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Ene reactions of suitably substituted olefins with dimethyl acetylenedicarboxylate give 
substituted 1,4-pentadiene-1,2-dicarboxylates, which undergo acid-catalyzed cyclization 
to a-carbomethoxymethylene y-lactones. 

Many compounds of natural or synthetic origin 

antitumor properties.2'3 In this communication we 

lactones having a carbomethoxyl substituent at the 

had apparently been performed on such derivatives, 

unsubstituted cl-methylene compound is in principle 

this as a general method. 

Our synthesis is comprised of two steps. 

1. An initial ene reaction of a variable olefinic 

acetylenedicarboxylate (DMAD); 

2. Acid-promoted cyclization of the 

Ene reacton. Considerable variation 

of the ene reaction for the presence 

having an cl-methylene-I-lactone moiety possess 

describe a new synthesis of cl-methylene-l- 

methylene carbon. Since no antitumor testing 

and since conversion to the corresponding 

quite facile, we were interested in developing 

component 1 (or 4) with dimethyl 

resulting adducts 2 (or 5) to give 3 (or 6). 

is possible in this step, subject only to the requirement 

of an allylic proton.4 In some cases (eg. methylenecyclohexar 

lc, 8-pinene ld,5 ethylidenecyclohexane If) the ene reaction with DMAD is most conveniently 

carried out thermally (120-140'; 8 hr), the adducts being obtained in SO-75% yield.6 The 

corresponding reaction of vinylcyclohexane lb is much slower and the adduct yield poor (ca. 10% 

in 60 hr). In the case of more volatile olefins (eg. 2-methyl-2-butene le, Z,3-dimethyl-2-butene 

lg, 1-methylcyclohexene 4a, cyclohexene 4b) the reaction is best carried out in the presence of 

an equimolar amount of anhydrous AlC13 (CH2C1z as solvent; l-3 hr at 2S", excess olefin).7 Yields 

of adduct in these cases are of the order of 60%.6 In the case of the acyclic 1,2-disubstituted 

olefins trans 2-hexene lh or trans 3-hexene li, no ene reaction occurs and the predominant product 

(50-60%; 3 hr at 25') of A1C13-promoted reaction with DMAD is the cyclobutene 7a or 7b.7,8 With 

1-hexene la, a mixture of 2a and 7c (_ 3:2) is obtained. 

Cyclization. The reagent of choice to effect the lactonization of 2 (or 5) is 80% sulfuric acid 

and in successful cases (see below) the reaction is normally complete at 25' in a few minutes. 

Isolated yields of 3 (or 6) produced in this step are of the order of 80-85%.6 All of the 

products possess (Z)-stereochemistry.' The cyclization step has been successfully carried out in 

the case of adducts 2c, 2e, 2f, 5a, and 2g, which are derived from l,l-disubstituted (lc), - _ _ _ 
trisubstituted (le, If, 4a), and tetrasubstituted (lg) olefins. In all these adducts protonation - _ _ 
of the double bond not substituted by ester groups will lead to a carbonium ion center stabilized 

by an attached alkyl substituent (Rs in 2; R in 5) and suitably located for participation by the 

ester carbonyl. Where there is no such stabilization, as in the case of adducts derived from 

either monosubstituted or 1,2-disubstituted olefins (eg. 2a, 2b, Sb), cyclization does not occur _ _ _ 
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under the same conditions. Adduct 2d, moreover, being an a-pinene derrvative, is as expected 

acid-sensitive and IS not converted to 3d in the presence of 80% HzSOI,. 

The type of acid medium used for the cyclization step has a profound effect on the product 

composition and stereochemistry. For example, reactron of 2e or 2g with anhydrous HCl in CHzCls 

(48 hr at 25’) affords chiefly the (lJ-lactones ?a (37%) and 8b (60%),’ while in the case of 5a 

the HCl-promoted reaction yields mainly the i-lactone 9 (36%)T6 

Compounds 3e, 3g, 6a, and 8a have been shown to be lnactrve agarnst P388 lymphocytic - - _ 
leukemia. lo Antitumor activity appears to be enhanced by the presence of an unsubstituted 

methylene grouping. l1 Access to the desired unsubstituted o.-methylene-y-lactone system is - - 

provided in some cases by hydrolysis and decarboxylation. Compound 11, for example, can be -... 
prepared in 7580% yield from 3g by saponification to $J followed by decarboxylatlon using 

- 12 copper/quinoline at 200” (6 hr). 

Procedures for the lactonization of compounds such as 2a, Zb, 2d, and 5b are being actively 

studied, as are alternative approaches to the removal of the carbomethoxyl grouprng. 
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Introduction of alkyl substituents at the a-methylene grouping apparently also causes a - 

reduction in activity (see ref. 2d above). 

This procedure is at present limited to lactones having two substituents at C-4; in cases 

where there is a proton at this position these decarboxylation conditions lead to migration 

of the double bond into the ring. 
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