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SYNTHESIS AND SPECTRAL PROPERTIES OF AZAHETERO- 

AROMATIC DERIVATIVES OF 2-STYRYLANTHRACENE 

 
V. M. Lee1* and M. F. Budyka1 

 
Novel azaheteroaromatic derivatives of 2-styrylanthracene: 2-styrylbenzo[g]quinoline and 3-styryl- 
acridine were obtained from 3-nitro-2-naphthaldehyde and 2-bromo-4-methylbenzoic acid. Spectral 
properties of the new compounds were studied. 
 
Keywords: 3-styrylacridine, 2-styrylanthracene, 2-styrylbenzo[g]quinoline, crotonic condensation, 
Friedlander reaction. 

  
 Heterocyclic stilbene analogs are widely used as photosensitizers, organic luminophores, fluorescent 
dyes, and as optical brightening agents [1]. They invariably cause much interest for many investigators as 
evidenced by the large volume of work related to studying their spectral and photochemical properties. Among 
their photochemical properties, the greatest interest is focused on those relating to trans-cis photoisomerization 
reactions [2-4], photocycloaddition to form a cyclobutane [5-7], and electrocyclic reactions [8-10]. At this time, 
azaheteroaromatic derivatives of 2-styrylanthracene remain unstudied, even though for 2-styrylanthracene itself 
the so-called one-way cis-trans photoisomerization is widely known, when the reverse trans-cis 
photoisomerization reaction does not occur [11]. In this work, we report the synthesis of two isomeric 
azaheteroaromatic 2-styrylanthracenes, viz. 2-styrylbenzo[g]quinoline (1) and 3-styrylacridine (2). 
 Benzo[g]quinoline derivatives are difficult to obtain, since the majority of traditional methods for 
constructing a quinoline system involve use of β-naphthylamine and lead to an angularly structured 
benzo[f]quinolines [12]. An alternative method for building a linear benzoquinoline system is the Friedlander 
reaction between 3-amino-2-naphthaldehyde and various ketones [13]. The Friedlander reaction can also be 
used for the preparation of 2-styrylquinoline if methyl styryl ketone (benzalacetone) is used in the condensation 
with 2-aminobenzaldehyde [14]. In a contemporary modification of the Friedlander reaction the 
2-aminobenzaldehyde is generated in situ by reduction of 2-nitrobenzaldehyde using iron powder in acid 
medium, and is then introduced into the reaction with the benzalacetone [15]. 
 3-Nitro-2-naphthaldehyde (3) [16] was used as a starting material in the synthesis of compound 1 and 
was reduced with iron powder in alcoholic medium containing about 10-2 mol/l HCl. The 3-amino-
2-naphthaldehyde (4) so obtained was introduced without isolation into the condensation with benzalacetone in 
alkaline medium. 
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 3-Styrylacridine (2) was prepared by a crotonic condensation of 3-methylacridine (5) with benzalaniline 
(6) in the presence of potassium tert-butoxide and 18-crown-6. 
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 Compound 5 was prepared from the 2-bromo-4-methylbenzoic acid (7) by a standard scheme for 
construction of the acridine system [17, 18]. 
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 The 1H NMR spectrum of compound 1 shows signals for the ethylenic H proton at 7.52 ppm and H 
proton at 7.76 ppm, with J = 16.4 Hz indicating a trans-configured double bond. The large chemical shift of the 
-ethylenic proton (relative to the heterocyclic ring) when compared to H has been seen before in analogous 
compounds and is apparently due to formation of an N···H type intramolecular hydrogen bond between this 
proton and the nitrogen atom [19-21]. In compound 2 formation of such a hydrogen bond is not possible, and its 
ethylenic protons appear in the 1H NMR spectrum as a multiplet with the phenyl group protons in the region 
7.37-7.45 pm. 
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 TABLE 1. Spectroscopic Parameters for Compounds 1 and 2 in the Neutral and Protonated Forms 

 

Com- 
pound 

λmax, nm εmax, М
-1·cm-1 

Com-
pound 

λmax, nm εmax, М
-1·cm-1 

309 48600 2 308 45100 

322 53700  322 44800 

1 

376 13500  384 13700 

338 42900 2·HCl 307 29500 1·HCl 

411 34400  410 20900 

    437 18100 

 
  
 The IR spectra of both compounds show the presence of an out-of-plane C–H bond deformation 
vibration band at 965-967 cm-1, and this also confirms the trans configuration of the double bond in compounds 
1 and 2. 
 

 
 
Fig. 1. Absorption spectra of compounds 1 and 2 in neutral (1, 2) and in the protonated forms 1·HCl and 2·HCl 
(1', 2') in ethanol. 
 
