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Abstract: Under the catalytic action of palladium(II) in the presente of 

triethylamine, 3-, 4-, and 5-alkynoic acids afford 3-buten-4-olides, 

4-penten-4-olides, and 5-hexen-5-olide, respectively, in good to excellent 

yields. 

Intramolecular addition of an alcohol or a carboxylic acid to an acetylene 

becomes an efficient route toward heterocycles. 
2-9 

Mercuric salts, inspite of 

their toxicity, have been used as effective catalysts for the above reactions. 
10 

Recently was reported the use of nontoxic palladium catalysts for intramolecular 

additions of alcohols or an amine to an acetylene producing oxygen or nitrogen 

heterocycles. 
ll,12 This paper describes an additional effective use of palladi- 

um(lI) catalysts for the intramolecular endo or exo additions of carboxylic 

acids to acetylenes affording unsaturated lactones. 
13 

Cyclization of 3-alkynoic acids (1) was examined first. The reaction 

proceeded regioselectively in 5-Endo-Dig manner affording 3-alken-4-olides (11) 

in excellent yields. 

To a solution of PdC12(PhCN)2 (38 mg, 0.1 mmol) and triethylamine (0.4 mL, 

30 mg8 0.3 mmol) in 20 mL of THF, 3-decynoic acid (1, R = n-C6H13, 1.68 g, 10 

mmol) was added and the reaction mixture was stirred under reflux for 1 h. The 

whole was concentrated and chromatographed on silica gel [hexane-ethyl acetate 

(7:3) as e$ent] affording 1.41 g (84% yield) of 3-deten-4-olide (II, R = 

n-C6H13). Other 3-alkynoic acids were treated analogously except 3-pen- 
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tynoic acid (1, R = CH31 which was treated with PdC12(MeCNj2, in place of 

PdC12(PhCNJ2, affording 3-penten-4-olide (II, 

of the reaction mixture. 15 
R = CH31 by direct distillation 

Yields of lactones II are shown in Table 1.16 

Under the above described conditions, cyclization of 4-pentynoic acids (III) 

bearing alkyl group on C-2 afforded 4-penten-4-olide (IV) exclusively by 

5-Exo-Dig manner. Isomerization of double bond from exo to endo cyclic position 

could not be observed under the reaction conditions. When acid III (R = Me3Si) 

was treated analogously, the protodesilylated product IV (R = H) was isolated. 
-_ 

Results are summarized in Table 2.1' 

Pd (II) 
R-CzC-CH,COOH - / 

Et,N R 
Ll 

0 0 

1 II 

Table 1. 3-Buten-4-olides (II) 

P Pd (II) 
HCX-CHJHCOOH _ 

Et, N 

Table 2. 4-Penten-4-olides (IV) 

Entry R Yield (%) Ref. Entry R Yield (%) Ref. 

1 CH3 9sa 18 

2 n-C6H13 84 19 

3 n-C8H17 88 19 

4 Ph 38 20 

1 H quant.a 5 

2 n-C4Hg 81 19 

3 n-C6H13 84 19 

4 Ph 96 5 

a) PdC12(MeCNj2 was used as catalyst. 

Cyclisation of 4-alkynoic acids (VI 

5 PhCH2 85 19 

6 Me3Si 63b 5 

a) PdC12(MeCNJ2 was used as catalyst. 

b) Product was IV (R = H). 

proceeded slowly under the same reaction 

conditions as described above. Yields of lactones (VI and VII) , however, were 

good to excellent after prolonged heating in acetonitrile. Reaction of 4- 

hexynoic acid (V, R = CH3, R' = H) is illustrative. To a solution of PdC12(PhCNb 

(38 mg, 0.1 mmol) and triethylamine (0.3 mmol) in 20 mL of acetonitrile, 4- 

hexynoic acid (V, R = CH3, R' = H, 1.12 g, 10 mmol) was added and the reaction 

mixture was refluxed for 3 h. The whole was concentrated and chromatographed 

affording a mixture of 4-hexen-4-olides (VI:VlI = 84:16, R = CH3, R' = H). 

Combinations of the yields, R, R', and the product ratios (V1:VII.j are shown 

in Table 3. 
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R’ 
Pd (II) 

R-CEC-CH,kHCOOH - 
Et,N 

V 

Table 3. 4-Alken-4-olides (VI and VII) 

Entry R R' Yield (%) 
Ratio Reaction Ref. 
WI/VII) Time (h) 

1 CH3 H 87 84/16 3 4 

2 Ph H 85 lOO/O 2 6 

3 n-C6H13 Ph 66 87/13 4 21 

Cyclization of 5-hexynoic acid (VIII) under the catalytic action of PdC12 

in acetonitrile in the presente of triethylamine (3 mal%) proceeded selectively 

in ó-Exo-Dig manner affording 

at reflux for 8 h. 

5-hexen-5-olide (IX) in 43% yield after heating 

HCzC(CH,),COOH 

VIII 

Et3N 

IX 

The above described results indicate the utilities of palladium(II) catalyst 

for the cyclization of alkynoic acids under mild conditions. This highly regio- 

selective reaction will be a useful method for the preparation of butenolides 

and specially for the application to the synthesis of natural products. 
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