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In the course 

C=C bond undergoes 

dlscovery prompted 

of a study of @carboxy-a-butenolldes, 1,2 It was found that the butenollde 

a facile 1,3_dqolar addltlon to give the corresponding cycloadduct. 
1 

This 

an uwestlgatlon of the reactlon of butenolldes with dlenes. -I We wish to 

report here the regloselectlve cycloaddltxon of Y,Y-dunethylaconw acid with xsoprene to give 

a lactone derlvatlve of dl-4,Sdlcarboxy-a-terpxneol (l), an lntermedlate of potential utlllty 

in monoterpene synthesis such as dl-menthone. 

Reactwn of Y,Y-dxmethylaconlc aced 4 with 3 equivalents of lsoprene in benzene in a 

sealed tube at 140-150° for 3 days gave (l), mp 198-202°, 91% yield, after recrystalllzatlon 

from benzene-acetone, u- (NuJo~) 1746 (C=O) cm-'. Esterlflcatlon of (1) with dlazomethane 

afforded the methyl ester of (l), bp 127O (2 mm); lr (neat) 1.782 (lactone C=O), 17% (ester 0) 

cm -l; nmr (CIXX,) 'G 4.65 (m, lH, =CH), 6.26 (s, 3H, CH30), 6.40 (m, lH, COCH), 7.~~7.85 (m, 

4H, xH2), 8.32 (bs, w, CH~C=C), 8.50, 8.66 (2~, 6~, ~cH~). The elemental analysis and mass 

spectrum (70 eV, m/e 238 (M")) of the methyl ester were 111 agreement with the formula C,_$1804. 
. 

Glpc analysis of the methyl ester showed a single peak (Rt 10.0 mln, SE-30, 4 (d, 3 m long, at 

175O, H2 3C ml/mm). 

Hydrogen&Ion of the crystalllne lactone acid (1) was carried out in dloxane in the 

presence of Adams catalyst and was followed by thermal decarboxylatlon at 22&240° to afford 

the y-lactone (3), bp 133-135O (5 mm), in 80-82% yzeld. FractIonal dlstlllatlon of (3) gave 

(3a) (75%), (3b) (19"/0), and (3~) (6%). Reduction of (3a) with llthlum aluminum hydride 
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provided the dlol (4) III good yield. When (4) was treated with an excess of acetlr anhydrIde 

at 13O-140° for ca. 1 hr, the acetate (5a) was isolated together with 20-X$ of Its Isomer (5b)! 

The lsopropenyl derlvatxve (5a) was converted Into (5b) after prolonged heating at 140-150° for 

3 hr ylelded (5b), bp 85-90~ (2 mm) bath temperature, in 84% yield. Catalytx hydrogenation 

of (5b) using platinum oxxde gave the saturated alcohol (6b), bp 73-74O (2 mm), MI 95% yield 

after hydrolysis of the saturated acetate, bp 88 (3 mm). 
6 

Conversion of (6b) to the 

corresponding xanthate, followed by pyrolytic ellmxnatlon, p roduced the olefln (7), bp 83O (20 

mm) bath temperature, m ca. 7% yield based on (6b). Ozonolys~s of (7) U-I methylene 

chloride at -70" gave dl-menthone m ca. !K$ yield. 
8 

dl-Isomenthone was obtalned by an analo- 

gous sequence from the acetate (5a) z the alcohol (6a). The structure of (3b) was establlsh- 

ed by reduction with llthlum alumuwm hydride followed by dehydration with acetxc anhydrlde to 

give the acetate (8), from which the alcohol (6b) was obtained upon hydrogenation. 9 

With regard to the hydrogenation of (l), It would be expected that two Isomers (2a and 

2b) could be produced. Stereoselectlve hydrogenation, glvxng a (2a : 2b) ratlo of 94 : 6, 1s 

consxtent with preferred addltlon of hydrogen to the less hxndered a side of the e system of 

(1) ln either an endo (la) or exe (lb) conformation. Decarboxylatlon of (2a), glvlng (3a) 
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and (3b), occurs with predominant retention of confquratlon leadlng to the more stable CIS 

fused lactone. The overall process therefore provides a convenient means of access to an 

all ~1s 1,2,4-trlsubstltuted cyclohexane. Stereoselectlve hydrogenation of (sb), glvlng 

the acetate of (6b), was also observed when the pure acetate (sb), isolated by preparative 

glpc, was hydrogenated m dry ethanol. 
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