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STRUCTURE OF A NEW XANTHONE
FROM Securidaca inappendiculata

W. Y. Kang1,2 and X. J. Xu1* UDC 547.972

A   new  xanthone   (1,  1,7-dihydroxy-2-methoxyxanthone),    in   addition   to   the   known    metabolites
1,7-dihydroxyxanthone (2), 24(R)-stigmast-7,22 (E)-dien-3α-ol (3), and 1,7-dimethoxyxanthone (4),  was
isolated from the roots of Securidaca inappendiculata. Compounds 1–4 were evaluated by anti-HIV assay and
1–3 showed anti-HIV-1inhibitory activity in vitro.
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We previously reported the isolation of xathone and benzophenone compounds from the roots of Securidaca
inappendiculata [1]. In continuation of these investigations, a study of xanthones from the CHCl3-soluble portion of the extract
was begun.

The dried roots of this plant collected in the Xishuangbanna (Yunnan province, PRC) in May 2004 were extracted with
ethanol (95%) at room temperature. The combined alcohol extracted was evaporated in vacuum. The condensed solution was
diluted with water and successively treated with chloroform and n-butanol.  The solvents were removed to afford chloroform
(60 g) and n-butanol (390 g) fractions.

The chloroform extract (60 g) was chromatographed over a silica-gel column separately with gradient elution by
petroleum–acetone (100:1–1:9). There were xanthones in the petroleum–acetone (20:1–10:1) fractions. All the fractions were
combined to obtain 1.7 g.   This  fraction  was  evaluated  by  anti-HIV assay in vitro and the EC50 value of this fraction was
1 mg/mL. So, this fraction was subjected repeatedly to column chromatography over silica gel H eluting with petroleum–acetone
(15:1) to afford compounds 1–4. The structure of the new compound was established, and the known metabolites were identified
using spectral methods, including 2D NMR spectroscopy and mass spectrometry.

Compound 1, obtained as yellow needles, has the molecular formula C14H10O5, as deduced from the molecular-ion
peak at m/z 258.05280 in the HR-EI-MS and from 1H- and 13C NMR data (Table 1). In the IR spectrum, the characteristic
absorptions of a xanthone were observed at 3451 (OH), 1650 (conjugated C=O), and 1620, 1576, 1499, and1465 (aromatic
moieties).

According to 13C NMR, compound 1 contains a methoxy group, five methines, and eight quaternary C atoms (Table
1). Of these, 1 contains a methoxy group [δ 56.7 ppm and 3.84 (3H, s) in the 13C and 1H NMR, respectively]; five methines
[δ 105.7 (C-4),  107.6 (C-8),  119.2 (C-5),  121.9 (C-3)  and 125.7 (C-6)  and  7.02  (1H,  d, J = 9.0 Hz,  H-4),   7.44 (1H, d,
J = 3.0 Hz, H-8), 7.51 (1H, d, J = 9.3 Hz, H-5), 7.53 (1H, d, J = 9.0 Hz, H-3) and 7.35 (1H, dd, J = 9.3, 3.0 Hz, H-6) in the
HMQC spectrum, respectively];  a carbonyl carbon  [δ 182.1 (C) ppm in the 13C NMR];  seven quaternary C atoms [δ 108.1
(C-8b), 119.7 (C-8a), 141.8 (C-2), 149.3 (C-4a), 149.5 (C-1), 149.6 (C-4b), 153.8 (C-7) ppm in the 13C NMR, respectively];
a chelated OH group [δ 12.71 ppm (1H, s) in the 1H NMR], and an OH group [δ 10.04 ppm (1H, s) in the 1H NMR].

HMBC experiment on 1 revealed the following long-range correlations (Fig. 1): 1-OH [δ 12.71 ppm] and C-8b, C-1
and C-2 [δ 108.1, 149.5 and 141.8]; 2-MeO [δ 3.84] and C-2 [δ 141.8]; H-3 [δ 7.53] and C-1 [δ 149.5]; H-4 [δ 7.02] and C-8b,
C-2 and  C-4a [δ 108.1, 141.8 and 149.3]; H-5 [δ 7.51] and C-8a [119.7]; H-6 [δ 7.35] and C-4a [δ 149.6]; 7-OH [δ 10.04] and
C-8 and C-6 [δ 107.6 and 125.7], H-8 [δ 7.44] and C=O [δ 182.1].

Thus, the structure of 1 was established as 1,7-dihydroxy-2-methoxyxanthone.
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TABLE 1. 1H (400 MHz) and 13C NMR (100 MHz) Chemical Shifts (δ, ppm) in NMR of 1

C atom δH δC C atom δH δC

1
2
3
4
4a
4b

C=O
1-OH

7.53 (d, J = 9.0)
7.02 (d, J = 9.0)

12.71 (s)

149.5
141.8
121.9
105.7
149.3
149.6
182.1

5
6
7
8
8a
8b

OCH3
7-OH

7.51 (d, J = 9.3)
7.35 (dd, J = 9.3, 3.0)

7.44 (d, J = 3.0)

3.84 (s)
10.04 (s)

119.2
125.7
153.8
107.6
119.7
108.1
56.7

Fig. 1.  Structure and important HMBC correlation of 1 (H → C).

EXPERIMENTAL

Melting point were determined on an XRC-1 apparatus and uncorrected. Optical rotations were measured with a
JASCO DIP-370 digital polarimeter. IR spectra were taken as KBr pellets on a BIO-RAD FTS-135 spectrometer. MS and HRMS
were measured with a VG AUTO.SPCE-3000 spectrometer. 1H and 13C NMR spectra were recorded on a Bruker AM-400
spectrometer in DMSO at 26°C.

