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SUMMARY. The marine antineoplastic agent aplysistatin (a) has been prepared enantiospecifically. 

The key step is the biomimetic cyclization of (2R, 3R)-2-homogeranyl-3,4_dihydroxybutanoic acid 

1 4 lactone (2) with 2,4,4,6-tetrabromocyclohexa-2,5-dienone in nitromethane. 

The anticancer agent aplysistatin (a) was isolated from the sea hare Aplysia angasi by 

Pettit and co-workers,l and total syntheses of this natural product in racemic form have been 

achieved by Hoye2a,2b and by White. 2c The structure of this cyclic ether suggested to us a 

biomimetic synthesis in which all four chiral centers could be introduced stereospecifically by 

the cyclization of a diene alcohol such as 3, in which the absolute configuration at the 

carbinol carbon would uniquely determine the remaining three stereocenters. We now report the 

first enantiospecific total synthesis of natural (-)-aplysistatin, synthetically derived from 

R-(+)-malic acid. 

The chiral S-hydroxy-y-butyrolactone (R)-2 was prepared from the corresponding R-(+)-malic 

acid (1).3,4 The dianion of 2 was generated by treatment with 2 equiv. of lithium = = 

diisopropylamide at -780C in THF and was alkylated4 with homogeranyl iodide5 in THF-HMPA at -78 

to -45O to give the desired substrate 2 in 35% yield after flash chromatography. As observed in 

the alkylation of acyclic B_hydroxyesters,6 only the trans-2,3- disubstituted lactone is 

obtained4j7 (Scheme I). At temperatures above -45OC, elimination of HI from the iodide to give 

the conjugated diene occurred more rapidly than alkylation of 2. Brominative cyclization8 of 2 
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Scheme I. Synthetic scheme for chiral $ and 1, 
conditions : 

shown only for the natural c-j-6. Reagents and 

-78O(5 hr), 
(a) LDA (2 equiv.), THF, -78OC, 1 hr; (b) homogeranyl iodide, THF-HMPA (2:1), 

-40'(16 hr); (c) 2,4,4,6-tetrabromocyclohexa-2,5-dienone, CH3N02, 20°, 2 hr; (d) LDA 
(1 equiv.), THF, -78O, 1 hr; C6H5SeBr, 
CH3CO2H, O', 0.5 hr. 

-78O(l hr), then -400(2 hr); (e) H202, THF, cat. 

was effected using 1.2 equiv. of 2,4,4,6-t t b e ra romocyclohexa- 2,5-dienone in dry nitromethane9 

at ambient temperature for 2 hr. The high Rf fraction (cyclic ethers) was isolated from the 

crude cyclization mixture by flash chromatography to afford a 12% yield of a 19:81 mixture 7 of 

7,8_dihydroaplysistatin 5 and the enantiomeric 12-epi isomer 2. The conformations of ;2 required 

for synchronous cyclization via diastereomeric transition states *,lO to give 2 and 2 are shown 

in Figure 1. The approximately 5:l preference for cyclization to the undesired enantiomeric 

12-epi isomer 2 indicates l-2 kcal difference in the coiled transition states corresponding to 

& and 2. We believe this arises from the steric interactions of the incipient angular methyl 

with H-8 in 3A, which is avoided in 2. 

The mixture of cyclic ethers 4 and 1 was converted in 93% yield to (-)-aplysistatin (6) and 

(+)-12-epiaplysistatin (1) by phenylselenation of the lactone enolates at -78oC followed by 

oxidative elimination of phenylselenic acid to introduce the 7,8- double bond. Analysis of this 

mixture of diastereomers by GC on a 50-m fused silica capillary clearly showed a 12:88 mixture 

of a:', which co-eluted with authentic samples of cdl)- aplysistatin and cdl)-12-epiaplysistatin 

furnished by Prof. T. Hoye. This mixture of & and 1 was separated by HPLC7 to give homogeneous 

20 
samples of chiral a ([u]589 (CH30H) = -421°(lit.1-3750); CD in methanol [01;:9 + 8460 (1it.l 

+8580)). The 12-epi isomer 1 had [aIs 2o (CH30H) = +25O; CD (CH30H), [01;i9 = +3522. The 80 MHz 
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Figure 1. Conformations of 2 required for cyclization to 7,8_dihydroaplysistatin &_r4=) and 
12-epi-7,8_dihydroaplysistatin (3&+5). 

lo-NMR and EI-mass spectra of 5 and 1 were indistinguishable from those for the racemic samples 

provided by Hoye2a,b and for the chiral 6 provided by Pettit.1 

The sequence described above was initially developed using the more available S-(-)-malic 

acid. In this way, the unnatural isomer (+)-aplysistatin and (-)-12-epiaplysistatin were 

obtained in a 12:88 ratio following the same synthetic sequence. In both enantiomeric series, 

it is important to note that only a single pair of chiral, diastereomeric bicyclic ethers is 

obtained out of the 32 possible stereoisomers of 4. 

A number of marine natural products are based on the bromonium ion-initiated cyclizations 

of sesquiterpenes. The chamigrenes,ll snyderols,l2 and bromoepicaparrapi oxides 8,13 h ave been 

prepared by biomimetic electrophile-induced cyclizations. These routes offer high 

stereoselectivity in the simultaneous construction of several new chiral centers, thereby 

mitigating otherwise unacceptably low yields in the penultimate steps of the total syntheses. 

Indeed, haloethers such as a lacking derivatizable functional groups would be difficult to 

obtain in chiral form from synthetic racemic materials. 
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