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Abstract : From available hydroxy-aldehyde 6, propargylic derivative 8 was prepared and treated with Bu3Sntt to give 
in 95% yield the bicyclic vinyl stannane 10. After 10 was converted into the diol 15, this latter was oxidized with the 
Dess-Martin reagent into the dialdehyde 4. Compound 4 was then submitted to a pinacolic coupling reaction leading to 
the bicyclic cis-diol 3 in a stereospecific manner. 

Forskolin 1, a labdane diterpene isolated from the roots of the Indian plant Coleus  Forskohl i i  ,1 has 

been shown to activate adenylate cyclases, 2 to inhibit platelet aggregation in vitro and in vivo, and to present 

therapeutic potential toward bronchial asthma, 3 congestive heart failure 4 and giaucoma.5 
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Owing to its complex polyoxygenated tricyclic structure and potent biological activities, Forskolin 1 still 

represents a synthetic challenge for organic chemists. 6-8 Various strategies appeared to be highly convenient for 

the construction of the bicyclic A-B system, as already reported in the total synthesis of 1, 7 and synthetic 
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approaches. 6"8 One of the challenges in a synthesis of forskolin is to solve the difficult problem of establishing 

the 6~,71~ diol in an efficient and highly stereoselective reaction. 

After developing a promising route to forskolin via a tandem Michael-Claisen reaction, 9 we also studied 

another approach involving radical cyclisation which could be advantageously carded out on non protected 
derivatives, the main goal in this new approach being the closure of  the B ring with the concomitant cis-6fl,7fl- 

diol formation. 

A convenient preparation of the lactone 2, common intermediate to the three previously achieved total 
synthesis of forskolin, 7 was therefore envisaged from diol 3, using an SmI 2 pinacolic coupling reaction 10 

performed on dialdehyde 4. 
The known hydroxy-aldehyde 6 11 was prepared from commercial tx-ionone 5, and converted into 

propargylic derivatives 7 and 8 via classical reactions. A first radical cyclisation between the acctylenic and 
olefinic functions was obtained by treatment of 7 and 8 with Bu3SnH, AIBN, in refluxing toluene for 2h, 12 to 

give in good yield the two epimeric vinyl-stannanes 9a,b and 10a,b respectively (>95% yield, a/b = 1:1). 

Purified separated isomers 9a and 9b were shown by 1H and 13C NMR analysis including NOE experiments to 

be the trans and cis Cs-CI0 linked bicyclic products respectively and to present a cis- octahydrobenzofuran 

skeleton 13. 

OH 0 / ' ' ~  

O HO or b) OR 

5 6 7 R = H  
8 R = TBS 

° .  

9a,b R = H, 
10a,b R=TBS,  
l l a , b  R=TBS, 

c) 

e) 

/C02Mef) 

~ O T B S  

t "\H 

OI~" ~ /C02Me 
"°" I-I 

R' = SnBu 3 
R'= SnBu 3 ----7 
R' I . [ d) 

12a,b 13a,b 

a) NaOH/H20 60% weight, Bu4NI, cat, propargyl bromide, toluene, 20°C, 17h, 91%; NaBH 4, MeOH, 0°C, 
lh, 75%, - ->  7 (48% from 5); b) NaBH 4, MeOH, 0°C, lh, 75%; TBSCI, Ira, DMF, 0°C, 4h, 63%; 
NaOH/H20 60% weight, Bu4NI, cat, propargyl bromide, Tol, 20°C, 17h,--> 8 96%. c) Bu3SnH (1.7eq) 
0.05M in Tol, AIBN 0.1%mol, reflux 2h, 95%. d) 12, Et20, 20°C, 3h, >95%. e) 10a,b BuLi, THF, -78°C, 
lh, CICO2Me, 0°C-> 20°C, 2h, - ->  12a,b,85%. f) LDA-HMPT, THF, -78°C, MeI, -78°C - >  20°C, 95%. 

In order to prepare the conjugated methyl esters 12a,b, the iodo compounds l la ,b were also prepared 

by an iodine exchange 14 from 10a,b. At this time the best results were obtained, for the carboxylation step, by 
treating vinyl-stannanes 10a,b with nBuLi, THF at -78°C, and quenching with CICO2Me (85%yield). 

Further methylation of the conjugated ester mixture 12a and 12b (LDA, THF, HMPA, Mel, -78°C) 

was regiospecific and gave only 13a and 13b; the convex conformations of the 12a and 12b isomers, due to 
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the cis ring junction of the octahydrobenzofuran system, could explain the high level of stereocontrol of the 

methylation step. 
When separated isomer 13a was treated under TBAF-THF conditions (to remove the TBS protecting 

group), lactone 14 was obtained quantitatively; alternatively, reduction of the ester function followed by removal 
of the TBS protecting group afforded the required diol 15 in 55% yield (15 could be obtained also by LiAIH 4 

reduction of lactone 14 in 85 % yield). 

o a) 
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a) TBAF, TI-IF, 20"C, 12h, 95%4 b) LiAIH4, THF, 0*C, lh, 80%; TBAF, THF, 20"C, 12h, 68%. 

Attempts to oxidize diol 15 into the dialdehyde 4 using Swern conditions failed but the Dess-Martin's 

oxydation 15 gave a mixture of lactone 16 and the ¢~tpected diaIdehyde 4 (65%, I6/4 = 70:30). However the 
compounds 16 and 4 were submitted to the crucial SmI 2 radical coupling reaction to give after purification the 

cyclic product 3 as well as recovered lactone 16 (16/3 = 70:30, 95%). 16 X-ray analysis 17 of compound 3 

shown that the two hydroxyl functions at C-6 and C-7 have the desired configurations. 18 
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ORTEP diagram 
a) Dess-Martin (2eq), CH2C12, tBuOH (2eq) 20°C, 45rain, then 15 20°C, 2h, - ->  16+4, (65%, 16/4 = 70:30, 
NMR). b) 16+4, SmI 2 (3-4eq), tBuOH (2eq), THF, -78°C--> 20°C, 2h,--> 16+3, (95%, 16/3 -- 70:30). 

In good agreement with previous intramolecular pinacolic couplings,19 the Sml 2 mediated reaction of 

the dialdehyde 4 led to a cyclic cis-6,7 diol and quite remarquably to the 6~,7~ diol required for forskolin 

synthesis. In spite of difficulties related to the preparation of the precursor dialdehyde 4, this new approach 
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appears to be promising to create the trans decalin AB system o f  forskolin 1, with subsequent introduction o f  the 

cis 6~,7fl-diol, or more generally bicyclic compounds with vicinal diol . 

Efforts are now devoted to improve an adequate preparation o f  dialdehyde 4 .  The synthesis o f  Ziegler 

synthon 2 using a slight modified strategy is on current progress. 
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