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Tertiary phosphine oxides are widely used as
ligands for metal complex catalysts [1, 2], special sol-
vents for stabilization of nanosystems in the synthesis
of semiconductors [3], and extractants for noble, rare-
earth, and transuranium elements [4, 5]. Of particular
importance are polyfunctionalized tertiary phosphine
oxides; however, their synthesis involves known dif-
ficulties. A convenient atom economy approach to such
compounds is based on reactions of PH addends with
functionalized alkenes, alkynes [6, 7], aldehydes, and
ketones [7, 8].

In the present work we examined reactions of
accessible secondary phosphine oxides [9] with dielec-
trophilic alkyl phenylethynyl ketones with a view to
synthesize new polyfunctionalized tertiary phosphine
oxides. It seemed that the reaction may be nonselec-
tive. It is known that nucleophilic addition of secon-
dary phosphine oxides to phenyl ethynyl ketone occurs
chemo- and regioselectively at the triple bond [10] and
that their reactions with 3-trialkylsilyl(or germyl)prop-
2-ynals involves the aldehyde group in the latter [11].

We have found that secondary phosphine oxides Ia
and Ib react with alkyl phenylethynyl ketones Ila and
IIb in the system KOH-THF at room temperature in
chemoselective fashion, yielding 63—71% of the corre-
sponding 1-alkyl-1-phosphoryl-3-phenylprop-2-yn-1-

ols IITa—IIlIc. Thus the addition of secondary phos-
phine oxides to alkyl phenylethynyl ketones provide
a convenient method for the synthesis of previously
unknown polyfunctionalized chiral tertiary phosphine
oxides having a hydroxy group and an acetylenic frag-
ment. The products attract interest as highly reactive
building blocks for organic synthesis, synthetic inter-
mediates, and precursors of optically active amphi-
philic ligands for enantioselective processes.

Phosphine oxides Illa—IIlc (general procedure).
A mixture of 0.5 mmol of secondary phosphine oxide
Ia or Ib, 0.5 mmol of acetylenic ketone Ila or IIb, and
0.1 mmol of potassium hydroxide in 4 ml of THF was
stirred for 35 h at room temperature; in the synthesis of
phosphine oxide I1la, 0.05 mmol of KOH was used,
and the mixture was stirred for 4 h. The suspension
was passed through a thin layer of aluminum oxide, the
solvent was distilled off under reduced pressure, the
residue was ground with 5 ml of diethyl ether, and the
precipitate was filtered off and dried under reduced
pressure.

2-(Diphenylphosphoryl)-4-phenylbut-3-yn-2-ol
(IIIa). Yield 0.123 g (71%), mp 140-142°C. IR spec-
trum, v, cm ': 3141 (OH), 2234 w (C=C), 1175 (P=0).
'"H NMR spectrum (CDCl;), 8, ppm: 1.80 d (3H, Me,
*Jeu = 13.2 Hz), 4.00 br.s (1H, OH), 7.21-7.40 m (5H,

O 1
R1 R2 \\ /R
\ / KOH-THF, 20°C /R
P=0 + Ph—=— Ph——
R \ I R2
H o OH
la, Ib lla, lib lla—lllc

