
3630009-3130/10/4603-0363 �2010 Springer Science+Business Media, Inc.

Chemistry of Natural Compounds, Vol. 46, No. 3, 2010

A  NEW  GRISEOFULVIN  DERIVATIVE  FROM  THE
MANGROVE  ENDOPHYTIC  FUNGUS  Sporothrix  SP.

Lu Wen,1 Zhiyong Guo,2 Qing Li,3 Dezhi Zhang,1                                                                                                 UDC 547.972
Zhigang She,3* and L. L. P. Vrijmoed4

A new griseofulvin derivative, 7-chloro-2�,5,6-trimethoxy-6�-methylspiro(benzofuran-2(3H),1�-(2) cyclohexene)-
3,4�-dione (1), together with the known 2-acetyl-7-methoxybenzofuran (2), was isolated from the marine-
derived mangrove endophytic fungus Sporothrix sp. (No. 4335). The structure of new compound 1 was
elucidated by analysis of spectroscopic data.
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Marine microorganisms have proved to be rich sources of bioactive secondary metabolites, and numerous compounds
with potent biological activities and unique chemical structures have been isolated [1, 2].

In previous investigations, we have reported many natural products with potent biological activities and unique
chemical structures from marine mangrove fungi from the South China Sea [3–6]. The strain (No. 4335) was collected from
the bark of an estuarine mangrove from the South China Sea, whose species has been identified as Sporothrix sp. A new
griseofulvin derivative, 7-chloro-2�,5,6-trimethoxy-6�-methylspiro(benzofuran-2(3H),1�-(2) cyclohexene)-3,4�-dione (1),
together with the known 2-acetyl-7-methoxybenzofuran (2), was isolated from the fermentation broth of the fungus. Their
structures were elucidated by spectroscopic methods.

Compound 1 was obtained as a colorless, amorphous powder and determined to have the molecular formula C17H17ClO6
by HR-EI-MS data (m/z 352.0708).

The IR spectrum of 1 showed the presence of the carboxyl group with a band at 1707 cm–1. The 13C NMR and DEPT
spectra displayed 17 carbon signals, including two carbonyl signals (� 197.0, 192.5), eight olefinic carbon signals, three
carbon-bearing oxygen signals [� 57.0, 56.6, 56.4 (OCH3)], and four saturated aliphatic carbon signals [� 90.8 (C), 40.0
(CH2), 36.4 (CH), 14.2 (CH3)]. These data, along with the number of unsaturations, required the presence of three rings,  one
being aromatic. In the 1H NMR spectrum, there were two singlet olefinic protons (� 6.13, 5.54), three singlet methoxyls
(� 4.03, 3.98, 3.62), one doublet methyl (� 0.97), one methylene (� 3.03), and one methine (� 2.86).
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Interpretation of the HMQC and HMBC data of 1 revealed the substitution pattern and allowed us to assign all the
1H and 13C NMR signals. The key correlations between H-4 and C-3, 5, H-6� and C-3, 1�, 5�, and H-3� and C-1�, 2�, 4�, 5�
established the overall structure of 1 (Table 1). The configuration at C (6�) was not dertermined. However, it can be assumed
to be (6�R), since all compounds containing such a residue reported to date in griseofulvin derivatives possess this
configuration [7, 8].

EXPERIMENTAL

General Procedures. The 1H and 13C NMR data were recorded on a Varian Unity INOVA-500NB NMR spectrometer
(500 MHz for 1H, 125 MHz for 13C) with Me4Si as the internal standard; EI-MS spectrum was obtained on a VG-ZABHS
mass spectrometer, and HR-EI-MS spectrum was obtained on a VG Autospec-500 mass spectrometer; optical rotation was
measured on a Horiba SEPA-300 polarimeter; IR spectrum was measured on a Bruker VECTOR 22 spectrophotometer;
UV spectrum was measured on a Shimadzu UV-2501PC spectrophotometer; melting point was determined on an X-4
micromelting point apparatus.

Fungus Material and Culture Conditions. A strain of the fungus (No. 4335) was isolated from the South China Sea
coast. Starter cultures were maintained on cornmeal seawater agar, and its general species was identified as Sporothrix sp.
Plugs of agar supporting mycelial growth were cut and transferred aseptically to a 250 mL Erlenmeyer flask containing 100 mL
of liquid medium (glucose 10 g/L, peptone 2 g/L, yeast extract 1 g/L, NaCl 2 g/L). The flask was incubated at 30�C on a rotary
shaker for 5–7 days. The mycelium was aseptically transferred to 500 mL Erlenmeyer flasks containing culture liquid
(200 mL). The flasks were then incubated at 30�C for 25 days.

