., Wisnoski, D.D., Wolkenberg, S.E., Leis-
ter, W.H., Wang, W.H. and Lindsley, C.W. \Gen-
eral microwave-assisted protocols for the expedient
synthesis of quinoxalines and heterocyclic pyrazines",
Tetrahedron Lett., 45, pp. 4873-4876 (2004);

(b) Gris, J., Glisoni, R., Fabian, L., Fernandez, B.
and Moglioni, A.G. \Synthesis of potential chemother-
apic quinoxalinone derivatives by biocatalysis or
microwave-assisted Hinsberg reaction", Tetrahedron
Lett., 49, pp. 1053-1056 (2008).

13. Guo, W.X., Jin, H.L., Chen, J.X., Chen, F., Ding,
J.C. and Wu, H.Y. \An e�cient catalyst-free proto-
col for the synthesis of quinoxaline derivatives under
ultrasound irradiation", J. Braz. Chem. Soc., 9, pp.
1674-1679 (2009).

14. Robinson, R.S. and Taylor, R.J.K. \Quinoxaline syn-
thesis from �-hydroxy ketones via a tandem oxidation
process using catalysed aerobic oxidation", Synlett., 6,
pp. 1003-1005 (2005).

15. (a) Raw, S.A., Wilfred, C.D. and Taylor, R.J.K.
\Tandem oxidation processes for the preparation of
nitrogen-containing heteroaromatic and heterocyclic
compounds", Org. Biomol. Chem., 2, pp. 788-796
(2004);

(b) Raw, S.A., Wilfred, C.D. and Taylor, R.J.K.
\Preparation of quinoxalines, dihydropyrazines,
pyrazines and piperazines using tandem oxidation
processes", Chem.Commun., pp. 2286-2287 (2003).

16. Venkatesh, C., Singh, B., Mahata, P.K., IIa, H. and
Junjappa, H. \Heteroannulation of nitroketene N,S-
arylaminoacetals with POCl3: A novel highly re-
gioselective synthesis of unsymmetrical 2,3-substituted
quinoxalines", Org. Lett., 7, pp. 2169-2172 (2005).

17. Wu, Z. and Ede, N.J. \Solid-phase synthesis of quinox-
alines on SynPhaseTM lanterns", Tetrahedron Lett.,
42, pp. 8115-8118 (2001).

18. Xekoukoulotakis, N.P., Hadjiantonious-Maroulis, C.P.
and Maroulis, A.J. \Synthesis of quinoxalines by
cyclization of �-arylimino oximes of �-dicarbonyl
compounds", Tetrahedron Lett., 41, pp. 10299-10302
(2000).

19. Bhosale, R.S., Sarda, S.R., Ardhapure, S.S., Jadhav,
W.N., Bhusare, S.R. and Pawar, R.P. \An e�cient
protocol for the synthesis of quinoxaline derivatives
at room temperature using molecular iodine as the
catalyst", Tetrahedron Lett., 46, pp. 7183-7186 (2005).

20. More, Sh.V., Sastry, M.N.V., Wang, Ch.Ch. and Yao,
C.F. \Molecular iodine: a powerful catalyst for the
easy and e�cient synthesis of quinoxalines", Tetrahe-
dron Lett., 46, pp. 6345-6348 (2005).

21. Darabi, H.R., Mohandessi, S., Aghapoor, K. and
Mohsenzadeh, F. \A recyclable and highly e�ective
sulfamic acid/MeOH catalytic system for the synthesis
of quinoxalines at room temperature", Catal. Com-
mun., 8, pp. 389-392 (2007).

22. Huang, T.K., Wang, R., Shi, L. and Lu, X.X. \Mont-
morillonite K-10: An e�cient and reusable catalyst
for the synthesis of quinoxaline derivatives in water",
Catal. Commun., 9, pp. 1143-1147 (2008).

23. Srinivas, C., Kumar, C.N.S.S.P., Rao, V.J. and
Palaniappan, S. \E�cient, convenient and reusable
polyaniline-sulfate salt catalyst for the synthesis of
quinoxaline derivatives", J. Mol. Catal. A., 265, pp.
227-230 (2007).

24. Heravi, M.M., Bakhtiari, K., Bamoharram, F.F. and
Tehrani, M.H. \Wells-Dawson type heteropolyacid
catalyzed synthesis of quinoxaline derivatives at room
temperature", Monatsh. Chem., 138, pp. 465-467
(2007).

25. Hazarika, P., Gogoi, P. and Konwar, D. \E�cient and
green method for the synthesis of 1,5-benzodiazepine
and quinoxaline derivatives in water", Synth. Com-
mun., 37, pp. 3447-3454 (2007).

26. Heravi, M.M., Taheri, S., Bakhtiari, K. and Oskooie,
H.A. \On water: A practical and e�cient synthesis
of quinoxaline derivatives catalyzed by CuSO4.5H2O",
Catal. Commun., 8, pp. 211-214 (2007).

27. Heravi, M.M., Tehrani, M.H., Bakhtiari, K. and Os-
kooie, H.A. \Zn[(L)proline]: A powerful catalyst for
the very fast synthesis of quinoxaline derivatives at
room temperature", Catal. Commun., 8, pp. 1341-1344
(2007).

28. More, S.V., Sastry, M.N.V. and Yao, C.F. \Cerium
(IV) ammonium nitrate (CAN) as a catalyst in tap
water: A simple, pro�cient and green approach for the
synthesis of quinoxalines", Green Chem., 8, pp. 91-95
(2006).

