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 (Benzo)isoquinoline derivatives are of significant interest in different areas of basic and applied organic 
chemistry. Of special promise are their biological [1-3], photophysical, and coordination [4-8] properties. Their 
use as chiral catalysts [9, 10] is also of interest. 
 The most frequently used methods for preparing (benzo)isoquinoline systems are cross-coupling 
reactions [11, 12], which demand the use of special catalysts. We propose a method for preparing 
(benzo)isoquinoline derivatives based on an aza Diels–Alder reaction with 1,2,4-triazines as dienes and the 
aryne intermediates acting as dienophiles. 
 The methodology for preparing diverse pyridine derivatives via reaction of the corresponding 1,2,4-triazines 
has long been known [13-15]. However, there are only a few examples of using aryne intermediates in similar 
reactions. The range of dienophiles in these cases is limited to certain dehydrobenzene derivatives, the 
generation of which used poorly available anthranilic acids [16, 17] despite the marked growth in the chemistry 
of arynes in recent years [18, 19]. 
 In our work, we propose a highly efficient method for the preparation of (het)aryl-substituted 
isoquinoline 1a and benzo[h]isoquinoline 1b, which involves the reaction of arynes 2a,b with the substituted 
1,2,4-triazines 3a,b in anhydrous toluene for 24-36 h at 140°C under an argon atmosphere. The target 
compounds 1a,b were obtained in 76% and 80% yield, respectively. The corresponding arynes were generated 
in situ by the action of potassium tert-butoxide on the chloro- and bromo-substituted arenes 4a,b. 
 The structure of the obtained compounds 1a,b was confirmed from the 1H and 13C NMR spectroscopy, mass 
spectrometry, and by elemental analysis data. The mass spectra of compounds 1a,b showed the presence of a 
molecular ion peak. 
 The compounds obtained are 2,2'-bipyridine type ligands with an extended conjugated system, and are 
of interest from the viewpoint of complex formation and as luminescent materials. 
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 1H and 13C NMR spectra were recorded on a Bruker DRX-400 spectrometer (400 and 100 MHz, 
respectively) using CDCl3 with TMS as internal standard. ESI mass spectra were recorded on a Bruker 
Daltonics micrOTOF-Q II mass spectrometer. Elemental analysis was conducted on a Perkin-Elmer PE 2400 
series II CHN-analyzer. Melting points were determined on a Boetius hot stage apparatus. TLC analysis was 
performed on Merck 60 F254 silica gel and visualized in UV light. All of the synthetic procedures were carried 
out under an argon atmosphere. 
 The 5-phenyl-3-(2-pyridyl)-1,2,4-triazine (3a) [20] and 6-phenyl-3-(2-pyridyl)-1,2,4-triazine (3b) [15] 
were synthesized by the reported methods. 
 Preparation of the Aryne Cycloaddition Products (General Method). A suspension of the triazine 3a,b 
(0.50 mmol), the haloarene 4a,b (0.50 mmol), and t-BuOK (85 mg, 0.75 mmol) in absolute toluene (50 ml) was 
stirred in an autoclave at 140°C for 24 h. After cooling to room temperature, the reaction mixture was washed with 
water (250 ml), and the organic fraction was dried over anhydrous Na2SO4. Toluene was evaporated under reduced 
pressure, and the residue was purified by column chromatography using CH2Cl2 as eluent. 
 3-Phenyl-1-(2-pyridyl)isoquinoline (1a). Yield 110 mg (80%). Colorless crystals. Mp 107-109°C. 
1H NMR spectrum, , ppm (J, Hz): 7.41-7.45 (3Н, m, Н Ph); 7.51-7.53 (2Н, m, H isoquinoline); 7.57-7.59 (1Н, 
m, H isoquinoline); 7.68-7.70 (1Н, m, H isoquinoline); 7.93-7.95 (2Н, m, H Ph); 8.15 (1Н, s, H-4); 8.21-8.23 
(2H, m, H Py); 8.75 (1Н, dd, 3J = 8.4, 4J = 1.8, H-3 Py); 8.81 (1Н, dd, 3J = 4.8, 4J = 1.8, H-6 Py). 13C NMR 
spectrum, , ppm: 117.0; 123.2; 125.6; 127.0; 127.4; 127.5; 128.0; 128.5; 128.6; 128.8; 130.1; 137.0; 138.2; 
139.5; 148.3; 149.8; 157.0; 158.8. Mass spectrum, m/z (Irel, %): 283.12 [M+Н]+ (100). Found, %: С 84.81; 
Н 4.80; N 9.61. C20H14N2. Calculated, %: C 85.08; H 5.00; N 9.92. 
 4-phenyl-1-(2-pyridyl)benzo[h]isoquinoline (1b). Yield 130 mg (76%). Colorless crystals. Mp 
202-204°C. 1H NMR spectrum, , ppm (J, Hz): 7.29-7.33 (2Н, m, H-5 Py, H Ar); 7.49-7.64 (6Н, m, H Ph, 
H Ar); 7.45-7.86 (6Н, m, H Ph, H Ar); 8.22-8.24 (2Н, m, H-3,6 Py). 13C NMR spectrum, , ppm: 120.4; 122.9; 
124.5; 126.9; 128.1; 128.4; 128.9; 129.6; 130.1; 131.2; 131.7; 133.2; 133.9; 136.8; 137.7; 142.9; 144.2; 149.2; 
149.9; 151.6; 153.7; 160.7. Mass spectrum, m/z (Irel, %): 333.15 [M+Н]+ (100). Found, %: С 86.55; Н 4.76; 
N 8.21. C24H16N2. Calculated, %: C 86.72; H 4.85; N 8.43. 
 
