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Cyclohexadienones (methylene quinones) are
highly reactive compounds transformed into phenols
via the reactions with proton-donor substrates [1]. The
reactions of phosphorus-containing 2,6-di-tert-butyl-4-
methylene-2,5-cyclohexadienones with nucleophiles
has been recognized as a convenient approach to prepare
spatially hindered phenols containing phosphoryl
fragments [2, 3]. The stable dialkyl[(3,5-di-tert-butyl-
4-0x0-2,5-cyclohexadienylidene)methyl|phosphonates
readily react with nucleophiles to form the 1,6-addition
products [2, 4, 5]. In particular, it has been shown that
such phosphonates interact with aliphatic alcohols in
the presence of inorganic acids as catalyst to yield
dialkyl  a-alkoxy-3,5-di-fert-butyl-4-hydroxybenzyl-
phosphonates [6].

In this work we studied the interaction of dimethyl-
[(3,5-di-tert-butyl-4-0x0-2,5-cyclohexadienylidene)-
methyl]phosphonate (I) with aliphatic diols (1,3-
propanediol, 2,2-dimethylpropane-1,3-diol, 1,3-butane-
diol, and 1,4-butandiol). Earlier we have suggested the
application of trifluoromethanesulfonic acid as a
catalyst of the reaction between compound I and
phenols [2]. Therefore, the addition of the diols to
compound I (at the 1 : 2 ratio) was carried out in the
presence of catalytic amounts of CF;SO;H in the
CH,Cl, medium at room temperature. The interaction
gave compounds II-V in a high yield (Scheme 1).

The structure and composition of the products were
elucidated using the 'H, C, and *'P NMR data as well
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as IR spectroscopy, mass spectrometry (MALDI-TOF),
and elemental analysis results. The prepared com-
pounds were mixtures of the corresponding diastereo-
mers, as confirmed by duplication of the signals in the
'H and ">C NMR spectra.

To summarize, the interaction of compound I with
aliphatic diols is a convenient method to prepare the
diesters containing phosphoryl and spatially hindered
phenol structural fragments.

The starting compound I was prepared as described
elsewhere [7].

Compounds II-V (general procedure). 1.5 mmol
of the diol and 1-2 drops of trifluoromethanesulfonic
acid were added to a solution of 1 g (3.0 mmol) of
compound I in 2 mL of toluene. The reaction mixture
was kept at room temperature during 5 h. The solvent
was then removed, and the residue was dried in a
vacuum (1 h, 40°C, 1 mmHg) to a constant mass. The
products were yellow tar-like substances.

Tetramethyl {[(propane-1,3-duylbis(oxy)]bis-
[(3,5-di-tert-butyl-4-hydroxyphenyl)methylene] } bis-
phosphonate (II). Yield 0.86 g (78 %). 'H NMR
spectrum, 6, ppm (J, Hz): 1.42 s [36H, C(CHj3);], 1.89
m (2H, CH,), 3.53 m (4H, OCH,), 3.59-3.67 m (12H,
OCH;); 4.44 d, 4.48 d, 4.53 d, and 4.54 d (2H, CH, Jpy
12), 5.27 br.s (2H, OH), 7.16 s, 7.18 s and 7.20 s (4H,
CHy)). BC NMR spectrum, oc, ppm (J, Hz): 30.3
[C(CH;3);], 32.2 (CH,), 34.3 [C(CH;);], 53.3-53.8
(OCH3;), 68.94 (OCH,, Jpc 15.0), 78.1 (CH, Jpc 210.0),
124.6 (CHa;), 125.0 (CaCH), 1359 and 136.0
[CA:C(CHs)s], 154.02, 154.09 (CAOH). *'P NMR spec-
trum, Jp, ppm: 21.9, 22.1, 22.2. Mass spectrum (MALDI),
m/z (I, %): 751.1 [M + Na]’, 767.0 [M + K]". Found,
%: C 60.46; H 8.62; P 8.15. C57Hg,04P,. Calculated,
%: C 60.97; H 8.57; P 8.50.