29. Shi, D.Q. and Dou, G.L. \E�cient synthesis of quinox-
aline derivatives catalyzed by p-toluenesulfonic acid
under solvent-free conditions", Synth. Commun., 38,
pp. 3329-3337 (2008).

30. Potewar, T.M., Ingale, S.A. and Srinivasan, K.V.
\E�cient synthesis of quinoxalines in the ionic liquid 1-
n-butylimidazolium tetra
uoroborate ([Hbim]BF4) at
ambient temperature", Synth. Commun., 38, pp. 3601-
3612 (2008).

31. Nandi, G.C., Samai, S., Kumar, R. and Singh,
M.S. \Silica-gel-catalyzed e�cient synthesis of quinox-
aline derivatives under solvent-free conditions", Synth.
Commun., 41, pp. 417-425 (2011).

32. Kumar, A., Kumar, S., Saxena, A., De, A. and
Mozumdar, S. \Ni-nanoparticles: An e�cient catalyst
for the synthesis of quinoxalines", Catal. Commun., 9,
pp. 778-784 (2008).

33. Sharma, R.K. and Sharma, C. \Zirconium(IV)-
modi�ed silica gel: Preparation, characterization and
catalytic activity in the synthesis of some biologically



1854 A. Ezabadi and N. Farrokhinia/Scientia Iranica, Transactions C: Chemistry and ... 20 (2013) 1848{1854

important molecules", Catal. Commun., 12, pp. 327-
331 (2011).

34. Krishnakumar, B., Velmurugan, R., Jothivel, S. and
Swaminathan, M. \An e�cient protocol for the green
synthesis of quinoxaline and dipyridophenazine deriva-
tives at room temperature using sulfated titania",
Catal. Commun., 11, pp. 997-1002 (2010).

35. Cai, J.J., Zou, J.P., Pan, X.Q. and Zhang, W.
\Gallium(III) tri
ate-catalyzed synthesis of quinoxa-
line derivatives", Tetrahedron Lett., 49, pp. 7386-7390
(2008).

36. Hasaninejad, A., Zare, A., Mohammadizadeh, M.R.
and Shekouhy, M. \Lithium bromide as an e�cient,
green, and inexpensive catalyst for the synthesis of
quinoxaline derivatives at room temperature", Green
Chem. Lett. Rev., 3, pp. 143-148 (2010).

37. Goswamia, P. and Dasa, B. \Organocatalyzed one-
pot synthesis of substituted 1,5-benzodiazepine and
benzimidazole derivatives", Synth. Commun., 40, pp.
1685-1693 (2010).

38. Venkatesan, K., Pujari, S.S. and Srinivasan, K.V.
\Proline-catalyzed simple and e�cient synthesis
of 1,8-dioxo-decahydroacridines in aqueous ethanol
medium", Synth. Commun., 39, pp. 228-241 (2008).

39. Shitole, N.V., Shelke, K.F., Sonar, S.S., Sadaphal,
S.A., Shingate, B.B. and Shingare, M.S. \L-proline as
an e�cient catalyst for the synthesis of 2,4,5-triaryl-
1H-imidazoles", Bull. Korean. Chem. Soc., 30, pp.
1963-1966 (2009).

40. Khurana, J.M., Nad, B. and Kumar, S. \Rapid synthe-
sis of polyfunctionalized pyrano [2,3-c] pyrazoles via
multicomponent condensation in room-temperature
ionic liquids", Synth. Commun., 41, pp. 405-410
(2011).

41. Guo, H.M., Niu, H.Y., Xue, M.X., Guo, Q.X., Cun,
L.F., Mi, A.Q., Jiang, Y.Z. and Wang, J.J. \L-proline
in an ionic liquid as an e�cient and reusable catalyst
for direct asymmetric �-aminoxylation of aldehydes

and ketones", Green Chem., 8, pp. 682-684 (2006) and
references cited in them.

42. Mohsenzadeh, F., Aghapoor, K. and Darabi, H.R. \Be-
nign approaches for the microwave-assisted synthesis
of quinoxalines", J. Braz. Chem. Soc., 18, pp. 297-303
(2007).

43. Ajaikumar, S. and Pandurangan, A. \E�cient synthe-
sis of quinoxaline derivatives over ZrO2/MxOy (M =
Al, Ga, In and La) mixed metal oxides supported on
MCM-41 mesoporous molecular sieves", Appl. Catal.
A., 357, pp. 184-192 (2009).

44. Jiangning, J. and Kee-In, L. \A facile entry to quinox-
alines from oxalyl chloride", J. Korean Chem. Soc., 49,
pp. 150-154 (2005).

45. Huang, T.K., Shi, L., Wang, R., Guo, X.Z., and Lu,
X.X. \Keggin type heteropolyacids-catalyzed synthesis
of quinoxaline derivatives in water", Chin. Chem. Lett.,
20, pp. 161-164 (2009).

46. Li, Zh., Li, W., Sun, Y., Huang, H. and Ouyang,
P. \Room temperature facile synthesis of quinoxa-
lines catalyzed by amidosulfonic acid", J. Heterocycl.
Chem., 45, pp. 285-288 (2008).

Biographies

Ali Ezabadi was born in Tehran, Iran, in 1969.
He received his BS degree in Chemistry from Sharif
University of Technology, Tehran, Iran, in 1993, his MS
degree from Zanjan University, Iran, in 1998, and his
PhD degree from the Science and Research Campus
at the Islamic Azad University of Tehran, Iran, in
2006. His current research interests include: organic
methodology.

Niki Farrokinia was born in Tehran, Iran, in 1986.
She received her BS degree from Eslamshahr Azad
University, Iran, in 2008, and her MS degree from the
Islamic Azad University of Tehran, Iran, in 2011.




