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Selenophosphoryl chlorides R,P(Se)Cl are highly
reactive selenophosphorylating reagents widely used in
the synthesis of organoelement compounds [1-5].
They readily react with alkylmagnesium halides [1],
al-cohols [2], amines [3] and other compounds [4, 5] to
form tertiary phosphine selenides as well as esters,
amides, and salts of selenophosphinic acids: ligands
for the design of single-source precursors of nano-
materials [6, 7], efficient iniferters [8], prospective
extragents of the rare-earth elements [9] and coor-
dination media for synthesis of semiconducting nano-
materials [10].

Traditional method of preparation of seleno-
phosphoryl chlorides based on the reaction of hardly
accessible diorganylchlorophosphines with elemental
selenium (reflux in benzene for 3 h) [3, 11] is labor-
consuming and does not meet modern ecological
requirements.

Here, we report on a novel and convenient method
of synthesis of selenophosphoryl chlorides by the
reaction of secondary phosphine selenides with carbon
tetrachloride in the presence of triethylamine.
Chlorination of bis(2-phenylethyl)phosphine selenide
(I) and bis[2-(2-furyl)ethyl]phosphine selenide (II)
prepared from red phosphorus, styrene or 2-vinylfuran
and elemental selenium [12-14] proceeds under mild
conditions (25°C, 10 min, CCl,, molar ratio phosphine
selenide : Et;N = 1 1) with the formation of
selenophosphoryl chlorides III, IV in quantitative
yield.

It should be mentioned that the reaction occurs also
in the presence of catalytic amounts of triethylamine
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(10 mol %) but in this case more time is required for
completing the reaction (1 h). The reaction does not
proceed without triethylamine.

The elaborated reaction can be represented by the
following scheme described in the literature on the
example of hydrophosphoryl compounds and their thio
analogs [15-17]: P,Se-ambident selenophosphinite
anion A formed by deprotonation of the secondary
phosphine selenide by NEt; react with carbon tetra-
chloride to form selenophosphoryl chlorides and tri-
chloromethyl carbanion B. Protonation of the latter
with the triethylammonium cation leads to recovery of
triethylamine and formation of chloroform (identified
in the reaction mixture by chromato-mass spectro-
metry).
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Therefore, the reaction of chlorination of secondary
phosphine selenides with the system CCly/NEt; provides
a new and convenient approach to the synthesis of
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selenophosphoryl chlorides, reactive intermediates and
synthons for organic and organoelement synthesis.

Bis(2-phenylethyl)selenophosphoryl chloride (III).
To the solution of bis(2-phenylethyl)phosphine
selenide I (0.32 g, 1 mmol) in 7 ml of CCly
triethylamine (0.10 g, 1 mmol) was added and stirred
for 10 min at room temperature. Formation of
chloroform in the reaction mixture was proved by
chromato-mass spectrometry (peak of molecular ion
[M]" with m/z 118). The solvent was removed, the
residue washed with 5 ml of cold hexane, dried in
vacuum. Obtained 0.35 g (98%) of compound III as
colorless needles deliquescing in the air. '"H NMR
(CDCly), o, ppm (J, Hz): 3.01-3.22 m (4H, CH,P),
3.49-3.59 m (4H, CH,Ph), 7.73-7.86 m (10H, Ph). °C
NMR, 8¢, ppm: 29.53 (CH,Ph), 42.76 d (CH,P, 'Jep
43.0 Hz), 126.75 (C,), 12829 (C,), 128.75 (C,),
139.23 d (C;, *Jep 17.2 Hz). *'P NMR, &p, ppm: 102.35
(satellites: ! Jpse 782.6 Hz, 'Jpse 870.0 Hz). 7Se NMR,
Ose, ppm: —171.2 d (lJpse 825.3 Hz). Mass spectrum,
m/z (for ¥Se, *°Cl): 356 [M]". Found, %: C 54.10; H
5.19; P 9.77; Se 21.96. C;¢H;3CIPSe. Calculated, %: C
54.03; H5.10; P 9.97; Se 22.20.

Bis[2-(2-furyl)ethyl]selenophosphoryl chloride (IV).
Prepared similarly by chlorination of bis[2-(2-furyl)
ethyl]phosphine selenide II. Yield 0.33 g (98%),
colorless needles deliquescing in the air. '"H NMR
(CDCl), o, ppm (J, Hz): 2.56-2.67 m (4H, CH,P),
2.94-3.96 m (4H, CH,-furan), 6.05-7.30 m (6H, H*”
furan). >C NMR, 8¢, ppm: 21.72 (CH,-furan), 38.60 d
(CH,P, 'Jep 45.4 Hz), 106.76 (C-3, furan), 110.01 (C-4,
furan), 141.08 (C-5, furan), 151.70 d (C-2, furan, 3 Jpc
18.2 Hz). *'P NMR, &p, ppm: 101.67 (satellites: 'Jpge
793.0 Hz, 'Jps. 872.0 Hz). "’Se NMR, 8s., ppm: —183.0
(IJPSe 832.2 Hz). Mass spectrum, m/z (for 80ge, 35Cl): 336
[M]". Found, %: C 42.85; H 4.31; P 9.01; Se 23.40.
C,H4CIO,PSe. Calculated, %: C 42.94; H 4.20; P
9.23; Se 23.53.

