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ENMTIOSPECIFIC SYNTHESIS OF THE TRICYCLIC NCCLEUS OF ACETOXYCRENDLIDE 

BY CLAISBN RING BXPANSION 
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Abstract: The known R lactone 4 has been transformed in 9 steps into optically pure 2, a 
molecule possessing the ring system characteristic of the crenulide diterpenes. In the 
key step, chirality transfer is accomplished via a g-selective Claisen ring expansion. 

Detailed studies by Fenical' and by Sims3 have revealed that small brown seaweeds 

(Phaeophyta) of the family Dictyotacea produce the unique cyclopropane-containing diter- 

pene known as acetoxycrenulide (l).4 From the chemical viewpoint, its bicyclo[6.1.0]- 

nonane framework with acetoxy and a,fi-unsaturated lactone appendages is unprecedented. 5 

The role of this major algal metabolite appears to be that of a chemical defense agent. 

At low concentrations, this substance severely debilitates herbivorous reef-dwelling fish 

and is often acutely toxic to them. As a consequence, the darkly colored algae are given 

relief from potential predation and survive in the most competitive tropical and subtropi- 

cal habitats known. 

To our knowledge, acetoxycrenulide has not been pharmacologically evaluated in terres- 

trial animal or man. Nor is its absolute configuration known. Our intent is to establish 

the latter while simultaneously allowing for the substance 

able quantity. As a first step in this direction, we have 

that have culminated in the production of 2. The sequence 

to be made available in reason- 

carried out synthetic studies 

takes noteworthy advantage of 

the eight-membered core. the Claisen ring expansion 6.7 to achieve concise construction of 

)' 
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Optically pure 4, [a];' +20.8O (c 2.4, CliC13), was prepared from L-glutamic acid (3)8 

via (R)-(-)-l-trityloxymethyl-y-butyrolactone' according to precedent. 10 Condensation of 
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the lithium enolate of 4 with crotonaldehyde in cold tetrahydrofuran proceeded to give 

in a 1:l ratio the diastereomeric alcohols 5a and 5b, which were readily separated by 

chromatograpy (see Scheme I). Their independent conversion to keto lactone 5c established 

the trans exclusivety of the aldol process while making available a pathway for conversion 

of 5b into the utilitarian less polar epimer 5a. The configurational assignments shown 

were corroborated by X-ray crystallographic studies on later intermediates. 12 

Scheme I 
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The cyclixation of 5a to 6 could be effected by initial reaction with N-(phenylsele- 

no)phthalimide13 in dichloromethane. Following transient formation of the phenylselenoni- 

um ion, intramolecular attack by the neighboring hydroxyl generated the tetrahydropyran 

ring14 wile retaining stereochemistry at the three original chiral centers. Simultaneous- 

ly, the stage was set for introduction of the exocyclic vinyl ether double bond by sele- 

noxide elimination. The relatively stable 6 was heated in mesitylene containing diethyla- 

mine to effect sequential loss of PhSeOH and Claisen rearrangement. 15 Since the latter 

sigmatropic process is usually Z-selective in its ring expansion mode, 7 a kinetic bias for 

vinyl ether conformer A was anticipated because this transition state pathway is uniquely 

capable of leading to the cis double bond isomer 7. The stereoselectivity for o orienta- 

tion of the secondary methyl also follows from adoption of the chairlike topography given 

by A. Although 7, (01;' +7.1° (c 0.85, CHC15). was produced efficiently (66% overall from 
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Sa). care had to be exercised to avoid migration of the double bond into conjugation with 

the lactone carbonyl.16 

Protection of the hetone carbonyl in 7 proceeded in virtual quantitative yield. 

Exposure of the ketal to diethylxinc and diiodomethane according to Sawada and Inoue" 

resulted in smooth cyclopropanation from the less hindered I surface to give 8, [algo 

-50.50 (c 0.39, cHCl3). With all of the carbon atoms necessary for the northern sector 

properly set, the time had arrived to remove the two centers originally utilized for 

stereoinduction and to introduce the intra-ring double bond. To this end, the potassium 

enolate of 8 was allowed to react with phenylselenenyl chloride at -78 'C in 1,2-dime- 

thoxyethane and the resulting cis a-phenylseleno lactone (55%) was quantitatively con- 

verted into 9, [a]:’ +105.7O (c 0.35, CWC13), by periodate oxidation. 

Significantly for our purposes, 9 underwent efficient acid hydrolysis to give 2, [o]:' 

+165.3O (c 0.95, CliC13). without any 

evidence of double bond isomerixa- 

tion. To demonstrate beyond doubt 

that the Simmons-Smith cyclopropana- 

tion had indeed proceeded under 

strict steric control, we completed a 

single-crystal X-ray analysis (see 

Fiyre).12 The study proved not only 

confirmatory of the stereochemical 

assignments, but signaled as well 

that neither of the potentially 

enolisable allylic a-carbonyl protons 

is properly stereoaligned for ab- 

Figure. Computer-generated perspective 

drawing of the final X-ray model of 2. 



