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Highly stereoselective total synthesis of plaunotol has 

been achieved by the application of the (Z)-stereoselective 

direct Wittig olefination to a -alkoxy ketones having geranyl-

acetone skeleton. 

Plaunotol(1), the most important component of a folk medicine named Plau-noi 

in Thailand, was reported to show remarkable antipeptic ulcer activities.1) On 

the synthesis of this acyclic diterpene alcohol, there has been only one report by

Ogiso and coworkers,1) who prepared 1 by applying the modified indirect Wittig 

olefination via ƒÀ-oxide phosphonium ylide, a method developed by Corey and 

Yamamoto.2) This reaction is indeed highly stereoselective, but the product 

selectivity is insufficient to obtain a single product in a good yield. Here we 

report an efficient stereoselective synthesis of 1 by the direct Wittig reaction 

employing a -alkoxy ketones and a phosphorus ylide. 

In our preceding paper, we reported that the direct Wittig reaction between 

unstabilized phosphorus ylides and a -alkoxyacetones lead to protected tri-

substituted allylic alcohols with high stereoselectivity for the Z isomer.3,4) 

Scheme 1 shows the retrosynthesis of 1 on the basis of this direct Wittig 

olefination strategy.

Scheme 1. 

The requisite ƒ¿ -alkoxy ketones 2 having a geranylacetone skeleton could be 

prepared either by three-carbon elongation from geranyl sulfide or by regio-

selective oxidation of geranylacetone. As shown in Scheme 2, a -benzyloxy ketone 

2a6) was prepared by the reaction of glycidyl benzyl ether (4) with a -lithio-

geranyl phenyl sulfide followed by oxidation) in 61% yield on the basis of 4. An 
alternative ketone, i. e. a -tetrahydropyranyloxy ketone 2b, was prepared from
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geranylacetone (6) in 3 steps. Lithium enolates, obtained by kinetically 

controlled reaction of 6 with lithiumdiisopropylamide as hindered base in THE 

solution at -78•Ž, were quenched with trimethylsilyl chloride to form a terminal 

enolate 7a predominantly and inner enolate 7b in minor quantity in 90% 

combined yield (7a:7b=92:8 by GLC). The mixture of two enolates 7a and 7b was 

subjected to oxidation with m-chloroperbenzoic acid at -78•Ž to afford, after 

acid hydrolysis, a -hydroxy ketone 86) in 68% yield on the basis of 6. As kinetic 

inertness of the inner olefin moiety prevented 7b from undergoing oxidation, the 

unreacted 7b was recovered as the starting ketone 6. a -Tetrahydropyranyloxyketone

2b6) was obtained by protection of ketol 8 in 85% yield.

Scheme 2. 

Phosphonium iodide 9, a precursor of phosphorus ylide 3, was prepared from 

geranyl benzyl ether 10 in 65% overall yield as shown in Scheme 3. Regioselective 

epoxidation of the terminal double bond of 10 was effected with N-bromosuccin-

imide, followed by in situ treatment of the bromohydrin with potassium hydroxide. 

The epoxide was oxidatively cleaved with periodic acid to give an aldehyde which, 

without further purification, was treated with sodium borohydride to furnish 

benzyloxy alcohol 11 in 65% yield on the basis of 10. Phosphonium iodide 96) was 

obtained by the conventional method in 91% yield from 11 via the corresponding 

tosylate and iodide 12.8)

Scheme 3. 

With the phosphonium salt and the counterpart ketones in hand, we then 

carried out the direct Wittig olefination to elaborate the plaunotol skeleton.
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Phosphonium iodide 9 was converted into phosphorus ylide 3 by treatment with 

butyllithium in THF-HMPA (5 vol%). The direct Wittig olefination of 2a with ylide 

3 afforded a protected diterpene 13a6) in 62% yield, which was subjected to 

Na/NH3 reduction to give the plaunotol (1) in 76% yield with 97-98% purity. The 

1H -NMR spectrum of the product indicated the presence of a very small 

amount (2-3%) of the conjugate reduction product 14. The structure of the 

synthetic plaunotol was confirmed by the comparison of its spectral data (IR and 

1H -NMR) with those in the literature. 1) Further evidence for the selective 

formation of the Z olefin was obtained as follows. The synthetic diol 1 was 

treated with active manganese oxide in hexane at 0•Ž for 4 hours to afford 

dialdehyde 15 in a quantitative yield. 1H-NMR spectrum of 156) exhibited a 

singlet at ƒÂ 10.09 attributable to the aldehyde proton at C-7 of (Z)-double bond 

and no other singlets in the formyl proton region, indicating the exclusive 

formation of Z isomer in the Wittig reaction. 

The direct Wittig olefination of an alternative ketone 2b with 3 afforded the 

desired product 13b6) in 72% yield, which was subjected to Na/NH3 reduction and 

further deprotection with dilute acid to give pure 16) in 86% yield. The spectral 

data of the product were found to be identical with the reference ones 1) in all 

respects. The stereochemical outcome of the Wittig reaction was further confirmed 

on aldehyde 166) obtained from 13b by the removal of the THP protecting group 

followded by mild oxidation. The 1H-NMR spectrum of 16 showed a singlet at 

ƒÂ 10.09 attributable to (Z)-ƒ¿, ƒÀ -unsaturated aldehyde proton and no signals in the 

aldehyde proton region ((ƒÂ 9-11).

Scheme 4. 

On the synthesis of plaunotol (1) as a single product in a good yield, an 

efficient stereoserective procedure was provided by the direct Wittig reaction 

employing a -alkoxy ketones and a phosphorus ylide. 

In summary, the stereoserective preparation of oxygenated acyclic terpenoids 

is feasible by use of the direct Wittig olefination toward a -alkoxy ketones, and 

it facilitated a total synthesis of plaunotol from geraniol derivatives in short 

steps with high stereoselectivlty.
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