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Abstract: The syntksis of tk mkydic system offorskolin by an intramolecular DieleAidcr reaction is described, smrdng 

from tnQ9-acetyl-D-gakactai. 

Forskolln. a highly oxygenated labdane diterpcne, exhibits a broad range of physiological activities through 

its ability to activate adenylate cyclase. The therapeutic potential of this natural product combined with its highly 

challenging structure have 8erved to stimulate an impomurt synthetic activity in a munbu of laboratories.l2 

In the major@ of the previous synthetic appmachcs, an lnnan~lecular Diels-Akler reaction wa8 selected a8 

the key step for the construction of an adequately functionalized AB ring system. In almost all cases, the 

elaboration of ring C was carried out in the final stage8 of the synthesis. In a new synthetic approach, we 

envisioned the construction of the ABC ring system of forskolin starting from the C ring by using a suitably 

functionahzed tetrahydmpyran sub&L 

Cur strategy, outlined in scheme 1, involves an intramolecular Diels-Akier cyclization of trienone 1 which 

should simultaneously assemble the A and B rings of the trlcycllc skeleton of forxkolln. 

OH 
Forskolin 

S&eme 1 

An added feature of our design lies in the use of the “chironll approach, where intermediates could bc 

constructed from optically active starting materials. The presence of the tetrahydropyran C ring obviously 

suggested the choice of carbohydrate derivative8 a8 chiral building blocks.3 

Over the last few years, carbohydrate8 have been extensively exploited in the synthesis of carbocyclic 

natural pmducts.4~ Recently, we described a new methodology for mono and bifunctionalization of glycals based 

on the regioselective cleavage of a cyclobutane ring incorporated into the carbohydrate-like chiral building block-6 
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We now report the preparation of trienones such as 1 by stereoselective addition of carbon branches at C-l and C- 

2 of D-galactal, and their reactivity under Diets-Alder reaction conditions. 

The synthesis (scheme 2) was initiated by introduction of the ally1 group at C-l using the carbon-Fe&r 

rearrangcment.7 Thus, tffatment of galactal triacetates with aUyltrimrhyltdlane in the pmsena of BFg-Et20 at 

-5OOC cleanly afforded 3 as the sole u isomer in 97% yield Hydrolysis of the acetates with Et3N in aq. MeOH 

followed by protection of the primary hydroxyl group and esterification of the resulting allylii alcohol furnished 

4 in good overall yield At this stage, the carbon chain extention with the transfer of asymmetry at C-2 was 

achieved by Ireland’s enolate-claisen reanangement.p To this end, ally1 propionate 4 was tteated with LHMDS- 

THF-DMPU followed by TBSCI to give the ketenesilyl acetall which was heated in mfluxing toluene.The crude 

marrangement product was subjected to desilylation and methylation affording 511 as a mixture of methyl epimers 

(7:l ratio, tH NMB)12 in 92% overall yield after flash chromatography. 

Chemoselective cleavage of the terminal double bond in compound 5 was achieved by hydroxylation (cat. 

0~04, NMO)t3 followed by diol cleavage with Nat04 to give 6 in 62% overall yield. After protection of the 

aldehyde as a dimethyl acetal (HC!(OMe)3, cat. PPTs, CH2C12,95%), the ester 7 was converted into aldehyde 8 

by reduction (excess DIBAH) followed oxidation of the resulting alcohol (Dess-Martin’s periodinanet’) in 80% 

yield. Attempts to achieve this transformation in one step using one equivalent of DIBAH led to a mixture of 8 

and the prhnary alcohol, along with the starting ester. 

tzi-0-acetylgalactal 
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Scheme 2 

13 R=R’=C& 
15 R=CH~,R’dXOMc 
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The elaboration of the diene part at C-2 was achieved by addition of vinyhnagnesium bmmide to aldchyde 8 

in -rHF at -7CPC followed by dehydration of the resulting mixtuxe of s WXeokm&c alcohols. while the Grignard 

&on was smoothly effected (84% ). the elimination proved troublesome. The best result was obtained with 

POC13-PyatOOC~gthtoonjukatedditnc9asamix~ofEluadZisomtrs (2: lratio, lHNMR))onlyin 

low yield (36%), although the starting mat&al was consumed. Attempts to improve this yield using differents 

methods were unsuccessful.Treatment of 9 with aq. CF3COOH in THF at room temperature funrishcd 

hydtox$&lehyde 10 which was converted to zert-butyldiphenylsilyl ether 11. First ammtpts to prepare 11 by 

selective hydrolysis of the dimethyl acetal group under milder conditions (PPTS. PTSA. aq. oxalic acid .__) led 

only to the desilylated produc+, the aldehyde protective group was unaffected. 

