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Abstract: A general intramolecular Diels-Alderanionic oxy-Cope strategy for the synthesis of tricyclic 

skeletons and its application to the preparation of the gascardic acid precursor 12 is described. in situ 

generation of the appropriate cyclopentadiene 5 by isomerization (Et,N) afforded the [4+2] adduct directly or 

with EtAlCl, as catalyst. The requisite potassium salt of the 1,5 diene 10 rearranged at 67°C to the fused ring 

ketone 11. Selective allylic oxidation and reduction provided 12. 

The sesterterpene gascarclic acid (13)’ possesses a unique tricyclo[7.5.0t~7.01~11]tetradecane skeleton whose 

structure was established via total synthesis* and X-ray diffraction. 3 At present, this fused arrangement of five, six 

and seven membered rings has not been encountered elsewhere, although this structure shares with other angular 

triquinane natural products, such as subergorgic acid4 and retigeranic acid5, a related spire-fused tricyclic nucleus. 

There is considerable current interest in the intramolecular Diels-Alder reaction and it has been applied to a number 

of natural product syntheses with notable success. 6 Similarly, [3,3] sigmatropic rearrangements, particularly of the 

oxy-Cope variety, have recently received increased attention as versatile construction tools.’ In principle, a 

general, stereocontrolled route to many multicyclic skeletons is available from a combination of these pericyclic 

transformations via an intramolecular Diels-Alderanionic oxy-Cope rearrangement strategy. As illustrated below, 

the length of the side chain may be varied and the resulting cyclohexanone contracted or expanded as required. We 

wish to report the successful application of this strategy to the synthesis of the gascardic acid intermediate 12, in 

which the key ring junctions and substituents have the correct relative stereochemistry. 
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The keto-enol ether 1 was derived from 2-methyl- 1,3-cyclopentanedione 

4045 

upon treatment with 
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p-toluenesulfonic acid, molecular sieves, and ethanol in refluxing benzene (90%).8 Ethyllithium generated in situ in 

an ultrasonic bath9 from bromoethane and Li/Na alloy was condensed with 1 and chromatography of the resulting 

alcohol gave the cyclopentenone 2 (98%) directly. The d&ion derived from methyl acetoacetate,” by sequential 

treatment with sodium hydride and n-butyllithium, was added to this cyclopentenone and dehydration of the 

resulting alcohol effected with 3M HCl to afford the dienone-ester 3. This material was a single stereoisomer, 

formed as a consequence of the nonbonded interactions between the ring vinyl methyl function and carbonyl 

substituent that are avoided in the E-olefm. Alkylation of this keto-ester with methyl 4bromocrotonate provided 

the triene-diester 4. 

The requisite Diels-Alder precursor 5 was generated in siru from 4. Treatment of 4 with EtAlCI, in 

dichloromethane at room temperature (21° C) catalyzed the cycloaddition with a high level of stereocontrol to give 

the single isomer 6 in modest yield (30%). This adds to the growing list of examples where alkylaluminum halides 

are the most satisfactory catalysts for effective control of intramolecular [4 + 21 cycloadditions.” In principle, 

several different cyclopentadiene adducts might be envisaged but these alternative adducts are strained due to 

Bredt’s rule violation, etc. Thus in practice, as expected, only the tricyclo[6.2.1.01*6]undecene nucleus was formed.* 

Direct cyclization was also effected, in refluxing toluene containing triethylamine, to a mixture of stereoisomers 

(100%). This material, which consisted of keto-ester epimers (2l:l), and endoiexo ester isomers (5:1.5), was used 

directly in subsequent transformations. Selective hydrolysis and decarboxylation of the a-ester was effected with 

lithium chloride in aqueous dimethyl sulfoxide and the resulting cyclohexanone protected as its ethylene ketal to 

afford the endo ester 7 in which the adjacent cyclohexane bond was exe. 

Two different approaches to the tricyclic 1,5diene 10 were examined. The ester enolate of 7 was generated 

at -78°C with lithium diisopropylamide (LDA) and quenched with oxygen to afford the hydroxy ester as a single 

isomer. Reduction of the methyl ester with LiAlH, gave the diol 8. It had been anticipated that the alcohol 10 

could be prepared directly by oxidation of the primary alcohol followed by Wittig reaction on the resulting 

aldehyde. The desired oxidation was accomplished under Swem conditions12 but unfortunately this 

hydroxy-aldehyde was very unstable and rendered this route impractical. Consequently, the dio18 was converted to 

the ketone 9 by periodate oxidation. In spite of the exe orientation of the adjacent cyclohexane ring, the carbonyl 

was attacked preferentially from the top face with vinyl magnesium bromide to give a 3:l ratio of endo and exe 

alcohols. Conditions to improve this ratio, using a variety of Lewis acids (CdCl,, ZnClz, TiCl,, EtAlCl,, Et,AICI, 

etc.), were investigated with a view to preferentially complexing the exe surface, but the ratio did not change 

significantly. However, it should be possible to invert the stereochemistry of the undesired isomer to afford 10, 

using the [2,3] sulfoxide rearrangement sequence we have developed, l3 although at present this has not been 

investigated. 

