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Abstract―The synthesis of some β-carbonylphosphine oxides and phenyl-substituted ethylenediphosphine 
oxides was carried out. Their complexing with alkali metals cations was studied. Compounds obtained were 
shown to possess clearly expressed Li/Na selectivity. 

We reported earlier on developing chemical 
methods to utilize toxic organoelemental compounds, 
including sulfur and cyano-containing [1] and 
organochlorine pesticides [2]. To continue these works 
we studied the development of chloro-acetophenone 
(CAP) utilization methods. Great amount of this 
substance were stored on the chemical arsenals, during 
which the warranty period of its storage expired.  

For this purpose we studied reaction of CAP with 
hydrophosphoryl compounds [phosphinous acids             
R2P(O)H]. The reaction was not examined earlier. We 
presumed that some substituted β-carbonylphosphine 
oxides might be obtained. These compounds contain-
ing two donor centers are of interest as potential 
bidentate ligands and extracting agents. 

We found that reaction of chloroacetophenone with 
phosphinous acids proceeds by the following scheme: 

The considerably low yield of compound II in 
comparison with analogs has engaged our attention. 
Evidently, this fact was due to high losses on the 
isolation stage.  

All of the compounds obtained are well soluble in 
aromatic hydrocarbons (benzene, toluene) and non-polar 
organic solvents. It should be pointed out especially 
that compound II is soluble at room temperature in 
hydrocarbons of normal structure up to n-pentane. 

We synthesized series of phenyl-substituted ethylene-
diphosphine oxides unreported earlier to obtain 
comparative characteristics of ligand possibility of the 
new prepared β-carbonylphosphine oxides against the  
others bidentate ligands and extracting agents. The 
choice of the phenyl group as a substituent in the 
ethylene bridge was done to increase the diphosphine 
oxides solubility in non-polar and aromatic solvents. 
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PhC(O)CH2Cl + R2P(O)

I–V 

KOH PhC(O)CH2P(O)R2 + KCl + H2O. 

Reaction was carried out under mild conditions 
using DMSO or DMFA as solvents at 60–65°С for 
1.5–2 h. Yields and some constants are given in Table 1.  

2 R2P(O)H + C6H5CHClCH2Cl + 2 NaOH                                   

VI–IX 

DMSO  

(DMF)  R2P
1(O)CH2CH[P2(O)R2]C6H5 + 2 NaCl + 2 H2O. 

Yields, some constants, and NMR spectra param-
eters for phenyl-substituted ethylenephosphine oxides 
are given in Tables 2, 3. 



Table 1. Yields, melting points, elemental analysis data and NMR spectra parameters for β-carbonylphosphine oxides 

Comp. 

no.  
R  

Yield, 

%  
mp, оС  

Found, %  Calculated, % δР,  

ppm C H P C H P 

I C2H5 68 118–120 64.31 8.01 14.01 C12H17O2P 64.27   7.64 13.81 31.3 

II n-C8H17 41 – 

(bp 220–228/10–4 mm) 

73.80 10.29 7.67 C24H41O2P 73.43 10.53   7.88 29.4 

III C6H5 78 212–214 75.30 5.19 9.41 C20H17O2P 74.99   5.34   9.67 30.6 

IV C6H5CH2 81 159–161 76.13 6.11 9.13 C22H21O2P 75.91   6.08   8.90 33.2 

V п-CH3C6H4
а 73 – 77.01 5.58 9.38 C22H21O2P 75.91   6.08   8.90 37.1 

Formula  

a In this work technical ditolylphosphinous acid was used (by NMR spectrum data, 90–94%). 

Table 2. Yields, melting points and elemental analysis data for phenyl-substituted ethylenediphosphine oxides 

Comp. 

no.  
R  Yield, %  mp, оС  Formula  

Calculated, % 

C H P C H P 

VI C2H5 54 106–109 61.09 8.67 19.56 C16H28O2P2 61.13 8.98 19.71 

VII n-C8H17 32 – 73.19 12.41 10.20 C38H76O2P2 72.80 12.22 9.88 

VIII C6H5 88 192–194 75.78 5.81 12.27 C32H28O2P2 75.88 5.57 12.23 

IX C6H5CH2 82 – 77.12 6.62 11.35 C36H36O2P2 76.85 6.45 11.01 

Found, %  

As follows from Table 2, the target products yields 
are sufficiently high except for compound VII. This 
fact may also originate from high losses on the 
isolation stage.  

As early as the nineteen seventies phosphine oxides 
and alkylenediphosphine oxides were established to 
form complex compounds of various stability with 
metal cations [3]. Various methods for quantitative 
estimation of the ligand properties of alkylenedi-
phosphonates with respect to metal cations were used, 
but electroconductivity measurement method was the 
most common [4].  