Extraction and Separation of Metabolites. The 200 L cultures were filtered through cheesecloth. The filtrate was
concentrated to 3.5 L below 50�C and extracted five times by shaking with equal volumes of ethyl acetate. The combined
extracts were chromatographed repeatedly on silica gel using gradient elution from petroleum ether to ethyl acetate to give
compounds 1 (23 mg) and 2 (10 mg) from 30 and 20% ethyl acetate–petroleum, respectively. The structure of 1 was determined
by a combination of IR, HR-EI-MS, UV, and extensive 1D and 2D NMR analysis.

7-Chloro-2�����,5,6-trimethoxy-6�����-methylspiro(benzofuran-2(3H),1�����-(2)cyclohexene)-3,4�����-dione (1): colorless,
amorphous powder, mp 205–206�C, [ ]20� D  +4� (c 0.08, MeOH). UV spectrum (CH3OH, �max, nm) (log �): 291 (2.75).
IR spectrum (KBr, 	, cm–1): 1701 (C=O), 1616, 1408, 1221, 1099, 887. Mass spectrum (EI+, m/z, Irel, %): 352 (100) [M]+, 321
(64), 214 (49), 138 (87), 69 (45). Mass spectrum (HR-EI+, m/z, Irel, %): 352.0708 [M]+, (calcd 352.0709). 1H, 13C NMR,
see Table 1.

2-Acetyl-7-methoxybenzofuran (2): yellow amorphous solid. LC-MS: 190 [M]+. 1H NMR (500 MHz, CDCl3, �,
ppm, J/Hz): 7.51 (1H, dd, J = 10.8, 11.2), 6.97 (1H, d, J = 11.2), 6.77 (1H, d, J = 10.8), 6.08 (1H, s), 3.97 (3H, s), 2.32 (3H, s).
13C NMR (125 MHz, CDCl3, �, ppm): 178.0 (C), 163.5 (C), 159.6 (C), 158.4 (C), 133.3 (C), 112.0 (CH), 109.9 (CH), 109.7
(CH), 106.2 (CH), 56.5 (CH3), 20.8 (CH3).

TABLE 1. NMR Data of 1 (CDCl3, �, ppm, J/Hz)

C atom �C (DEPT) �H HMBC C atom �C (DEPT) �H COSY HMBC 

3 
3a 
4 
5 
6 
7 
7a 
1� 
2� 

192.5 
105.2 

89.5 (CH) 
164.6 
157.7 
97.1 

169.5 
90.8 

170.8 

 
 

6.13 (s) 

H-4, 6� 
H-4 

 
H-4, 5-OMe 
H-4, 6-OMe 

 
 

H-3�, 5�, 6�, 7� 
H-3�, 2�-OMe 

3� 
4� 
5� 
 

6� 
7� 

5-OMe 
6-OMe 
2�-OMe 

104.9 (CH) 
197.0 

40.0 (CH2) 
 

36.4 (CH) 
14.2 (CH3) 
57.0 (CH3) 
56.4 (CH3) 
56.6 (CH3) 

5.54 (s) 
 

3.03 (dd J = 12.3, 3.0) 
2.45 (dd, J = 12.3, 2.4) 

2.86 (qdd, J = 5.1, 3.0, 2.4) 
0.97 (d, J = 5.1) 

4.03 (s) 
3.98 (s) 
3.62 (s) 

 
 
 
 

H-5�, 7� 

H-5� 
H-3�, 5� 

H-3�, 6�, 7� 
 

H-3, 1�, 5�, 7� 
H-5� 

 



365

REFERENCES

1. D. J. Faulkner, Nat. Prod. Rep., 17, 1 (2000).
2. D. J. Faulkner, Nat. Prod. Rep., 18, 1 (2001).
3. G. Y. Chen, Y. C. Lin, L. Wen, L. L. P. Vrijmoed, and E. B. G. Jones, Tetrahedron, 59, 4907 (2003).
4. Y. C. Lin, X. Y. Wu, Z. J. Deng, J. Wang, S. N. Zhou, L. L. P. Vrijmoed, and E. B. G. Jones, Phytochemistry, 59,

469 (2002).
5. Y. C. Lin, X. Y. Wu, S. Feng, G. C. Jiang, J. H. Luo, S. N. Zhou, L. L. P. Vrijmoed, E. B. G. Jones, K. Krohn,

K. Steingroever, and F. Zsila, J. Org. Chem., 66, 6252 (2001).
6. L. Wen, Y. C. Lin, Z. G. She, D. S. Du, W. L. Chan, and Z. H. Zheng, J. Asian Nat. Prod. Res., 10, 133 (2008).
7. D. Samuel and J. W. Frederick, J. Am. Chem. Soc., 101, 7018 (1979).
8. G. N. Belofsky, K. B. Gloer, J. B. Gloer, D. T. Wicklow, and P. F. Dowd, J. Nat. Prod., 61, 1115 (1998).


	Abstract
	Keywords
	EXPERIMENTAL
	General Procedures
	Fungus Material and Culture Conditions
	Extraction and Separation of Metabolites

	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 true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 (Color Management Off)
  /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


