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Abstract: A concise and efficient total synthesis of (-)-umbelactone 1, an occurring γ- 
hydroxymethyl-α, β-butenolide from Memycelon umbelatum Burm, is described. The synthesis 
features the use of a ring closing metathesis strategy.  
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α, β-Butenolide is of biological relevance and is presented in a variety of physiologically 
active compounds1.  (R)-(+)-Umbelactone is an example of a naturally occurring γ- 
hydroxymethyl-α, β-butenolide, which was isolated from Memycelon umbelatum Brum2.  
This natural product is of particular interest since it showed activity against Ranikhe 
disease virus and spasmolytic and antiamphetamine activity3.  Accordingly, 
considerable efforts toward its synthesis have been made by several groups, culminating 
in the first total synthesis reported by Ukachukwu4a, confirming the absolute 
stereochemical configuration proposed by Front4b, elegant synthesis by Handa4d and 
Fujisawa4c underline the importance and appeal of this natural product.  Study on 
biological and biochemical properties of the enantiomer of (S)-(-)-umbelactone 1 has not 
been reported.  In the interest of fully evaluating the biological properties of 
umbelactone it is desirable to obtain adequate supplies of both (R)-(+)-umbelactone4 and 
its enantiomer, (S)-(-)-umbelactone 14b.  Front described the synthesis of this 
enantiomer by using D-ribonolactone4b.  In this paper we reported a new asymmetric 
synthesis of (S)-(-)-umbelactone 1 in six steps and 28% overall yield with the 
ring-closing olefin metathesis (RCM) as the key step (Scheme 1). 

An important component of our strategy involved the use of the ring-closing olefin 
metathesis reaction to build lactone.  Due to its tolerance to many different functional 
groups, efficiency and mild conditions, the method has allowed for more efficient access 
to (-)-umbelactone 1 and more flexible access to α, β-butenolide analogues. 

In our approach, we started from intermediate 2 (Scheme 1), which were synthesized 
from D-mannitol in four steps6.  Compound 2 is a valuable, readily available chiral 
substrate susceptible to various transformations, which may be useful for stereocontrolled 
synthesis.  Compound 2 was deprotected to afford alcohol 3 by treatment with concen- 
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Scheme 1  Total synthesis of (-)-umbelactone by RCM 
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Reagents and conditions: (a) concentrated HCl/ethanol, rt, 2 h; (b) TBDMSCl, DMAP, Et3N, DMF, 
0 to 25 0C, overnight; (c) H2C=CHCOCl, Et3N, THF, reflux, 6 h, 76%; (d) [Ph3P+CH3Br-/ BuLi], 
HMPA/THF, 0 to 25 0C, overnight, 70%; (e) Grubbs′ catalyst 7 (5 mol-%), cat. Ti(iPrO)4, CH2Cl2, 
35 0C; (f) AcOH: H2O: THF(3:1:1 v/v), rt, 8 h. 

 
trated HCl in ethanol at room temperature for 2 h.  Selective silylation of 3 gave 
monoprotected diol 4, with TBDMSCl in the present of Et3N, DMAP in DMF7.  
Compound 4 with acrylic chloride afforded the ester 58.  The Wittig reaction was 
performed by treatment of 5 with Ph3P+CH3Br-, BuLi, and HMPA/THF.  Ring closing 
metathesis (RCM) using Grubbs′ catalyst 7 afforded the compound 8 in the present of 
catalytic amounts of Ti(iPrO)4.  Following the work of Fűrstner et al. Ti(iPrO)4 was 
used to avoid interruption of the catalytic cycle by chelation of the substrate carbonyl to 
the metal10.  The TBDMS protecting group was cleanly removed under mild, acidic 
conditions [AcOH: H2O: THF (3:1:1 v/v)], and the resulting lactone 111has showed 
identical spectral data with those of (-)-umbelactone reported.  

In summary, we have a total synthesis of (S)-(-)-umbelactone 1 in six synthetic 
operations with an overall yield of 28%.  This approach seems to be flexible enough for 
the synthesis of various analogues of this α, β-butenolide on the basis of its wide 
application and mild reaction conditions.  Finally, it is worth mentioning that the 
macrocylization by C-C coupling employing the newly developed binary RCM catalyst 
system is significantly more productive than the well established macrolactonization 
strategies previously employed10.  The biology of (-)-umbelactone 1 will be studied and 
reported at a later date. 
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