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NITROPYRIDINES. 2*. HANTZSCH SYNTHESIS 

OF NITRO- AND DINITROPYRIDINES 

 
G. P. Sagitullina, L. V. Glizdinskaya, and R. S. Sagitullin 

 
The interaction of α,β-unsaturated nitro ketones and various enamines leads to the synthesis of 5-nitro-
1,4-dihydropyridines containing acetyl, amide, benzoyl, ester, and cyano groups in position 3, and also 
unsymmetrical 3,5-dinitro-1,4-dihydropyridines. Aromatization of the nitrodihydropyridines was carried 
out with sodium nitrite in acetic acid. 
 
Keywords: 3,5-dinitrodihydropyridines, 5-nitro-1,4-dihydropyridines, nitro ketones, nitropyridines, 
nitrochalcones. 

  
 The synthesis of nitropyridines by the Hantzsch reaction is effected by the cyclocondensation of 
α,β-unsaturated nitro ketones (condensation products of aromatic aldehydes with nitroacetone and 
nitroacetophenone) with various enamines. 
 The availability of nitroacetone and nitroacetopheone enables them to be considered as valuable raw 
materials in the synthesis of nitropyridines [2], possessing potential biological activity. 
 Nitroacetone [3, 4] and nitroacetophenone [5] used in the work were obtained by the condensation of 
nitromethane with acetaldehyde and benzaldehyde (the Anri reaction). The nitroalcohols obtained were oxidized 
with sodium dichromate. 
 The condensation of nitroacetophenone with aromatic aldehydes proceeds readily and the corresponding 
nitrochalcones 1 are formed in preparative yield [6]. 
 Nitroacetone may interact with aromatic aldehydes at both the methyl and the methylene group. Under 
alkaline catalysis conditions the aldol condensation product is formed only at the methyl group. To obtain 
condensation products at the methylene group a less reactive Schiff's base of the aromatic aldehyde is used. In 
this way condensation products at the methylene group are formed in good yield only in the reaction of 
nitroacetone with Schiff's bases of an aromatic aldehyde containing an acceptor group in the nucleus [7], the 
yield of 2-nitro-1-phenyl-1-buten-3-one 1a was only 26%. Because of the low yield of chalcone 1a, the 
cyclocondensation of benzylideneacetoacetic ester with the enamine of nitroacetone 2f was used for the 
synthesis of nitrodihydropyridine 3d (variant B) (Scheme 1). 
 The condensation of benzylidenenitroacetone 1a with aminocrotonic ester (variant A) in acetic acid at 
room temperature and an equimolar ratio of initial reactants leads to nitrodihydropyridine 3d in 56% yield. On 
condensation by variant B under analogous conditions pyridine 3d is formed with a yield of 40%. We also note 
that the enamine of nitroacetone 2f [8], obtained by the transamination of 2-dimethylamino-1-nitro-1-propene 
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[9], the condensation product of dimethylacetamide diethylacetal with nitromethane, is a more difficultly 
available compound compared with benzylidenenitroacetone 1a even allowing for the low yield of the latter. We 
therefore used variant A for cyclocondensation in the synthesis of 2,6-dimethyl-1,4-dihydropyridines 3a-e. 
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1a, 3, 4 a–e R1 = Ph, R = Me; 1f, 3, 4 f, g R1 =  R = Ph; 1, 3, 4 h R1 = 4-MeOC6H4, R = Ph; 
i R1 = 2-Fu, R = Ph; 2–4 a X = COMe; b X = COPh; c X = CONHPh; d X = COOEt; 

e X = CN; f X = NO2, 3, 4 g X = CONHPh; h, i  X = COOEt 
 
 
 When using the two-component Hantzsch synthesis 1,4-dihydropyridines 3b-i begin to precipitate from 
the reaction mixture after a few hours. Their yield at a reaction time of 15-20 h is 50-70%. Chromatographic 
purification was required only for the isolation of 2-acetyl-5-nitro-1,4-dihydropyridine (3a), the remaining 
1,4-dihydropyridines were purified by recrystallization. Aromatization was carried out with NaNO2 in acetic 
acid at 60-70°C. The spectral characteristics and yields of the compounds synthesized are given in Table 1. 
 The mass spectra of nitropyridines 4a-c,e,g (Table 2) were characterized by high, and in some cases 
maximal intensity for the M+· ion peaks. Fragmentation of the molecular ions leads to the appearance of ions 
both for nitropyridines and of ions formed by decomposition of the functional substituent. Peaks for [M-OH]+, 
[M-OH-NO]+·, and [M-NO2-CH3]+· ions were common in the mass spectra of these compounds. Characteristic of 
nitropyridines 4c,g was fission of the functional substituent from the molecular ion with the formation of the [M-
C6H5NH]+ ion of high intensity, decomposition of which occurs with elimination of ions common for this series 
of compounds. 
 On the basis of the data obtained by us it is possible to draw a conclusion on the preparative availability 
of nitropyridines synthesized according to Hantzsch. These are key compounds in the synthesis of indoles 
[10, 11] and m-terphenyls [12]. 
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TABLE 2. Mass Spectra of Nitropyridines 4a-c,e,g (I, % of the intensity of 
the maximum peak) 
 