Tetramethyl {[(2,2-dimethylpropane-1,3-diyl)bis-
(oxy)]bis[(3,5-di-tert-butyl-4-hydroxyphenyl)methyl-
ene|}bisphosphonate (III). Yield 0.92 g (80%). 'H
NMR spectrum, 6, ppm (J, Hz): 1.02 s and 0.99 s (6H,
CHj;), 1.44 s [36H, C(CH3)3], 3.19 d and 3.33 d (4H,
OCH,, *Juy 8.0), 3.64 m (12H, OCH;), 4.35 m and
4.58 m (2H, CH), 5.23 br.s (2H, OH), 7.18 s (4H,
CH,,). PC NMR spectrum, ¢, ppm (J, Hz): 21.2, 21.5,
21.6 [C(CHj3),]; 29.8 [C(CH3)3], 34.3 [C(CH3)s]; 36.2,
36.3, 36.4 [C(CHj),]; 52.3-52.9 (OCHj;), 76.2-76.9
(OCHy); 68.3, 77.0, 78.1, 79.8 (CH, Jpc 210.0); 124.3,
124.4, 124.5, 124.6 (CHa,); 125.8, 125.9 (CaCH);
137.0, 137.1 [Ca/C(CH3)3], 153.7, 153.9 (CA,OH). *'P
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NMR spectrum: dp 21.9 ppm. Mass spectrum (MALDI),
m/z (I, %): 757.5 [M]', 779.6 [M + Na]", 795.7 [M +
K]+. FOlll’ld, %: C 6053, H 873, P 8.00. C39H66010P2.
Calculated, %: C 61.89; H 8.79; P 8.18.

Dimethyl {(3,5-di-tert-butyl-4-hydroxyphenyl)[3-
(3,5-di-tert-butyl-4-hydroxyphenyl)(dimethoxyphos-
phoryl)methoxybutoxy]methyl}phosphonate (IV).
Yield 0.83 g (74%). 'H NMR spectrum, 5, ppm
(/, Hz): 1.07 d, 1.08 s, 1.11 d, and 1.15 d (1.5H, CH;,
Jap 6.0); 1.46 m [36H, C(CHs)], 1.69 m (2H,
CH,CH); 3.58 d, 3.59 d, 3.67 d, and 3.68 d (12H,
OCHs;, Jpy 10.0); 4.67 d, 4.68 d, 4.83 d, and 4.84 d
(2H, CH, Jpy 11.5); 7.30 d, 7.31 d, 7.32 d, and 7.33 d
(4H, CHp,, Jpy 2.0). >C NMR spectrum, ¢, ppm
(/, Hz): 21.9, 23.1, 23.3 (CHCHj;); 29.9 [C(CH3);],
34.4 [C(CHj3)5]; 39.0, 39.1 (CH,CH); 52.7, 52.8, 52.9,
53.0 (OCHs, Jpc 150.0); 64.1, 64.6 (CHCHj;); 67.8,
67.9 (OCH,); 74.3, 76.1 77.7, 77.8 (CH, Jpc 210.0);
124.5, 124.6, 124.7, 124.8 (CHy,); 125.2, 125.5, 125.6,
125.7, 125.8 (Ca/CH); 137.1, 137.4 [CA,C(CH3)5];
153.7, 154.0 (CAOH). *'P NMR spectrum, p, ppm:
21.7, 22.1, 22.5. Mass spectrum (MALDI), m/z (I,
%): 765.1 [M + Na]". Found, %: C 61.19; H 8.78; P
8.67. C3gHgsO1P,. Calculated, %: C 61.44; H 8.68; P 8.34.