Previous studies14 have established the significant acceleration induced by potassium salts in anionic 

oxy-Cope rearrangements. Thus, as anticipated, the potassium salt of 10 underwent smooth sigmatropic 

rearrangement in refluxing THF to the tricyclic ketone 11 in 67% isolated yield. Our previous studies’ indicated 

that the cycloheptane ring could not be formed directly in the Diels-Alder step, and this implied that epimerization 

during the Cope rearrangement step might not be as selective as desired, in spite of the fact that the fruns ring 

junction is strongly favored in the cycloheptane series. 2 (The exe cyclohexane bond in 10 must be isomerized to 

generate the natural product stereochemistry present in 11.) The initial product was a 1:l mixture of the tram and 

cis cyclohexanones 11 and 14. The latter compound 14 was recycled by isolation and epimerization with sodium 

methoxide but here also a 1:l mixture of 11 and its C-6 epimer were obtained. This ratio is a consequence of the 

very similar nonbonded interactions that are present in each isomer as illustrated. 

Molecular models indicated that the cyclopentene ring methylene group in 11 is relatively hindered, 

compared to the side chain ethyl group, due to the juxtaposition of the oxygen ketal. Thus allylic oxidation with 
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Reagents (a) EtBr, ether, Li/Na, ))), loo C, 1 h, 98%; (bd CH,COCH2COOCHs, NaH, THF, O” - 60’ C, 20 

min; BuLi, 0’ C, 10 min; 2 O” C, 20 min; 10% aq. HCl, 21 C, 1 h, 64%; (c) KH, THF, 0’ - 21’ C, 20 min; 
BrCH,CH=CHCOOCH,, 21* C, 2 h, 64%; (d) EtAICI,, CH$l, X0 C, 16 h, 30%; (e) Et N MeC,H5, 110”, 72 h, 
100%; (f) LiCl, H,O, DMSO, 16Q” C, 1 h, 75%; HOCH$H,OH; MeC,H,SO,H, C&I+ 80a d, 6 h, 43% from 4. (g) 
iPr#TH, nBuLi, THF, O” C, 10 min; 7, -78’ C, 1 h; O,, -7X0 C, 2 h, 43%; (h) LiAlH+ ether/CH&l l:l, O”- 2,b C, 
30 min; (i) HI04.2H20, ether/CH2C12 l:l, O” -21° C, 1 h, 30% from 7; (j) CH,=CH2MgBr, 21° C, 30 n-tin, 84% 1:4 
exolendo alcohol; (k) KH, I,, THF, 21° C, 10 tin; 10, 21’ - 67’ C, 30 min, 67% 1:l; (1) SeO,, dioxane,80° C, 4 h; 
PCC, NaOAc, 4A sieves, CH$!l,, O” - 21° C, lh, 49%; (m) Li, NH2CH2CH2NH2, dioxane, r-BuOH, 30 mm; PCC, 
NaOAc, 4A sieves, CH,Cl,, 0 - 21° C, lh, 24%. 
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selenium dioxide followed by oxidation of the secondary alcohol with pyridinium chlorochromate (PCC) afforded 

the conjugated methyl ketone rather than the corresponding cyclopentenone. Treatment of this unsaturated ketone 

with lithium/ethylene diamine followed by PCC to correct some reduction of the carbonyl function provided the 

tricyclic triketone 12. In view of the concave nature of the skeleton dissolving metal reduction should generate the 

methyl ketone with a cis orientation relative to the bridgehead methyl group. This was confirmed by ‘H nmr NOE 

difference spectra which displayed strong (20-27%) signal enhancements for the methyl ketone (6 2.19) and tertiary 

methyl (6 0.74) signals consistent with stereochemistry illustrated. Other spectral data (‘H nmr, 13C nmr, IR, MS) 

were also in accord with these structures. 

In conclusion, as illustrated by the synthesis of 12, this intramolecular cycloaddition-[3,3] sigmatropic 

rearrangement strategy provides a general entry to diverse multicyclic skeletons contained in natural products such 

as gascardic acid. 