Com- 
pound m/z  (I, %)* 

 
4a 

 
270 [M]+·, (100), 255 [M–CH3]+ (41), 253 [M–OH]+ (22), 225  [M–CH3–NO] +· (26), 
223 [M–NO–OH] +· (21), 209 [M–NO2–CH3]+· (17), 208 [M–CH3–OH–NO]+ (82), 
181 (17), 180 (20), 153 (11), 139 (21), 43 [CH3CO]+ (73) 

4b 332 [M]+· (88), 331 [M–H]+ (43), 315 [M–OH]+ (11), 284 [M–NO2–H2]+ (16), 
208 [M–NO–OH–C6H5]+ (13), 105 [C6H5CO]+ (100), 77 [C6H5]+ (56) 

4c 347 [M]+· (62), 256 (13), 255 [M–C6H5NH]+ (82), 225 [M–C6H5NH–NO]+· (32), 209 (23), 
208 [M–C6H5NH–NO–OH]+ (100), 181 (22), 180 [M–C6H5NH–NO–OH–CO]+ (26), 
153 (17), 140 (11), 139 (20), 77 [C6H5]+ (12) 

4e 253 [M]+· (100), 236 [M–OH]+ (24), 225 [M–H2CN]+ (66), 224  [M–CHO]+ (34), 
223 [M–NO]+ (16), 208 [M–OH–NO]+· (11), 197 (13), 196 [M–CO–CHO]+ (38), 
192 [M–NO2–CH3]+· (22), 183 (19), 180 (14), 165 (11), 164 (16), 156 (13), 155 (18), 
153 (11), 152 (12), 140 (32), 139 (27), 127 [C6H5C≡C–CN]+ (17), 115 (15), 77 [C6H5]+ 

(16), 76 (11), 63 (11), 51 (12), 43 (24), 42 (11), 39 (12) 
4g 409 [M] +· (39),  318 (21), 317 [M–C6H5NH]+ (100), 272 [M–C6H5NH–NO–CH3]+ (16), 

271 [M–C6H5NH–NO2] +· (63), 270 [M–C6H5NH–NO–OH]+ (16)   
_______ 
* Peaks with I > 10% are given. 

 

 
EXPERIMENTAL 
 
 The 1H NMR spectra were recorded on a Bruker AC 200 (200 MHz) spectrometer in solution in CDCl3, 
DMSO-d6, and CD3CN, internal standard was TMS. The IR spectra were recorded on a Specord IR 75 
instrument in chloroform. Mass spectra were obtained on a Varian MAT 212C instrument using direct insertion 
of samples into the ion source, ionizing voltage was 70 eV. A check on the progress of reactions and the purity 
of the compounds obtained was carried out by TLC on Silufol UV 254 plates, eluent was benzene (for 
compound 4f), chloroform (for compounds 4d,e,h,i), chloroform–ethyl acetate, 9 : 1 (for compounds 3e-g, 
4a,b,g), and chloroform–ethyl acetate, 1:1 (for compounds 3a-d, 3h-i, 4c). The melting points of all compounds 
except 3c and 4c were determined on a Boetius hot stage, for 3c and 4c in capillaries to determine the melting 
point of the crystalline substance. 
 Nitroisopropanol was obtained as described in [3], nitroacetophenone by the procedure of [5], the 
chalcones of nitroacetophenone by the method of [6, 1], 2-amino-1-nitro-1-propene 2f by the method of [8], and 
nitropyridine 4d was described in [13]. 
 Nitroacetone. A solution of conc. H2SO4 (19.6 ml) in water (9.8 ml) was added dropwise to a mixture of 
nitroisopropanol (20.0 g, 0.19 mol) and Na2Cr2O7 (30.0 g, 0.11 mol) in water (20 ml) cooled to 0°C, at such a 
rate that the temperature of the reaction mixture did not exceed 10°C. After adding all the acid, the mixture was 
stirred a further 2 h, then water (60 ml) was added, and the mixture extracted with CHCl3 (3 × 20 ml). The 
extract was washed with saturated NaCl solution, and dried over MgSO4. After removing the solvent in vacuum, 
nitroacetone (15.7 g, 80%) was obtained, which crystallized on cooling, was then diluted with absolute ether, 
and filtered off. The snow-white crystals had mp 47°C [3,4]. Crystalline nitroacetone was stored in the 
refrigerator for 2 weeks. 
 2-Nitro-1-phenyl-1-buten-3-one (1a). Nitroacetone (5.15 g, 0.05 mol) was added to a solution of 
benzylidenebutylamine (8.1 g, 0.05 mol) in acetic anhydride (25 ml) with cooling. The precipitated white 
crystals went back into solution again after a short time. The reaction mixture was left for 1 day at ~20°C, and 
then poured into water. The precipitated oil crystallized on cooling for several hours. The crystals were washed 
with a small quantity of CCl4, and filtered off. Compound 1a (2.48 g, 26%) of mp 106°C was obtained [7]. 
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 Nitrodihydropyridines 3a-i (General Procedure). A solution of nitrochalcone 1 (10 mmol) and the 
appropriate enamine 2 (10 mmol) in glacial CH3COOH (15 ml) was left at room temperature for 15-20 h. The 
acetic acid was distilled in vacuum, and the residue recrystallized from ethanol. Nitrodihydropyridine 3a was 
purified by flash chromatography on a dry column [14] (Silicagel L 5/40 µ sorbent). 
 Oxidation of Nitrodihydropyridines 3a-i into Nitropyridines 4a-i (General Procedure). Sodium 
nitrite (3 mmol) was added in portions with stirring to a suspension of the appropriate dihydropyridine 3a-i in 
glacial CH3COOH (6 ml) at 60-70°C. After adding all the oxidizing agent the reaction mixture was stirred for 
1 h further at the same temperature. The reaction mixture was cooled to room temperature, and diluted to 
4 volumes with water and ice. The precipitated crystals of pyridines 4a-i were filtered off, washed with water, 
dried, and recrystallized from ethanol. 
 
