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It is known that addition hydrophosphoryl compounds
to phosphorylated methylenequinones Ia and Ib occurs
in the presence of sodium ethylate to form di-
phosphorus-containing hindered phenols [1, 2]. However,
in the literature there have been no information on the
reaction of phosphorylated methylenequinones Ia and
Ib with thiophosphoryl compounds, in particular, with
0,0-dialkyldithiophosphoric acids Ila and IIb.

We found that 4-[diphenyl(diethyl)phosphinyl-
methylene]-2,6-di-tert-butylcyclohexadiene-2,5-ones
Ia and Ib reacted with O,0-dialkyldithiophosphoric
acids Ila and IIb in the absence of any catalyst to form
1,6-adducts: O,0-dialkyldithiophosphato(4-hydroxy-3,5-
di-tert-butylphenyl)methanediphenyl(diethyl)phos-
phine oxides ITla—IIId (Scheme 1).

The reaction occurred under mild conditions
(benzene, 20°C, 24 h) to afford the final adducts with
high yields. That pointed at high nucleophilicity of
dialkyldithiophosphoric acids Ila and IIb towards
phosphorylated methylenequinones Ia and Ib.

Composition and structure of compounds ITTa—I11d
were confirmed by elemental analysis as well as 'H
and *'P NMR spectroscopy.

4-(Diphenylphosphinylmethylene)-2,6-di-tert-butyl-
cyclohexadiene-2,5-one Ia was prepared according to
the procedure described elsewhere [3, 4].

4-(Diethylphosphinyl)methylene-2,6-di-tert-butyl-
cyclohexadiene-2,5-one (Ib). A solution of 7.82 g
(0.027 mol) of 4-hydroxy-3,5-di-tert-butylbenzylidene
chloride in 25 mL of hexane was added dropwise to a
solution of 3.37 g (0.027 mol) of diethylchlorophos-
phine in 25 mL of n-hexane. The mixture was refluxed
during 30 min. The resulting viscous mixture was
twice washed with hexane and treated with 11.45 g
(0.11 mol) of trimethyl orthoformate. The reaction was
exothermic. The reaction mixture was refluxed during
1 h until methyl chloride evolution ceased. After
distilling off the volatile products, the solid residue
was recrystallized from a 10 : 1 heptane—toluene mix-
ture. Yield 6.57 g (76%), mp 170-172°C (173-175°C

Scheme 1.
t-Bu t-Bu
CHP(O)R21 + (R20)P(S)SH —— HO CHP(O)R;
2
t-Bu t-Bu SP(S)(OR%),
Ia, Ib IIa, ITb IIIa—1I1d

R' = Ph (Ia), Et (Ib); R* = Et (IIa), i-Pr (IIb); R' = Ph, R* = Et (Illa); R' = Ph, R* = i-Pr (IlIb); R' = Et, R* = Et (IIc); R' =

Et, R* = i-Pr (I11d).
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[5]). "H NMR spectrum, &, ppm: 1.20 s (18H, CMe),
1.2 t (6H, CH,Me, *Jiy 7.5 Hz), 1.7 d.q (4H, CH,Me,* Jun
7.5, 2Jpy 22.5 Hz), 5.09 br.s (1H, OH), 5.90 d (1H,
CHP, “Jpy 22.5 Hz), 6.65 s and 8.30 s (2H, C¢H,).
Found P, %: 9.30, 9.60. C;9H;3,0,P. Calculated P, %:
9.62.

0,0-Diethyldithiophosphato(4-hydroxy-3,5-di-
tert-butylphenyl)methanediphenylphosphine oxide
(IITa). A mixture of 0.63 g (0.0015 mol) of quinone Ia
and 0.29 g (0.0016 mol) of O,0-diethyldithiophos-
phoric acid IIa in 12 mL of benzene was allowed to
stand at room temperature during 24 h. After removal
of the solvent, the residue was treated with hexane and
recrystallized. Yield 0.86 g (89%), mp 165-166°C
(toluene—heptane). '"H NMR spectrum, 8, ppm: 0.80 t
and 0.92 t (6H, OCH,Me, *Juy 7.2 Hz), 1.17 s (18H,
CMe;3); 3.29 d.q, 3.41 d.q, 3.52 d.q and 3.73 d.q (4H,
OCH>Me, *Juy 7.2, *Joy 14.4 Hz), 4.74 d.d (1H, CH,
*Jon 19.6, 2oy 9.2 Hz), 4.91 br.s (1H, OH), 6.86 s (2H,
C¢H,), 7.06-7.83 m (10H, Ph). *'P NMR spectrum, dp,
ppm: 28. 97 d (P', *Jpp 38.07 Hz), 96.38 d (P?, *Jpp
38.07 HZ) Found P, %: 1024, 10.65. C31H4204P282.
Calculated P, %: 10.26.

