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REACTION OF 6(7)-ACYL-  

AND 6(7)-FORMYLPERIMIDINES 

WITH 1,3,5-TRIAZINES IN POLY- 

PHOSPHORIC ACID 

 
A. V. Aksenov, I. V. Borovlev, S. V. Pisarenko, and I. V. Aksenova 

 
A method has been developed for the synthesis of 1,3,7-triazapyrenes using the reaction of 
6(7)-formyl- and 6(7)-benzoylperimidines with 1,3,5-triazines in PPA. Under these conditions, 
6(7)-formylperimidine reacts with 2,4,6-trimethyl-1,3,5-triazine to give 6-hydroxy-1,3-diazapyrene. 
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 We have already shown that the 1,3,5-triazine–PPA* system is useful for the acylation and formylation 
of perimidines [2] and the synthesis of 1,2,3,7-tetraazapyrenes from 1H-naphtho[1,8-de][1,2,3]triazine 
(1,2,3-triazaphenalene) [3]. The present study is a continuation of our investigation of the synthetic scope of this 
system. The reaction of this system with 6(7)-acylperimidines 1a-c and 1e and 6(7)-formylperimidine (1d) was 
studied in present work. 
 Since perimidines [2] and 1,2,3-triazaphenalene [3] undergo, in effect, double electrophilic attack by the 
system of 1,3,5-triazines 2 in PPA, we might have assumed that perimidines 1 would react analogously. Indeed, 
1,3,7-triazapyrenes 3a-d were obtained in 50-65% yield upon heating 1a-d with 1,3,5-triazine (2a) in PPA. 
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1, 3 a R = H, R1 = Ph, b R = Me, R1 = Ph, c R = R1 = Ph, 
d R = R1 = H, e R = H, R1 = Me 

_______ 
* PPA with 86% P2O5 prepared according to Uhlig [1] was used. 
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 The reaction with 1e gave a 1:1 mixture of triazapyrenes 3e,d in 61% total yield as indicated by 
1H NMR spectroscopy. We were unable to separate the products in light of their similar chromatographic 
mobility. The formation of compound 3d may be attributed to the competing deacetylation of acylperimidine 1e 
[4] and subsequent reaction of perimidine 4 with triazine 2a. 
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 The proposed mechanism for the formation of 1,3,7-triazapyrenes 3 is given in the scheme below. Initial 
protonation (or phosphorylation) of the carbonyl group oxygen atom in compound 1 gives quinoid structure 5 
containing a dienol fragment. This facilitates electrophilic attack of the 1,3,5-triazinium cation at the free peri 
position to give 6. Subsequent nucleophilic addition at the carbonyl group and dehydration lead to 
intermediate 7, which undergoes the cycloelimination of HCN to give triazapyrenes 3. 
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 We cannot completely exclude an alternative Diels-Alder reaction mechanism, in which the 
1,3,5-triazine acts as a dienophile relative to the diene fragment in the structure 5 and during which the loss of 
aromaticity in one ring is compensated by the restoration of aromaticity in another ring. 
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 The reaction of the aldehyde 1d with 2,4,6-trimethyl-1,3,5-triazine (2b) unexpectedly led to 6-hydroxy-
1,3-diazapyrene (8) instead of the corresponding triazapyrene. Diazapyrene 8 was previously obtained by 
another route [5]. 
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 This reaction likely involves the crotonic condensation of trimethyltriazine 2b with aldehyde 1d and 
subsequent intramolecular acylation. The spiro compound 9 formed after hydrolysis and proton transfer converts 
to hydroxydiazapyrene 8. 
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EXPERIMENTAL 
 
