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Electrochemical amination of aromatic substrates 
by hydroxylamine with Ti(IV)/Ti(III)system as me-
diator provides a fundamental possibility of one-stage 
synthesis of mono- and diaminocompounds [1, 2]. In 
the aqueous sulfuric acid up to 7 M concentration the 
only substitution products are monoamines. But when 
the substrates insoluble or poorly soluble in catholyte 
are exposed to amination even under the most 
favorable conditions (1–3 M H2SO4 solutions) the 
current yields of monoaminocompounds do not exceed 
11% [3, 4], the main part of the aminyl radicals is 
reduced with Ti(III) ions to ammonia.  

In this study we showed by an example of anisole 
functionalization that using in the process of amination 
of aromatic compounds acetonitrile, the organic 
solvent more inert to the aminoradical intermediates 
[5], permits to increase significantly the efficiency of 
substitution and to prepare monoamines in the 
sufficiently high yields with respect to the 
aminoradical source.  

The amination of anisole was carried out in the 
glass electrochemical cell with the cathode and the 
anode spaces separated with a ceramic diaphragm. The 
catholyte, 25 ml of water solution, contained 0.2 M of 
NH2OH, 0.1 M of Ti(IV), and also the required 
concentrations of sulfuric acid and acetonitrile. 
Electrolysis of the highly dispersed emulsion of 5 ml 
of anisole in the catholyte deaerated with argon was 
carried out at 40°C and the current density on the 
mercury anode 2 mA cm–2. For the sake of comparison 
of the results of investigation with the data of [4] the 
amount of electricity passed through the emulsion in 
the course of electrolysis as a rule was 250 Coulombs. 

After the completion of amination the catholyte was 
diluted with water to the H2SO4 concentration 1–1.5 M, 
cooled and alkalinized to the weak acidic reaction with 
NaOH solution and then neutralized with NaHCO3. 
The products of amination of anisole were extracted 
with chloroform and analyzed on a Chrom-4 
chromatograph. For more exact analysis of the nature 
of products the flame ionization detector, the 
katharometer, and the XE-60, the SE-30, and the OV-
17 phases were used. The quantitative analysis of 
anisidines was carried out on a 2500 × 3 mm steel 
column filled with 5% of XE-60 on Chromaton N-AW 
(0.169–0.200 mm) at 150°C using the flame-ionization 
detector. 

The electrolyses carried out in 1.5 M H2SO4 
showed that the dependence of the current yield on the 
acetonitrile concentration passes through the minimum 
point in 11 M solution, but at high concentrations of 
organic solvent the efficiency of the target 
electrochemical process does not significantly exceed 
11%. Therefore considering the effect of H2O/H2SO4 
ratio on the results of substitution [4] we have carried 
out the amination of anisole in the electrolytes 
containing 2–7 M of H2SO4 and the concentrations of 
acetonitrile close to the maximum possible. 

In the media with high content of solvent the 
products of amination of anisole are ortho- and para-
anisidines. The highest yield of aminocompounds was 
obtained in the catholyte containing 6 M of H2SO4 and 
11.6 M of CH3CN. Due to the chain mechanism of the 
electrochemical process the current yield of anisidines 
(para/ortho ratio ~1.8) under these conditions 
exceeded 100% and reached 147%. When the elec-
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trolysis was carried out with consumption of the 
amount of electricity theoretically required for the 
complete conversion of hydroxylamine in the one-
electron process (Qt 482.4 Coulombs) the catholyte 
turned violet as characteristic of the Ti(III) solutions. 
Decoloration of the catholyte probe at the addition of 
hydroxylaminium sulfate indicated the complete 
consumption of the source of aminoradicals in the 
process with the consumption of Qt. Hence, the current 
yield of anisidines in this electrolysis equal to 78% 
corresponds to their yield with respect to hyd-
roxylamine. 

ACKNOWLEDGMENTS  

The work was carried out with the financial support of 

Russian Fundation for Basic Research (project no. 06- 
03-32936). 

  REFERENCES   

1. Lisitsyn, Yu.A. and Kargin, Yu.M., Elektrokhimiya, 
 2000, vol. 36, no. 2, p. 103. 

2. Lisitsyn, Yu.A., Busygina, N.V., and Kargin, Yu.M., 
 Ross. Khim. Zh., 2005, vol. XLIX, no. 5, p. 121. 

3. Mel’nikov, B.V., Lisitsyn, Yu.A., and Kargin, Yu.M., 
 Zh. Obshch. Khim., 1992, vol. 62, no. 12, p. 2745. 

4. Lisitsyn, Yu.A. and Kargin, Yu.M., Zh. Obshch. Khim., 

 1993, vol. 63, no. 6, p. 1312. 

5. Lisitsyn, Yu.A. and Kargin, Yu.M., Elerktrokhimiya, 
 2004, vol. 40, p. 1129. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  78   No.  5   2008 

LISITSIN, GRIGOR’EVA 1010 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


