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Abstract 
A microwave assisted one-pot three-component procedure was introduced for preparation of 
some dicyanomethylene derivatives of indenoquinoxaline and tryptanthrin under solvent free 
conditions.  
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Introduction 
 
In recent years, multi component reactions (MCRs) have emerged as powerful tools for 
delivering the molecular diversity need in combinatorial approaches for the synthesis of 
bioactive compounds thereby creating diverse chemical libraries of drug-like molecules or 
biological screening.1 Additionally, the prospect of extending one-pot reactions into 
combinatorial and solid-phase synthesis1,2 promises many opportunities for developing novel 
lead structures for pharmaceuticals, catalysts and even novel molecule based materials. 
 The preparation of quinoxaline and its derivatives plays an important role in organic 
synthesis3. Quinoxaline and its derivatives are an important class of benzoheterocycles 
displaying a broad spectrum of biological activities which have made them privileged structures 
in pharmacologically active compounds.4 They have also found applications as building blocks 
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in the synthesis of organic semiconductors,5 rigid subunits in macrocyclic receptors or molecular 
recognition,6 and chemically controllable switches.7 

 Tryptanthrin8 is the active principle of a traditional Japanaese herbal remedy for fungal 
infections. Subsequent studies extended the spectrum of antimicrobial activity to include a 
variety of pathogenic bacteria, particularly Mycobacterium tuberculosis. Furthermore, 
tryptanthrin and its derivatives exhibited very strong in vitro activity against Plasmodium 
falciparum, as well low cytotoxicity.9 

 In continuation of our interest on the synthesis of fused quinoxalines10 and tryptanthrin 
derivatives11 and due to the resultant pharmacological interest in compounds which belong to 
these heterocyclic derivatives, herein, we wish to report a one-pot three-component procedure for 
preparation of some dicyanomethylene derivatives of indenoquinoxalin and tryptanthrin under 
solvent-free conditions. 
 
 
Results and Discussions 
 
In the last years a growing interest in the use of microwave-assisted reactions in organic 
synthesis and medicinal chemistry could be observed12. Effects noticed with microwave 
dielectric heating are different from heating, e.g., with an oil bath: The energy is directly 
introduced in a reaction mixture, resulting in a different temperature profile of the reaction in 
comparison to conventional methods of heating and a more efficient exploitation of the irradiated 
energy. This often results in a shortening of the reaction time, rate enhancement, better 
selectivity, and reduction of thermally degradative products when compared to conventional 
syntheses.13 
 Initially, we have found that the microwave assisted condensation of ninhydrin 1 with 
phenylenediamines 2 and malononitrile under solvent-free conditions results in rapid formation 
of the corresponding 2-(indenoquinoxalin-11-ylidene)malononitrile derivatives 3a-c. The 
products were easily obtained by addition of water to the reaction mixture and the results were 
excellent in terms of yields and purity. 
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Scheme 1. Microwave assisted one-pot three-component synthesis of dicyanomethylene 
derivatives of indenoquinoxaline 3a-c. 
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 Most probably, the reaction proceeds through cyclocondensation of ninhydrin 1 and 
phenylenediamine 2,10a, 14 followed by Knoevenagel reaction of the resulting indenoquinoxaline 
4 with malononitrile (Scheme 2). 
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Scheme 2. Reaction pathway for preparation of compounds 3a-c. 
 
 All products 3a-c are new compounds and their structures were unambiguously characterized 
on the basis of their IR, 1H NMR, 13C NMR, and mass spectra. The position of methyl group for 
3b as well as indenoquinoxaline 4b was determined by comparison of their 1H NMR with 
previously reported data for compounds that contains same indenoquinoxaline cores.10a 
 Continuously, the one-pot procedure was used for preparation of dicyanomethylene 
derivatives of tryptanthrin. We have found when malononitrile was added to a preirradiated 
mixture of isatin 5, isatoic anhydride 6 and potassium carbonate under solvent free conditions 
leading to the corresponding dicyanomethylene derivatives of tryptanthrin 7a-c (Scheme 3). The 
reactions were completed within 5 minutes and the products 7a-c were simply obtained in good 
yields by addition of water to reaction mixture and recrystalization of crude products from 
ethanol. 
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Scheme 3. One-pot synthesis of dicyanomethylene derivatives 7a-c. 
 

 Presumably, the reaction proceeds by formation of tryptanthrin 8, via cyclocondensation of 
isatin 5 and isatoic anhydride 6,8a,15 followed by Knoevenagel condensation of resulting 
tryptanthrin with malononitrile (Scheme 4). Product 7a is a known compound and its structure 
was deduced by comparison of it's physical and spectroscopic data with those of previously 
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reported ones.8,9 The structures of products 7b-c were established from their IR, 1H, and 13C 
NMR spectra.  
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Scheme 4. Mechanistic representation for preparation of compounds 7a-c. 
 