In otder to test the feasibility of the IMDA reaction, the tricnone 12 was first prepared. The addition of 

vlnylnmgnesi~ bmmide to 11 gave rise to a mixture of diastcrtomtric alcohols which wcxe rcadly oxidized with 

Dcss-MattWs periodinane reagent” leading to the Diels-Alder pncursor 12 in 45% overall yield When I2 was 

heated in toluenc in a sealed tube at 16OO”C for 20 hours, the expected cycloadduct was isolated as a mixture of 

isomers in a 6 : 1 ratio (1H NMR) in 65% yield. The stereochemistry of the major isomer 14, having the angular 

methyl p (as in for&Olin), was deduced by a combinaison of COSY and NOESY 1H spectra at 400 MHz. In 

particular, the NOESY experiment revealed a 15s relationship of the angular methyl group at C-10 with H-8 

(terpenold numbering). This product may result from “down side” facial approach of the dienophile which is 

dictated by the geometrical test&ion in the IMDA transition stab (scheme 3).15.16 

gmDB +$$-DK w 

chair-like mdo 0 

12 
hmuition mtate 

Majaris3ma 

Scheme 3 

Lewis acid promoted DickAlder cyclization was then attempt&. Fortunately, when 12 was treated with 

BF3-Et20 in CH2Cl2 at 0°C for 15 mitt, the desired isomer 14 was almost exclusively obtained in 50% yield 

It remained to detemGne whether aienone 13 could undergo the IMDA cyclization, bearing in mind that the 

presence of the gem-dimcthyl group on the dienophile substrucmre would slow down the rate of cycloaddition.l7 

The addition to 11 of 2-mcthylpropcnyllithium. generated from t-BuLi and l-bromo-2-methylpropene, and 

subsequent oxidation with the Dess-Martin reagent provided trienone 13. Attempts to accomplish the 

cycloaddition under both thermal and L&w&acid catalyzed conditions failed to give the dcsircd product. Thus, 

when 13 was heated at 1lWC for thne days, the starting material was recovered unchanged In the same manner, 

treatment of l3 with BF3-Et20 in C&Cl2 was also ineffective, and the starting trienone was again unaltc&. The 

greater steric demands impartai by the gcm-dimcthyl group on the transition state arc suf%kicnt to impede the 

cyclization. In order to overcome this difficulty, preparation of a trienonc such as 15 with a doubly activated 

dienophilc is now in progress. 

In conclusion, a new approach to the chhal tricyclic system of for&Olin which combines introduction of 

carbon chains at C-l and C-2 of gakctal with IMDA cyclization has been developed. 



6688 

References and notes 

1 

2 

6 

7 

8 

9 
10 

11 

12 

13 
14 

15 

16 

17 

For a recent and exhaustive review on synthetic routes to for&Olin see: Colombo, M. I.; Zinezuk, J.; 
Ruveda, EA. Tetrahedron 1992.48.963-1037. 
For total syntheses of forskolin see: (a) Ziegler, FE.; Jaynes. BH.; Saindane, MT. J. Am Chem. 50~. 
1987,109, 81158116. (b) Hashimoto, S.; Sakata, S.; Sonegawa, M.; Ikegami. S. Ibid. 1988,110, 
367@3672. (c) Corey. E. J.; Da Silva Jardine, P.; Rohloff, J. C. Ibid. 1988,210, 36723673. 
(a) Fraser-Reid, B.; Anderson, R.C. Forts& Chem. Org. Nurwst. 1980 39. (b) Hanessian. S., Total 
Synt&sis of Na&ral Pro&% : the Chiron Approach ; Pergamon, Gxford 1983. 
For a recent review see: Fe&r, R. J.; Middleton, S. Chem. Rev. 1993,93,2776-2831. 
For mcent examples see: (a) Ermolenko. MS.; Olesker, A.; Lukacs, G. Tetruhedron Len. 1994,35,7 1 l- 
7 14. (b) Lopez, J. C.; Gomez, A. M.; Fraser-Reid, B. J. Chern. Sot. C&m. Convnun. 1993. 762-764. 
(c) Herscovici, J.; Delatre, S.; Boa L.; Antonakis, K. J. Org. Gem. 1993.58. 3928-3937. (d) 
Tsang, R. B.; Fraser-Reid, B. J. Org. Churn. 1992,57, 1065-1067. (e) BOMU~, B.V.;.Davies, M.J.; 
Howarth, J.; Jenkins, P.R.; Lawrence, N. 3.1. Chem. Sot. Perkin Trans. 2 1992.27-29. (f) Hanessian, 
S.; Faucher, A.-M. J. Org. Gem. 1991.65, 2947-2949. 

