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Abstract

A concise and efficient total synthesis of (+)-11,12-epoxysarcophytd),/a epoxy cembrane diterpenoid from
marine soft coraLobophytumis described, which allows the assignment of an absolute configurati&128L
of the epoxide function unambiguously. © 2000 Elsevier Science Ltd. All rights reserved.

Cembranoids, a family of 14-membered cyclic diterpenoid natural products existing in terrestrial, and
especially in marine organismsire of great interest to synthetic organic chemists and biologists because
of their unique structure and wide range of biological activifi¢s)-11,12-Epoxysarcophytol AL}, an
epoxy cembrane diterpene, was first isolated by Bowden and co-wdiket983 from an Australian
marine soft coralLobophytunsp. and characterized spectroscopically and chemicallyZa3K,YE)-14-
hydroxyl-11,12-epoxycembra-1,3,7-triene. The configuration of 14-hydroxyl was confirm&jlasg
zinc—copper couple-mediated reductive elimination of the epoxide moiety leading to the formation of
a known cembrane diterpenoid sarcophytol2)\{ a possible biosynthesis precursorlofSarcophytol
A (2) has shown therapeutic potential for cancer prevention and have been %texiiedsively both
synthetically and biologically. However, tladsolute configuratioof the epoxide function of remains
undetermined and was merely assumed aS, {P5) by the authors.
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(+)-(11, 12)-Epoxysarcophytol-A (1) Sarcophytol-A (2)

In continuation of our on-going project on the asymmetric synthesis of cembrane diterpenoids, we
report herein the completion of the first total synthesis and its absolute configuration assignment.

The synthetic strategy which adopted the Takayanagi’'s synfhafsis as shown retrosynthetically in
Scheme 1, involves: (1) chemoselective and enantioselective CBS reduction of the ketonic carbonyl of
the epoxy cyclic derivativ8; (2) macrocyclization of precursdrby an intramolecular alkylation process
of cyanohydrin silyl ether-derived carbanion; and (3) Sharpless epoxidat®toafonstruct the epoxide
function enantioselectively.
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Scheme 1. SAE=Sharpless asymmetric epoxidation

Total synthesis ofl is outlined in Scheme 2. The key intermedi&evas prepared as reported
previously with optimized conditions. Enantioselective Sharpless epoxidatiérs mediated by the
Ti(O-i-Pr)y/L-(+)-DET system furnished the epoxidein 95% yield with an enantiomeric excess of
98% as measured by meanstef NMR spectrometry of the ester derivative &){( )-acetylmandelic
acid. The epoxy alcohob was converted to the epoxy bromideby the following sequence: (1)
mesylation of6; (2) Sy2 substitution of the mesylate to give the corresponding bromide; (3) saponi-
fication of the acetyl group; and (4) Mp@Xxidation. Bromo aldehydé was condensed with 3-methyl-
2-(diethylphosphono)butanenitfig(CHz)>,CHCH(CN)P(O)(OE] under modified Horner—-Emmons
conditions® to afford the desire@-form , -unsaturated nitrilé in 90% yield. Reduction of nitrile
8 with diisobutylaluminum hydride (Dibal-H) was conductedrirhexane at 78°C and followed by
treatment of the resulting imine intermediate with 10% aqueous oxalic acid to give the desired aldehyde
9!l in 88% isolated yield after flash chromatography on silica gel. Aldelyaeas transformed by
treatment with MgSiCN catalyzetf by a complex of KCN—18-C-6 into cyanohydrin trimethylsilyl ether
4, the macrocyclization precursor, which was ugathediatelywithout further purification according to
areported procedure by Takayan&gihus, a solution of the cyanohydrin derivatiéén THF was added
slowly (over 1.5 h) to a refluxing mixture of LIN(SiM& in THF ( 1.0 M). Subsequent treatment of
the crude cyclization product with a catalytic amount of tetiautylammonium fluoride (TBAF) in 10%
aqueous THF at 20°C for 24 h afforded the desired epoxy kedbnia 85% overall yield from aldehyde
9 after flash silica gel chromatography. CBS reductfmf the ketonic carbonyl o8 was carried out with
BH3 Me,S in toluene at 0°C in the presence of a 10 mol% of chiral complserived* in situ fromp-
(+)-proline and trimethyl borate to give the title compourdin 88% yield with anS:Rstereoselectivity
of 95:5 at C-14.
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Scheme 2. Enantioselective total synthesid.ofa) Ti(O4-Pr),, L-(+)-DET, tert-BuO,H, CH,Cl,, 40°C, 95%, 98% ee; (b)
(1) CH;SO,CI, EN, CH,Cl,, 10-0°C; then LiBr, acetone, 50°C, 82%; (2)®0;, MeOH, 23°C; then Mn@ hexane, 23°C,
91%; (c) LiN(SiMe&),/(CH3),CHCH(CN)P(O)(OE®H), toluene, 78°C; then7, 90%; (d) Dibal-H, hexane, 78°C; then 10%
ag oxalic acid, 0°C, 88%; (e) (1) M&ICN, cat KCN/18-C-6, THF; (2) LiN(SiMg),, THF, reflux; thenn-BusN*F , 10%

ag THF, 85% from9; (f) BH3 Me;S, 10 (10 mol%), toluene, 0°C, 88%. (DET=diethyl tartrate; Dibal-H=diisobutylaluminum
hydride)

The syntheticl was identical® spectroscopically with those of natural products reported in the
literature® as well as the specific rotation {|p?° +218 € 0.35, CHC}), lit.2[ ]p +229 € 0.95, CHC})}.
The corresponding acetate of synthetiowas obtained by direct acetylation (A2, Py, cat4-DMAP)
and showed identicHl spectroscopic properties with those of natural produatswell as the optical
character {[ ]p%° +290 € 0.62, CHC%), lit.3[ ]p +296 € 0.36, CHC})}. Therefore, we were able to
conclude that the absolute configuration of (11,12)-epoxXywés (11512S).

In summary, a concise and efficient enantioselective synthesis of (§)1¢8-epoxysarcophytol-A
(1) was accomplished for the first time in six simple operations from readily avaitednhs, trans
farnesol derivatives with an overall yield of ca42%, by which the absolute stereochemistry of the
natural productl was assigned unambiguously. The synthesis presented here features a combination
of the well-known highly enantioselective Sharpless epoxidation and CBS reduction for the assembly
of three chiral centers and the macrocyclization of cyanohydrin silyl ether-derived carbanion alkylation
leading to the 14-membered cembrane cyclic skeleton.
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