I, R' = Ph (a), PhCH,CHj, (b); IT, R> = Me (a), Pr (b); III, R' = Ph, R?> = Me (a), R' = PhCH,CH,, R? = Me (b),
R'=PhCH,CH,, R? = Pr (c).
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PhC=), 7.45-7.65 m (6H, p-H, m-H in PhP), 8.00—
8.20 m (4H, o-H in PhP). C NMR spectrum (CDCls),
8¢, ppm: 25.85 d (Me, “Jpc = 3.7 Hz), 69.86 d (C?,
'Joc = 87.0 Hz), 89.09 d (PhC, *Jpc = 7.7 Hz), 88.90 d
(PhC=C, “Jpc = 2.2 Hz), 122.83 (C' in Ph); 129.1-
129.6, 130.7-132.2 (Cyrom)- °'P NMR spectrum (CDCL5):
op 34.32 ppm. Found, %: C 76.56; H 5.87; P 9.09.
C,,H9O,P. Calculated, %: C 76.29; H 5.53; P 8.94.
2-|Bis(2-phenylethyl)phosphoryl]-4-phenylbut-3-
yn-2-ol (IIIb). Yield 0.134 g (67%), mp 103—105°C.
IR spectrum, v, cm ': 3131 (OH), 2225 w (C=C), 1158
(P=0). '"H NMR spectrum (CDCl;), &, ppm: 1.90 d
(3H, Me, *Jpy = 12.4 Hz), 2.1-2.6 m (4H, CH,P), 2.9
3.2 m (4H, CH,Ph), 5.63 brs (1H, OH), 7.2-7.4 m
(15H, Hyom). "C NMR spectrum (CDCls), 8¢, ppm:
24.69 d (Me, “Jpc = 3.6 Hz), 26.90 d (CH,P, 'Jpc =
60.8 Hz), 27.65 d (CH,P, 'Jpc = 57.2 Hz), 28.19 d
(CH,Ph, “Jpc = 3.6 Hz), 28.26 d (CH,Ph, “Jpc =
2.8 Hz), 67.96 d (C?, 'Jpc = 80.0 Hz), 87.75 d (PhC=,
3Jpc = 7.2 Hz), 88.33 d (PhC=C, “Jpc = 2.0 Hz), 121.97
(C' in PhC=), 126.46 m (C° in CH,Ph), 128.15-128.95
(C™, C? in CH,Ph, PhC=), 131.70 (C° in PhC=), 141.15—
141.28 (C" in CH,Ph). *'P NMR spectrum (CDCls):
op 51.49 ppm. Found, %: C 77.86; H 6.89; P 7.99.
C,sH,,0,P. Calculated, %: C 77.59; H 6.76; P 7.70.
3-|Bis(2-phenylethyl)phosphoryl]-1-phenylhex-
1-yn-3-ol (IIlc). Yield 0.135 g (63%), mp 117-119°C.
IR spectrum, v, cm ': 3083 (OH), 2221 w (C=C), 1145
(P=0). '"H NMR spectrum (CDCls), 8, ppm: 1.05 t
(3H, Me, *Jyy = 7.0 Hz), 1.87 m (2H, 5-H), 2.1-2.6 m
(6H, CH,P, 4-H), 2.9-3.2 m (4H, CH,Ph), 4.32 br.s
(1H, OH), 7.2-7.4 m (15H, Hyrom). °C NMR spectrum
(CDCl3), 8¢, ppm: 14.30 s (Me), 16.91 d (C°, *Jpc =
7.9 Hz), 27.11 d (PCH,, 'Jpc = 60.0 Hz), 27.60 d
(PCH,, 'Jpc = 58.0 Hz), 28.23 s (PhCH,), 38.33 d (C*,
“Jpc = 2.4 Hz), 71.40 d (C°, 'Jpc = 79.5 Hz), 87.15 d
(C?, *Jpc = 1.9 Hz), 88.72 d (C', *Jpc = 7.6 Hz), 122.01
(C'in PhC=), 126.39 m (C° in CH,Ph), 128.14—128.88
(C™, C* in CH,Ph, PhC=), 131.73 (C° in PhC=), 141.21—
141.65 (C' in CH,Ph). *'P NMR spectrum (CDCl;):
Op 51.45 ppm. Found, %: C 78.38; H 7.49; P 7.31.
C,3H3,0,P. Calculated, %: C 78.12; H 7.26; P 7.19.

DVORKO et al.

The 'H, °C, and *'P NMR spectra were recorded on
a Bruker DPX-400 spectrometer at 400.13, 101.61, and
161.98 MHz, respectively; the chemical shifts were
measured relative to hexamethyldisiloxane (‘H, *C) or
85% H3PO4 (*'P). The IR spectra were obtained in KBr
on a Bruker IFS-25 instrument.

This study was performed under financial support
by the Russian Foundation for Basic Research (project
no. 07-03-00562).

REFERENCES

1. Hayashi, M., Takezaki, H., Hashimoto, Y., Takaoki, K.,
and Saigo, K., Tetrahedron Lett., 1998, vol. 39, p. 7529.

2. Tolis, E.I., Vallianatou, K.A., Andreadaki, F.J., and
Kostas, 1.D., Appl. Organomet. Chem., 2006, vol. 20,
p. 335.

3. Snee, P.T., Somers, R.C., Nair, G., Zimmer, J.P., Bawen-
di, M.G., and Nocera, D.G., J. Am. Chem. Soc., 2006,
vol. 128, p. 13320.

4. Alguacil, F.J. and Alonso, M., Hydrometallurgy, 2004,
vol. 74, p. 157.

5. Chan, Z., Yan-zhao, Y., Tao, Z., Jian, H., and Chang-
Hong, L., J. Radioanal. Nucl. Chem., 2005, vol. 265,
p. 419.

6. Arbuzova, S.N., Gusarova, N.K., and Trofimov, B.A.,
Arkivoc, 20006, part (v), p. 12.

7. Trofimov, B.A., Sukhov, B.G, Malysheva, S.F., and
Gusarova, N.K., Katal Promst., 2006, p. 18.

8. Well, M. and Schmutzler, R., Phosphorus, Sulfur Silicon
Relat. Elem., 1992, vol. 72, p. 171.

9. Malysheva, S.F. and Arbuzova, S.N., Sovremennyi orga-
nicheskii sintez (Contemporary Organic Synhtesis),
Rakhmankulov, D.L., Ed., Moscow: Khimiya, 2003,
p. 160.

10. Glotova, T.E., Dvorko, M.Yu., Arbuzova, S.N., Usha-
kov, I.A., Verkhoturova, S.I., Gusarova, N.K., and Trofi-
mov, B.A., Lett. Org. Chem., 2007, vol. 4, p. 109.

11. Gusarova, N.K., Reutskaya, A.M., Ivanova, N.I., Med-
vedeva, A.S., Demina, M.M., Novopashin, P.S., Afo-
nin, A.V., Albanov, A.IL,, and Trofimov, B.A., J. Organo-
met. Chem., 2002, vol. 659, p. 172.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 44 No. 8 2008




<<
  /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 /Warning
  /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 <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