0,0-Diisopropyldithiophosphato(4-hydroxy-3,5-
di-fert-butylphenyl)methanediphenylphosphine
oxide (IIIb) was prepared similarly from 0.42 g
(0.001 mol) of quinone Ia and 0.23 g (0.0011 mol) of
0,0-diisopropyldithiophosphoric acid IIb. Yield
0.52 g (83%), mp 169—173°C (toluene-heptane). 'H NMR
spectrum, o, ppm: 0.68 d, 0.88 d, 0.93 d and 1.17 d
(12H, Me,CHO, *Juyy 6.2 Hz), 1.25 s (18H, CMe;),
4.29 d. septets, 4.02 d. septets (2H, Me,CHO, *Jiyy 6.2,
*Jeu 12.1 Hz), 4.97 d.d. d (1H, CH, *Jpy 20.6, *Jpy 8.8,
“Jun 4.0 Hz), 4.81 br.s (1H, OH), 7.14 d (2H, C¢H,,
“Jun 4.0 Hz), 7.21-7.95 m (10H, Ph). *'P NMR
spectrum, dp, ppm: 30. 51 d (P!, *Jpp 42.12 Hz), 95.45
d (P%, *Jpp 42.12 Hz). Found P, %: 9.45, 9.47.
C33H4604P282. Calculated P, %: 9.81.

0,0-Diethyldithiophosphato(4-hydroxy-3,5-di-
tert-butylphenyl)methanediethylphosphine oxide
(Illc) was prepared similarly from 0.97 g (0.003 mol)
of quinone Ib and 0.586 g (0.0031 mol) of O,O-
diethyldithiophosphoric acid Ila. Yield 1.32 g (87%),
mp 117-118°C (isooctane). 'H NMR spectrum, &,
ppm: 0.75 t and 0.99 t (6H, OCH,Me, i 7.2 Hz),
0.78-0.82 m and 1.01-1.06 m (6H, PCH,Me), 1.57—
1.83 m (4H, PCH,), 1.28 s (18H, CMes); 3.92 d.q, 3.71
d.q, 3.50 d.q and 3.39 d.q (4H, OCH,Me, *Juy; 7.2, *Jon
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19.2 Hz), 4.08 d.d (1H, CH, *Jpy 19.2, %Jpy 9.2 Hz),
5.19 br.s (1H, OH), 7.04 s (2H, C¢H,). *'P NMR
spectrum, Op, ppm: 49.91 d (Pl, 3Jep 32.4 Hz), 95.86 d
(P2, *Jop 32.4 Hz). Found P, %: 11.50, 12.05. CsHpO4P,S,.
Calculated P, %: 12.20.

0,0-Diisopropyldithiophosphato(4-hydroxy-3,5-
di-zert-butylphenyl)methanediethylphosphineoxide
(IIId) was prepared similarly from 0.97 g (0.003 mol)
of quinone Ib and 0.67 g (0.0031 mol) of O,0-diiso-
propyldithiophosphoric acid IIb. Yield 1.36 g (84%),
mp 142-145°C (isooctane). '"H NMR spectrum, 3,
ppm: 0.93 d and 1.25 d (6H, OCHMe,, *Jun 6.4 Hz),
0.96 d and 1.35 d (6H, OCHMe, *Juy 6.0 Hz), 1.01 t
and 1.24 t (6H, PCH,Me, *Juy 7.6 Hz), 1.43 s (18H,
CMe;), 1.53-2.14 m (4H, PCH,), 4.28 septet and 4.78
septet (2H, OCHMe,, *Juy 6.4 Hz), 4.78 d.d (1H, PCH,
3Jpn 20.0, 2Jpy 9.2 Hz), 5.10 br.s (1H, OH), 7.29 s (2H,
CeHs). *'P NMR spectrum, 8p, ppm: 50.65 d (P', *Jpp
36.5 Hz), 94.61 d (P?, *Jpp 36.5 Hz). Found P, %:
1090, 11.18. C25H4604P282. Calculated P, %: P 9.81.

ACKNOWLEDGMENTS

This work was financially supported by the
Government of the Republic of Tatarstan, the Russian
Foundation for Basic Research (grant no. 13-03-
97098) and the Ministry of Education and Science of
Russian Federation in the frame of the basic part of the
governmental task (no. 2014/56).

REFERENCES

1. Gross, H., Ozegowski, S., and Costisella, B.,
Phosphorus, Sulfur, Silicon, Relat. Elem., 1990, vol. 47,
p. 7.

2. Costisella, B., Keitel, I, and Ozegowski, S.,
Phosphorus, Sulfur, Silicon, Relat. Elem., 1993, vol. 84,
p. 115.

3. Gazizov, M.B., Ismagilov, R.K., Karimova, R.F.,
Shamsutdinova, L.P., Burangulova, R.N., and Ivano-
va, S.Yu., Russ. J. Gen. Chem., 2014, vol. 84, no. 4,
p- 654. DOI: 10.1134/S1070363214040094.

4. Gazizov, M.B., Ismagilov, R.K., Karimova, R.F,,
Shamsutdinova, L.P., Tarakanova, A.L., and Karimo-
va, A.A., Vestn. Kazansk. Tekhnol. Univ., 2014, no. 5,
p. 29.

5. Ismagilov, R.K., Moskva, V.V., Arkhipov, V.P.,

Ivantsov, A.E., and Kopylov, L.Yu., Zh. Obshch. Khim.,
1991, vol. 61, no. 2, p. 387.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 84 No. 11 2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