Column chromatography was performed either on silica gel (200–300 mesh, Qingdao Marine Chemical Inc, China)
or on silica gel H (60 μ; Qingdao Marine Chemical Inc, China). Spots of TLC were detected by spraying with 5% H2SO4
followed by heating.

Compound 1 [1,7-dihydroxy-2-methoxyxanthone], yellow needles; mp 241–242°C, 1H and 13C NMR data are given
in Table 1. IR (KBr, νmax, cm–1): 3451, 1650, 1620, 1576, 1499, 1465, 1380, 1297, 1174, 1047. HR-EIMS m/z: 258.05280 calcd
for C14H10O5 258.05282, EI-MS (m/z): 258 [M]+, 243 [M-15].

Compound 2 [1,7-dihydroxyxanthone], yellow needles; IR (KBr, νmax, cm–1): 3304, 1640, 1600, 1580, 1480, 1465.
1H NMR (400 MHz, DMSO-d6, δ, ppm, J/Hz): 12.73 (1H, s, 1-OH), 6.78 (1H, dd, J = 8.1, 0.8, H-2), 7.71, (1H, t, J = 8.3, H-3),
7.02 (1H, dd, J = 8.3, 0.8, H-4), 7.54 (1H, d, J = 9.1, H-5), 7.44 (1H, dd, J = 9.0, 3.0, H-6), 7.62 (1H, d, J = 3.0, H-8). 13C NMR
(100 MHz, DMSO-d6, δ, ppm): 181.7 (C-9), 161.0  (C-1), 155.9 (C-3), 154.2 (C-4a), 149.4 (C-4b), 137.3 (C-3), 125.7 (C-6),
120.5 (C-8a), 119.5 (C-5), 109.7 (C-2), 108.0 (C-4), 107.9 (C-8), 107.2 (C-8b) [2].

Compound 3 [24(R)-stigmast-7,22 (E)-dien-3α-ol],  C29H48O, amorph., mp 150–152°C, [α] +15° (c 0.4, CHCl3),
1H NMR (400 MHz, C5D5N, δ, ppm, J/Hz): 0.54 (3H, s, Me-18), 0.78 (3H, d, J = 7.0, Me-26), 0.81 (3H, t, J = 7.2, Me-29), 0.85
(3H, d, J = 6.5, Me-27), 1.03 (3H, d, J = 6.5, Me-21), 3.35 (1H, m, H-3), 5.18 (1H, m, H-7), 5.21 (1H, dd, J = 16.0, 7.0, H-23),
5.32 (1H, dd, J = 16.0, 7.0, H-22). 13C NMR (100 MHz, C5D5N, δ, ppm): 139.6 (C-8), 138.0 (C-22), 129.6 (C-23), 117.2 (C-7),
70.3 (C-3), 55.8 (C-17), 55.6 (C-14), 51.3 (C-24), 49.0 (C-9), 43.1 (C-13), 40.4 (C-5), 40.2 (C-20), 39.6 (C-12), 37.0 (C-1),
34.4 (C-10), 33.9 (C-4), 31.8 (C-25), 29.4 (C-6), 28.4 (C-16), 27.6 (C-2), 25.5 (C-28), 23.1 (C-15), 21.0 (C-21), 19.2 (C-26),
12.5 (C-19), 12.6 (C-29), 12.0 (C-18) [3].

Compound 4 [1,7-dimethoxyxanthone], C15H12O4, yellow needles; mp 152–154°C, 1H NMR (400 MHz, DMSO-d6,
δ, ppm, J/Hz): 7.39 (1H, dd, J = 7.1, 2.0, H-2), 6.05 (1H, br.s, H-3), 7.36 (1H, dd, J = 7.1, 2.0, H-4), 7.21 (1H, d, J = 9.2, H-5),
7.29 (1H, dd, J = 9.1, 3.0, H-6), 7.16 (1H, d, J = 3.1, H-8) [4].
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Biological  Assay.  Compounds 1–4 were tested for anti-HIV-1 activity following [5], and compounds 1–3 showed
anti-HIV-1 activity. The EC50 value were 0.79, 1.00, and 3.48 μg/mL, respectively. The test for anti-HIV-1 activity was carried
out by the Laboratory of Virus and Pharmacology in Beijing University of Technology, China. 

ACKNOWLEDGMENT

This Work was supported by the National Natural Science Foundation  of China  (30500646),   the Key Foundation
of Science  and  Technology  of  Henan  Hygienics  Bureau  of China  (No. 2006038),   and  the  Fund  of  Henan   University
(No. 06YBZR085).

REFERENCES

1. W. Y. Kang, Z. M. Wang, Z. Q. Li, and X. J. Xu, Helv. Chim. Acta, 88, 2771 (2005).
2. X. D. Yang, L. Z. Xu, and S. L. Yang, Phytochemistry, 58, 1245 (2001).
3. N. Jahan, W. Anmed, and A. Malik, J. Nat. Prod., 58, 1244 (1995).
4. F. Tesuro, D. Y. Liu, S. Ueda, and Y. Takeda, Phytochemistry, 31, 3997 (1992).
5. Q. Wang, D. Z. Ding, J. K. Liu, and Y. T. Zheng, Antiviral Res., 64, 189 (2004).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 <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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /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 /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 [595.276 841.890]
>> setpagedevice