 This work was carried out with the support of the Ministry of Education and Science of the Russian 
Federation (state contract Nos. 14.740.11.1020 and 14.A18.21.0817). 
 
 
 

 1872 



 1873

REFERENCES 
 
  1. N. Atatreh, C. Stojkoski, P. Smith, G. W. Booker, C. Dive, A. D. Frenkel, S. Freeman, and R. A. Bryce, 

Bioorg. Med. Chem. Lett., 18, 1217 (2008). 
  2. A. Cappelli, G. Giuliani, A. Gallelli, S. Valenti, M. Anzini, L. Mennuni, F. Makovec, A. Cupello, and 

S. Vomero, Bioorg. Med. Chem., 13, 3455 (2005). 
  3. D. B. Khadka and W.-J. Cho, Bioorg. Med. Chem., 19, 724 (2011). 
  4. H. Matsumiya, H. Hoshino, and T. Yotsuyanagi, Analyst, 126, 2082 (2001). 
  5. P.-T. Chou and C.-Y. Wei, J. Phys. Chem., 100, 17059 (1996). 
  6. D. Prema, A. V. Wiznycia, B. M. T. Scott, J. Hilborn, J. Desper, and C. J. Levy, J. Chem. Soc., Dalton 

Trans., 4788 (2007). 
  7. M. Bardaji, A. B. Miguel-Coello, and P. Espinet, Inorg. Chim. Acta, 392, 91 (2012). 
  8. B. Liang, C. Ouyang, Z. Chen, H. Zhu, and Z. Xiao, Adv. Sci. Lett., 10, 253 (2012). 
  9. C. W. Lim, O. Tissot, A. Mattison, M. W. Hooper, J. M. Brown, A. R. Cowley, 
 D. I. Hulmes, and A. J. Blacker, Org. Process Res. Dev., 7, 379 (2003). 
10. B. A. Sweetman, H. Muller-Bunz, and P. J. Guiry, Tetrahedron Lett., 46, 4643 (2005). 
11. C. Rochais, R. Yougnia, T. Cailly, J. Sopkova-de Oliveira Santos, S. Rault, 
 and P. Dallemagne, Tetrahedron, 67, 5806 (2011). 
12. D. M. Knapp, E. P. Gillis, and M. D. Burke, J. Am. Chem. Soc., 131, 6961 (2009). 
13. G. R. Pabst, O. C. Pfüller, and J. Sauer, Tetrahedron, 55, 8045 (1999). 
14. A. Rykowski, D. Branowska, and J. Kielak, Tetrahedron Lett., 41, 3657 (2000). 
15. V. N. Kozhevnikov, O. V. Shabunina, D. S. Kopchuk, M. M. Ustinova, B. König, and 

D. N. Kozhevnikov, Tetrahedron, 64, 8963 (2008). 
16. A. M. d'A. R. Gonsales, M. V. D. Pinho e Melo, and T. L. Gilchrist, Tetrahedron, 48, 6821 (1992). 
17. S. Diring, P. Retailleau, and R. Ziessel, Tetrahedron Lett., 48, 8069 (2007). 
18. P. M. Tadross and B. M. Stoltz, Chem. Rev., 112, 3550 (2012). 
19. I. S. Kovalev, D. S. Kopchuk, G. V. Zyryanov, P. A. Slepukhin, V. L. Rusinov, and O. N. Chupakhin, 

Khim. Geterotsikl. Soedin., 576 (2012). [Chem. Heterocycl. Compd., 48, 536 (2012)]. 
20. M. O'Rourke, S. A. Lang, Jr., and E. Cohen, J. Med. Chem., 20, 723 (1977). 


	Keywords: aryne intermediates, (benzo)isoquinoline, 1,2,4-triazine, cycloaddition, Diels–Alder reaction.
	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