6982 

straction by a base. It is likely that the solution structure of 2 parallels that seen in 

the solid state. with rigic constraints on its dynamic behavior, since attempts to achieve 

clean enolization of this keto lactone have not been fruitful. 

These anticipated findings necessitate that the C8 sidechain in 1 be prasent from the 

outset of this g-step synthesis. Our intention is to report on such an approach in the 

near future. 

Acknowledgment. We acknowledge with pleasure the support of this investigation by the 

National Institutes of Health through Grant No. GN 30827. 

(1) 

(2) 

(3) 
(4) 
(5) 

(6) 

(7) 

(8) 
(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 
(16) 

(17) 

References and Notes 

Visiting Scientist Fellow of the U.S.-Spain Joint Committee for Scientific and Tech- 
nological Cooperation, 1986-1988. 
(a) NcEnroe. F. J.; Robertson, K. J.; Fenical. W. In Narfne Natural Products 
Chemistry. Faulkner, D. J. and Fenical, W., Ed.; Plenum Press: New York, 1972, pp 
179-190. (b) Fenical, W. In Narino Natural Products, Vol. II, Scheuer-, P. J., Ed.: 
Academic Press: New York, 1978. pp 173-245. 
Nidland, S. L.; Wing, R. H.; Sims. J. J. J. Org. Chem. 1983, 48, 1906. 
sun, It. Ii.; Ncgnroe. F. J.; Fenical, W. J. Org. Chem. 1983, 48. 1903. 
The additional members of this family are few in number: (a) Pachylactone: 
Ishitsuka, M.; Kusumi, T.; Kakisawa, H.; Kawakani, Y.; Nagai, Y.; Sato, T. Tetra- 
hedron Lett. 1983. 24. 5117. (b) Crenulacetals A-D: Kusumi. T.; Muanza-Nkongolo. 
D.; Goya. @I.; Ishitsuka. Ii.; Iwashita, T.; Kakisawa, H. J. Org. Chem 1986, 51, 384. 
(c) Crenuladial: Tringali, C.; Oriente, G.; Piattelli, H.; Geraci. C.; Nicolosi, 
G.; Breitmaier. E. CM. J. Chem. 1988, 66, 2799. 
(a) Demole, E.; Enggist. P.; Borer, C. Helv. Chim. Acta 1971, 54. 1845. (b) 
Petrzilka, H. Ibid. 1978. 61, 2286, 3075. (c) Pittaloud, R.; Petrzilka. H. Ibid. 
1979, 62, 1319. 
(a) KiMey, W. A.; Coghlan. N. J.; Paquette, L. A. J. Am. Chem. Sot. 1984, 106, 
6868; 1985, 107. 7352. (b) Kang, H.-J.; Paquette, L. A. Ibid. 1990, 112, 3252. 
(c) Paquette, L. A.; Kang, H.-J. Ibid. in press. (d) Paquette, L. A.; Sweeney, 
T. J. J. Org. Chem. 1990, 55, 1703; Tetrahedron, 1990. 47, in press. (e) Paquette, 
L. A.; Friedrich, D.; Rogers, R. D. submitted for publication. 
Taniguchi, H.; Koga, K.; Yamada, S. Tetrahedron 1974, 30. 3547. 
Takano, S.; Yonaga, M.; Ogasawara, K. Synthesis 1981, 265. 
(a) Takano, S.; Yonaga, N.; Horimoto, H.; Ogasawara, K. J. Chem. Sot. Perkin 
Trans 11985. 305. (b) Takano, S.; Tamura, N.; Ogasawara. K. J. Chem. Sot. them. 

Colmmun. 1981, 1155. The reported optical rotation of 2 is [o]D +15.0° (c 2.65, 
CHC13) with temperature not specified. 
Other examples of 1.2-addition to crotonaldehyde include: (a) Katsuki, T.; 
Yamaguchi, N. Tetrahedron Lett. 1985, 26, 5807. (b) Alexandre, C.; Rouessac, F.; 
Tabti, B. Ibid. 1985, 26, 5453. (c) Frater, G.; Niiller, U.; Giinther, W. Tetra- 
hedron 1984, 40, 1269. 
These measurements. which were performed by Dr. J. P. Springer (Merck) and Prof. 
Robin Rogers (Northern Illinois University), will be detailed'in the full paper. 
(a) Nicolaou, K. C.; Claremon, D. A.: Barnette. W. E.; Seitz. D. P. J. Am. Chem. 
sot. 1979, 101. 3704. (b) Grieco, P. A.; Jaw, J. .Y.; Claremon. D. A.; Nicolaou. 
K. C. J. Org. Chem. 1981. 46. 1215. 
Nicolaou. K. C.; Petasis. N. A. Selenium fn Natural Products Synthesis, CIS. Inc. 
Philadelphia, 1984. 
Ziegler, F. E. Chem. Revs. 1988. 88, 1423 and references cited therein. 
X-ray analysis of the crystalline conjugated isomer corroborated the trans re- 
lationship of the two residual stereogenic centers. 
Sawada, S.; Inoue, Y. Bull. Chem. Sot. Jpn. 1969. 42, 2669. 

(Received in USA 20 August 1990) 


