
1116 

Efficient One-Pot Synthesis of Quinoxalines in the Presence  
of Zinc Iodide as Catalyst* 

J. N. Sangshettia,  N. D. Kokarea, b,  and  D. B. Shindea 

a Department of Chemical Technology, Dr. Babasahed Ambedkar Marathwada University,  
Aurangabad, 431004 India 

b Wockhardt Research Centre, Aurangabad, 431210 India  
e-mail: dbshinde.2007@gmail.com 

Received October 1, 2007 

SHORT  
COMMUNICATIONS 

Quinoxaline and its derivatives constitute an impor-
tant class of benzo-fused heterocycles with a broad 
spectrum of biological activity, which have made them 
privileged structural fragments of pharmacologically 
active compounds [1–4]. Quinoxaline derivatives are 
generally synthesized by condensation of arene-1,2-di-
amines with 1,2-dicarbonyl compounds in organic sol-
vents under reflux (2–12 h); their yields range from 34 
to 85% [5]. Some progress in the synthesis of quinox-
aline derivatives was achieved with the use of bismuth-
catalyzed oxidative coupling [6], tandem oxidation in 
the presence of Pd(OAc)2 or RuCl2–(PPh3)3–TEMPO 
[7] and MnO2 [8], heteroannulation of nitroketene  
N,S-arylaminoacetals with POCl3 [9], solid-phase syn-
thesis over Synphase TM Lanterns [10], cyclization of 
arylimino oximes in boiling acetic anhydride [11], con-
densation of o-phenylenediamines with 1,2-dicarbonyl 
compounds in MeOH/AcOH under microwave irradia-
tion [12], and molecular iodine-catalyzed cyclocon-
densation [13]. We have reported a procedure with the 
use of mercury iodide and lead oxide [14], and Heravi 
et al. recently described synthesis of quinoxalines un-
der catalysis by CuSO4 · 5 H2O and Zn[L-proline] [15]. 

Many of the above methods suffer from one or 
more limitations, such as harsh conditions, low yields, 

long reaction time, and laborious isolation procedures. 
Therefore, development of a mild, efficient, and versa-
tile procedure for the synthesis of quinoxaline deriva-
tives still remains strongly desirable.  

In continuation of our studies on the synthesis of 
various heterocyclic compounds [16], in the present 
communication we describe a simple, mild, and effi-
cient procedure for the preparation of quinoxalines 
with the use of zinc iodide as catalyst. In the first step 
of our study, we examined the reaction of benzoin with 
o-phenylenediamine (Scheme 1) in the presence of 
ZnI2 with a view to determine optimal conditions, such 
as solvent and amount of ZnI2. Given below are sol-
vent, reaction time (min), and yield (%) of 2,3-di-
phenylquinoxaline in the presence of 10 mol % of 
ZnI2: acetonitrile, 50, 90; THF, 70, 75; ethanol, 30, 95; 
acetonitrile–water (1 : 1), 60, 88; ethanol–water (1 : 1), 
30, 95. Thus the optimal conditions include aqueous 
ethanol (1 : 1) as solvent and 10 mol % of the catalyst 
(ZnI2). Under these conditions we synthesized a series 
of substituted quinoxalines (Scheme 2). The substit-
uents R and R′, reaction time (min), yield (% of the 
isolated product), and melting points (published data 
[7, 14] are given in parentheses) are listed below: Ph, 
H, 30, 92, 80–82 (81–82); Me, H, 30, 86, orange oily 
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substance; 2-Fu, H, 45, 95, 102–104 (101–103); cyclo-
hexyl, H, 45, 90, 44–46 (45–46); Ph, 4,5-Me2, 45, 94, 
121 (120–123); cyclohexyl, 4,5-Me2, 45, 93, 67 (66–
68); C5H11, 2,3-Me2, 45, 89, orange oily substance; 
2,4-Cl2C6H3, H, 30, 84, 125–127 (124–126); 2,4-Cl2-
C6H3, 4,5-Me2, 40, 90, 141–142 (140–142); 4-ClC6H4, 
H, 30, 85, 120–122 (118–119); 4-FC6H4, H, 30, 95, 
126–129 (126–127). 

Thus we have developed a simple, efficient, and 
ecologically safe procedure for the synthesis of quin-
oxalines from various α-hydroxy ketones and 1,2-di-
amines using inexpensive and readily accessible  
zinc(II) iodide as catalyst. In all the above syntheses, 
the solvent was aqueous ethanol which may be re-
garded as environmentally benign and conforming to 
the “green chemistry” principles. Mild reaction condi-
tions, short reaction time, excellent yields, and easy 
workup make the proposed procedure a useful alter-
native to the existing methods. 

Typical procedure for the synthesis of quin-
oxalines from o-phenylenediamines and α-hydroxy 
ketones. A mixture of 10 mmol of 2-hydroxy-1-
phenylethanone, 10 mmol of benzene-1,2-diamine, and 
2 mmol of zinc(II) iodide in aqueous ethanol was 
heated for 30–40 min at 80°C, the progress of the 
reaction being monitored by TLC. When the reaction 
was complete, the mixture was poured into ice water, 
and the precipitate was filtered off, washed with cold 
alcohol, and purified by column chromatography on 
silica gel (60–120 mesh) using petroleum ether–ethyl 
acetate (9 : 1) as eluent. 

2,3-Diphenylquinoxaline. 1H NMR spectrum, δ, 
ppm: 8.03 m (2H), 7.74 m (2H), 7.50–7.55 m (4H), 
7.26–7.36 m (6H). Mass spectrum: m/z 281 [M – H]+. 