 The work was carried out with the financial support of the Russian Fund for Fundamental Investigations 
(grant No. 00-03-32832). 
 
 
REFERENCES 
 
  1. G. P. Sagitullina, L. V. Glizdinskaya, G. V. Sitnikov, and R. S. Sagitullin, Khim. Geterotsikl. Soedin., 

1518 (2002). 
  2. G. P. Sagitullina, L. V. Glizdinskaya, G. V. Sitnikov, E. O. Silina, and R. S. Sagitullin, Proc. 2nd 

Eurasian Meeting on Heterocyclic Chemistry, Novgorod the Great, Russia (2002), p. 45. 
  3. C. D. Hurd and M. E. Nilson, J. Org. Chem., 20, 927 (1955). 
  4. J. P. Carter and W. J. Rzeszotarski, US Patent 4975437; Chem. Abstr., 114, 228774 (1991). 
  5. L. M. Long and H. D. Troutman, J. Am. Chem. Soc., 71, 2469 (1949). 
  6. N. A. Sokolov, I. G. Tishchenko, N. V. Karpitskaya, and V. G. Grinkevich, Vestn. Beloruss. Univ., Ser. 

2, p. 29 (1978). 
  7. A. Dornow and W. Sassenberg, Liebigs Ann. Chem., 602, 14 (1957). 
  8. V. M. Lyubchanskaya, L. M. Alekseeva, and V. G. Granik, Khim. Geterotsikl. Soedin., 40, (1992). 
  9. K. K. Babievskii, V. M. Belikov, and N. A. Tikhonova, Izv. Akad. Nauk SSSR, Ser. Khim., 1161 (1970). 
10. O. D. Mitkin, R. V. Kombarov, and M. A. Yurovskaya, Tetrahedron, 57, 1827 (2001). 
11. M. A. Yurovskaya, V. A. Chertkov, A. Z. Afanas'ev, F. V. Ienkina, and Yu. G. Bundel', Khim. 

Geterotsikl. Soedin., 509 (1985). 
12. G. P. Sagitullina, L. V. Glizdinskaya, and R. S. Sagitullin, Khim. Geterotsikl. Soedin., 633 (2005). 
13. Ya. Stradyn', R. Gavars, L. Baumane, B. Vigante, and G. Duburs, Khim. Geterotsikl. Soedin., 1079 

(1993). 
14. J. T. Sharp, I. Gosney, and A. G. Rowley, Practical Organic Chemistry. A Student Handbook of 

Techniques, Chapman & Hall, London (1989), 199pp. 
 
 
 
 
 
 
 
 
 
 

 
744 


	Chemistry of Heterocyclic Compounds, Vol. 41, No. 6, 2005
	NITROPYRIDINES. 2*. HANTZSCH SYNTHESIS
	OF NITRO- AND DINITROPYRIDINES
	G. P. Sagitullina, L. V. Glizdinskaya, and R. S. Sagitullin


	e X = CN; f X = NO2, 3, 4 g X = CONHPh; h, i  X = COOEt


<<
  /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 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


