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We isolated and identified previously gallic and ellagic acids and quercetin-3-O-glucoside from the aerial part of
Geranium saxatile Kar. et Kir. [1].

In continuation of research on the chemical composition of the aerial part of G. saxatile, we chromatographed the
EtOAc extract over a column (165 � 4.5 cm) of KSK silica gel with elution by CHCl3 and CHCl3:MeOH in various ratios with
further re-chromatography of separate eluates over Sephadex LH-20 with elution by H2O:MeOH with an increasing gradient
of alcohol (MeOH:H2O).  A total of seven pure compounds was isolated.

Based on a comparison of spectral data of the isolated compounds (UV, IR, PMR, and 13C NMR) with the literature
and directly with authentic samples, they were identified as ethylgallate (1) [2], isomucronulatol (2) [3], kaempferol (3) [4],
quercetin (4) [5], myricetin (5) [6], hyperoside (6) [7], and rutinoside (7) [8].

Ethylgallate (ethyl 3,4,5-trihydroxybenzoate) (1), white powder, C9H10O5, mp 168–170°C, Rf 0.24 (CHCl3:MeOH,
9:1).  UV spectrum (EtOH, �max, nm): 218, 276.  IR spectrum (KBr, �, cm–1): 3450–3294 (OH); 2975, 2934 (OCH3); 1707
(C=O); 1620, 1535 (aromatic C=C).  13C NMR spectrum (100 MHz, DMSO-d6, �, ppm): 165.8 (C=O), 145.6 (C-3,5), 138.4
(C-4), 119.7 (C-1), 108.5 (C-2,6), 60.0 (CH2), 14.3 (CH3) [2].

Isomucronulatol (7,2�-dihydroxy-3�,4�-dimethoxyisoflavan) (2), pale-yellow needles, C17H18O5, mp 151–152°C,
Rf 0.68 (CHCl3:MeOH, 9:1).  UV spectrum (EtOH, �max, nm) was characteristic of isoflavan derivatives and had absorption
maxima at 280.4 (0.36) and 290 (0.22).  IR spectrum (KBr, �, cm–1): 3526, 3422 (OH); 2970, 2943 (OCH3); 1618, 1590, 1466,
1436 (aromatic C=C); 1384, 1318, 1275, 1239, 1211, 1199, 1179, 1155, 1117 [3].

The molecular structure of the isoflavan isomucronulatol was established conclusively based on an x-ray crystal
structure analysis.

Kaempferol (3,5,7,4�-tetrahydroxyflavone) (3), yellow needle-like crystals, C15H10O6, mp 270–272°C, Rf 0.88
[n-BuOH:AcOH:H2O (BAW), 4:1:2].  UV spectrum (EtOH, �max, nm): 265, 368.  IR spectrum (KBr, �, cm–1): 3430–3320
(OH); 1650 (�-pyrone C=O); 1590, 1540 (aromatic C=C) [4].

Quercetin (3,5,7,3�,4�-pentahydroxyflavone) (4), light-yellow needle-like crystals, C15H10O7, mp 310–312°C,
Rf 0.36 (BAW, 4:1:2).  UV spectrum (EtOH, �max, nm): 255, 371.  IR spectrum (KBr, �, cm–1): 3367–3287 (OH); 1672
(�-pyrone C=O); 1615 (aromatic C=C); 1492, 1430, 1385, 1296, 1174, 1102 [5].

Myricetin (3,5,7,3�,4�,5�-hexahydroxyflavone) (5), yellowish powder, C15H10O8, mp 356–358°C.  UV spectrum
(MeOH, �max, nm): 210, 254, 375.  IR spectrum (KBr, �, cm–1): 3427 (OH); 1667 (C=O); 1623, 1523 (C=C).
13C NMR spectrum (100 MHz, DMSO-d6, �, ppm): 146.9 (C-2), 136.0 (C-3), 175.9 (C-4), 156.2 (C-5), 98.3 (C-6), 164.1
(C-7), 93.7 (C-8), 160.9 (C-9), 103.1 (C-10), 121.0 (C-1�), 107.36 (C-2�, C-6�), 145.9 (C-3�), 136.0 (C-4�), 145.9 (C-5�) [6].