Properties of compounds obtained were evaluated 
by stability constant values of their complexes with 
alkali metals cations of the corresponding 2,4-
dinitrophenolates. The ratio of stability constants 
values of lithium and sodium complexes was used for 
selectivity estimating. Data about complexing ability 
and selectivity are given in Table 4. 

As follows from these data, all of the compounds 
obtained are effective ligands for alkali metals cations. 
Compound III is of greater practical interest since it 
combined the sufficiently high absolute value log β 
with high Li/Na-selectivity close to the most effective 
from the known [5] organophosphorus compounds. 

EXPERIMENTAL 

All the reactions involving phosphonous acids were 
carried out under a dry argon atmosphere. Purification 
and individuality of compounds obtained were 
monitored by TLC on Silufol UV-254 plates eluting 
with systems chloroform-acetone (1:1) and 
chloroform–ethanol (20:1). Melting points were 
determined on a Boetius PHMK-05 device. The 31P 
NMR spectra were registered on a spectrometer Bruker 

Table 3. NMR spectra parameters for phenyl-substituted 
ethylenediphosphine oxides 

Comp. 

no. 
δ(Р1), ppm δ(Р2), ppm. J (P1P2), Hz 

VI 29.1 56.9 44.0 

VII 32.0 52.8 44.2 

VIII 27.1 54.5 44.6 

IX 29.9 38.1 48.6 
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Comp. no.  
Selectivity 

Β(Li)/β(Na) Li Na 

I 3.4 2.6   6.3 

II 3.7 2.9   6.3 

III 4.6 3.0 35 

IV 3.3 2.8   3.2 

V 3.1 2.2   7.9 

VI 3.0 2.0 10 

VII 3.6 2.9   5.0 

VIII 4.2 3.1 12.5 

log β  

Table 4. Logarithms of stability constants (log  β) for com-
plexes M+L with alkali metals cations in the mixture THF–
CHCl3 4:1 at 25°С 

CXP-200 relative to external 85% H3PO4 using CDCl3 
as a solvent. The downfield chemical shifts were 
considered to be positive. Quantitative estimation of 
ligand ability (L) was made using stability constants 
values [M+]L measured by conductometric method. 
Procedure of these measurements performed at 25°С in 
THF–CHCl3 (4:1) system is described in [4]. Precision 
error < 0.1 log units. Alkali metals 2,4-dinitro-
phenolates were used as salts.  

Phosphine oxide (III). To a solution of 10.5 g of 
diphenylphosphonous acid and 7.7 g of chloroaceto-
phenone in 70 ml of DMSO at 60°С was added 4.3 ml 

of 45% of potassium hydroxide solution. The reaction 
mixture was stirred for 2 h, then cooled, diluted with 
water (70 ml), and extracted with chloroform (370 ml). 
Organic layer was separated, washed with water (4× 
50 ml), and dried with MgSO4. Solvent was removed 
in a vacuum. Yield 12.5 g (78%), after recrystal-
lization from  dioxane, 11.5 g (72%). 

Diphosphine oxide (VIII) was prepared similarly 
from 10.5 g of diphenylphosphinous acid, 8.7 g              
(6.9 ml) of 1-phenyl-1b,-dichloroethane and 9.0 ml of  
45% potassium hydroxide solution (10% excess). 
Yield 25.3 g (88%), after recrystallization from dioxane, 
17.7 g (69%). 

REFERENCES 

  1. Antoshin, A.E., Lermontov, S.A., Reikhov, Yu.N., 
 Tugushov, V.I., and Tugushov, K.V., Khim. i Biol. 
 Bezop., 2006, no. 6 (30), p. 10. 
  2. Antoshin, A.E., Lermontov, S.A., Reikhov, Yu.N., and 
 Tugushov, K.V., Khim. i Biol. Bezop., 2008, nos. 1–2 
 (37–38), p. 12. 
  3. Medved’, T.Ya., Polikarpov, Yu.M., Bertina, L.E., and 
 Kabachnik, M.I., Usp. Khim., 1975, no. 6, p. 1003. 
  4. Yatsimirskii, K.B., Kabachnik, M.I., Medved’, T.Ya., 
 and Sinyavskaya, E.I., Izv. Akad. Nauk SSSR Ser. Khim., 
 1988, no. 1, p. 58. 
  5. Yevreinov, V.I., Vostroknutova, Z.N., Baulin, V.E., 
 Syundyukova, V.Kh., and Tsvetkov, E.N., Zh. Obshch. 
 Khim., 1989, vol. 59, no. 1, p. 79.  

SYNTHESIS OF β-CARBONYLPHOSPHINE OXIDES  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  79   No.  10   2009 

2115 



<<
  /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 /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

  /CreateJDFFile 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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


