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CHEMICAL  CONSTITUENTS  OF  Pteris  multifida
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Phytochemical study of the whole plant of Pteris multifida Poir. afforded eight compounds 1–8. Their structures
were established on the basis of spectroscopic methods. Compound 1 was a new natural pterosin,
(2R)-acetyl pterosin B, and was evaluated for cytotoxic activity against human tumor cell lines HL-60,
SMMC-7721, A-549, MCF-7, and SW480.
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Pteris multifida Poir. (Pteridaceae), widely distributed in China, has been used as a traditional chinese medicine for
the treatment of enteritis, hepatitis, bacterial dysentery, hematemesis, hematuria, tonsillitis, parotitis, and eczema [1]. A series
of ent-kaurane diterpenoids and pterosins with antitumor bioactivity from this plant has been reported [2–5]. In the continuing
search for biologically active compounds from Chinese medicinal plants, a systematic chemical investigation of the title plant
was undertaken. The present study results in the isolation and structural determination of eight compounds, including a new
natural pterosin, (2R)-acetyl pterosin B (1), three known C14 illudane sesquiterpenoids 2, 3, and 8, and four ent-kaurane
diterpenoids 4–7 from an EtOH extract of Pteris multifida Poir. The new natural pterosin (2R)-acetyl pterosin B (1) was
evaluated for cytotoxic activity against human tumor cell lines HL-60, SMMC-7721, A-549, MCF-7, and SW480 but did not
show cytotoxic activity. We herein report the isolation, structure elucidation, and the cytotoxicity of compound 1.

The powdered whole plants of Pteris multifida Poir. (7 kg) were repeatedly extracted with 90% EtOH at room
temperature. The extract was then concentrated under reduced pressure to give a brown syrup, which was diluted with water
and extracted successively with petroleum ether, EtOAc, and n-BuOH. The petroleum ether and ethyl acetate-soluble fraction
was chromatographed over silica gel, Sephadex LH-20, and RP-18 columns to yield compounds 1–8.

The structures of compounds 1–8 were elucidated on the basis of their MS, 1H NMR, and 13C NMR spectra. All
experimental data were in agreement with the respective data in the literature.

Compound 1 was isolated as a colorless powder.  Its formula, C16H20O3, was established by analysis of the
13C NMR and DEPT spectra and confirmed by HR-ESI-MS ([M + Na]+ m/z 283.1299, calcd 283.1310), which indicated seven
degrees of unsaturation.
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The 1H NMR spectra displayed the presence of two aromatic methyl groups at � 2.67 and 2.39 (each s), one methyl
doublet at � 1.27 (d, J = 7.2 Hz), one ethyl group at � 3.05 (t, J = 7.7 Hz) and 4.14 (t, J = 7.6 Hz), one methylene group at � 3.25
(dd, J = 16.7, 7.8 Hz) and 2.58 (dd, overlap), one methine group at 2.60 (m), and an acetyl proton at � 2.05 (s). A typical signal
at � 7.10 (1H, s) was also observed in the 1H NMR spectrum, which was assignable to the H-atom of a penta-substituted
phenyl ring. The above-mentioned evidence and the seven degrees of unsaturation suggested that compound 1 is a sesquiterpenoid
with an indan-1-one skeleton [3, 6]. The UV absorption at 215, 260, and 298 nm and IR absorption at 1697 and 1602 also
displayed characteristics of pterosin-type compounds [6]. Comparison of the 1H and 13C NMR spectroscopic data (Table 1) of
1 with those of pterosin B ((2R)-2,3-dihydro-6-(2-hydroxyethyl)-2,5,7-trimethyl-1H-inden-1-one) showed that the only structural
difference was the presence of an acetyl group in 1 not found in pterosin B [7], and this was supported by its molecular
composition. The presence of HMBC correlations between the ethyl group signal at � 4.14 (t, J = 7.6 Hz, H-14) and acetyl
carbonyl at �C 171.4 (s) suggested that the acetyl group was located at C-14. The absolute configuration of 1 was also determined
from the CD spectrum, which showed a positive Cotton effect at 302 nm in MeOH, indicating the (2R)-configuration [8, 9].
Thus, 1 was an acetyl derivative of pterosin B and was established as (2R)-(2,4,6-trimethyl-3-oxo-2,3-dihydro-1H-inden-5-
yl)ethyl acetate. (2R)-Acetyl pterosin B (1) was obtained synthetically from pterosin B with acetic anhydride in dried pyridine,
but as a natural product, (2R)-acetyl pterosin B (1) was isolated here for the first time from nature [10].

