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Various terminal allylic compounds such as allylic esters, 

phenyl ethers, carbonates, chlorides, and vinyl epoxides react 

with ammonium or sodium formate to give 1-olefins with high 

regioselectivity by using palladium-tributylphosphine complex as 

a catalyst. The reaction offers a useful synthetic method for 

1-olefins.

In 1979, we have reported a new preparative method for 1-olefins by the 

hydrogenolysis of terminal allylic acetates and phenyl ethers with ammonium 

formates using palladium-PPh3 complex as a catalyst.') The reaction can be under-

stood by the attack of hydride formed by the decarboxylation of formate on the 

more substituted site of n-allylpalladium intermediate.

This is a simple synthetic method for 1-olefins. However, in this reaction, 2-

olefins are also formed in 6-20% depending on structure of allylic compounds. 

Since separation of 1-olefins from 2-olefins is not easy, the method needs further

improvement. 2-7) In our effort to improve the selectivity for 1-olefins, we have 

found a profound effect of ligands on the regioselectivity. In this paper we wish 

to report that various terminal allylic compounds can be converted to 1-olefins i 

nearly 100% selectivity by using P(n-Bu)3 as the ligand. This method offers a 

very good synthetic method for 1-olefins. 

The hydrogenolysis of various allylic compounds was carried out in boiling 

dioxane using several phosphines and phosphites as the ligands. Results are shown 

in the Table. The selectivity for 1-olefins changes in wide range depending on 

the ligands. Alkyl phosphines show the higher selectivity than aryl phosphines. 

Phosphites are not satisfactory. Among various phosphines and phosphites, 

P(n-Bu)3 gives the best results. In most cases, the reaction proceeded completely 

in 0.5-2 h and 1-olefins were obtained in nearly 100% selectivity with P(n-Bu)3. 

No other product was detected by gas chromatography.
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Table 1. Palladium-Catalyzed Hydrogenolyses of Allylic Compoumds 

 with Ammonium Formatea)
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Table (continued)

a) All reactions were carried out using allylic compound (1 mmol), palladium 

catalyst (0.025-0.05 mmol, Pd:P=1:4) and ammonium formate (2 mmol) in boiling 

dioxane (3 cm3) for 0.5-2 h. b) GLC analysis. c) Sodium formate (2 mmol) was 

used instead of ammonium formate. d) Reaction without ammonium formate. e) The 

vinyl epoxide 11 (15%) was recovered. f) Isolated yield 79%.
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For this reaction various terminal allylic compounds can be used. Allylic 

esters, phenyl ethers, and carbonates reacted smoothly with ammonium formate to 

give satisfactory results. Good result was obtained by the reaction of allylic 

chloride Id with sodium formate, instead of ammonium formate (Run 12). Allylic 

formate 5c was converted to 1-olefin without addition of ammonium formate (Run 

17). 3-Acetoxy and 3-phenoxy compounds, 4a and 4b, were similarly converted to 

the terminal olefin 2 selectively (Runs 8 and 10). These results indicate that 

similar lr-allylpalladium complexes are formed as intermediates from la, lb, 4a, 

and 4b. 1,3-Butadiene monoepoxide (11) was converted selectively to 3-butenol 

(12) without forming 2-butenol (Run 23).8) 

A typical experiment for the preparation of 1-octen-7-one (14) from 1-

acetoxy-2-octen-7-one (13) is as follows. A mixture of Pd2(dba)3CHC139) (0.0125 

mmol), PBu3 (0.1 mmol), ammonium formate (2 mmol) and the allylic acetate 13 (1 

mmol) in dioxane (3 mL) was stirred at 100 C for 1 h and then filtered 

(florisil). Removal of the solvent followed by elution on Si02 with ether-hexane 

(1:20) gave the 1-olefin 14 in 79% yield (100% selectivity by GLC analysis).
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