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Azapyrenes are used as organic luminophores and dyes, and they include compounds with high
cytostatic and analgesic activity [1-3]. None the less there are a limited number of methods for the synthesis of
such compounds, particularly those with functional groups. In this work, we propose a one-pot method for
preparing the 10-amino-1,2,6,8-tetraazapyrenes 8a-c, based on our recently discovered method for the
amination of perimidines with sodium azide in polyphosphoric acid (PPA) [4, 5].

It was found that a reaction of perimidines 1a-¢ with NaN; in PPA at 70-80°C, and further with benzoyl
hydrazine in the ratio 1:3:1 at 125-135°C gave the previously unknown 10-amino-1,2,6,8-tetraazapyrenes 8a-c
in 34-41% yields.

The reaction scheme, as reported in the studies [4, 5], includes the formation of the intermediates 2a-c
which are acylated by benzoyl hydrazine to give compounds 3a-c¢ (found in equilibrium with 4a-c). Through an
intramolecular nucleophilic substitution the latter are converted to the 1,6-dihydro-1,2,6,8-tetraazapyrenes Sa-c.
These compounds are aminated by a scheme similar to that proposed for the amination of perimidines. After
hydrolysis and, likely, oxidation of the dihydro derivatives 7a-¢ by atmospheric oxygen, they are converted to
the amines 8a-c.

IR spectra were recorded on a UR-20 instrument using KBr pellets. '"H NMR spectra were recorded on a
Bruker WP-200 instrument (200 MHz) using DMSO-ds with TMS as internal standard. Elemental analysis was
carried out on a KOVO CHN-1 CHN analyzer. Melting points were determined on a PTP-M apparatus
(Khimlaborpribor). Monitoring of the reaction course and the purity of the synthesized compounds was carried
out on Silufol UV-254 plates with EtOAc-EtOH (1:1) as eluent. PPA with an 86% content of P,Os was
prepared by the method [6].

10-Amino-3-phenyl-1,2,6,8-tetraazapyrenes 8a-c (General Method). A mixture of perimidine la-c
(1 mmol) and NaN; (0.13 g, 2 mmol) in 86% PPA (2-3 g) was heated at 70-80°C for 2 h with vigorous stirring. An
additional portion of sodium azide (0.065 g, 1 mmol) was added and heating was continued for another 2 h.
Benzoyl hydrazine (0.136 g, 1 mmol) was then added, the reaction mixture temperature was raised to 125-135°C,
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and heating was continued for 5 h. The reaction mixture was cooled, poured into water (50 ml), neutralized with
ammonia solution, and extracted with BuOH (5x50 ml). The butanol was evaporated, and the residue was
separated by flash chromatography. The obtained compounds 8a-c were recrystallized from EtOAc.
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10-Amino-3-phenyl-1,2,6,8-tetraazapyrene (8a). Yiecld 0.119 g (40%); mp 194-195°C. R¢ 0.6 (EtOAc—
EtOH, 1:1). IR spectrum, v, cm’: 3420 (NH,). '"H NMR spectrum, 8, ppm (J, Hz): 7.30 (2H, br. s, NH,); 7.51
(1H, s, H-9); 7.65-7.72 (3H, m, H-3,4,5 Ph); 7.91 (2H, d, J = 7.5, H-2,6 Ph); 8.39 (1H, d, J = 9.4, H-4); 8.83
(1H, d, J=9.4, H-5); 9.93 (1H, s, H-7). Found, %: C 72.88; H 3.68; N 23.44. CgH,;Ns. Calculated, %: C 72.72;
H 3.73; N 23.55.

10-Amino-7-methyl-3-phenyl-1,2,6,8-tetraazapyrene (8b). Yield 0.127 g (41%); mp 182-183°C.
R: 0.6 (EtOAc—EtOH, 1:1). IR spectrum, v, cm™: 3407 (NH,). "H NMR spectrum, &, ppm (J, Hz): 3.11 (3H, s,
CHs); 7.36 (2H, br. s, NH,); 7.51 (1H, s, H-9); 7.65-7.71 (3H, m, H-3,4,5 Ph); 7.93 (2H, d, J = 7.6, H-2,6 Ph);
8.42 (1H, d, J = 9.4, H-4); 8.83 (1H, d, J = 9.4, H-5). Found, %: C 73.42; H 4.19; N 22.41. Cy9H;35Ns.
Calculated, %: C 73.30; H4.21; N 22.49.

10-Amino-3,7-diphenyl-1,2,6,8-tetraazapyrene (8c). Yield 0.127 g (34%); mp 215-216°C. R; 0.42
(EtOAc). IR spectrum, v, cm™: 3436 (NH,). 'H NMR spectrum, 8, ppm (J, Hz): 7.45 (2H, br. s, NH,); 7.52 (1H,
s, H-9); 7.60-7.70 (6H, m, H-3,4,5 (3,7-Ph)); 7.93 (2H, d, J= 7.6, H-2,6 (3-Ph)); 8.46 (1H, d, J= 9.4, H-4); 8.84
(1H, d, J = 9.4, H-5); 8.95 (2H, d, J = 8.2, H-2,6 (7-Ph)). Found, %: C 77.32; H 3.98; N 18.70. CyH;sNs.
Calculated, %: C 77.20; H 4.05; N 18.75.

1276



This work was carried out with the financial support of the Russian Foundation for Basic Research
(grant 10-03-00193a).

REFERENCES

1. A. D. Andricopolo, L. A. Muller, V. C. Filho, G.-N. R. J. Cani, and R. A. Yunes, Farmaco, 55, 319
(2000).

2. S. Roknic, L. Glavas-Obrovac, 1. Karner, 1. Piantanida, M. Zinic, and K. Pavelic, Chemotherapy, 46,
143 (2000).

3. A. M. Brun and A. Harriman, J. Am. Chem. Soc., 113, 8153 (1991).

4, A. V. Aksenov, A. S. Lyakhovnenko, and N. Ts. Karaivanov, Khim. Geterotsikl. Soedin., 1091 (2009).
[Chem. Heterocycl. Compd., 45, 871 (2009)].

5. A. V. Aksenov, A. S. Lyakhovnenko, N. Ts. Karaivanov, and 1. I. Levina, Khim. Geterotsikl. Soedin.,

591 (2010). [Chem. Heterocycl. Compd., 46, 468 (2010).
6. F. Uhlig, Angew. Chem., 66, 435 (1954).

1277



	Keywords: benzoyl hydrazine, perimidines, polyphosphoric acid, sodium azide, 1,2,6,8-tetraazapyrenes, peri-annelation.
	REFERENCES


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [594.000 792.000]
>> setpagedevice