The structures of known compounds 2–8 were identified as (2R,3S)-pterosin C (2) [6], (2S,3S)-pterosin C (3) [11],
2�,6�,15�-trihydroxy-ent-kaur-16-ene (4), 2�,15�-dihydroxy-ent-kaur-16-ene (5) [6], 2�,16�-dihydroxy-ent-kaurane (6) [8],
creticoside A (7) [6], and (2S,3S)-pterosin C 3-O-�-D-glucopyranoside (8) [6]. All of these known compounds were identified
by comparison of physical data with literature values and from spectroscopic evidence.

Compound 1 was evaluated for cytotoxic activities against five human tumor cell lines HL-60, SMMC-7721, A-549,
MCF-7, and SW480, where they proved to be inactive (IC50 > 40 �M).

EXPERIMENTAL

Air-dried whole plants of Pteris multifida (7 kg) were extracted three times with 90% EtOH at room temperature,
yielding a residue (600 g) after evaporation under reduced pressure. The residue was suspended in H2O and partitioned with
petroleum ether, EtOAc, and n-BuOH successively, yielding petroleum-ether solubles (50 g), EtOAc solubles (42 g), and
n-BuOH solubles (90 g). The petroleum ether-soluble fraction was subjected to silica gel column chromatography eluted with
petroleum ether–EtOAc (9:1–1:1) to afford eight fractions (I–VIII). Fraction V (10 g) was further separated by silica gel
column chromatography and then by Sephadex LH-20 column chromatography (CHCl3–MeOH elution) to give 1  (5 mg) and

TABLE 1. 1H (500 MHz) and 13C NMR (125 MHz) Data, 1H–1H COSY, and HMBC Correlations for 1 (CDCl3, �, ppm, J/Hz)

C atom �H
 �C

 1H–1H COSY HMBC 

1 
2 
3 
 
4 
5 
6 
7 
8 
9 

10 
12 
13 
14 
15 

OAc 

 
2.60 (m) 

3.25 (dd, J = 16.7, 7.8) 
2.58 (dd, overlap) 

7.10 (s) 
 
 
 
 
 

1.27 (d, J = 7.3) 
2.39 (s) 

3.05 (t, J = 7.7) 
4.14 (t, J = 7.6) 

2.67 (s) 
2.05 (s) 

210.6 (s)* 

42.9 (d) 
34.3 (t) 

 
126.2 (d) 
144.7 (s) 
134.4 (s) 
138.4 (s) 
132.6 (s) 
153.2 (s) 
16.9 (q) 
21.3 (q) 
28.3 (t) 
63.2 (t) 
14.0 (q) 
171.4 (s) 
21.5 (q) 

 
H-3, H-10 

H-2 
 

H-12 
 
 
 
 
 

H-2 
H-4 
H-14 
H-13 

 
C-1, C-3, C-10 

C-1, C-2, C-4, C-8, C-9, C-10 
C-4, C-9 

C-3, C-6, C-8, C-12 
 
 
 
 
 

