
2470 

Phosphorylated Formazans 
D. V. Lyamenkova, N. B. Viktorov, A. I. Ponyaev, and A. V. Dogadina 

St. Petersburg State Institute of Technology (Technical University), Moskovskii pr. 26, St. Petersburg, 190013 Russia 
e-mail: dog_alla@mail.ru 

Received October 23, 2014 

Keywords: formazans, phosphorylated formazans, chloracetylenephosphonates 

LETTERS  
TO THE EDITOR 

ISSN 1070-3632, Russian Journal of General Chemistry, 2014, Vol. 84, No. 12, pp. 2470–2471. © Pleiades Publishing, Ltd., 2014. 
Original Russian Text © D.V. Lyamenkova, N.B. Viktorov, A.I. Ponyaev, A.V. Dogadina, 2014, published in Zhurnal Obshchei Khimii, 2014, Vol. 84, No. 12, 
pp. 2054–2055. 

Formazans are known to be widely used in the 
chemistry of dyes, analytical chemistry, histo-, and 
cytochemistry. Recently formazans became relevant 
and promising targets for photochemistry. Due to the 
presence of labile p-electron system, ease of oxidation-
reduction processes, ability to isomerization and 
prototropic tautomerism, high basicity and acidity 
(especially of hetarylformazans), and complex forma-
tion ability formazans are promising objects for pursuit 
and creation of photosensitive materials on their base 
[1–3]. 

In continuation of our studies on interaction of 
chloroacetylenephosphonates with nucleophilic reagents, 
we performed the reactions of esters of 2-chloro-
acetylenephosphonic acid with phenylhydrazine. 

The reaction proceeded with high chemo- and 
regioselectivity via substitution of the halogen atom 
followed by addition of the second molecule of 
phenylhydrazine to form hydrazide–hydrazones I and 
II. The latter were easily oxidized in air to give the 

previously undescribed phosphorylated formazans III 
and IV. The likely reaction pathway involves the 
formation of highly reactive ketene imine intermediate 
which attaches selectively the second nucleophile 
molecule through the primary attack at the digonal 
atom of ketene imine (Scheme 1). 

Phosphorylated hydrazide-hydrazones I and II were 
yellow plate crystals. In the 1H NMR spectra of 
compounds I and II the protons of methylene-
phosphonate group were represented as a doublet 
signals at 2.80 ppm, J ~ 20.0 Hz. The 31P NMR spectra 
of hydrazide–hydrazones I and II contained the signals 
at 20.0 (I) and 20.4 ppm (II). 

Phosphorylated formazans III and IV were red 
plate crystals. In the 1H NMR spectra of the obtained 
formazans there was downfield shifting of the signals 
compared to those of compounds I and II. The 
chemical shift of the phosphorus nuclei of formazans 
III and IV equaled 25 ppm. 

DOI: 10.1134/S107036321412024X 

R = Me (I, III), Et (II, IV). 
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Dimethyl {[N',N-bis(phenylamino)carbamimidoyl]-
methyl}phosphonate (I) and dimethyl {[N'-(phenyl-
amino)-N-(phenylimino)carbamimidoyl]methyl}phos-
phonate (III). A solution of 3.8 g (0.035 mol) of 
phenylhydrazine in 10 mL of anhydrous diethyl ether 
was added to a solution of 1.68 g (0.01 mol) of dimethyl 
chloroacetylenephosphonate in 50 mL of anhydrous 
diethyl ether at vigorous stirring under inert 
atmosphere. The reaction mixture was refluxed for 2 h 
and then treated with gaseous ammonia. The pre-
cipitate was filtered off, washed with 5 mL of water, 
and dried over Р2О5 in a desiccator under inert 
atmosphere to give 2.5 g (73%) of I as yellow crystals. 
1H NMR spectrum (CDCl3), δ, ppm: 2.78 d (2H, РСН2, 
2ЈHP 20.8.0 Hz), 3.71 d (6H, OCH3, 3ЈHP 12.0 Hz),             
7.0 br.s (3H, NH), 6.8–7.4 m (10H, Ph). 

The resulting crystals were rapidly oxidized in air 
to form formazan III. Red crystals, mp 119–120°C. 1H 
NMR spectrum (CDCl3), δ, ppm: 3.02 d (2H, РСН2, 
2ЈHP 20.8 Hz), 3.72 d (6H, OCH3, 3ЈHP 12.0 Hz), 7.00 
br.s (1H, NH), 6.8–7.4 m (10H, Ph). 13С NMR spec-
trum (CDCl3), δС, ppm: 28.68 d (СН2, 1ЈСР 139.3 Hz), 
52.85 d (ОСН3, 2ЈСР 6.5 Hz), 120–145 (Ph), 133.81 d 
(С=N, 2ЈСР 10.5 Hz). 31Р NMR spectrum: δР 25.0 ppm. 

Diethyl {[N',N-bis(phenylamino)carbamimidoyl]-
methyl}phosphonate (II) and diethyl {[N'-(phenyl-
amino)-N-(phenylimino)carbamimidoyl]methyl}phos-
phonate (IV) were prepared similarly. Compound II, 
yellow crystals. 1H NMR spectrum (CDCl3), δ, ppm: 
1.05 t (6Н, СН3, 3JHH 7.5 Hz), 2.73 d (2H, РСН2, 2ЈHP 

20.6 Hz), 3.61 d.q (4H, OCH2, 3ЈHН 7.5, 3ЈHP 11.5 Hz), 
6.7 br.s (3H, NH), 6.8–7.4 m (10H, Ph).  

Formazan IV, red crystals, mp 104–105°C. Yield 
75%. 1H NMR spectrum (CDCl3), δ, ppm: 1.05 t (6Н, 
СН3, 3JHH 7.5 Hz), 3.72 d.q (2H, РСН2, 2ЈHP 21.0 Hz), 
3.75 d (4H, OCH2, 3ЈHН 7.5, 3ЈHP 11.5 Hz), 6.7 br.s (H, 
NH), 6.8–7.4 m (10H, Ph). 31Р NMR spectrum: δР 
25.3 ppm.  

The 1H, 13C, and 31P NMR spectra were recorded on 
a Bruker Avance 400 spectrometer [400.13 (1H), 
100.61 (13C), 161.98 MHz (31P)]. 

ACKNOWLEDGMENTS 

This work was financially supported by the Russian 
Foundation for Basic Research (project 13-03-
00111_a) and the Ministry of Education and Science of 
the Russian Federation (contract 14.574.21.0002, 
unique identifier RFMEF157414X0002). 

REFERENCES 

1.  Tkachenko, L.I., Semenov, Yu.E., Smirnov, V.A., 
 Aldoshin, S.M., Lipunova, G.N., and Sigeikin, G.I., 
 Russ. Chem. Bull., 2002, no. 5, p. 839. DOI: 10.1023/
 A:1016093019344. 
2.  Sigeikin, G.I., Lipunova, G.N., and Pervova, I.G., Russ. 
 Chem. Rev., 2006, vol. 75, no. 10, p. 885. DOI: 
 10.1070/RC2006v075n10ABEH003612. 
3.  Sigeikin, G.I., Lipunova, G.N., and Pervova, I.G., Ross. 
 Khim. Zh., 2006, vol. 50, no. 5, p. 64. 



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


