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Abstract: A new approach to (+) and (-)-grandisol is described through a diastereoselective 

photocycloaddition of ethylene to an easily available homochiral butenolide. Optically pure 

intermediates are obtained. 

(+)-Grandisol is the most important component in the sexual attracting pheromone of the Boll weevil 

(Anrhononwus grandis), which is a dangerous insect for the cotton plants. * 

Many syntheses of this mon~~ne in its mcemic form have been described to date, although the overall 

yields are. not too high.2 Recently, yields of -20% have been claimed in some asymmetric approaches.394 Only 

two of them are short (less than 10 steps) and show e.e. = 91-100%.4 

We wish to report here the synthesis of the immediate precursors of (+) and (-)-grand&o1 following a 

short and efficient approach that uses an easily available homochiral butenolide as starting material: that ensures 

the creation of new chiral centers by internal asymmetric induction of the original and sacrificial stereogenic 

center. 

The key intermediate or immediate precursor for the synthesis of (+)-grandisol, (+)-1, is the 

cyclobutane derivative 2, that has already been transformed into 1. 4bvs We related this intermediate with the 

cyclobutanic lactone 3 (Scheme I) that could be obtained by a stereoselective [2+2) cycloaddition of ethylene to 

an hom~hi~l a,~-bu~no~i~ like 4, therefore our synthetic approach depends on the asymmet~c induction 

performed by the stereogenic center present in 4. 

We have previously shown that diastereoselection on [2+2] cycloadditions to homochiral 2(5H )- 

furanones depends mostly on the steric effects exerted by the volume of the group R present in the 5 position of 

the furanonePDiastereomeric excesses of up to 64% were formed in the reaction of s with tetmmethylethylene. 

These d.e. were worse than the ones found in Diels-Alder reactions with similar a,@butenolides,7 indicating 

once more the high steric requirements at the transition state of the truly concerted Diels-Alder reaction. 
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SCHEME I 

” (-)-grandl8ol 6, 8yn 

(+)-grmdisol 2 3, ant/ 

In spite of these results we undertook the synthesis of (+)-grandisol as ptanned. (~)-~hydroxymethyl- 

2(.5&furanone (5, R=H)g was transformed into its acetate and pivalate derivatives on reaction with Ac20 and 

pivaloyl chloride, respectively. Both esters were methylated to the (S)-4-methyl-5-hydroxymethyl-2(.5H)- 

furanone esters 4a and 4b via thermolysis (refluxing dioxane) of the pyrazolines obtained by reaction with 

diazomethane. The acetate and the pivalate esters 4a and 4b were each irradiated (Philips HPK 12SW/Acetone/- 

45OC) in the presence of a saturated atmosphere of ethylene yielding two diastereomers, 3a and 6a (as welt as 

3b and 6b) (Table I, Scheme I) with an almost quantitative yield in the second case. It is worth to comment on 

the influence of the vinylic methyl group that diminishes the face diastereoselectivity in these [2+2] 

cycloadditions (compare with the results obtained in prior studies.6 with other homochiral butenolides). 

Although the d.e. are not too high, in the case of the pivalate a simple flash column chromatography gives 

excellent separation of the two diastereoisomers, thereby giving rise to a short efficient and cheap way to both 

cyclobutanic intermediates 3b and 6b for (+) and (-)-grandisol. The relative configuration of the cycloadduts 

was determined from their 100 MHz 13C NMR spectra and the major adduct was assigned to an anti 

relationship between the CH2OR group and the cyclobutane ring. The anti adduct (a attack), 3b, shows 

cyclobutanic configuration centers identical to those in (+)-grandisol, while the syn adduct (p attack), 6b, 

relates to (-)-grandisol. 
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TABLE 1: Dependence of the cycloadduct ratio 3:6 (uwi : syn ) on the substituents 

in the y-position of of the chiral furanone. a By glc . 

furanone R 

4a COCH3 
4b COWH3)3 

d.e. 
% 

6 

24 

yield 
% 3+6 

65 
quantitativea 

SCHEME II 

a: R = COCH, 
b: R = ~oc(~a), 

OH 

cycloadduct ratio 
anti : syn 

53:47 
62:38a 

i) hv/acetone (HPK- 125W); ii) MeLi; iii) TCDIflHF; 

iv) 1,3-dimethyl-2-phenyl- 1,3,2-diazaphospholidine/@C; v) lit.4b,5 
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Lactone 3b ({a}D -18.53, c:1.32 in CHC13) opens to the trio1 7 ({a)D +2.51, c: 1.51 in CHCl3) when 

an excess of MeLi is added to a THF solution at -78oC. The thionocarbonate 8 ({a}D -62.54, c: 1.45 in 

CHCl3) is obtained from 7 by transesterification with ~i~~~nyldii~d~ole (TCDI) in THF at 55oC. Finally, 

2 ({a}D -34.92, c:1.26 in CHCl3; lit. *2b (a}D -34.1, c:1.28 in CHC13) is formed from 8 under mild 

conditions9 by stirring with 1,3-dimethyl-2-phenyl-13.2-diazaphospholidine at 4ooC. In a similar sequence 11 

((a}D +35.24, c:1.30 in CHCl3; lit. *4b {a}D +33.0, c:O.97 in CHCl3), the immediate precursor of (-)- 

grand&l, is prepared from the syn cycloadduct 6 ({a}D +77.07, c:2.05 in CHCl3) via 9 ({a}D -21.8, 

c: 1.28 in CHC13) and 10 ({a}D -56.3, c: 1.54 in CHC13). All the diastereoisomers 3-11 are obtained with 

an optical purity of 100% (by chiral &: Lipodex A, he~~s-(2~,~t~-O-~ntyl)~-~y~l~ext~n, 25m x 0.25 

mm). The overall yields from 4b to 2 (the immediate precursor of (+)-grandisol), and 11 (the immediate 

precursor of (-)-grandisol), are 41% and 24% respectively. 

As a conclusion, we describe a new approach to the immediate precursors of both (+)- and (-)-grandisol 

based in a short and diastereoselective sequence that affords optically pure intermediates and a high yield of such 

precursors. Since both have been previously converted to (+) and (-)-grandisol our work represents a formal 

synthesis of the pheromone component of the Boll weevil (Ant~~~~s grandis ) and its enantiomer with an 

equivalent overall yield of 28% for (+)-grandisol and 16% for (-)-grandisol. 
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gratefully acknowledged. 
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