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 Reaction of addition of phosphine to multiple 
bonds represents an obvious alternative to the 
synthesis of organophosphorus compounds by the use 
of phosphorus halogenides, opening the route to atom-
sparing design of various phosphines and their 
derivatives. In spite of its attractiveness up to now this 
alternative has not been systematically developed 
although the addition of phosphine to some alkenes 
and acetylenes is described in a number of publications 
[1, 2]. So far nothing is known about the addition of 
phosphine to vinyl sulfoxides. At the same time, this 
reaction opens a direct one-step route to difficultly 
accessible phosphines with sulfoxide groups, 
promising semilabile chelating ligands [3, 4] and 

intermediates for preparation of, e.g., radioactive 
diagnosticums [5–7].  

Our attempts to perform this reaction under radical 
conditions (butyl vinyl sulfoxide, DINIZ, 65°С, 5 h) 
failed. 

At the same time, nucleophilic addition of 
phosphine to vinyl sulfoxides Iа, Ib in superbasic 
system KOH–DMSO [8] was possible. The reaction 
proceeded at room temperature (phosphine was passed 
into the suspension consisting of vinyl sulfoxide, 
KOH, DMSO). The formation of all possible 
phosphines was observed (31P NMR): primary IIа, IIb, 
secondary IIIа, IIIb and tertiary IVа, IVb. 
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R = Bu (а), Ph (b). 
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Note that a less basic catalytic system KOH–di-
oxane turned out to be ineffective. 

By controlling the conditions of reaction (1) it was 
possible to selectively obtain the secondary phosphine 
IIIа isolated as the corresponding phosphine oxide V 
(nonoptimized preparative yield of pure product was 
35%). 
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In the case of vinyl phenyl sulfoxide Ib during 
treatment of the reaction mixture it was possible to 
identify by comparison with authentic sample [9] (1Н, 
31Р NMR) trivinyl phosphine oxide VI, the product of 
elimination of three molecules of phenylsulfenic acid 
from tertiary phosphine oxide VII (formed by air 
oxidation of the corresponding phosphine IVb).  
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Therefore, nucleophilic addition of phosphine to 
vinyl sulfoxides, an important class of functional 
alkenes, was performed for the first time. It provides a 
simple and convenient approach to the synthesis of 
new demanded phosphines and phosphine oxides with 
sulfoxide groups. 

Phosphine was generated in a separate flask from 
red phosphorus and KOH in water-toluene medium 
[10]. 

Bis[2-(butylsulfinyl)ethyl]phosphine oxide (V). 
To a mixture of 1.80 g of powdered KOH, 16 ml of 
DMSO, and 1 ml of Н2O after flushing with argon and 

saturating with phosphine, 0.60 g of butyl vinyl sulf-
oxide Iа in 10 ml of DMSO was added dropwise 
during 1 h at room temperature with simultaneous 
passing of phosphine; passing of phosphine continued 
for another 2 h, then it was stopped, the reaction 
mixture was flushed with argon. In the 31Р NMR 
spectrum (δР, ppm) of the reaction mixture the 
following signals were present: –135.0 t (1JPH 194 Hz), 
–67.8 d (1JPH 198 Hz), and –26.2 in a 2:37:1 ratio, 
belonging to primary IIа, secondary IIIа, and tertiary 
IVа phosphines, respectively. The reaction mixture 
was diluted with equal volume of water, extracted 
successively with ether and chloroform, ethereal 
extracts were dried with potassium carbonate, ether 
was removed, the residue was dried in a vacuum. 0.10 g 
of the mixture of primary IIа and secondary IIIа 
phosphines was obtained in the ratio 1 : 4 (31Р NMR). 
Chloroform extracts were dried with potassium 
carbonate, chloroform removed under reduced pressure 
to 3/4 of the initial volume. After 7 days the precipitate 
formed was filtered off, washed with ether, and dried 
in a vacuum to give 0.25 g (35%) of bis[2-(butyl-
sulfinyl)ethyl]phosphine oxide (V) as a white powder, 
mp 166–168°С (ether). 1Н NMR (CDCl3), δ, ppm: 
0.98 t (6Н, Me, 3JНH 7.3 Hz), 1.50 m (4Н, СН2Me), 
1.76 m (4Н, СН2Et), 2.37 m (4Н, СН2Р), 2.70 m, 2.78 
m, 2.88 m, 3.08 m (8Н, СН2SO). 31Р NMR (CDCl3), 
δР, ppm: 30.6 d (1JPH 474 Hz). IR spectrum (KBr, cm-1): 
1009 (S=O), 1163 (P=O), 2368 (P–H). Found, %: С 
45.57; Н 8.88; Р 9.88; S 19.90. C12H27O3PS2. 
Calculated, %: С 45.84; Н 8.65; Р 9.85; S 20.40. 