 
Conclusions  
 
In summary, some potentially biologically important dicyanomethylene derivatives of 
indenoquinoxaline and tryptanthrin were prepared using a microwave-assisted one-pot three-
component procedure under solvent free conditions. The reactions were completed within five 
minutes and the products were simply obtained in good to high yields.  
 
 
Experimental Section 
 
General Procedures. All chemicals were obtained from Merck or Fluka and were used without 
further purification. The progress of reactions was followed by TLC using silica gel SILG/UV 
254 plates. The reactions were carried out using CEM MARS 5TM microwave oven. IR spectra 
were run on a Shimadzu FTIR-8300 spectrophotometer; νmax in cm-1. The 1H NMR (250 MHz) 
and 13C NMR (62.5 MHz) were run on a Bruker Avanced DPX-250, FT-NMR spectrometer. 
Mass spectra were recorded on a Shimadzu GC MS-QP 1000 EX apparatus. Elemental analysis 
for C, H, and N were performed using a Heraus CHN rapid analyzer. Melting points were 
recorded on a Büchi B-545 apparatus in open capillary tubes and are uncorrected. 
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General procedure for preparation of dicyanomethylene derivatives of indenoquinoxaline 3  
An appropriate amounts of ninhydrin (1 mmol), phenylenediamine (1 mmol) and malononitrile 
(1.2 mmol) were wetted with 2-3 drops of DMSO, mixed thoroughly, put in an open vessel and 
exposed to 300 W microwave irradiation for 3 min in a three step mode with interval (1 min–30 
s–1min). Then the reaction mixture was allowed to cool down, 20 mL water was added, and the 
resulting solid was filtered off, washed with 20 mL warm water, and recrystallized from 
ethanol/chloroform. 
General procedure for preparation of dicyanomethylene derivatives of tryptanthrin 7: A 
mixture of isatin (1 mmol), isatoic anhydride (1 mmol) and potassium carbonate (2 mmol) was 
wetted with 2-3 drops of DMSO, mixed thoroughly, put in an open vessel and exposed to 300 W 
microwave irradiation for 3 min in a three step mode with interval (1 min–30 s–1min). Then 
malononitrile (1.2 mmol) was added and the reaction mixture irradiated for additional 2 minutes 
in a two step mode with interval (1 min-30 s-1 min). Finally, pure products 7a-c were obtained 
as described for 3a-c. 
2-(11H-Indeno[1,2-b]quinoxalin-11-ylidene)malononitrile (3a). Yellow solid, mp> 260 oC; 1H 
NMR (DMSO-d6): δ= 7.66 (t, J= 6.0 Hz, 1H), 7.76-7.89 (m, 3H), 8.15 (m, 2H), 8.25 (d, J= 8.8 
Hz, 1H), 8.58 (d, J= 9.0 Hz, 1H) ppm; 13C (DMSO-d6): δ= 112.5, 113.3, 123.6, 127.2, 130.1, 
130.9, 131.7, 132.9, 133.2, 136.4, 138.9, 140.1, 141.6, 142.5, 144.4, 154.5, 156.1; 176.2 ppm; IR 
(KBr): 2227, 1630, 1619 cm-1; MS: m/z(%)= 280 (M+=, 15%), 102 (25), 57 (95), 43 (100); 
Elemental analysis for C18H8N4 (280.28) calcd. C 77.13 H 2.88 N 19.99 found C 77.01 H 2.95 N 
19.82. 
2-(7-Methyl-11H-indeno[1,2-b]quinoxalin-11-ylidene)malononitrile (3b). Yellow solid, mp> 
260 oC; 1H NMR (DMSO-d6): δ= 2.64 (s, 3H), 7.58 (m, 2H), 7.74 (d, J= 6.1 Hz, 1H), 7.88 (s, 
1H), 8.08 (d, J= 5.5 Hz, 1H), 8.11 (d, J= 6.1 Hz, 1H), 8.54 (d, J= 8.9 Hz, 1H) ppm; 13C (DMSO-
d6): δ= 22.5, 112.0, 113.7, 127.1, 129.3, 131.2, 132.7, 133.1, 135.8, 136.3, 139.3, 140.8, 143.7, 
144.6, 149.1, 154.1, 156.1 ppm; IR (KBr): 2365, 2228, 1619, 1594 cm-1; MS: m/z(%)= 294 
(M+=, 20%), 246 (22), 89 (100); Elemental analysis for C19H10N4 (294.31) calcd. C 77.54 H 3.42 
N 19.04; found C 77.61 H 3.31 N 19.11. 
2-(7,8-Dimethyl-11H-indeno[1,2-b]quinoxalin-11-ylidene)malononitrile (3c). Yellow solid, 
mp > 260 oC; 1H NMR (DMSO-d6): δ= 2.51 (s, 3H), 2.54 (s, 3H), 7.57-7.63 (m, 1H), 7.71 (t, J= 
6.5 Hz, 1H), 7.86 (s, 1H), 7.97 (s, 1H), 8.08 (d, J=9.0 Hz, 1H), 8.53 (d, J= 9.0 Hz, 1H) ppm; 13C 
(DMSO-d6): δ= 20.5, 21.1, 112.9, 114.6, 123.2, 127.1, 129.4, 130.9, 132.5, 135.5, 136.2, 141.7, 
144.6, 154.4 ppm; IR (KBr): 2223, 1637, 1551 cm-1; MS: m/z(%)= 308 (M+=, 100%), 293 (48), 
103 (60), 39 (88); Elemental analysis for C20H12N4 (308.34) calcd. C 77.91 H 3.92 N 18.17; 
found C 78.02 H 3.80 N 18.29. 
2-(8-Bromo-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)malononitrile (7b). Red solid, mp 
> 260 oC; 1H NMR (DMSO-d6): δ= 7.71 (t, J= 6.1 Hz, 1H), 7.81-7.91 (m, 2H), 8.01 (d, J= 7.1 
Hz, 1H), 8.44 (d, J= 8.8 Hz, 1H), 8.52 (d, J= 6.1 Hz, 1H), 8.58 (s, 1H) ppm; IR (KBr): 2345, 
2322, 1692, 1620 cm-1; MS: m/z (%)= 376 ([M+2]+, 10%), 374 (M+, 10.2), 71 (68), 57 (100), 43 
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(98); Elemental analysis for C18H7BrN4O (375.18) calcd. C 57.62 H 1.88 N 14.93; found C 
57.72 H 1.77 N 14.93. 
2-(8-Nitro-12-oxoindolo[2,1-b]quinazolin-6(12H)-ylidene)malononitrile (7c). Red solid, mp> 
260 oC; 1H NMR (DMSO-d6): δ= 7.77 (t, J= 6.7 Hz, 1H), 7.95 (t, J= 6.7 Hz, 1H), 8.06 (d, J= 8.1 
Hz, 1H), 8.48 (d, J= 6.7 Hz, 1H), 8.69 (d, J= 6.7 Hz, 1H), 8.86 (d, J= 8.1 Hz, 1H), 9.35 (s, 1H) 
ppm; IR (KBr): 2320, 2217, 1706, 1628 cm-1; MS: m/z (%)= 341 (M+, 17%), 295 (56), 104 
(100), 43 (98); Elemental analysis for C18H7N5O3 (341.28) calcd.C 63.35 H 2.07 N 20.52; C 
63.53 H 2.12 N 20.41. 
 
