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Abstmct: As pan of a bianimtic approach towards the marine tritapene teurilene (2). the synthesis of the 
chid diepoxide 3 is described. Ajming at the synthesis of the yualene tetmepoxide 1, double Sharplm 
epmidation led to the intermediate hisglycidic alcob 7 bzing subjm to a stereochemical anatpis. 

The discovery of the steroid biosynthesis horn squalene oxide’ has found exciting continuation as an expanding 

principle in recent years. For numerous terpenoids, 1,5oligoepoxides are discussed as biogenetic precursorsX Typical 

examples are biologically active polycyclic triterpenes like magireols a and teurilene 23b from the red alga Lmrencia 

obfu+ra whose structures suggest formation by rearrangement of the hitherto unknown squalene tetraepoxidc 1. In this 

respect, the diterpene dioxide 3 deserves special attention as a model compound for biomimetic rearrangements and as 

a synthon for terpenoid cyclic ethers. In the following we shall describe the synthesis of the chiral diterpene 3 applying 

a double Sharpless epoxidation4” as the key step. The teurilene related meso-compound 12 was formed from 3 in a 

biomimetic, acid catalyzed epoxide cascade. 

1 2 3 

The titanium mediated y-dimerization of the silylvinylketene acetal5 obtained horn tiglic acid (4) proved to be 

an eflicient way to prepare stereochemically pure, crystalline bisallylic ester 6 in a yield of 90 % (scheme 1).5 The 

alternative double Wittig reaction starting from succinic aklehyde yielded an undesired 9: 1 mixture (GC analysis) of 6 

and its (E,Z)-isomer. After reduction of 6 with LiAlH,, the resulting (E,E)-bisallylic alcohol was subject to a double 

Sharpless epoxidation giving rise to the bisglycidic alcohol 7h. Probably due to the close neighbourhood of the two 

epoxide rings, 7 could only be obtained under catalytic?b but not under stoichiometric reaction conditions. 

We were able to separate the chiral diepoxy diiodides & and 8b from the meso-form & on an analytical scale 

determining the overall diastereomeric excess after the two epoxidation steps to be 80% (CC analysis). Scheme 1 
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shows the tH NMR signals of the diastereotopic iodomethyl protons for the product of the double asymmetric epoxi- 

dation and for the l:l-diastereomeric mixture obtained using m-chloroperbenzoic acid (MCPBA)KF as epoxidizing 

agent7. The average stereoselectivity of each catalytic Sharpless epoxidation can be calculated to 89% which is slightly 

lower than the ee values described for trkubstituted allytic alcohols. Assuming that the first epoxidation proceeded 

with an ee of 92 %, the presence of the first chiral oxirane would have diminished the diastereoselectivity of the second 

epoxidation. 
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Scheme 1. Synthesis and stereochemicaf analysis of the central diepoxy unit. a: CH,OH@+.Bt,O, reflux, 24 h, 
70 %; b: LDA, m, -65 “C, 2 h; NSCl -65 “C to 15 “C, 2h, 61 %; c: TiCl+ CH&, 0 “C, 90 %; d: LiAlH,, 
Et,O, 80 %; e: TBHP, 5 mol% Ti(OPr),, 7 mol% L(+j-DET, CH,Cl,, 4 A sieves, -25 “C, 6 h; nBu3P, citric 
acid, 85 %; E p-TosCL pyridine, CHzCl,, 0 “C, 4 h, 5’0 %; g: NaI, acetone, reflux, 12 h, quant. conversion, 52 % 
isolated product. 

Oxidation of 7 to its corresponding bisaldehyde 9 with Collins’ reagent8 proceeded smoothly (scheme 2). After 

an in situ double Wittig reaction with two equiv. of the phosphorane Ph3P=CH-CHO and subsequent his- 

hydrogenation of the resulting bisvinylogous aldehyde employing RNA&O, as a catalyst, the saturated aklehyde 10 

was obtained in a satisfying yield. Reaction of 10 with two equiv. of the phosphorane 11 led us to the diester 39. 

3 was exposed to p-TosOH in THP/water (9:l) for 2 d, yielding a compound the spectroscopical data of which 

were in complete accordance with the dihydoxy tetrahydrotiuan 1210. Its FDMS spectrum clearly indicated the uptake 

of one molecule of water and the symmetry of 12 caused eleven signals in the tv NMR spectrum. Instead of the two 
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peaks of 3 corresponding to the four oxirane carbon atoms (at 6 = 60.3 ppm and at 6 = 62.7 ppm in CDCl& 

resonances at 6 = 73.4 ppm (quatemary carbon atoms) and at 6 = 85.2 ppm (a-THF carbon atoms) were observed. 
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Scheme 2. Synthesis and rearrangement of the diterpcnoid diepoxide 3. a: CrO,,2Py, CH,CI,, 4 A sieves, 0 “C, 
1 h, quant. conversion; in situ b: Ph,P=CHCHO, CHQ,, diethyl amino polystyrene, reflux, 4 h, 63 %; c: H,, 
Rh/Al*O,, 1 atm, 24 h, 71 R; d: 11, CH,Cl,, 24 h, 30 %; e: H,O, p-TosOH, THF, 2 d, 36 %. 

The formation of 12 is one of the few synthetic examples of an epoxide cascade involving an acid catalyzd, in- 

termolecular attack of a water molecule.11 The bidirectional synthetic strategy leading to the diepoxy diester 3 in nine 

steps with an overall yiekl of 4.2 % appears to provide an efficient access to terpenoid oligoepoxides being of interest 

as precursors of biologically active, natural tetrahydrofuran systems. 
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