 When comparing the absorption spectra of compounds 1 and 2 it is evident that the neutral forms show 
two almost coincident long wavelength bands (Table 1 and Fig.1, spectra 1 and 2). Protonation of compound 1 
causes a bathochromic shift of the long wavelength absorption band by 35 nm and a marked increase in its 
intensity (Fig. 1, spectrum 1'). On the other hand, for compound 2 a small increase is observed in the long 
wavelength band intensity, and a marked bathochromic shift of 53 nm (Fig. 1, spectrum 2'). This large 
bathochromic shift for the compound 2 hydrochloride when compared to compound 1 hydrochloride is 
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evidently due to the fact that there is a longer chain of conjugation between the styryl group and the protonated 
nitrogen atom in compound 2. 
 Hence, using different methods of constructing heteroaromatic rings we have synthesized the trans 
isomers of two 2-styrylanthracene aza analogs: 2-styrylbenzo[g]quinoline and 3-styrylacridine. Comparison of 
the properties of the synthesized compounds has shown that introduction of an aza function into aromatic 
systems has little effect on the absorption spectra for the neutral form. However, the protonated form spectra 
depend markedly on the position of the nitrogen atom in the anthracene system (in the central or side benzene 
ring). 
 
 
EXPERIMENTAL 
 
 IR spectra were recorded on a Spectrum BX-2 Fourier spectrometer using KBr. Electronic absorption 
spectra were recorded on a Specord M-400 spectrophotometer. 1H NMR spectra were recorded on a Bruker 
Avance III spectrometer (500 MHz) using CDCl3 with TMS as internal standard. Elemental analysis was 
performed on an Elementar vario MICRO cube analyzer. Melting points were determined on a Koffler hot stage 
apparatus with a heating rate of 4°C/min. 
 2-[(E)-2-Phenylethenyl]benzo[g]quinoline (1). A mixture of 3-nitro-2-naphthaldehyde (250 mg, 
1.24 mmol), powdered iron (312 mg, 5.58 mmol), 0.1 M HCl (1 ml), and EtOH (6 ml) was heated at 90-95ºC 
for 2 h. A solution of benzalacetone (181 mg, 1.24 mmol) in EtOH (1.5 ml) and KOH (90 mg, 1.60 mmol) were 
carefully added and heated at the same temperature for a further 2 h. The reaction mixture was cooled, diluted 
with water (30 ml), and extracted with dichloromethane (3×25 ml). Solvent was evaporated in vacuo, and the 
residue was treated with conc. HCl (1 ml) and washed with EtOAc. The hydrochloride obtained was neutralized 
by heating with an aqueous-acetone solution of alkali, and the precipitated free base 1 was filtered off and 
recrystallized from 80% EtOH. Yield 103 mg (30%). Yellow crystals; mp 163-165ºC. IR spectrum, , cm-1: 
3054, 3028, 1635 (, C=C), 1604, 967 (, –CH=CH–), 887, 807, 744, 694. 1H NMR spectrum, , ppm (J, Hz): 
7.39 (1H, t, J = 7.4, H Ph); 7.47 (2H, t, J = 7.5, H Ph); 7.52 (1H, d, J = 16.4, Ph–CH=CH–); 7.54-7.59 (2H, m, 
H Ph); 7.70-7.73 (2H, m, H-7,8); 7.74 (1H, d, J = 8.8, H-3); 7.76 (1H, d, J = 16.4, Ph-CH=CH-); 8.06 (1H, d, 
J = 9.0, H-6(9)); 8.12 (1H, d, J = 9.0, H-9(6)); 8.34 (1H, d, J = 8.9, H-4); 8.40 (1H, s, H-5); 8.69 (1H, s, H-10). 
Found, %: C 89.33; H 5.48; N 4.76. C21H15N. Calculated, %: C 89.65; H 5.37; N 4.98. 
 3-[(E)-2-Phenylethenyl]acridine (2). A mixture of 3-methylacridine (5) (0.80 g, 4.1 mmol), 
benzalaniline (6) (1.50 g, 8.3 mmol), t-BuOK (0.82 g, 7.3 mmol), 18-crown-6 (0.50 g, 1.9 mmol), and DMF 
(10 ml) was heated at about 100ºC for 4 h under an argon atmosphere. The reaction mixture was cooled, treated 
with water, and the precipitate formed was filtered off. The filtrate was extracted with benzene (2×30 ml). 
Benzene was distilled off, and the solid residue formed was chromatographed together with the previously 
isolated precipitate on silica gel with acetone–petroleum ether (1:5) as eluent. Yield 0.66 g (57%). Light-yellow 
crystals; mp 159-161ºC. IR spectrum, , cm-1: 3054, 3025, 1626 (C=C), 1613, 1506, 965 (, –CH=CH–), 908, 
791, 746, 693. 1H NMR spectrum, , ppm (J, Hz): 7.33 (1H, d, J = 7.4, H Ph); 7.37-7.45 (4H, m, Ph–CH=CH–
Ph, H Ph); 7.55 (1H, t, J = 7.4, H-7); 7.62 (2H, d, J = 7.3, H Ph); 7.81 (1H, t, J = 7.4, H-6); 7.85 (1H, d, J = 8.8, 
H-2); 7.99-8.03 (2H, m, H-1,8); 8.24-8.30 (2H, m, H-5,9); 8.75 (1H, s, H-4). Found, %: C 89.43; H 5.25; 
N 5.05. C21H15N. Calculated, %: C 89.65; H 5.37; N 4.98. 
 
