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This review describes the current progress toward the total synthesis of guanacastepene A.  A recently isolated 
natural product, guanacastepene A has attracted the attention of synthetic chemists due to its unique carbocyclic 
structure and potent antibiotic activity.  The following discussion presents synthetic efforts, as well as the 
accomplishment of the total synthesis of the racemic molecule.    

    INTRODUCTION.  Guanacastepene A (1), a member 
of the structurally diverse family of diterpenes, was first 
isolated in 2000 from a then unknown fungus.1 The fungus 
was recovered from the Guanacaste Conservation Area in 
Costa Rica, from which the name guanacastepene is 
derived.  This compound displays antibiotic activity against 
vancomycin resistant Staphylococcus aureus and 
methicillin resistant Enterococcus faecalis.2 Despite the 
promise of guanacastepene A as an antibiotic, its 
development as a therapeutic agent has been limited by it 
potent hemolytic activity.2 However, the novel ABC 
tricyclic architecture and its potential as a therapeutic 
candidate have attracted the attention of synthetic chemists. 
    Structure.  The structure of guanacastepene A was 
determined by Clardy and coworkers using single crystal 
x-ray crystallography and NMR studies that were able to 
provide the relative stereochemistry.1a Later, the absolute 
stereochemistries of two closely related analogues, 
guancastepenes E (2) and L (3), were determined (Figure 
1), supporting the stereochemical assignment of 1.1b In 
addition to these two analogues, 13 other compounds with 
the 5-7-6 guanacastepene framework have been isolated.   

The biological activity of these derivatives remains to be 
evaluated. 
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Figure 1.  Structure of guanacastepene A (1) and related 
analogues.  

 

    The tricylic skeleton of guanacastepene A is relatively 
planar except for C9 which extends out of the plane.1a This 
distortion allows the molecule to accommodate the 
cycloheptane ring, imparting a degree of flexibility to the 
molecule.  As a consequence, nine carbons that are 
components of the cycloheptane ring, or are adjacent to the 
ring, cannot be resolved with room temperature 13C 
NMR.1a 
    In addition to the unique carbocyclic framework, other 
key structural features of guanacastepene A include: a 



chiral quaternary carbon at C8, and three contiguous chiral 
centers (C11-C13), one of which is another quaternary 
carbon.  The upper hemisphere of the molecule is highly 
oxygenated, while the lower contains only alkane 
functionality.  These attributes pose significant synthetic 
challenges. 
    TOTAL SYNTHESIS.  To date, there has been one 
total synthesis of racemic guanacastepene A,3 and two 
formal total syntheses, both of which are also racemic.4  
Snider and Hanna have been able to shorten the length of 
Danishefsky’s total synthesis.  Despite this, all of the 
routes remain linear, making the ability to synthesize 
analogues cumbersome.      
   Danishefsky.  Danishefsky’s synthetic strategy involved 
the construction of the guanacastepene skeleton in a linear 
fashion by initial formation of the A ring, followed by 
elaboration to form the AB ring bicycle, and finally the full 
ABC ring system (Figure 2). 
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Figure 2. Summary of Danishefsky’s approach.   

 

    Accordingly, formation of the A ring began with 
alkylation of silyl enol ether 4 with diiodide 5 to provide 
functionalized cyclopentanone 6 in good yield (Scheme 1). 

  
Scheme 1.  Danishefsky’s Approach to the AB ring system.  
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   Lithium-halogen exchange followed by reductive 
cyclization onto the ketone generated the bicyclic allylic 
alcohol 7, which then underwent oxidative rearrangement 

in the presence of PCC providing hydroazulene 8.5  At this 
stage, the AB ring skeleton of guanacastepene A was 
formed, and attention turned to the C ring. 

                                                      
(3)  (a) Tan, D. S.; Dudley, G. B.; Danishefsky, S. J. Angew. Chem., 

Int. Ed. Engl. 2002, 41, 2185-2188. (b) Lin, S.; Dudley, G. B.; Tan, D. S.; 
Danishefsky, S. J. Angew. Chem., Int. Ed. Engl. 2002, 41, 2188-2191. 
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    Synthesis of the C ring started with hydroazulene 9 
which was readily obtained from 8.3a Knoevenagel 
cyclization of hydroazulene 9 followed by elimination of 
the resulting β-hydroxy moiety generated the full tricyclic 
guanacastepene skeleton as advanced intermediate 10 in 
excellent yield (Scheme 2).3a      

