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Details of the methods of synthesis, chemical properties, and practical importance of tetrazoles have
been reported in the studies [1, 2] and in a series of reviews [3-5]. At the same time, the chemical
transformations of 5-trinitromethyltetrazoles have been investigated to a lesser degree. It is only known that
5-trinitromethyl-1H-tetrazole is denitrated in the presence of an alkaline solution of hydroxylamine to give the
potassium salt of 5-dinitromethyltetrazole, while its reaction with excess diazomethane results in the formation
of a mixture of the isomeric 5-(1-methyltetrazolyl)- and 5-(2-methyltetrazolyl)trinitromethanes [6].

We have found that 2-methyl-5-trinitromethyltetrazole (1) reacts with the styrenes 2a-d as a nitrating
agent. The reaction of tetrazole 1 with the ethenes 2a-d in a neutral medium results in the denitration of
compound 1 to give the a-nitro ketones 3a-c (from the alkenes 2a-c) or the 1-methyl-2-nitro-1-phenyl-1-ethanol
3d (from alkene 2d). In addition, the degradation products of compound 1 (the nitromethanone oxime 4 from
the reactions with compounds 2a-c or the 5-dinitromethyltetrazole 5 from the reaction with compound 2d) are
formed in low yields.
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The nature of the reaction products allows us to propose that the reaction of compound 1 with alkenes
2a-d occurs by a known scheme [7, 8] through a stage of charge-transfer complex formation from nitroalkyl
ether of aci-dinitrotetrazolylmethane, which dissociates via an intramolecular oxidation-reduction to the a-nitro
ketones 3a-c or nitroalcohol 3d.

IR spectra were recorded on an Infralum FT-02 spectrophotometer in KBr pellets. '"H NMR and "*C
NMR spectra were recorded on a Bruker Avance Il 300 SF spectrometer (300 and 75 MHz, respectively) in
DMSO-dg with HMDS as internal standard. Elemental analysis was carried out on a EuroVector Euro EA 3000
CHNS analyzer. The tetrazole 1 was prepared by the method reported in the study [6]. Compounds 2a-d were
synthesized from the corresponding carbonyl compounds and alkylmagnesium halides to yield alcohols which
were then dehydrated [9].

Reaction of 2-Methyl-5-trinitromethyltetrazole (1) with Alkenes 2a-d (General Method).
Compound 1 (1.17 g, 5 mmol) in absolute diethyl ether (30 ml) was added to a solution of compound 2a-d
(5 mmol) in the same solvent (20 ml) at 0-5°C. The reaction mixture was maintained at 25°C for 140 h, solvent
was evaporated under reduced pressure, and the residue was chromatographed on an activated Silicagel
100/400p grade column (10x250 mm). The eluent for compounds 3a-d was benzene, while for the compounds
4, 5 it was diethyl ether.

2-Nitro-1-phenyl-1-ethanone (3a). Yield 0.48 g (58%). Colorless crystals, mp 105-107°C (mp 105-107°C
[10]). The "H NMR spectrum agreed with that given in the literature [11]. Found, %: C 58.25; H 4.15; N 8.37.
CsH,;NOs. Calculated, %: C 58.18; H 4.24; N 8.48.

2-Methyl-2-nitro-1-phenyl-1-ethanone (3b). Yield 0.58 g (65%). Oily liquid, np™° 1.5465 (np>’ 1.5465
[12]). The '"H NMR spectrum agreed with that given in the literature [11]. Found, %: C 60.45; H 4.94; N 7.71.
CoHyNOs;. Calculated, %: C 60.34; H 5.03; N 7.82.

2,2-Dimethyl-2-nitro-1-phenyl-1-ethanone (3c). Yield 0.49 g (55%). Oily liquid, np™ 1.5280 (>
1.5280 [12]). The 'H NMR spectrum agreed with that given in the literature [11]. Found, %: C 62.27; H 5.58;
N 7.13. C;oH;NOs. Calculated, %: C 62.18; H 5.70; N 7.25.

