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Guanacastepenes - Structure

• Structures of the Guanacastepenes were 
reported by Clardy in 2000-2001 

• Isolated from an endophytic fungus from a 
branch of Daphnopsis americana collected 
in Guatemala 

• 15 compounds belonging to this family of 
natural products were isolated from the 
same fungus (guanacastepenes A-O) 

• Structure: Diterpenes with a previously 
undescribed molecular architecture 
consisting of an 5-7-6 tricyclic carbon 
skeleton with a highly functionalized upper 
half

Clardy, J. Am. Chem. Soc. 2000, 122, 2116
Clardy, J. Am. Chem. Soc. 2001, 123, 9900
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Guanacastepenes

• Biological activity: Guanacastepenes A and I show antibacterial
activity against methicillin-resistant Staphylococcus aureus and 
vancomycin-resistant Enterococcus faecalis. Further studies 
showed damage to human red blood cells, diminishing the 
therapeutic feasibility.

• More than 10 distinct approaches towards the synthesis of these 
molecules have been reported since 2001 and 4 total syntheses 
were completed.
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First Racemic Synthesis of Guanacastepene A (Danishefsky)

OL 2001, 3, 2399
Angew. Int. Ed. 2002, 41, 2185
Angew. Int. Ed. 2002, 41, 2188
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1) i-PrMgBr, CuBr*SMe2
    TMSCl, THF, HMPA, 94%

2) MeLi, 0°C
then                          , -78°C
 

 76%

I
I

O

I

O
1) BuLi, THF, 0°C, 65%

2) PCC, 65%

1) LHMDS, THF, -78°C
    then CH2NMe2I

2) MCPBA, NaHCO
    CH2Cl2, H2O
    86% (2 steps)

O

1) vinylMgBr, CuI
    HMPA, TMSCl, THF, -78°C
2) MeLi, THF, 0°C
    then MeI, HMPA, 
    -78°C to rt, 77%
    
3) ethylene glycol, TsOH,
    benzene, reflux, 89%

O

O
1) 9-BBN, THF
    then NaOH aq., H2O2, 98%
2) DMP, CH2Cl2, 83%

3) ethyl diazoacetate, SnCl2
4) TsOH, acetone/H2O,
     70°C, 80% (2steps)
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1) MCPBA, CH2Cl2, 89%
2) NaOEt, EtOH, 50°C, 74%

3) TESOTf, py, CH2Cl2, 85%

1) DIBAL-H, CH2Cl2, -78°C to 0°C 
    d.r. = 4:1 
2) PPh3, benzoic acid, DIAD
    THF, -78°C to rt

3) DIBAL-H, CH2Cl2,  -78°C to rt
4) 2,2-dimethoxypropane, PPTS, 
    67% (4 steps)
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2) DMP, py, 90%
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1) TESOTf, Et3N, CH2Cl2
2) DMDO, 90%

3) Ac2O, py, DMAP, 96%

1) PPTS, MeOH, 70°C

2) TEMPO, PhI(OAc)2
    65% (2steps)
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Formal Enantioselective Total Synthesis (Danishefsky) 

Synthesis of chiral intermediate

J. Org. Chem. 2005, 70, 10620

O
OCuSCN, isopropenyllithium

(S)-2-methoxymethylpyrrolidine 

MS 4A, -100°C, 96%

1) TBSOTf, NEt3, 90%

2) methylvinyl ketone, AcOH
    BF3*OEt2, -20°C, 90%

90% ee

O
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1) H2, Pd/C, 92%

2) NaOMe, 98%

O OTMS1) i-Pr2NH, n-BuLi
   TMSCl, THF, -78°C

2) Et2Zn, CH2I2, Et2O

1) FeCl3, 0°C

2) NaOAc, 40% (4steps)

O

O
Wilkinson`s cat., H2

83%



(+)-Guanacastepene E

Sorensen: 2+2-Cycloaddition and Reductive Fragmentation

Org. Lett. 2002, 4, 2063
J. Am. Chem. Soc. 2006, 128, 7025
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1) PtO2, H2, quant.
2) LDA, -78°C, then MeI
     96%, d.r.: 5.5:1

3) O3, EtOAc, - 78°C, 
    then H2, Pd/C, 54%
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1) NaCN, p-TsOH, 99%
2) EDCI, 79%

3) 3 eq. LHMDS, 58%
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OH 1) NfF, Et3N, 94%

2) Pd(dppf)Cl2, Me3SnSnMe3,
    NMP, 63%
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1) SmI2, HMPA, THF
    then  PhSeBr, 50%

2) mCPBA, -78°C, 86%

1) Et3N, Et3SiOTf
2) mCPBA, CH2Cl2

3) Ac2O, DMAP, py
    45% (3 steps)
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2) SiO2, CH2Cl2, 
    36h, 78%

