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Abstract - A convergent route to the polyketide sesguiterpene ske- 
leton of robustadial and euglobal is described. 

Simple nonactivated olefins have to our knowledge not yet been used 

systematically in intermolecular hetero Diels-Alder (HDA) reactions with 

1-oxabutadienes as 4n component, although we have shown earlier that a,B- 

unsaturated acyl cyanides, in the presence of AlCl3, react with isobutene 

(2~r) and also 4-methyl-1,3-pentadiene (2n) with high regioselectivity to 

give analogues of rose oxide.' 

We now report examples for the intermolecular combination' of terpenes 

with activated 1-oxabutadiene equivalents. Reaction of cyclohexan-1,3- 

dione (1) with aqueous formaldehyde, proline (catal.) and p-pinene in one 

flask afforded tetracycle 3. It proved advantageous to add 1,3-dione 1 

to the other reactants over an extended period at 95 - 1OO'C. In this 

fashion, 

12%, and 

formation of the undesired Michael adduct 

tetracycle 3 was isolated in 57% yield.3 

4 decreased from 37% to 

0 

CA 0 

1 - 

fonnalin,proline 
CH,CN 
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Only one spiroannulated diastereomer was formed, corresponding to dia- 

stereofacial attack of $-pinene by the 1-oxabutadiene unit from the side 

opposite to the hindered geminal dimethyl bridge.= In order to simplify 

the interpretation of the lo NMR spectrum, we prepared adduct 3a from di- 

methylbarbituric acid in analogous fashion. The nuclear Overhauser effect 

between methyl protons and pyran methylene protons (Fig. 1) shows the pre- 

ferred stereochemical fusion of 3-pinene in 3a and, by analogy, in 3. 

3a 
Fig. 1 

Instead of 3-pinene, a-phellandrene was tried under the same condi- 

tions, but gave hardly any cycloadduct. However, using the copper acetate 

method, previously employed for preparing di-t-butyl methylenemalonate 

from di-t-butyl malonate6 and forcing conditions (sealed tube), the de- 

sired tricycle 5 was formed stereoselectively (isopropyl group trans to AB 

moiety, cf. also 6b) without any Michael adduct 4 in 34% yield.' 

n 
16 
I 

;~~99696'"")2 
1 

. 
12OOC. 12 h. 
sealed tube 

He 4 

5 

The new cycloadducts are useful intermediates in natural products syn- 

thesis. Tetracycle 3 contains the trans arrangement of Spiro ether oxygen 

and geminal dimethyl bridge, as it occurs in robustadial (6a), which is 

used in Chinese folk medicine for the treatment of malaria.' By starting 

from optically pure (lS)-(-)-3-pinene ([alp" - -21, neat) the correct 

absolute stereochemistry of robustadial is introduced directly (cf. Fig. 

1).9 In a total synthesis of robustadial Salomon*bld has combined (+)-no- 

pinone with a substituted 2-hydroxyacetophenone in a tandem Aldol-Michael 

strategy, obtaining a tetracyclic robustadial precursor as a diastereome- 



6631 

ric mixture (2 : 5), the minor component leading to 68. The StereOSeleCti- 

vity of the cyclization step in the Balomon approach8b*d has recently been 

improved by Majewski and Bantle.'* 

68 - 6b. Q - cocH,W~,), 

Because of the sensitivity of the electron rich resorcinol monoether 

moiety in 9 towards electrophiles and oxidizing agents, aromatization of 3 

had to be carried out by oxidation of 7 with Davis reagent O1olll (trans- 

0 OH 

PhSe 

7 - - 

3-phenyl-2-(p-toluenesulfonyl)oxaziridine) in the presence of 3,5-dime- 

thoxyaniline.12 Tricycle 5 has the correct ring BC substitution pattern of 

euglobal IIc (6b), which, like 6a, is a polyketide sesquiterpene isolated 

from Eucalyptus globulus.13 
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