
Pergamon Tetrahedron Letters 40 (1999) 5913-5914 

TETRAHEDRON 
LETTERS 

A New Approach to the Synthesis of the 17l~-Butenolide Fragment of Cardenolides 

Zdzislaw Paryzek* and Krzysztof Blaszezyk 

Faculty of Chemistry, Adam Mickiewicz University, Grunwaldzka 6, 60-780 Poznan, Poland 

Received 29 April 1999; accepted 8 June 1999 

Abstract: A new, efficient synthesis of the 171~-butenolide fragment characteristic ofcardenolides is effected by 
[2 + 2]-eyeioaddition of dichloroketene to 31~-acetoxypregna-5,20-diene, as a key step. 
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Cardenolides are plant steroids, which occur as glycosides and possess powerful cardiotonic activity. They 
are considered as "the most ingested drugs in medicine". ~ Since the pioneering studies by Ruzicka 2 and the first 
synthesis ofdigitoxigenin a in 1962 enormous efforts have been directed toward synthetic cardenolides. 4 Despite 
the long history of  research in the area, the interest in cardenolides continues. Recently reported work on 
cardenolides concerns the total synthesis, t' the biosynthesis, ~ and the search for new, less toxic digitalis-like 
compounds for therapeutic use with better pharmacological properties. 6 The new methods of  introduction of 
the 1713-butenolide moiety 4 and synthetic approaches to complex eardenolides have also been reported. 7 Besides 
the 1413-hydroxyl group, the 1713-butenolide moiety is one of  the crucial features of  cardenolides indispensable 
for their biological activity. 17-Oxoandrostanes and 21-hydroxy-20-oxopregnanes have been widely used as 
substrates in the syntheses of  cardenolides. 4.8 

This work is a continuation of  our interest in steroidal cyclobutanones. 9 Since the transformation of  
pregnane derivatives into 1713-butenolide steroids requires a two carbon side chain elongation, the reaction of 
the appropriate olelinic substrate with a reactive ketene appeared to be an attractive approach to the four 
carbon side-chain moiety characteristic of  cardenolides. 

The Scheme 1 illustrates the synthetic pathway. The starting olefin 1, the 31~-acetoxypregna-5,20-diene, 
was obtained from 31~-acetoxypregn-5-en-20-one following the reported procedure. ~° The regioselective 
[2 + 2] cycloaddition of  1 and dichloroketene Ira afforded diehlorocyclobutanone 2 in 58% isolated yield. ~lb This 
could be effectively reduced with zinc in AcOH to 3 or 4, depending on the reaction conditions.'2 However, 
when the crude cycloaddition product was immediately reduced 4 was isolated in 82% yield. Hc At this stage of  
the synthesis, the 313-hydroxyl group had to be protected as a TBDMS-ether in two steps: hydrolysis of  4 
(K2CO3, MeOH; 98% yield of  5) followed by the reaction with t-butyldimethylsilyl chloride (imidazole, DMF, 
lh, r.t.) gave 6 in 92% yield. The Baeyer-Villiger oxidation of  6 (30% 1-1202, MeOH-THF, NaOH) resulted in 
formation of  the lactone 7 (87% yield after short column chromatography) as a 1:1 mixture of  C-20 epimers, nd 
The dehydrogenation of  the lactone 7 was achieved by taking advantage of  the phenylselenylation-oxidation 
procedure. ~3 Compound 8 was isolated in 75% yield from the reaction of  7 with LDA and PhSeCI (TI-IF, -70 
°C), while oxidation of  8 (30% I-I202, THF-AcOI-I) gave butenolide 9 in 67% yield. The deproteetion of the 
TBDMS-ether afforded the known 313-hydroxy derivative 10.14 
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This  m e t h o d  o f  cons t ruc t ing  the  bu teno l ide  f ragment  o f  cardenol ides  is relat ively s imple and  efficient ( the  

total  yield o f  the  five s tep synthesis  o f  9 f rom the  readily avai lable I is 32 %).  The  t r ans fo rma t ion  o f  14or-card- 

20(22)-enol ide  to  the  A ]4 olefin and  141~-hydroxy der ivat ives  has  been  repor ted .  15 
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