(a) Hauna, I.; Pan, J.; Lallemand, J.-Y. Synlen 1991 511-512. (b) Pan, J.; Hanna, I.; LaIlemand, J.-Y. 
Bull. Sot. Chik Fr. in press. 
(a) Danishefsky, S.J.; Kerwin, J. F., Jr. J. Org. Chem. 1982,47, 3803-3805. (b) Danishefsky, S. J.; 
DeNinno. S.; Lartey, P. J. Am. Chem. Sot. 1987,109. 2082-2089. 
While this starting material is crrmmercially available, its price is rather exorbitant. We themfore 

Tit according to the described procedure: Kozikowski. A. P.; Jaemoon, L. J. Org. Chem. 1990,55,8 3-870. 
Ireland, R. E.; Smith, M. G. J. Am. Chem. Sot. 1988,110,854-860 and references cited therein. 
Under these conditions, the Zketenesilyl acctal is the major product. For a review on regio- and 
stemoselective formation of enolates see: heathcock. C. H. in Modern Synthtic methods. vol. 6, Scheffold, 
R. , Ed.: VCH: Basel, 1992, chapter 1. 

All new compounds are fully characterized by their spectroscopic and analytical data. 14: [a]D =-38 

(c=7.8, CHCl3). JR (CC4) vmax - * 1713 cm-l ; tH NMR (408 MHz, CDC13) 6 : 0.80 (s, 3H, MclO) ; 1.07 
(s, 9H. 3Me. GTDPS) ; 1.60-1.64 (m. 1H) ; 1.70-1.80 (m, 1H) ; 1.88-2.00 (m. 1H) ; 2.10-2.20 (m. 2H) ; 
2.24 (dd, J = 13,0 Hz and 3.1 Hz, lH, H-3) ; 2.58-2.70 (m, 2H, H-7 and H-5) ; 3.70-3.82 (m, 3H, H-8 
and H-15) : 4.33-4.42 (m, lH, H-13) ; 5.73-5.78 (m. W, H-l and H-2) ; 5.88-5.92 (m, HI, H-12) : 6.05 
(dt, J = 10.3 Hz and 1.9 Hz, 1H. H-11);7.38-7.50 (m. 6H); 7.66-7.80 (m, 4H). 13C NMR (400 MHz, 

CDC13 g : 19.1 (s, OTDPS) : 22.0 (9. Me)-10) : 23.6 (t. C-4) ; 24.7 (t. C-3) ; 26.8 (q, 3Me, OTDPS) ; 
35.8 (s, C-10) ; 43.9 (d, C-9) ; 45.1 (t, C-7) ; 57.7 (d, C-5) ; 65.6 (t, C-15) ; 68.0 (d, C-g) ; 74.5 (d, C- 
13) ; 126.0 (d) ; 126.5 (d) ; 127.7 (d. 4CH ar.) ; 128.3 (d) ; 129.70 (d, ar.) ; 129.75 (d, ar.) ; 132.9 (d) ; 
133.0 (s. ar.) ; 135.0 (s. ar.) ; 135.6 (d, 2CH ar.) ; 218.5 (s, C=O). MS (CI.NH3) III/Z (96) 504 (23) 
(M+NH4)+. 410 (33). 409 (100). 
The next steps were perfotmed on this mixture, the asymmetry at this center being destroyed later in the 
synthesis. 

For a review see: Sclu&ler, M. C&m. Rev. 1980.80, 187-213. 

(a) Dess, D. B.; Martin, J. C. J. Org. 
Chem. Sot. 1991,113, 7277-7287. 

Chem. 1983,48.4155-4156. (b) Dess. D. B.; Martin, I. C. J. Am. 

For mcent reviews on IMDA see : (a) Roush, W. in Comprhensive Organic Synthesis, vol. 5, Trost, B.M.; 
Fleming, I. Eds.; Pergamon Press: Oxford, 1991; pp. 513. (b) Cigsnk. E., Org. Reucf. 1984.32, 1. (c) 
Craig, D., Chem. Sot. Rev., 1987,16, 187. 
For recent examples of related IMDA cyclization see: Tahri. A.; Uguen. D.; DeCian, A.; Fischer, J. 
Tetrahedron Lezt., 1994,35, 39453948. Shishido, K.; Gmodani, T.; Shibuya. M. J. Chem. Sot. Prkin 
Trans. Z 1991,2285-2287. Shing, T. K. M.; Tang, Y. Tetrahedron. 1990,46.2187-2194. 
For an example of IMDA cyclization with a gem-dimethyl on the diene see: Bo~ert, R. V.; Jenkins, P. J. 
Chem. Sot. Perkin Trans. Z 1989,413-418. 

(Received in France 1 July 1994; accepted 20 July 1994) 