 
Acknowledgements 
 
Financial support by the research council of Persian Gulf University is gratefully acknowledged. 
 
 
References  
 
1. (a) Posner, G. H. Chem. Rev. 1986, 86, 831. (b) Domling, A.; Ugi, I. Angew. Chem. Int. Ed. 

2000, 39, 3168. (c) Ugi, I.; Domling, A.; Werner, B. J. Heterocycl. Chem. 2000, 37, 647. (d) 
Bienayme, H.; Hulme, C.; Oddon, G.; Schmitt, P. Chem. Eur. J. 2000, 6, 3321. (f) Nair, V.; 
Rajesh, C.; Vinod, A. U.; Bindu, S.; Sreekanth, A. R.; Mathen, J. S.; Balagopala, L. Acc. 
Chem. Res. 2003, 36, 899. 

2. (a) Kobayashi, S. Chem. Soc. Rev. 1999, 28, 1. (b) Weber, L. Drug Discovery Today 2002, 7, 
143. 

3. (a) Shivaji, V. M.; Sastry, M. N. V.; Wang, C. C.; Ching-Fa, Y. Tetrahedron Lett. 2005, 46, 
6345. (b) Hui, X.; Desrivot, J.; Bories, C.; Loiseau, P. M.; Franck, X.; Hocquemiller, R.; 
Figadere, B. Bioorg .Med. Chem. Lett. 2006, 16, 815. (c) Sato, N. in: Katritzky, A. R.; Rees, 
C. W.; Scriven, E. F. V., Eds. Comprehensive Heterocyclic Chemistry II, Pergamon: Oxford 
1996; Vol. 6, p 233. 

