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Abstract: A new synthesis of tricyclic lactones via allene intramolecular cyclo- 

addition and its application to synthesis of (f)-platyphyllide are described. 

The polycyclic fused lactone system is one of the fundamental building 

blocks of a large number of naturally occurring terpenoid compounds, 
1 

some of 

which have been of great interest owing to their diverse biological activi- 

ties. 
2 

Herein we wish to report on a new development of facile synthesis of 

tricyclic lactone systems (C) based on the intramolecular Diels-Alder reactions - 

of the allenyl ethers (A) followed by hydration and oxidation of the - resulting 

adducts (B) as outlined in eq 1. 

Recently, we have found that the allenyl ether undergoes the intramolecular 

Diels-Alder reaction with extraordinary ease due to its favorable geometry. 3,4 

This strategy is now successfully utilized in the synthesis of the tricyclic 

lactones. Thus, when the propargyl ether 1 5'6 was heated in t-BuOH (83 "C) in - 
the presence of t-BuOK (excess) for 1 h, adduct 3 

7 
was obtained as the sole 

product in 91% yield via the allenyl ether intermediate 2, whereas direct 

heating of 1 in benzene (80 "C, 7 h) afforded the isomeric adduct 4 (90%) (eq 

2). While 4 was - stable and recovered unchanged, treatment of 3 with 3% - 
solution of lo-camphorsulfonic acid (CSA) in THF/H20 (3O:l) at room temperature 

for 30 min gave a 92% yield of lactol 56 which was readily oxidized by PCC in 

CH2C12 to give lactone 6 8 - in 98% yield. The cis ring fusion of lactone in a, 
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(92%) 2 (98%) g 

(eq. 2) 

confirmed by the 1I-I NMR spectrum using the shift reagent (Eu(dpm)3), 
8 can be 

attributed to the stereospecific cycloaddition of 2 as well as hydration of 2. 

Table I shows the results of the lactone synthesis for other substrates. 

The base-catal,yzed intramolecular cycloaddition proceeded smoothly at 83 'C and 

the dihydrofuran products obtained were converted into the corresponding lac- 

tones in high yieds except for the acid labile 1. Compound 8 (entry c) was - 
considered to be derived from the thermal product (like 4_) via aromatization, 

since 1 gave no 8 under the same reaction conditions. In entry d, the milder - 
reaction at 40 'C led to the isolation of the 'allene' intermediate (11) which - 
in turn underwent at 83 OC a rapid cylcization with concomitant hydrogen shift 

to give lJ, while the direct heating of 2 resulted in no reaction at all. 

The synthetic utility of this methodology was shown by the application to 

the synthesis of the norsesquiterpene lactone, platyphyllide (18) ' (Scheme I).6 - 
The low-temperature reduction (-110%) of aldol 12, prepared by the reaction of - 
3-vinylcyclohexanone and actone, gave a l:l-stereoisomeric mixture of diol 13 - 
which were directly propargylated without isolation, since the chromatographic 

separation and identification of each stereoisomer could be much 
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‘(a) LAH.EtzO.-1lO’C: (b) n-BuLi.CsHs.DMSO.then CHi;CCHzBr: (C) SiOe-chro- 
matography: (d) t-BuOK.t-BuOHB3’C: (e) CSA,THF,H20: (f) PCC.CH2C12: (g) 
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Table I. La&one Syntheses via Allene Intramolecular 
Cycloaddition and Hydration-Oxidation Procedures a 

entry 
starting b cycloadduct ’ hydration-oxidation ’ 

material (yield.%) e product (yield.%) * 

a 

b 

C 

d 

z (65%) 8 (22%) (11%) 

2 I_0 (76%) 

a See ref.6. b See ref.5. ’ Unless otherwise noted, all reactions 
were carrzd out in t-8uOH at 83’C in the preseJce of 2 equiv. of 

t-BuOK. See the text. e Isolated yields. Isolated in the 

reaction at 40°C in the presence of t-BuOK. 

achieved in 14 10 _- The desired trans isomer of 14 (more polar) was subjected to - 
the above lactone synthesis, giving lactone 15 as the sole product in 77% over- - 

all yield. The phenylselenation followed by oxidative elimination gave the di- 

ene 16 which was readily dehydrogenated by DDQ 
11 

to give 17. 
9 

- - The dehydration 

of 17 by the method of Bohlmann ' afforded (+)-platyphyllide 18l* which is iden- - 

tical with the authentic sample in all spectral aspects. l3 <he cis isomer of 

18 was also synthesized similarly using the corresponding cis isomer of 14. - - 
This unique lactone synthesis is characterized by a very facile and 

stereospecific formation of tricyclic ring system under the mild reaction 

conditions and bears a ppotential utility for the synthesis of the related 

polycyclic systems seen in many natural products. 
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