Trivinyl phosphine oxide (VI). To a mixture of 
1.80 g of powdered KOH, 16 ml of DMSO, and 1 ml 
of Н2O after flushing with argon and saturating with 
phosphine 0.91 g of vinyl phenyl sulfoxide Ib in 10 ml 
of DMSO was added dropwise during 2 h at room 
temperature with simultaneous passing of phosphine. 
Phosphine was bubbled for another 2 h, then it was 
stopped, the reaction mixture was flushed with argon 
and analyzed by 31P NMR. The following signals were 
present in the spectrum (δР, ppm): –134.8 t (1JPH 196 Hz), 
–68.2 d (1JPH 200 Hz), –26.7 and 25.9 in the ratio  
2 : 8 : 1 : 2, belonging to primary IIb, secondary IIIb, 
tertiary IVb phosphines, and tertiary phosphine oxide 
VII, respectively. To the reaction mixture 0.64 g of 
vinyl phenyl sulfoxide Ib in 12 ml of DMSO was 
added, the mixture was stirred for another 5 h, diluted 
with equal amount of water, extracted with 
chloroform, dried with potassium carbonate, solvent 
was removed, the residue was dried in a vacuum. 0.25 g 
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of the product was obtained containing, according to 
the 31Р NMR spectrum (δР, CDCl3) trivinyl phosphine 
oxide VI (18.2 ppm) and phosphine oxide VII (25.6 ppm) 
in the ~2:1 ratio (yield 18 and 10%, respectively). 1H 
and 31Р NMR spectra of individual trivinyl phosphine 
oxide (isolated by sublimation) are identical to those of 
an authentic sample [9].  

1Н and 31Р NMR spectra were registered on a 
Bruker DPX-400 spectrometer (400.13 and 161.98 МHz, 
respectively), internal standard HMDS, external 
standard 85% Н3РO4. IR spectra were taken on a 
Bruker-IFS 25 instrument in KBr pellets. 

ACKNOWLEDGMENTS 

This work was performed with financial support from 
the Russian Foundation for Basic Research (Grant No. 
07-03-00562) and SD RAS (Integration Project No. 32). 

REFERENCES 

1. Trofimov, B.A., Arbuzova, S.N., and Gusarova, N.K., 
 Russ. Chem. Rev., 1999, vol. 68, no. 3, p. 215. 

2. Arbuzova, S.N., Gusarova, N.K., and Trofimov, B.A., 
 Arkivoc, 2006, Part V, p. 12. 

3. Leung, P.-H., Siah, S.-Y., White, A.J.P., and Wil-
 liams, D.J.J., Chem. Soc., Dalton Trans., 1998, p. 893. 

4. Hiroi, K., Suzuki, Y., and Kawagishi, R., Tetrahedron 
 Lett., 1999, no. 40, p. 715. 

5. Archer, C.M., Dilworth, J.R., Griffiths, D.V., Hughes, J.M., 
 Kelly, J.D., and Morton, S., Technetium in Chemistry 
 and Nuclear Medicine, Nicolini, M., Bandoli, G., and  
 Mazzi, U., Eds., Padova: SGEditoriali, 1995, p. 173. 

6. Griffiths, D.V., Caesar, J.C., Hughes, J.M., Mahoney, P.M., 
 Swetnam, S.P., Walton, G., and Yorkm D.C., Phosph. 
 Sulphur, Silicon, 1999, no. 146, p. 485. 

7. Griffiths, D.V., Groombridge, H.J., Mahoney, P.M., 
 Swetnam, S.P., Walton, G., and York, D.C., 
 Tetrahedron, 2005, no. 61, p. 4595. 

8. Trofimov, B.A., Sovremennye problemy organicheskoi 
 khimii (Modern Problems of Organic Chemistry), 
 Potekhin, A.A., Kostikov, R.R., and Berd, M.S., Eds., 
 St-Petersburg: ВВМ, 2004, no. 14, p. 131. 

9. Gusarova, N.K., Chernysheva, N.A., Arbuzova, S.N., 
 Bogdanova, M.V., Ivanova, N.I., Kudryavtsev, A.A., 
 and Trofimov, B.A., Mendeleev Commun., 2006, no. 1, 
 p. 31. 

10. Trofimov, B.A., Gusarova, N.K., Malysheva, S.F., 
 Shaikhudinova, S.I., Belogorlova, N.A., Kazantseva, T.I., 
 Sukhov, B.I., and Plotnikova, G.V., Russ. J. Gen. Chem., 
 2005, vol. 75, no 5, p. 684. 

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

NUCLEOPHILIC ADDITION OF PHOSPHINE TO VINYL SULFOXIDES 1013 



<<
  /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