2-(2,4-Dichlorophenyl)quinoxaline. 1H NMR 
spectrum, δ, ppm: 8.68 s (1H, 3-H), 7.90 m (2H, 5-H, 
8-H), 7.60 m (2H, 6-H, 7-H), 7.34 d (1H, 3′-H), 7.32 d 
(1H, 2′-H), 7.20 s (1H, 5′-H). Mass spectrum: m/z 273 
[M – H]+. 

The melting points are uncorrected. The 1H and 13C 
NMR spectra were recorded on a Varian Gemini 200 
spectrometer (200 MHz for 1H) using DMSO-d6 as 
solvent and tetramethylsilane as internal reference. The 

mass spectra (electrospray ionization) were obtained 
on a Waters Micromass Quattro II instrument. All 
reagents used were of analytical grade and were not 
subjected to additional purification. 

The authors are thankful to the Head of the Chem-
ical Technology Department, Dr. Babasaheb Ambedkar 
Marathwada University (Aurangabad, 431004 India) 
for providing laboratory facilities. 

REFERENCES 

1. Jaso, A., Zarranz, V., and Monge, A., J. Med. Chem., 
 2005, vol. 48, p. 5604. 
2. Sakata, G., Makino, K., and Kurasama, Y., Heterocycles, 
 1988, vol. 27, p. 2481; Cheeseman, G.W.H. and  
 Werstiuk, E.S.G., Adv. Heterocycl. Chem., 1978, vol. 22,  
 p. 367. 
3. Seitz, L.E., Suling, W.J., and Reynolds, R.C., J. Med. 
 Chem., 2002, vol. 45, p. 5604; Gazit, A., App, H., 
 McMahon, G., Chen, A., Levitzki, A., and Bohmer, F.D., 
 J. Med. Chem., 1996, vol. 39, p. 2170; Monge, A., 
 Palop, J.A., Del Castillo, J.C., Caldero, J.M., Roca, J., 
 Romero, G., Del Rio, J., and Lasheras, B., J. Med. 
 Chem., 1993, vol. 36, p. 2745; Toshima, K., Takano, R., 
 Ozawa, T., and Matsumara, S., Chem. Commun., 2002, 
 p. 212. 
4. Lee, J., Murray, W.V., and Rivero, R.A., J. Org. Chem., 
 1997, vol. 62, p. 3874; Holland, R.J., Hardcastle, I.R., 
 and Jarman, M., Tetrahedron Lett., 2002, vol. 43,  
 p. 6435; Krehnak, V., Smith, J., and Vagner, J., Tetra-
 hedron Lett., 2000, vol. 41, p. 2835; Uxey, T., Tem- 
 pest, P., and Hulme, C., Tetrahedron Lett., 2002, vol. 43, 
 p. 1637; Zaragoza, F. and Stephensen, H., J. Org. 
 Chem., 1999, vol. 64, p. 2555. 
5. Brown, D.J., Quinoxalines. Supplement II (The Chem-
 istry of Heterocyclic Compounds, vol. 61), Hoboken,  NJ: 
 Wiley, 2004, p. 61. 
6. Antoniotti, S. and Donach, E., Tetrahedron Lett., 2002, 
 vol. 43, p. 3971. 
7. Robinson, R.S. and Taylor, R.J.K., Synlett, 2005,  
 p. 1003. 
8. Raw, S.A., Wilfred, C.D., and Taylor, R.J.K., Org. 
 Biomol. Chem., 2004, vol. 2, p. 788; Raw, S.A., Wil-
 fred, C.D., and Taylor, R.J.K., Chem. Commun., 2003, 
 p. 2286. 
9. Venkatesh, S., Singh, B., Mehata, P.K., Ha, H., and 
 Junjappa, H., Org. Lett., 2005, vol. 7, p. 2169. 



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  45   No.  7   2009 

SANGSHETTI  et al. 1118 

10. Wu, Z. and Ede, N.J., Tetrahedron Lett., 2001, vol. 42, 
 p. 8115. 
11. Xekoukoulotakis, N.P., Hadjiantonious, M.C.P., and 
 Maroulis, A.J., Tetrahedron Lett., 2000, vol. 41,  
 p. 10 299. 
12. Zhao, Z., Wisnoski, D.D., Wolkenberg, S.E., Lei- 
 ster, W.H., Wang, Y., and Lindsley, C.W., Tetrahedron 
 Lett., 2004, vol. 45, p. 4873. 
13. Bhosale, R.S., Sarda, S.R., Ardhapure, S.S., Jadhav, W.N., 
 Bhusare, S.R., and Pawar, R.P., Tetrahedron Lett., 2005, 
 vol. 46, p. 7183; More, S.N., Sastry, M.N.V., Wang, C.C., 
 and Yao, C.F., Tetrahedron Lett., 2005, vol. 46, p. 6345. 

14. Kotharkar, S.A. and Shinde, D.B., J. Iranian Chem. 
 Soc., 2006, p. 267; Kotharkar, S.A. and Shinde, D.B., 
 Bull. Korean Chem. Soc., 2006, vol. 27, p. 1466. 
15. Heravi, M.M., Taheri, S., Bakhtiari, K., and Os- 
 kooie, H.A., Catal. Commun., 2007, vol. 8, p. 211. 
16. Kokare, N.D., Sangshetti, J.N., and Shinde, D.B., Syn-
 thesis, 2007, p, 2829; Kokare, N.D., Nagawade, R.R., 
 Rane, V.P., and Shinde, D.B., Synthesis, 2007, p. 766; 
 Bahekar, S.S., Kotharkar, S.A., and Shinde, D.B., 
 Mendeleev Commun., 2004, p. 210; Kotharkar, S.A., 
 Jadhav, M.R., Nagawade, R.R., Bahekar, S.S., and 
 Shinde, D.B., Lett. Org. Chem., 2005, vol. 2, p. 398. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