1-Methyl-2-nitro-1-phenyl-1-ethanol (3d). Yield 0.47 g (52%). Oily liquid, np*° 1.5190 (np™° 1.5190
[10]). The '"H NMR spectrum agreed with that given in the literature [13]. Found, %: C 59.74; H 5.97; N 7.63.
CoH;NO;. Calculated, %: C 59.67; H 6.08; N 7.73.

(2-methyltetrazol-5-yl)nitromethanone Oxime (4). Yield 0.13 g (15%), Colorless crystals, mp
185-187°C. IR spectrum, v, cm™: 1555, 1380 (NOy). "H NMR spectrum, 8, ppm (J, Hz): 4.53 (3H, s, CHj3);
13.75 (1H, br. s, OH). *C NMR spectrum, 3, ppm: 39.6 (CH;); 65.2 (C); 146.9 (C-5). Found, %: C 21.02;
H 2.26; N 48.91. C3H4N¢O;. Calculated, %: C 20.94; H 2.34; N 48.83.

2-Methyl-5-dinitromethyltetrazole (5). Yield 0.09 g (10%). Colorless crystals, mp 37-38°C (Et,0—
hexane, 1:1) (mp 37-38°C [6]). The '"H NMR spectrum agreed with that given in the literature [6]. Found, %:
C 19.22; H 2.03; N 44.58. C3H4N¢O,. Calculated, %: C 19.15; H 2.13; N 44.68.

This work was carried out with the financial support of the program "Development of Innovative
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systems "Biotechnologies to Obtain Original Pharmaceutical Substances".

REFERENCES

1. F. Einberg, J. Org. Chem., 29, 2021 (1964).

2. V. Grakauskas and A. H. Albert, J. Heterocycl. Chem., 18, 1477 (1981).

3. G. L. Koldobskii and V. A. Ostrovskii, Usp. Khim., 63, 847 (1994).

4, V. A. Ostrovskii, M. S. Pevzner, T. P. Kofman, M. B. Shcherbinin, and I. V. Tselinskii, in:

O. A. Attanasi and D. Spinelli (editors), Targets in Heterocyclic Systems, Vol. 3, (1999), p. 467.

1112



10.

11.
12.
13.

V. A. Ostrovskii, G. I. Koldobskii, and R. E. Trifonov, in: A. R. Katritzky, C. A. Ramsden,
E. F. V. Scriven, and R. J. K. Taylor (editors), Comprehensive Heterocyclic Chemistry III, Vol. 6,
Elsevier, Oxford (2008), p. 257.

A. N. Terpigorev, 1. V. Tselinskii, A. V. Makarevich, G. M. Frolova, and A. A. Mel'nikov, Zh. Org.
Khim., 23, 244 (1987).

K. V. Altukhov, V. A. Tartakovskii, V. V. Perekalin, and S. S. Novikov, Izv. Akad. Nauk SSSR. Ser.
Khim., 1, 197 (1967).

I. G. Pak and A. G. Tyrkov, Zh. Org. Khim., 47, 1870 (2011).

A. E. Agronomov and Yu. S. Shabarov, Laboratory Manual for Organic Chemistry [in Russian],
Khimiya, Moscow (1974), p. 145-146.

A. L. Sitkin, O. Z. Savmulina, A. L. Fridman, and L. I. Zakharova in: Chemistry and Chemical
Technology. Collection of Scientific Transactions of the Kuzbass Polytechnic Institute [in Russian], No.
69, Kemerovo (1974), p. 158-162.

T. D. Zheved', Diss. Cand. Chem. Sci. [in Russian], Leningrad (1977).

G. B. Bachman and T. Hokama, J. Am. Chem. Soc., 81, 4882 (1959).

A. G. Tyrkov, Diss. Doct. Chem.l Sci. [in Russian], Saratov (2005).

1113



	Keywords: 2-methyl-5-dinitromethyltetrazole, 2-methyl-5-trinitromethyltetrazole, -nitro ketone, nitroalcohol, nitromethane oxime, styrene.
	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


