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CHEMICAL CONSTITUENTS OF Pulsatilla dahurica
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The roots of Pulsatilla dahurica (Fisch. ex DC.) Spreng (Ranunculaceae) are used as a traditional Chinese medicine
for the treatment of amoebic disease, diarrhea, vaginal trichromoniasis, and bacterial infections [1]. Previous pharmacological
investigations had suggested that triterpene glycosides are the main bioactive components of this  plant genus [2–4].

The roots of P. dahurica were collected in Shangzhi county, Heilongjiang province of P. R. China in August of 2003.
The air-dried powdered roots (4 kg) were extracted with 70% EtOH  three times (each 3h, 12 L) under reflux condition. The
70% EtOH extract was evaporated under reduce pressure at 60°C. The residue (615 g) was subsequently suspended in  water
and partitioned with ethyl acetate and n-butanol.

The ethyl acetate extract (30 g) was subjected to silica gel column chromatography using CHCl3–CH3OH (19:1→4:1)
as eluents to yield 1 (50 mg) and 2 (8 mg). The n-butanol extract (410 g) was chromatographed on a D101 resin column using
EtOH–H2O (1:9→9:1) as eluents to yield 12 fractions (Fr. I – Fr. XII). Fraction V (2.8 g), containing a mixture of compounds
3 and 4, was further separated on an ODS column using CH3OH–H2O (35:65→60:40) as eluents to yield 3 (8 mg) and 4 (27 mg).
Fraction II (3.1 g) was chromatographed on an ODS column using CH3OH–H2O (3:7→1:1) as eluents to afford 5 (32 mg) and
6 (12 mg). These compounds were identified by comparing their physical and spectral data with literature values.

Hederagonic Acid (1), C30H46O4, colorless needles, mp 202–205°C; UV (CH3OH, λmax, nm): 211, 220, 307;
IR (KBr, νmax, cm–1): 3450 (OH), 2920 (CH), 1730 (C=O), 1690 (C=O); ESI-MS m/z: 471 [M+H]+ [5]. 1H NMR (400 MHz,
C5D5N, δ, J/Hz): 0.91 (3H, s, CH3), 0.95 (3H, s, CH3), 1.01 (3H, s, CH3), 1.05 (3H, s, CH3), 1.06 (3H, s, CH3), 1.20 (3H, s,
CH3), 5.53 (1H, t, J = 3.2, H-12), 3.32 (H, dd, H-18), 3.70 (1H, d, J = 10.3, H-23a), 4.06 (1H, d, J = 10.3, H-23b).
13C NMR (100 MHz, C5D5N, δ): 37.8 (C-1), 36.8 (C-2), 216.8 (C-3), 52.6 (C-4), 47.3 (C-5), 19.9 (C-6), 32.3 (C-7), 39.6
(C-8), 46.7 (C-9), 36.6 (C-10), 23.8 (C-11), 122.4 (C-12), 144.7 (C-13), 42.3 (C-14), 28.2 (C-15), 23.8 (C-16), 46.3 (C-17),
42.1 (C-18), 46.3 (C-19), 30.9 (C-20), 34.2 (C-21), 33.1 (C-22), 68.2 (C-23), 17.8 (C-24), 15.3 (C-25), 17.2 (C-26), 25.8
(C-27), 180.0 (C-28), 33.2 (C-29), 23.7 (C-30).
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1: R1 + R2 = O, R3 = OH, R4 = H
2: R1 = Rha(1→2)Ara-O, R2 = R4 = H, R3 = OH
3: R1 = OH, R2 = R3 = H, R4 = Rha(1→4)Glc(1→6)Glc
4: R1 = Ara-O, R2 = H, R3 = R4 = Rha(1→4)Glc(1→6)Glc
5: R1 = Ara-O, R2 = H, R3 = OH, R4 = Rha(1→4)Glc(1→6)Glc
6: R1 = Rha(1→2)Ara-O, R2 = R3 = R4 = Rha(1→4)Glc(1→6)Glc
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Tauroside E (2), C41H66O12, amorphous powder, mp 258–260°C; UV (CH3OH, λmax, nm): 205, 313; IR (KBr, νmax, cm–1):
3400 (OH), 2920 (CH), 1700 (C=O); ESI-MS m/z: 773 [M+Na]+; NMR data were identical to the literature values [6].