 
REFERENCES 
 
  1. B. M. Krasovitskii and B. M. Bolotin, Organic Luminophores [in Russian], Khimiya, Moscow (1984), 

p. 95. 
 



 1481

  2. M. F. Budyka, V. M. Lee, N. I. Potashova, and T. N. Gavrishova, Khimiya Vysokikh Energii, 45, 144 
(2011). 

  3. J. Bossert and C. Daniel, Chem.–Eur. J., 12, 4835 (2006).  
  4. S. Ciorba, G. Bartocci, G. Galiazzo, U. Mazzucato, and A. Spalletti, J. Photochem. Photobiol., A, 195, 

301 (2008).  
  5. L. G. Kuz'mina, A. I. Vedernikov, N. A. Lobova, S. K. Sazonov, S. S. Basok, J. A. K. Hovard, and 

S. P. Gromov, Izv. Akad. Nauk, Ser. Khim., 1161 (2009).  
  6. A. I. Vedernikov, S. K. Sazonov, P. S. Loginov, N. A. Lobova, M. V. Alfimov, and S. P. Gromov, 

Mendeleev Commun., 17, 29 (2007).  
  7. H. S. Banu, A. Lalitha, K. Pitchumani, and C. Srinivasan, J. Chem. Soc., Chem. Commun., 607 (1999).  
  8. A. S. Kelkar, R. M. Letcher, K.-K. Cheung, K.-F. Chiu, and G. D. Brown, J. Chem. Soc., Perkin Trans. 

1, 3732 (2000).  
  9. M. F. Budyka, N. I. Potashova, T. N. Gavrishova, and V. M. Lee, Khimiya Vysokikh Energii, 43, 424 

(2009). 
10. O. A. Fedorova, Y. V. Fedorov, E. N. Andryukhina, S. P. Gromov, M. V. Alfimov, and R. Lapouyade, 

Org. Lett., 5, 4533 (2003).  
11. T. Arai and K. Tokumaru, Chem. Rev., 93, 23 (1993).  
12. R. Elderfield, Heterocyclic Compounds [Russian translation], Vol. 4, Inostr. Lit., Moscow (1955), 

p. 480. 
13. E. Taffarel, S. Chirayil, and R. P. Thummel, J. Org. Chem., 59, 823 (1994).  
14. V. Ismailsky, J. Prakt. Chem., 85, 90 (1912).  
15. A.-H. Li, E. Ahmed, X. Chen, M. Cox, A. P. Crew, H.-Q. Dong, M. Jin, L. Ma, B. Panicker, K. W. Siu, 

A. G. Steining, K. M. Stolz, P. A. R. Tavares, B. Volk, Q. Weng, D. Werner, and M. J. Mulvihill, Org. 
Biomol. Chem., 5, 61 (2007).  

16. F. Kienzle, Helv. Chim. Acta, 63, 2364 (1980).  
17. K. Gleu and S. Nitzsche, J. Prakt. Chem., 153, 200 (1939).  
18. R. A. Reed, J. Chem. Soc., 679 (1944).  
19. S. Ciorba, F. Fontana, G. Ciancaleoni, T. Caronna, U. Mazzucato, and A. Spalletti, J. Fluoresc., 19, 759 

(2009).  
20. L. Giglio, U. Mazzucato, G. Musumarra, and A. Spalletti, Phys. Chem. Chem. Phys., 2, 4005 (2000).  
21. I. Baraldi, A. Spalletti, and D. Vanossi, Spectrochim. Acta, Part A, 59, 75 (2003).  


	Keywords: 3-styrylacridine, 2-styrylanthracene, 2-styrylbenzo[g]quinoline, crotonic condensation, Friedlander reaction.
	EXPERIMENTAL
	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