4. (a) Sakata, G.; Makino, K.; Kurasama, Y. Heterocycles 1988, 27, 2481. (b). Cheeseman, G. 
W. H.; Werstiuk, E. S. G.; Adv. Heterocycl. Chem. 1978, 22, 367. (c) Seitz, L. E.; Suling, 
W. J.; Reynolds, R. C. J. Med. Chem. 2002, 45, 5604. (d) Gazit, A.; App,H.; McMahon, G.; 
Chen, A.; Levitzki, A.; Bohmer, F. D. J. Med. Chem. 1996, 39, 2170. (e) Monge, A.; Palop, 
J. A.; Del Castillo, J. C.; Caldero, J. M.; Roca, J.; Romero, G.; Del Rio, J.; Lasheras, B. J. 
Med. Chem. 1993, 36, 2745. (f) Toshima, K.; Takano, R.; Ozawa, T.; Matsumara, S. Chem. 
Commun. 2002, 212. (g) Lee, J.; Murray, W.V.; Rivero, R. A. J. Org. Chem. 1997, 62, 3874. 
(h) Uxey, T.; Tempest, P.; Hulme, C. Tetrahedron Lett. 2002, 43, 1637.  

5. Dailey, S.; Feast, J. W.; Peace, R. J.; Sage, I. C.; Till, S.; Wood, E. L. J. Mater. Chem. 2001, 
11, 2238. 



General Papers                                                                                                                  ARKIVOC 2007 (xv) 24-30 

ISSN 1424-6376                                                       Page 30                                                         ©ARKAT USA, Inc. 

6. (a) Mizuno, T.; Wei, W. H.; Eller, L. R.; Sessler, J. L. J. Am. Chem. Soc. 2002, 124, 1134. 
(b) Elwahy, A. H. M. Tetrahedron 2000, 56, 897. 

7. Crossley, J. C.; Johnston, L. A. Chem. Commun. 2002, 1122. 
8. (a) Batanero, B.; Barba, F. Tetrahedron Lett. 2006, 47, 8201. (b) Mitscher, L. A.; Baker, W. 

Medicinal Research Reviews 1998, 18, 363. 
9. (a) Iwaki, K.; Koya-Miyata, S.; Kohno, K.; Ushio, S.; Fukuda, S. J. Nat. Med. 2006, 60, 121. 

(b) Lee, E. C.; Park, J. G.; Jahng, Y. Tetrahedron Lett. 2003, 44, 1883. (c) Bergman, J.; 
Tilstam, U. J. Chem. Soc., Perkin Trans1 1987, 519. 

10. (a) Azizian, J.; Mohammadizadeh, M. R.; Karimi, N.; Kazemizadeh, Z.; Mohammadi, A. A.; 
Karimi, A. Heteroatom Chem. 2005, 16, 549. (b) Azizian, J.; Karimi, A. R.; Kazemizadeh, 
Z.; Mohammadi, A. A.; Mohammadizadeh, M. R. Tetrahedron Lett. 2005, 46, 6155. (c) 
Azizian, J.; Karimi, A. R.; Kazemizadeh, Z.; Mohammadi, A. A.; Mohammadizadeh, M. R. 
Synthesis 2005, 1095. (b) Azizian, J.; Karimi, A. R.; Arefrad, H.; Mohammadi, A. A.; 
Mohammadizadeh, M. R. Monash. Chem. 2004, 135, 729. (b) Azizian, J.; Mohammadi, A. 
A.; Ardakani, F.; Karimi, A. R.; Mohammadizadeh, M. R. Heterocycles 2004, 63, 791. 

11. (a) Lidstrom, P.; Tierney, J.; Wathey, B.; Westman, J. Tetrahedron 2001, 57, 9225. (b) 
Caddic S. Tetrahedron 1995, 51, 10403. 

12. (a) Kingston, H. M.; Haswell, S. J. Microwave-Enhanced Chemistry: Fundamentals, Sample 
Preparation and Applications; American Chemical Society: Washington, D.C., 1997. b) 
Loupy, A. (Ed) Microwaves in organic synthesis; Wiley-VCH: Weinheim, 1997. (c) Hayes, 
B. L. Microwave synthesis: chemistry at the speed of light; CEM Publishing: Matthews, NC. 
(c) Varma, R. S. Advances in green chemistry: chemical syntheses using microwave 
irradiation; Astra Zeneca Research Foundation, Kavitha Printers: Bangalore, India, 2002. 
(d) Kappe, C. O.; Stadtler, A. Microwaves in organic and medicinal chemistry; Wiley-VCH: 
Weinheim, 2005. 

13. (a) Kaupp. G.; Naimi-Jamal, M. R.; Schmeyers, J. Chem. Eur. J. 2002, 8, 594. (b) Deady, L. 
W.; Desneves, J.; Ross, A. C. Tetrahedron 1993, 49, 9823. 

14. Son, J. K.; Park, J. G.; Jahng, Y. D. Heterocyclic Commun. 2003, 9, 621. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