Hyperoside (5,7,3�,4�-tetrahydroxyflavone-3-O-�-D-galactoside) (6), light-yellow powder, C21H20O12, mp 218–
220°C, Rf 0.23 (CHCl3:MeOH:EtOAc, 10:3.5:3).  UV spectrum (EtOH, �max, nm): 257, 358.  IR spectrum (KBr, �, cm–1):
3319, 2974, 2904, 1655, 1607, 1089, 1055, 1020.  13C NMR spectrum (100 MHz, DMSO-d6, �, ppm): 156.2 (C-2), 133.5
(C-3), 177.5 (C-4), 161.2 (C-5), 98.6 (C-6), 164.1 (C-7), 93.5 (C-8), 156.3 (C-9), 103.9 (C-10), 121.2 (C-1�), 115.1 (C-2�),
144.8 (C-3�), 148.4 (C-4�), 115.9 (C-5�), 121.0 (C-6�), 101.8 (C-1��), 71.2 (C-2��), 73.2 (C-3��), 67.9 (C-4��), 75.8 (C-5��), 60.1
(C-6��) [7].
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Rutin (5,7,3�,4�-tetrahydroxyflavone-3-O-rutinoside) (7), greenish-yellow powder, C27H30O16, mp 196–198°C,
Rf 0.68 (CHCl3:MeOH:H2O:AcOH, 9:3:0.5:0.5).  UV spectrum (MeOH, �max, nm): 257, 356 [8].

Thus, isomucronulatol (2) was isolated for the first time from the genus Geranium; ethylgallate (1), kaempferol (3),
quercetin (4), myricetin (5), hyperoside (6), and rutinoside (7), for the first time from the plant G. saxatile.

Pharmacological investigations showed that total proanthocyanidines from the aerial part of G. saxatile exhibited
antihypoxic and antioxidant activity.  Polymeric proanthocyanidines, the total of which we called geranyl, showed the greatest
activity [9].

The study of the polyphenol composition of the aerial part of G. saxatile roots is continuing.

ACKNOWLEDGMENT

The work was supported financially by the Basic Research Program of the AS RU (Grant FA-F7-T-184).

REFERENCES

1. D. R. Siddikov, S. Z. Nishanbaev, D. A. Narbutaeva, A. D. Vdovin, and N. D. Abdullaev, Khim. Prir. Soedin., 555 (2011).
2. J. Zhao, X.-W. Zhou, X.-B. Chen, and Q.-X. Wang, Khim. Prir. Soedin., 209 (2009).
3. G. D. Manners and L. Jurd, Phytochemistry, 18, 1037 (1979).
4. K. B. Kobakhidze and M. D. Alaniya, Khim. Prir. Soedin., 78 (2004).
5. L. N. Gvazava and S. S. Kikoladze, Khim. Prir. Soedin., 717 (2011).
6. M.-H. Yang and L.-Y. Kong, Khim. Prir. Soedin., 76 (2008).
7. D.-J. Kwon and Y.-S. Bae, Khim. Prir. Soedin., 560 (2011).
8. V. A. Kurkin, A. S. Akushskaya, E. V. Avdeeva, E. I. Vel�myaikina, E. D. Daeva, and V. I. Kadentsev, Khim. Rastit. Syr�ya,

No. 4, 87 (2010).
9. D. A. Narbutaeva, D. R. Siddikov, D. Sh. Nuriddinov, S. Z. Nishanbaev, V. N. Syrov, and Z. A. Khushbaktova,

Infektsiya, Immunitet Farmakol., No. 3, 94 (2011).



<<
  /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