Acid hydrolysis of 2 afforded hederagenin, L-rhammose, and L-arabinose.
Hederacaucaside B (3), C48H78O17, amorphous powder, mp 196–198°C; UV (CH3OH, λmax, nm): 204, 315;

IR (KBr, νmax, cm–1): 3450 (OH), 2930 (CH), 1710 (C=O); ESI-MS m/z: 949 [M+Na]+; NMR data were identical to the
literature values [7].

Acid hydrolysis of 3 afforded oleanolic acid, L-rhammose, and D-glucose.
Ciwujianoside C3 (4), C53H86O21, amorphous powder, mp 220–222°C; UV (CH3OH, λmax, nm): 205, 311;

IR (KBr, νmax, cm–1): 3450 (OH), 2920 (CH), 1680 (C=O); ESI-MS m/z: 1081 [M+Na]+; NMR data were identical to the
literature values [8].

Acid hydrolysis of 4 afforded oleanolic acid, L-rhammose, L-arabinose, and D-glucose.
Hederasaponin D (5), C53H86O22, amorphous powder, mp 182–185°C; UV (CH3OH, λmax, nm): 205, 313;

IR (KBr, νmax, cm–1): 3420 (OH), 2930 (CH), 1690 (C=O); ESI-MS m/z: 1097 [M+Na]+; NMR data were identical to the
literature values [9].

Acid hydrolysis of 5 afforded hederagenin, L-rhammose, L-arabinose, and D-glucose.
Hederacoside C (6), C59H96O26, amorphous powder, mp 225–228°C; UV (CH3OH, λmax, nm): 205, 311; IR (KBr,

νmax, cm–1): 3400 (OH), 2920 (CH), 1690 (C=O); ESI-MS m/z: 1243 [M+Na]+; NMR data were identical to the literature
values [10].

Acid hydrolysis of 6 afforded hederagenin, L-rhammose, L-arabinose, and D-glucose.
All the above compounds were isolated from the title plant for the first time. The NMR data of compound 1 were

assigned for the first time by extensive NMR methods.

REFERENCES

1. Jiangsu New Medical College, Dictionary of Traditional Chinese Medicine, Shanghai Science and Technology
Publication Ltd., 1977, Vol. 1, p. 704.

2. M. Shimizu, K. I. Shiugyouchi, N. Morita, N. Kizu, and T. Tomimori, Chem. Pharm. Bull., 26, 1666 (1978).
3. X. C. Li, D. Z. Wang, S. G. Wu, and C. R. Yang, Phytochemistry, 29, 595 (1990).
4. W. C. Ye, G. S. Pan, Q. W. Zhang, C. T. Che, H. M. Wu, and S. X. Zhao, J. Nat. Prod., 64, 1226 (2001).
5. M. Greca, A. Fiorentino, P. Monaco, and L. Previtera, Phytochemistry, 35, 201 (1994).
6. N. Gopalsamy, J. Gueho, H. R. Julien, A. W. Owadally, and K. Hostettmann, Phytochemistry, 29, 793 (1990).
7. M. A. Dubois, M. Ilyas, and H. Wagner, Planta Med., 52, 80 (1986).
8. C. J. Shao, R. Kasai, J. D. Xu, and O. Tanaka, Chem. Pharm. Bull., 36, 601 (1988).
9. C. Wegner, M. Hamburger, O. Kunert, and E. Haslinger, Helv. Chim. Acta, 83, 1454 (2000).

10. C. J. Shao, R. Kasai, J. D. Xu, and O. Tanaka, Chem. Pharm. Bull., 37, 311 (1989).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /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 300
  /ColorImageMinResolutionPolicy /OK
  /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 0.15
    /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 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 0.15
    /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 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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


