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Under water gas shift conditions acetylenes are selectively converted into furan-2(5H)-ones with catalysis by 
rhodium carbonyl clusters. 

There have been numerous reports on the reaction of been reported to give 5-alkoxyfuran-2(5H)-ones in satisfac- 
acetylenes with carbon monoxide in the presence of transition tory yields.5 
metal catalysts,' but little is known about the formation of Previously we have shown6 that under hydroformylation 
lactones via the carbonylation of a ~ e t y l e n e s . 2 ~  Recently the conditions conjugated en-ynes like but-1-en-3-yne derivatives 
rhodium catalysed carbonylation of acetylenes in alcohols has afforded three carbonylated products, cyclopentenones, 
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Table 1. Synthesis of furan-2(5H)-ones from acety1enes.a 

a Reaction conditions; Rh4(CO),,, 0.027 mmol; substrate, 4.85 mmol; H20 ,  56 mmol; NEt,, 15 mmol; tetrahydrofuran (THF), 10 ml; CO, 
100 atm; 100°C. b Isolated yield based on the substrate (1) consumed. Molar ratio of the structural isomers, (2) and (3), in 
Scheme 1. d Rh4(C0)12, 0.108 mmol; substrate, 8.7 mmol; H 2 0 ,  112 mmol; NEt,, 30 mmol; THF, 15 ml; CO, 150 atm. 

0 J$ 0 
(4) 

a; R1 = R2 = Ph 
b; R1 = Ph, R2 = C,H40Me-p 
c; R1 = Ph, R2 = CH=CHPh 
d; Rl = R2 = CH=CHPh 
e; R1 = Ph, R* = Me 
f; R l =  R* = Et 
g; R1 = Me, R2 = CH=CHPh 

Scheme 1. Reagents and conditions: H20-C0, Rh catalyst, amine. 

formyl-l,3-dienes, and furan-2(5H)-ones, in moderate yields. 
We have now found that under water gas shift conditions 

the en-yne compounds yield furan-2(5H)-ones selectively, and 
the reaction has been successfully extended to a new general 
method for the selective synthesis of furan-2(5H)-ones from 
acetylenes (Scheme 1). 

Thus, diphenylacetylene was treated with water and carbon 
monoxide (100 atm) in tetrahydrofuran containing triethyl- 
amine at 100 “C for 5 h in the presence of Rh4(CO)12 catalyst. 
The product was isolated by column chromatography on silica. 
Elution with benzene gave 3,4-diphenylfuran-2(5H)-one (2a) 
(R1 = R* = Ph) in 83% yield based on diphenylacetylene 
consumed (81% conversion). The furanone (2) is derived 
from the carbonylation of the triple bond with two molecules 
of carbon monoxide and one molecule of hydrogen. Use of 
DzO gave the furanone (4) which indicates that the hydrogen 
comes from water. 

Other internal acetylenes including alkyl-acetylenes simi- 

larly gave the corresponding furanones as shown in Table 1. t 
Asymmetrically substituted acetylenes such as phenyl- 
4-methoxyphenylacetylene ( lb)  and 1-phenylpent-1-en-3-yne 
(lg) afforded two furanone structural isomers, (2) and (3), 
which were separated by column chromatography on silica 
and identified by spectral analyses. The isomer ratio of the 
furanones formed seems to be affected by the electronic and 
steric nature of the substituents. 

As catalysts, rhodium carbonyl clusters such as Rh4(C0)12 
and Rh6(C0)16 are the best among the transition metal 
complexes tested. Ruthenium carbonyls showed a very low 
activity, and cobalt and iron carbonyls were almost inactive for 
the present reaction, although they are active for the water gas 
shift reaction.7 The presence of amines such as diethylamine 
or triethylamine is essential for the selective synthesis of 
furanones. The absence of amines resulted in a marked 
decrease in both catalytic activity and product selectivity, e .g . ,  
77% conversion of (la) and 28% selectivity for formation of 
(2a) in the reaction at 130°C for 5 h. 
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t All new compounds gave satisfactory elemental, mass, i . r . ,  and 
n.m.r. data. 