Acknowledgments: We are grateful to Memorial University of Newfoundland (where this project was 

initiated), the University of Ottawa and the Natural Sciences and Engineering Research Council of Canada for 

financial support of this research and to H. Dettman for nmr spectra. 

1. 

:: 
4. 

5. 
6. 

7. 

:: 

10. 
11. 

12. 

13. 
14. 

References and Notes 

(a) Brochere, G.; Polonsky, J. BUZZ. SCX. Chim. Fr. 1960, 993; (b) Scartazzini, R. PhJ). Dissertation, ETH, 
Zurich, 1966. 
Boeckman, Jr.R.K.; Blum, D.M.; Arthur, S.M. J. Am. Chem. Sot. 1979,101,5060. 
Boeckman, Jr.R.K.; Blum, D.M.; Arnold, E.V.; Clardy, J. Tetrahedron Letr. 1979,48,4609. 
Groweiss, A.; Fenical, W.; Curt-heng, H.; Clardy, J.; Zhongde, W.; Zhongnian, Y.; Kanghou, L. Tetrahedron 
L&t. 1985,26,2379. 
Kaneda, M.; Takahashi, R.; Iitaka, Y.; Shibata, S. Tefrahedron Left. 1972,46. 
(a) Fallis, A.G. Can. J. C/tern. 1984, 62, 183; (b) Ciganek, E. Org. React. 1984, 32, 1; (c) Craig, D. Chem. 
Sot. Rev. 1987,16, 187. 
(a) Paquette, L.A.; Reagan, J.; Schreiber, S.L.; Teleha, C.A. J. Am. Chem. Sot. 1989, 111, 2331; (b) Sworin, 
M.; Lin, K-C. J. Am. Chem. Sot. 1989,111, 1815; (c) Paquette, L.A.; Poupart, M.-A. Tetrahedron Left. 1988, 
29, 273; (d) Paquette, L.A.; DeRussy, D.T.; Rogers, R.D. Terruhedron 1988, 44, 3139; (e) Paquette, L.A.; 
DeRussy, D.T.; Cattrell, C.E. J. Am. Chem. Sot. 1988, 110, 890; (f) Gplinger, J.A.; Paquette, L.A. 
Terruhedron L&t. 1987, 28,5441; (g), Schreiber, S.L.; Hawley, R.C. Tetrahedron Letr. 1985, 26,.5971; (h) 
Jung, M.E.; Light, L.A. J. Am. Chem. Sot. 1984,106,7614; (i) Schreiber, S.L.; Santini, C. J. Am. Chem. Sot. 
1984,106,4038. 
Alward, S.J.; Fallis, A.G. Can. J. Chem. 1984,62, 121.9. 
(a) de Souza-Barboza, J.C.; Petrier, C.; Luche, J-L. J. Org. Chem. 1988,5.3, 1212; (b) Luche, J-L.; Damiano, 
J.C. J. Am. Chem. Sot. 1980,102,7926 
Huckin, S.N.; Weiler, L. J. Am. Gem. Sot. 1974,96, 1082. 
(a) Marshall, J.A.; Audia, J.E.; Grote, J.; Shearer, B.G. Tetrahedron 1986, 42, 2893; (b) Marshall, J.A.; 
Audia, J.E.; Grote, J. J. Org. Chem. 1984, 49, 5277; (c) Sakan, K.; Craven, B.M. .I. Am. Chem. Sot. 1983, 
10.5, 3732; (d) Shea, K.J.; Gilman, J.W. Tetrahedron Left. 1983, 24, 657; (e) Roush, W.R.; Ko, A.I.; Gillis, 
H.R. 1. Org. Chem. 1980,45,4264. 
(a) Smith, A.B. III; Leenay, T.L.; Liu, H-J.; Nelson, L.A.K.; Ball, R.A. Tetrahedron Left. 1988, 29, 49; (b) 
Ireland, R.E.; Norbeck, D.W. 1. Org. Chem. 1985, 50, 2198; (c) Mancuso, A.J.; Swem, D. Synthesis 1981, 
165; (d) Omura, K.; Swan, D. Terruhedron 1978,34, 1651 
Brown, W.L.; Fallis, A.G. Can. J. Chem. 1987,65, 1828. 
(a) Koreeda, M.; Luengo, J.I. J. Am. Chem. Sot. 1985, 107, 5572; (b) Pinnick, H.W. Org. Prep. Proc. Int. 
1983,15, 199; (c) Evans, D.A.; Nelson, J.V. J. Am. Chem. Sot. 1980, 102,774; (d) Evans, D.A.; Baillargeon, 
D.J.; Nelson, J.V. J. Am. Chem. Sot. 1978, 100, 2242. 

(Received in USA 3 May 1989) 