 
Scheme 2  
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    Completion of the synthesis required the installation of 
the A ring acetoxy group at C13. This was accomplished 
through selective epoxidation of tricyle 11 using 
dimethoxydioxirane (DMDO) to afford epoxide 12  
(Scheme 3).3b The selectivity of the epoxidation was 
governed by the isopropyl group on the top face- 
epoxidation occurred on the least congested side.  Acid- 
catalyzed epoxide ring opening generated the acetoxy 
moiety with the desired stereochemistry in compound 13.   
Asymmetric reduction of the C ring ketone, and conversion 
of the ethyl ester to an aldehyde finished Danishefsky’s 
total synthesis of guanacastepene A.3b 
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    Snider.  Like Danishefsky, Snider adopted a linear 
synthetic sequence that involved consecutive assembly of 
the A, B and C rings.  Snider’s key step involved an 
EtAlCl2 initiated cyclization of a γ,δ-unsaturated ketone 
                                                      
(5) Dudley, G. B.; Danishefsky, S. J. Org. Lett. 2001, 3, 2399-2402. 

 



(Scheme 4).4a Treatment of ketone 14 with EtAlCl2 
generated cyclopentanone 15 in good yield with the desired 
syn relative stereochemistry of the isopropyl and methyl 
substituents.  This RAlCl2 mediated cyclopentanone 
annulation strategy had been previously developed by 
Snider and coworkers for the synthesis of steroids.6  
    Elaboration of A ring synthon 15 through a series of 
steps led Snider to compound 16, a late intermediate in the 
Danishefsky synthesis, thus completing Snider’s formal 
total synthesis.  The efficient route developed by Snider 
was 10 steps shorter than Danishefsky’s synthesis;  
however, like Danishefsky’s,  the sequence is entirely 
linear.  

 
Scheme 4.  Key Step in Snider’s Synthesis 
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    Hanna.  A recent formal total synthesis reported by 
Hanna entails a more novel approach to guanacastepene 
A.4b Rather than a stepwise formation of the tricylcic ring 
system (A to AB to ABC), the complete ABC skeleton is 
assembled in one step from a functionalized A ring using 
ring closing metathesis (Scheme 4). 

 
Scheme 4.  Hanna’s Approach to Guanacastepene A  
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(6) Snider, B. B.; Kirk, T. C. J. Am. Chem. Soc. 1983, 105, 2364-2368. 

    Hanna begins the synthesis by conversion of readily 
available 3-isopropyl-2-methyl-cyclopentanone (18) in 9 
steps to ring closing metathesis precursor 19.  Olefin 
metathesis of 19 with 12 mol % Grubbs catalyst 20 
generated tricyclic adduct 21 in excellent yield.   In one 
step, Hanna is able to efficiently generate the full 
carbocyclic framework of guanacastepene A from an A 
ring precursor.  Conversion of tricyclic adduct 21 to 
compound 22, an intermediate in Danishefsky’s,3b and 
Snider’s4a syntheses, marked the completion of Hanna’s 
formal total synthesis.  While this new route to 
guanacastepene A is approximately the same length as 
Sniders’s synthesis,  the ability to construct the entire 
guanacastepene carbocyclic framework in a single reaction 
adds elegance to Hanna’s approach.  
   PARTIAL SYNTHESES.    Several groups are 
currently attempting the total synthesis of guanacastepene 
A, with the aim of achieving either an enantioselective 
synthesis, or a more convergent pathway. In most cases, 
the approach taken by these researchers mirrors that of 
Danishefsky and Snider; most rely on a linear approach for 
the construction of the hydroazulene ring system.7 
   Because of the hemolytic problems associated with 
guanacastepene A itself, a synthetic approach that is highly 
convergent, enantioselective, and that allows facile access 
to derivatives would be more useful than a linear approach.  
Several other research groups have attempted to construct 
guanacastepene A in a convergent manner.8 These 
approaches rely on the initial construction of the A and C 
rings of the guanacastepene skeleton, followed by the 
coupling of these two pieces to form the B ring last.  
Despite these efforts, no one has been able to assemble 
fully functionalized ring systems. Successful assembly of 
the basic 5-7-6 carbocyclic framework; however, has 
demonstrated the feasibility of these convergent 
approaches. 
    Sorensen.  Sorensen envisioned construction of 
guanacastepene through a coupling between an A ring and 
a C ring to form the B ring using two key steps (Scheme 
5).8a The first connection entailed palladium-catalyzed 
Stille coupling between stannane 23 and allylic acetate 24 
to provide the coupled adduct 25 in excellent yield.     
   Photo-induced [2+2] cycloaddition of 25 afforded the 
cyclobutyl ketone 26 in good yield.  Samarium diiodide- 
mediated reduction of the ketone induced the 
fragmentation/ring expansion of the cyclobutane ring with 