'H, C, *'P and ”"Se NMR spectra were registered
on a Bruker DPX-400 spectrometer (400.13, 101.61,
161.98, and 76.31 MHz, respectively) in CDCl;,
internal standard HMDS, *'P and 7’Se chemical shifts
were measure relative to 85% H;PO, and Me;Se,
respectively. Mass spectra of electron ionization
(70 eV) were obtained on a Shimadzu GCMS-
QP50504 instrument (quadruple mass analyzer, the
range of detected mass was from 34 to 650 Da).
Chromatograph with capillary column SPB—5ms (60 m x
0.25 mm x 0.25 pm), gas carrier helium, flow rate
0.7 ml min"', temperature of injector and ion source
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250°C, pressure 300 kPa; temperature programming
from 70 to 250°C, 10 deg min . All experiments were
run in an inert atmosphere (argon). The reactions were
followed by the *'P NMR spectroscopy.

ACKNOWLEDGMENTS

This work was financially supported by the Russian
Foundation for Basic Research (grants nis. 07-03-
00562 and 08-03-00251) and the President of RF
(Program of support of leading scientific schools, grant
no. NSh-263.2008.3).

REFERENCES

1. Kimura, T., Murai, T., and Mizuhata, N., Heteroatom
Chem., 2005, vol. 16, no. 3, p. 185.

2. Murai, T., Matsuoka, D., and Morishita, K., J. Am.
Chem. Soc., 2006, vol. 128, p. 4584.

3. Kimura, T. and Murai, T., Chem. Lett., 2004, vol. 33,
no. 7, p. 878.

4. Kimura, T. and Murai, T., J. Org. Chem., 2005, vol. 70,
p. 952.

5. Kimura, T., Murai, T., Miwa, A., Kurachi, D., Yoshikawa, H.,
and Kato, S., J. Org. Chem., 2005, vol. 70, p. 5611.

6. Fan, D., Afzaal, M., Mallik, M.A., Nguyen, C.Q.,
O’Brien, P., and Thomas, P.J., Coord. Chem. Rev.,
2007, vol. 251, p. 1878.

7. Maneeprakorn, W., Nguyen, C.Q., Malik, M.A,
O’Brien, P., and Raftery, J., Dalton Trans., 2009, p. 2103.

8. Moon, J., Nam, H., Kim, S., Ryu, J., Han, C., Lee, C.,
and Lee, S., Tetrahedron Lett., 2008, vol. 49, p. 5137.

9. Egorova, N.S., Candidate Sci. (Chem.) Dissertation,
Moscow, 2007.

10. Steckel, I.S., Yen, B.K.H., Oertel, D.C., and Bawendi, M.G.,
J. Am. Chem. Soc., 2006, vol. 128, p. 13032.

11. Kuchen, W. and Knop, B., Angew. Chem., 1964, vol. 76,
p. 496.

12. Trofimov, B.A., Brandsma, L., Arbuzova, S.N., Maly-
sheva, S.F., and Gusarova, N.K., Tetrahedron Lett.,
1994, vol. 35, p. 7647.

13. Sukhov, B.G., Gusarova, N.K., Ivanova, N.I,,
Bogdanova, M.V., Kazheva, O.N., Aleksandrov, G.G.,
D’yachenko, O.A., Sinegovskaya, L.M., Malysheva, S.F.,
and Trofimov, B.A., Zh. Strukt. Khim., 2005, vol. 46,
no. 6, p. 1109.

14. Malysheva, S.F., Artem’ev, A.V., Gusarova, N.K.
Timokhin, B.V., Tatarinova, A.A., and Trofimov, B.A.,
Zh. Obshch. Khim., 2009, vol. 79, no. 8, p. 1259.

15. Troev, K., Kirilov, EEM.G., and Roundhill, D.M., Bull.
Chem. Soc. Jpn., 1990, vol. 63, p. 1284.

16. Ceorgiev, EM., Kaneti, J., Troev, K., and Roundhill, D.M.,
J. Am. Chem. Soc., 1993, vol. 115, p. 10964.

17. Kabachnik, M.I. and Mastryukova, T.A., Mezhfaznyi
kataliz v fosfororganicheskoi khimii (Phase-Transfer
Catalysis in Organophosphorus Chemistry), Moscow:
URSS, 2002.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80 No. 5 2010




<<
  /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 [595.276 841.890]
>> setpagedevice