O

O

PMP
O

hν, i-PrNEt2

Et2O, 82%

OH
O

AcO
OH

(+)-guanacastepene E

A

O

O

PMP

O

O

OAc

O

11 steps, 13% overall
A



Core Synthesis of Guanacastepene A

Hanna : Tandem Ring Closing Metathesis

CO2Me

Grubbs 2

CH2Cl2, reflux
82%

MeO2C O

O
HO

Intermediate in Danishefsky's Synthesis
(racemic)

O CN I1)

   LHMDS, THF, rt, 92%

2) DIBAL-H, Et2O
    - 70°C, 91%

CHO

1) 

    K2CO3, MeOH, rt

2) nBuLi, ClCO2Me
    THF, -78°C to rt
    81%

O
P(OMe)2

N2

O

Org. Lett. 2004, 6, 1817



Overman – Total Synthesis of (+)-Guanacastepene N

Retrosynthesis
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Total Synthesis of (+)-Guanacastepene N

J. Am. Chem. Soc 2006, ASAP

1) LiEt3BH, THF, 0°C

2) NMO, TPAP, CH2Cl2
    83% (5 st.)

TBSO
O

1) LiN(SiMe3)2, THF
    -78°C to -30°C
    then DMPU
    benzylcyanoformate

2) KN(SiMe)3, THF, -78°C,
    then Tf2O, -78°C

TBSO
TfO

CO2Bn

tBuLi, CuCN, TMSBr

TMSO O

1) Me2N+ CH2

O
OAc

HO

1) LDA, THF, -78°C
    then DMPU, TBSCl, -78°C to rt

2) toluene, 80°C, 10 h
3) DIBAL-H, toluene, -78°C to rt

I
I2, Ph3P, im

CH2Cl2, 0°C to rt
69% (4 steps), 80%ee

HO

O

O

O1) Menthol, p-TsOH  
    benzene, 80°C, 76%

2) LDA, THF, -78°C
    then Et2Zn, 2-iodopropane 
    DMPU, -78°C to rt, 71%
    d.r.= 1.5 : 1

MeLi, THF, -78°C to 0°C

then aq. NaHSO4
79% (26 % overall), 88%ee

O

2) K2CO3, 58%

1) MCPBA, CH2Cl2, 0°C
2) NaBH4, CeCl3,
    MeOH, -78°C

3) TBSCl,  im, CH2Cl2

TBSO O



Total Synthesis of (+)-Guanacastepene N 

7-Endo-Heck Cyclization

Mechanism

The 6-exo-cyclization is usually favored over the 7-endo, unless the 6-exo cyclization leads to an 
intermediate lacking β-hydrogen or a sterically disfavored eclipsed conformation in the transition state.

Snider, OL 2001, 4, 2063

OTf Pd(OAc)2, P(o-tol)3
DBU

tol, reflux
X

J. Am. Chem. Soc 2006, ASAP
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DMA, 80°C, 12h, 75%
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Total Synthesis of (+)-Guanacastepene N
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Bu3SnH, air, tol, rt, 16h, 
then PPh3, CHCl3, rt
47%

O

AcO

O
O

H

H
NBS, benzoyl peroxide

 CCl4, reflux,  64%

AcO

O BnO2C

Et3SiH, Pd(OAc)2, Et3N

CH2Cl2, rt, 77%

O BnO2C
1) TESOTf, Et3N, CH2Cl2, -78°C
2) DMDO, CH2Cl2/acetone, -78°C

3) Ac2O, Et3N, DMAP, rt
   67% (3 steps)

(+)-guanacastepene N

J. Am. Chem. Soc 2006, ASAP



Conclusion

• An enantioselective total synthesis of guanacastepene N 
was accomplished in 25 steps (22 longest linear) 

• Key steps in the synthesis included:

(1)  Sterically challenging conjugate addition                           
(2)  7-endo Heck cyclization

• This synthetic strategy allows access to other members of 
the guanacastepene family as well as analogues of the 
natural product


	Enantioselective Total Synthesis of Guanacastepene N Using an Uncommon 7-Endo Heck Cyclization �as a Pivotal Step���S. Iimura,
	Guanacastepenes - Structure
	Guanacastepenes
	First Racemic Synthesis of Guanacastepene A (Danishefsky)
	Formal Enantioselective Total Synthesis (Danishefsky) ��Synthesis of chiral intermediate
	(+)-Guanacastepene E�� Sorensen: 2+2-Cycloaddition and Reductive Fragmentation
	Core Synthesis of Guanacastepene A
	Overman – Total Synthesis of (+)-Guanacastepene N��Retrosynthesis
	Total Synthesis of (+)-Guanacastepene N
	 Total Synthesis of (+)-Guanacastepene N ��7-Endo-Heck Cyclization
	Total Synthesis of (+)-Guanacastepene N 
	Conclusion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