Tetramethyl {[butane-1,4-diylbis(oxy)]bis[(3,5-
di-zert-butyl-4-hysroxyphenyl)methylene]} bisphos-
phonate (V). Yield 0.97 g (86%). '"H NMR spectrum,
o, ppm (J, Hz): 1.47 m [36H, C(CH;);], 1.66 m (4H,
CH,CH,0), 3.47 m (12H, OCH,); 3.56 d, 3.57 d, 3.67
d, and 3.69 d (12H, OCHs;, Jpy 10.0); 4.63 d, 4.65 d,
and 4.67 d (2H, CH, Jpy 12.0); 7.30 d and 7.32 d (4H,
CHa,, Jpu 2.0). °C NMR spectrum, 8¢, ppm (J, Hz):
26.1 (OCH,CH,), 29.8 [C(CH;)s], 34.2 [C(CHs)s];
51.9, 52.5, 52.6 (OCHs, Jpc 150.0); 68.8, 69.9, 70.4
(OCH,); 68.3, 71.1 77.5, 79.1 (CH, Jpc 210.0); 124.2,
124.7, 124.8 (CHa,); 125.8 (CaCH); 137.0, 136.9
[CAC(CHs)s]; 153.5, 153.8 (CaOH). *'P NMR
spectrum: dp 21.5 ppm. Mass spectrum (MALDI), m/z
(Lre, %): 743.4 [M]", 765.4 [M + Na]", 781.4 [M + K]".
Found, %: C 606, H 862, P 8.15. C33H64010P2.
Calculated, %: C 61.44; H 8.68; P 8.34.

BC NMR spectra were recorded using a Bruker
Avance-600 instrument at 150 MHz using as internal
reference the signals of residual protons of the solvent
[CDCl; in the case of compounds II and I1I; (CD5),CO
in the case of compounds IV and V]. 'H and *'P NMR
spectra were recorded using a Bruker MSL-400
spectrometer at 400.13 and 161.94 MHz, respectively.
MALDI-TOF mass spectra were registered using an
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ULTRAFLEX III TOF/TOF Bruker instrument (p-nitro-
aniline as matrix). Elemental analysis was performed
using an EA 1108 (Carlo-Erba) instrument.

ACKNOWLEDGMENTS

This work was financially supported by the Russian

Foundation for Basic Research (project no. 14-50-
00014).

1.

REFERENCES

Ershov, V.V., Volod’kin, A.A., Prokof’ev, A.L., and
Solodovnikov, S.P., Russ. Chem. Rev., 1973, vol. 42,
no. 9, p. 740. DOL: 10.1070/RC1973v042n09ABEH002726.
Shaekhov, T.R., Gibadullina, E.M., Voronina, Yu.K.,
Syakaev, V.V., Sharafutdinova, D.R., Burilov, A.R.,
and Pudovik, M.A., Russ. Chem. Bull. Int. Ed., 2011,

GIBADULLINA et al.

vol. 60, no. 10, p. 1999. DOI: 10.1007/s11172-011-0303-8.

. Oludina, Yu.N., Bukharov, S.V., Burilov, A.R., Tagashe-

va, R.G., Syakaev, V.V, Musin, R.Z., Akhmetova, E.F.,
and Nugumanova, G.N., Russ. Chem. Bull., 2014, vol. 63,
no. 1, p. 115. DOI: 10.1007/s11172-014-0403-3.

. Costisella, B., Keitel, 1., Gross, H., and Nadolski, K.,

Phosphorus. Sulfur, Silicon, Relat. Elem., 1994, vol. 84,
no. 1, p. 13. DOI: 10.1080/10426509408018382.

. Ismagilov, RK., Moskva, V.V., Zykov, T.V., and

Arkhipov, V.P., Russ. J. Gen. Chem., 1994, vol. 64,
p. 1317.

. Ismagilov, RK., Moskva, V.V., Arkhipov, V.P,

Ivantsov, A.E., and Kopylova, L.Yu., Zh. Obshch.
Khim., 1991, vol. 61, p. 387.

. Bakhtiyarova, Yu.V., Bondar, M.S., Andriyashin, V.V.,

Kataeva, O.N., Galkina, IV., and Galkin, V.I,
Mendeleev Commun., 2009, vol. 19, p. 37. DOI:
10.1016/j.mencom.2009.01.015.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 6 2015




<<
  /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


