
lktrahedron Letters No. 44, pp 4297 - 4300. 
@Pergamon Press Ltd. 1978. Printed in Great Britain. 

0040-4039/78/1029-42?79&2.00/0 

A NEW SYNTHESIS OF y-ALKYLIDENE-AU'8-BUTENOLIDES 

Tohru Kitamura, Yosihide Kawakami, Takeshi Imagawa, and Mituyosi Kawanisi 

Department of Industrial Chemistry, Faculty of Engineering, Kyoto University, 

Kyoto 606, Japan 

The structural unit of y-alkylidene-A c,B -butenolide occurs in a variety of 

natural products, such as patulin, 1) protoanemonin, 2) tetrenolin, 
3) freelingyne, 41 

and matricarialactone, 5) possessing a wide range of biological activity. This 

fact has stimulated considerable research on the development of new synthetic 

methods for the construction of this structural unit. 6) 

We now wish to report a facile method for construction of the y-alkylidene- 

AcL#B -butenolide moiety based on the recently reported photochemical rearrangement 

of 2,3-epoxy-1,4-cyclohexanediones into y-alkylidene-y-butyrolactones, 7) combined 

with the retro-Diels-Alder reaction. 

UV-irradiation of epoxy diketone l_a, derived from p-benzoquinone, ') for 20 

hrs in acetone, using a 100-W high pressure Hg lamp (Pyrex), gave a mixture of 

ZaE, ZpZ, 3p, and la in a ratio of 1:l: 2.5 : 1 (NMR). 9) Preparative TLC 

separation using phosphate-buffered silica gel layer gave lactones 2aE [lo%; mp 

19E0(dec)l and 2aZ [13%; mp 191°(dec)l, with la (13%) recovered. The triketone 

(?a), very liable to decompose on TLC, was the sole product on irradiation of la 

in AcOEt") [80%; mp 163"(dec); 6CH0 9.131. 

Retro-Diels Alder reaction of 2aE at 230° - (20 mmHg) and preparative TLC 

separation gave a 1: 1 mixture of butenolides *aE and 4aZ in 80% yield, along 

with anthracene (90%). The same ratio of the products was obtained from the 

reaction of 2aZ, - indicating the isomerization of 4aE and 4aZ under reaction - 

conditions. 
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a: Rl=R2=R3=H 

b: Rl=R3=Me, R2=H I 

c: Rl=H, R2=R3=Me 
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4E - 4Z 

This success encouraged us to apply this method to the synthesis of 

butenolide 4b2, 11) 
- a key intermediate for synthesis of freelingyne, a furano- 

sesquiterpenoid. Irradiation of Lb, derived from 2,6-dimethyl-p-benzoquinone, 
12) 

in acetone led to a mixture of 2bE, 2bZ, and 3b in a ratio of 1: 1.4 : 2.5. - - - 

Other possible products, aldehydes 2c and zc, were not detected. Preparative 

TLC (buffered) gave 2bE (12%; mp 174-176'1, 2bZ (15%; mp 167-168'), and zb13) 

(15%). 

Pyrolytic treatment14) of the crude photolysate gave butenolides ?bE (17% 

from 2b; mp 88.5-89.5O, lit.11) mp 88-89O) and 4bZ (6%; mp 124-125O, lit.ll)mp 

124-125'), in addition to anthracene. These two compounds have been already 

prepared by tedious and low-yield procedures. 11) 
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The stereochemistry of each of the E,Z-isomers was determined on the basis 

of the facts that allylic protons cis to the carbonyl function in a,f+unsaturated 

carbonyl compounds, or olefinic protons cis to the lactone oxygen atom resonate 

at a lower field than their trans counterparts. 15) The NMR data are shown in 

the Table. 

Table. NMR chemical shifts of 2 and 4. 

R1 R2 *C R3 

2aE 
Rl=R2=R3=H 

9.99 5.80 
ZaZ 9.68 5.49 

4.02 3.36 
3.65 3.28 

2bE 2.28 5.95 3.54 1.20 
ZbZ Rl=R3=Me, R2=H 2.15 5.45 3.03 1.23 

4aE 
Rl=R2=R3=H 

9.93 8.14 6.63 6.15 
XaZ 10.23 7.59 6.48 5.62 

AbE 2.31 7.96 6.13 2.06 
Rl=R3=Me, R2=H (2.3) (8.0) (6.1) (2.1) 

4bZ 2.60 7.16 5.50 2.13 
(2.5) (7.1) (5.4) (2.15) 
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