 The 1H NMR spectra were taken on a Bruker WP-200 spectrometer at 200 MHz with TMS as the 
internal standard. The mass spectra were taken on a MAT-311A spectrometer. The course of the reactions and 
purity of the products were monitored by thin-layer chromatography on Silufol UV-254 plates with ethyl acetate 
as the eluent. 
 1,3,7-Triazapyrenes 3a-e (General Method). A mixture of corresponding acylperimidine 1 (1 mmol), 
1,3,5-triazine (0.12 g, 1.5 mmol), and  PPA (4 g) was stirred for 3 h at 100°C (in the preparation of compound 
3e, the reaction was carried out for 2 h at 125°C). The reaction mixture was poured into 30 ml water and brought 
to pH ~7-8 by adding ammonium hydroxide. The precipitate was filtered off. In the case of compound 3e, the 
reaction mixture after being made alkaline was extracted with three 30-ml ethyl acetate portions. The solvent 
was almost entirely evaporated and the crystals precipitated were filtered off. 
 6-Phenyl-1,3,7-triazapyrene (3a) was obtained in 60% yield (0.168 mg) as light-yellow crystals; 
mp 174-176°C (nonane). 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 7.68 (3H, m, 3,4,5-C6H5); 7.91 (2H, br. 
d, J = 8.0, 2,6-C6H5); 8.29 (1H, d, J9,10 = 9.5, H-10); 8.33 (1H, d, J4,5 = 9.1, H-4); 8.75 (1H, d, J9,10 = 9.5, H-9); 
8.91 (1H, d, J4,5 = 9.1, H-5); 9.86 (1H, s, H-8); 9.89 (1H, s, H-2). Mass spectrum (EI, 70 eV), m/z (Irel, %): 281 
[M]+ (100). Found, %: C 81.27; H 3.87; N 14.86. C19H11N3. Calculated, %: C 81.12; H 3.94; N 14.94. 
 2-Methyl-6-phenyl-1,3,7-triazapyrene (3b) was obtained in 47% yield (0.14 g) as light-orange 
crystals; mp 246-248°C (nonane). 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.19 (3H, s, CH3); 7.63 (3H, 
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m, 3,4,5-C6H5); 7.88 (2H, dd, J = 8.1, J = 1.3, 2,6-C6H5); 8.18 (1H, d, J9,10 = 9.5, H-10); 8.24 (1H, d, J4,5 = 9.2, 
H-4); 8.60 (1H, d, J4,5 = 9.2, H-5); 8.76 (1H, d, J9,10 = 9.5, H-9); 9.69 (1H, s, H-8). Found, %: C 81.44; H 4.38; 
N 14.18. C20H13N3. Calculated, %: C 81.34; H 4.44; N 14.23. 
 2,6-Diphenyl-1,3,7-diazapyrene (3c) was obtained in 53% yield (0.189 mg) as yellow crystals; 
mp 197-199°C (nonane). 1H NMR spectrum (CDCl3), δ, ppm (J, Hz): 7.63 (6H, m, 3,4,5-(2)C6H5, 
3,4,5-(6)C6H5); 7.90 (2H, dd, J = 8.1, J = 1.6, 2,6-(6)C6H5); 8.30 (1H, d, J9,10 = 9.5, H-10); 8.35 (1H, d, 
J4,5 = 9.2, H-4); 8.63 (1H, d, J5,4 = 9.2, H-5); 8.76 (1H, d, J9,10 = 9.5, H-9); 8.84 (2H, dd, J = 8.1, J = 1.6, 
2,6-(2)C6H5); 9.68 (1H, s, H-8). Found, %: C 84.14; H 4.19; N 11.67. C25H15N3. Calculated, %: C 84.01; H 4.23; 
N 11.76. 
 1,3,7-Triazapyrene (3d). The reaction starting with 6(7)-carbaldehyde (1d) gave 0.129 g (63%) 3d. The 
reaction starting with 6(7)-acetylperimidine (1e) gave 30% 3d as indicated by 1H NMR spectroscopy. The 
product was obtained as yellow crystals, mp 240-242°C (octane, subl.) (mp 240-242°C [3]). The 1H NMR 
spectrum for 3d obtained was the same as the spectrum reported in our previous work [3]. 
 6-Methyl-1,3,7-triazapyrene (3e) was obtained from a mixture with 1,3,7-triazapyrene (3d) in 
30% yield as indicated by 1H NMR spectroscopy. 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.25 (3H, s, 
CH3); 8.16 (1H, d, J4,5 = 9.1, H-5); 8.22 (1H, d, J9,10 = 9.9, H-9); 8.75 (1H, d, J4,5 = 9.1, H-4); 8.89 (1H, d, 
J9,10 = 9.9, H-10); 9.61 (1H, s, H-8); 9.78 (1H, s, H-2). 
 6-Hydroxy-1,3-diazapyrene (8). A mixture of  perimidine-6(7)-carbaldehyde (0.182 g, 1 mmol), 
2,4,6-trimethyl-1,3,5-triazine (0.184 g, 1.5 mmol), and PPA (4 g) was stirred rapidly for 2 h at 130°C. The 
reaction mixture was poured into  water (30 ml) and brought to pH  ~7-8 by adding ammonium hydroxide. The 
precipitate was filtered off. The mother liquor was heated at reflux until ammonia had been completely 
evaporated. The crystals formed upon cooling were filtered off to give 0.105 g (47%) 8 as red-brown crystals, 
mp 303-305°C (ethanol) (mp 303-305°C [5]). A mixture with an authentic sample did not give a depressed 
melting point. The 1H NMR spectrum was identical to the spectrum reported in previous work [5]. 
 
 
REFERENCES 
 
1. F. Uhlig, Angew. Chem., 66, 435 (1954). 
2. A. V. Aksenov, I. V. Borovlev, A. S. Lyakhovnenko, and I. V. Aksenova, Khim. Geterotsikl. Soedin., 

629 (2007). [Chem. Heterocycl. Comp., 43, 527 (2007)]. 
3. A. V. Aksenov, I. V. Borovlev, I. V. Aksenova, and D. A. Kovalev, Khim. Geterotsikl. Soedin., 1590 

(2007). [Chem. Heterocycl. Comp., 43, 1353 (2007)]. 
4. A. F. Pozharskii, I. V. Borovlev, and I. S. Kashparov, Khim. Geterotsikl. Soedin., 543 (1975)  [Chem. 

Heterocycl. Comp., 11, 480 (1975)]. 
5. I. V. Borovlev, O. P. Demidov, and A. F. Pozharskii, Izv. Akad. Nauk, Ser. Khim., 794 (2002). 
 
 
 
 
 
 
 
 
 
 
 
 

871 


	Chemistry of Heterocyclic Compounds, Vol. 44, No. 7, 2008
	A. V. Aksenov, I. V. Borovlev, S. V. Pisarenko, and I. V. Ak

	EXPERIMENTAL
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.3
  /CompressObjects /Off
  /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 150
  /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 150
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


