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GLUCOSIDE  OF  TAXIFOLIN  AND
(+)-PINITOL  FROM  Pinus  sylvestris
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Common pine (Pinus sylvestris L.) is widely distributed in all forested regions of Siberia and comprises the principal
mass of Siberian forests [1].  Pine needles are used as an antiscorbutic agent.  Pine buds are used for inhalation for inflammatory
diseases of the upper respiratory tract.  Pine is rich in ascorbic acid (up to 0.3%) and contains up to 5% tanning agents and up
to 1.3% essential oil, the composition of which includes pinene, borneol, limonene, bornylacetate, cadinene, and other terpenes
in addition to sterols, terpenoids, alkylated phenols, phenolic acids, alcohols, aldehydes, ketones, stilbenes, lignans, and other
aromatic compounds [1, 2, 7–9].  Needles yielded kaempferol; quercetin; quercetin-3-O-glucoside; sylpin; derivatives of
kaempferol, quercetin, isorhamnetin, and taxifolin 3-O-glucosides acylated on the carbohydrate part; taxifolin and eriodictyol
3�-O-�-D-glucopyranosides; and other flavonoids [3–9].

We studied chemical components of P. sylvestris needles in order to discover biologically active compounds of
KMAO-Yugry plants.  Dried and ground raw material was extracted at room temperature with EtOH (85%).  The combined
extract was evaporated in vacuo, diluted with H2O, and extracted successively with hexane, CHCl3, EtOAc, and n-BuOH.
Chromatography of the EtOAc fraction over a column of silica gel using a gradient of CHCl3:EtOH afforded phenolic compound
1; the n-BuOH fraction, 2.

Compound 1, slightly yellow crystals, C21H22O12, [�]D
20 –24.6° (c 0.4, Me2CO).  PMR spectrum (�, ppm, J/Hz):

3.00–3.76 (carbohydrate protons), 4.55 (1H, d, J = 11.1, H-3), 4.71 (1H, d, J = 6.6, H-1��), 5.03 (1H, d, J = 11.1, H-2), 5.88 (1H,
br.s, H-6), 5.91 (1H, br.s, H-8), 6.85 (1H, d, J = 8.2, H-5�), 7.04 (1H, br.d, J = 8.4, H-6�), 7.26 (1H, br.s, H-2�), 11.93 (1H, br.s,
5-OH).

IR, UV and PMR spectral data indicated that 1 was a glycoside of dihydroflavonol [10–12].  Acid hydrolysis produced
an aglycon of formula C15H12O7 [�max 289, 325 (sh) nm] and D-glucose.  The aglycon was identified as taxifolin
[(2R,3R)-dihydroquercetin] based on UV, PMR, and 13C NMR spectra and a comparison with an authentic sample [10, 11].
The 13C NMR spectrum (recorded in off-resonance mode in DMSO-d6) of 1 showed resonances for C atoms of
�-D-glucopyranose and taxifolin at 60.6 (C-6�), 69.7 (C-4�), 73.2 (C-2�), 75.9 (C-5�), 77.1 (C-3�), 102.1 (C-1�), 82.9 (C-2),
71.3 (C-3), 197.7 (C-4), 163.2 (C-5), 96.0 (C-6), 166.9 (C-7), 95.0 (C-8), 162.4 (C-9), 100.3 (C-10), 128.2 (C-1�), 115.5
(C-2�), 147.2 (C-3�), 144.9 (C-4�), 116.6 (C-5�), 122.8 ppm (C-6�).

The C-4� resonance underwent a strong-field shift, those of C-3� and C-5�, weak-field shifts, upon going from taxifolin
to glycoside 1 [10].  Therefore, the glucose was bonded to the hydroxyl in the 4�-position of taxifolin and 1 was taxifolin
4�-O-�-D-glucopyranoside [12].

Compound 2, C7H14O6, [�]D
22 +65.63° (EtOH), did not absorb in the UV region.  Its IR spectrum contained absorption

bands at 3600–3250 (OH), 2300–2950 (aliphatic C–C), and 1175 cm–1 (C–O).  Acetylation of 2 produced a pentaacetyl
derivative, the mass spectrum of which showed peaks for ions with m/z 404 (3%) [M]+, 345 (2), 285 (2), 243 (8), 182 (35), 150
(50), etc.

The PMR spectrum exhibited resonances for methoxyl protons at 3.72 ppm; five protons of a cyclohexane ring
geminal to an OH group at 4.76 (d, J = 6.5 Hz), 4.81 (d, J = 4.5 Hz), 5.02 (d, J = 2.1 Hz), 4.93 (d, J = 2.1 Hz), 4.63 (d,
J = 5.6 Hz); and one proton geminal to a OCH3 group at 3.31 ppm (t, J = 9.4, 9.1 Hz).

The 13C NMR spectrum (taken in off-resonance mode in DMSO-d6) showed resonances for six methine C atoms of
a cyclohexane ring bonded to an oxygen at 70.0 (C-3), 70.8 (C-1), 71.9 (C-5), 72.4 (C-2), 72.6 (C-4), 83.8 (C-6) and a
resonance for a methoxy C at 59.6 ppm.
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Compound 2 was identified as (+)-pinitol based on the spectral data and a comparison with an authentic sample [13,
14].  (+)-Pinitol was patented in the USA as a hypolipidemic agent [14].

Taxifolin 4�-O-�-D-glucopyranoside and (+)-pinitol were isolated from P. sylvestris for the first time.

REFERENCES

  1. A. V. Pobedinskii, Pine [in Russian], Lesnaya Promyshlennost�, Moscow, 1979, 125 pp.
  2. T. A. Goncharova, Encyclopedia of Medicinal Plants [in Russian], Vol. 2, Izdatel�skii Dom MSP, Moscow, 2004, p. 28.
  3. S. A. Medvedeva, S. Z. Ivanova, N. A. Tyukavkina, and G. G. Zapesochnaya, Khim. Prir. Soedin., 650 (1977).
  4. G. G. Zapesochnaya, S. Z. Ivanova, S. A. Medvedeva, and N. A. Tyukavkina, Khim. Prir. Soedin., 193 (1978).
  5. G. G. Zapesochnaya, S. Z. Ivanova, S. A. Medvedeva, and N. A. Tyukavkina, Khim. Prir. Soedin., 332 (1978).
  6. S. Z. Ivanova, G. G. Zapesochnaya, N. A. Tyukavkina, and S. A. Medvedeva, Khim. Prir. Soedin., 399 (1978).
  7. W. Oleszek, A. Stochmal, P. Karolewski, A. M. Simonet, F. A. Macias, and A. Tava, Biochem. Syst. Ecol., 30, 1011 (2002).
  8. K. Sunnerheim-Sjoberg, G. Eriksson, L. N. Lundgren, and O. Theander, Scand. J. Forest Res., 7, 325 (1992).
  9. T. Popoff and O. Theander, Acta Chem. Scand., Ser. B, 31, 329 (1977).
10. K. R. Markham, Techniques of Flavonoid Identification, London, 1982, 113 pp.
11. Y. L. Li, J. Li, N. L. Wang, and X. S. Yao, Molecules, 13, 1931 (2008).
12. X. Xu, H. Xie, J. Hao, Y. Jiang, and X. Wei, J. Agric. Food Chem., 59, 1205 (2011).
13. A. A. Drenin, E. Kh. Botirov, and Yu. P. Turov, Khim. Rastit. Syr�ya, No. 2, 53 (2010).
14. L. N. Misra and S. A. Siddiqi, Curr. Sci., 87, 1507 (2004).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