C-1, C-2, C-3 
C-4, C-5, C-6 

C-5, C-6, C-7, C-14 
C-6, C-13, OAc 
C-6, C-7, C-8 

 
171.4 

 ______
*Multiplicities deduced by DEPT.
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5 (7 mg). The EtOAc extract (42 g) was subjected to column chromotography (CC) over silica gel and eluted with a mixture of
petroleum ether–EtOAc (9:1–1:1), and EtOAc to give fractions A–I. Fraction C (3.3 g) was subjected to silica gel CC using
petroleum ether–EtOAc (5:1) as the eluent to give 6 (3 mg). Fraction D (5.7 g) was subjected to silica gel CC and eluted in a
step gradient manner with petroleum ether–EtOAc (from 6:1 to 1:1) to give 4 (21 mg). Fraction E (3.9 g) was chromatographed
on RP-18 eluted with a MeOH–H2O (50–100%) gradient, then subjected to silica gel CC, eluted with CHCl3–Me2CO (3:1),
and finally purified by semipreparative HPLC (MeOH–H2O, 45:55) to give 3 (10 mg) and 2 (15 mg). Fraction H3 (1.6 g) was
chromatography over an RP-18 column, eluted with  MeOH–H2O (from 15 to 100%), and then subjected to Sephadex LH-20
column chromatography eluting with MeOH to give 7 (5 mg). Fraction H5 (1.2 g) was subjected to Sephadex LH-20 column
chromatography and eluted with MeOH to give 8 (9 mg).

(2R)-Acetyl Pterosin B. C16H20O3, colorless gum, [�]20
D  –20.1� (c 0.84, CHCl3). Mass spectrum m/z 283.1299

[M + Na]+ (HR-ESI-MS; calcd 283.1310). UV (CHCl3, �max, nm): 215, 260, 298. IR (KBr, 	, cm–1): 2921, 1745, 1697, 1602,
1451, 1232, 1012.

Table 1 gives the 1H NMR and 13C NMR spectroscopic data.

ACKNOWLEDGMENT

This work was supported by the National Nature Science Foundation of China (Nos. 21262040, 20862018, and
21162038), the Science Foundation of Yunnan University (Grant No. 2009B10Q), Open Fund of Key Laboratory of Medicinal
Chemistry for Natural Resource (Grant No. X3109007), Ministry of Education, and the Young Academic and Technical Leader
Raising Foundation of Yunnan Province (Grants Nos. 2007PY01-23).

REFERENCES

1. Jiang Su, New College of Medicine, Dictionary of Chinese Traditional Medicine [in Chinese], Shanghai Technology
Press, Shanghai, 1985, 487 pp.

2. X. Ge, G. Ye, P. Li, W. J. Tang, J. L. Gao, and W. M. Zhao, J. Nat. Prod., 71, 227 (2008).
3. L. Harinantenaina, K. Matsunami, and H. Otsuka, J. Nat. Med., 62, 452 (2008).
4. B. Qin, D. Y. Zhu, S. H. Jiang, G. Xiang, Y. Leng, Z. P. Gu, Y. Q. Wang, and X. F. Shao, Chin. J. Nat. Med., 6,

428 (2006).
5. Y. H. Chen, F. R. Chang, M. C. Lu, P. W. Hsieh, M. J. Wu, Y. C. Du, and Y. C. Wu, Molecules, 13, 255 (2008).
6. M. Fukuoka, K. Yoshihira, and S. Natori, Chem. Pharm. Bull., 31, 3113 (1983).
7. H. Hikino, T. Takahashi, S. Arihara, and T. Takemoto, Chem. Pharm. Bull., 18, 1488 (1970).
8. M. Kuroyanagi, M. Fukuoka, K. Yoshihira, and S. Natori, Chem. Pharm. Bull., 22, 723 (1974).
9. M. Kuroyanagi, M. Fukuoka, K. Yoshihira, and S. Natori, Chem. Pharm. Bull., 27, 731 (1979).

10. A. Kobayashi and K. Koshimizu, Agric. Biol. Chem., 44, 393 (1980).
11. T. Murakami, T. Satake, and C. M. Chen, Yakugaku Zasshi, 105, 640 (1985).


	Abstract
	Keywords
	EXPERIMENTAL
	REFERENCES


<<
  /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