 
(7) (a) Mehta, G.; Umarye, J. D.; Srinivas, K. Tetrahedron Lett. 2003, 
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9605-9609. (e) Magnus, P.; Waring, M. J.; Ollivier, C.; Lynch, V. 
Tetrahedron Lett. 2001, 42, 4947-4950. (f) Boyer, F. D.; Hanna, I. 
Tetrahedron Lett. 2002, 43, 7469-7472. (g) Nakazaki, A.; Sharma, U.; 
Tius, M. A. Org. Lett. 2002, 4, 3363-3366. (h) Brummond, K. M.; Gao, D. 
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4115. 
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4036. (d) Du, X.; Chu, H. V.; Kwon, O. Org. Lett. 2003, 5, 1923-1926. 

 



concomitant formation of a samarium (III) enolate.  This 
enolate was then trapped with phenyl selenium bromide to 
form phenyl selinide 27.  Oxidative cleavage of the 
selinide furnished α,β-unsaturated ketone 28 in excellent 
yield.  This step allowed for the convenient introduction of 
the desired C1-C2 unsaturation present in the natural 
product (See Figure 1).  Sorenson’s approach shows 
promise as an efficient synthetic pathway for the 
construction of guanacastepene. 

 
Scheme 5.  Sorensen’s Synthetic Strategy 
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a Reagents: (a) Pd2(dba)3, LiCl, NMP, 87%. (b) hν, Hunig's base, 
Et2O, 76%. (c) SmI2, HMPA, THF, then PhSeBr, 44%. (d) 
mCPBA, CH2Cl2, 84%. 

 

    Kwon.  Kwon has developed a convergent synthetic 
pathway that is similar to that of Sorensen.  In developing 
her synthetic approach, Kwon sought to utilize reactions 
that would be general for many different substrates, thus 
facilitating access to guanacastepene analoges.8d In her 
approach, completed A and C rings are connected via an 
organocuprate addition and a Mukaiyama Aldol 
condensation (Scheme 6).  
    The synthesis of the C ring starts with Diels-Alder 
reaction of diene 29 with maleic anhydride to generate 
compound 30 in good yield.  Subsequent conversion of 
Diels-Alder adduct 30 to iodide 31 sets the stage for the 
key organocuparate addition.  Accordingly, treatment of 
iodide 31 with zinc, followed by transmetallation with 
copper forms the organocuprate, which is then added to β-
iodocyclopentenone to form conjugate addition product 32.    
This step is followed by another conjugate addition to form 
the quaternary carbon at C11 (See Figure 1), followed by 
Mukaiyama Aldol condensation of the resulting silyl enol 
ether to form tricycle 33. 
    Unfortunately, the second organocuprate reaction is not 
selective and a 1:1 mixture of diastereomers was 
obtained.8d The desired stereoisomer was separated and the 

methoxy group eliminated under acidic conditions to form 
α,β-unsaturated ketone 34 in good yield. 
    The generality of Kwon’s connection sequence could 
potentially allow the construction of a multitude of A and 
C ring components that could be conveniently connected to 
form various analogs with the guanacastepene carbocyclic 
skeleton. 

 
Scheme 6.  Kwon’s Convergent Approach 
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    OUTLOOK.  Fungal extracts have proven to be fertile 
grounds for the isolation of biologically active natural 
products such as guanacastepene A.  While the therapeutic 
potential of guanacastepene A is limited, structural 
analogues or guanacastepene derivatives may retain potent 
antibacterial capabilities with diminished deleterious side 
effects.   
    Danishefsky was able to achieve the first and only total 
synthesis of guanacastepene A.  Snider and Hanna were 
able to improve upon his synthetic strategy; however, all 
are limited by the lack of enantioselectivity and poor 
convergence.  Sorensen, Kwon and others have adopted 
approaches that are convergent and have the potential for 
an enantioselective total synthesis. 
    From a synthetic standpoint, the guanacastepene carbon 
skeleton is a challenging target due in part to its five 
stereocenters and novel structure.  Several elegant racemic 
syntheses have emerged.  Despite these synthetic 
accomplishments, there have not been any successful 
enantioselective total syntheses.  The desire to access novel 
analogues necessitates the development of an efficient, 
convergent, enantioselective total synthesis. 


