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The Synthesis of py-Unsaturated Esters from Conjugated Dienes
By S. BREwis and P. R. HUGHES

(Research Department, Heavy Organic Chemicals Division, I.C.I., Billingham, Co. Durham)

THE synthesis of ethyl pent-3-enoate from buta-
diene, carbon monoxide, and ethanol by using
palladium chloride as catalyst has been reported
briefly.! 1In the course of similar studies in these
laboratories®® we had found that the yield of
methyl pent-3-enocate from butadiene, carbon
monoxide, and methanol was markedly dependent
on the nature of the palladium catalyst used.
With sodium chloropalladite or sodium bromo-
palladite as catalysts, at 70° and 1000 atm. of
carbon monoxide, a 1—29%, yield* of methyl
pent-3-enoate was obtained in 3 hr., corresponding
to 0-6 moles of ester per g.-atom of palladium
present. However, when sodium iodopalladite
was used a 35—409%, yield was obtained and the
reaction was catalytic on palladium giving 9—11
moles of ester per g. atom of palladium. Above
70° the catalyst partially decomposed to give
palladium metal. Catalyst decomposition was
prevented by adding a ligand, such as tributyl-
phosphine, to the reaction mixture. With ligand-
modified catalysts the optimum temperature was
found to be 150°, and, at this temperature, the
yields and catalytic activity were higher than
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those attained with the palladite catalysts at 70°.
The yield and catalytic activity were still depend-
ent on the halide present. Thus the dihalogeno-
bis(tributylphosphine)palladium (i1} complexes,
(Bu,P),PdX,, gave, when X = Cl, a 209, yield
of methyl pent-3-enoate and 21 moles of ester per
g.-atom of palladium; when X = Br, 649, and
54 moles; and with X = I, 689, and 61 moles.

The bridged palladium complexes were found
to be the best catalysts. The dihalogeno-
bis(tributylphosphine)-u-dihalogenodipalladium(1r)
complexes, (BuyP),PdX,, gave, when X = Cl, a
569, yield and 49 moles of ester per g.-atom Pd
of palladium; when X = Br, 739, and 67 moles;
and when X =1, 719% yield and 60 moles.
Catalyst concentrations of 1—29; of the complex
in methanol were employed. Methyl pent-4-
enoate (19,) and 4-vinylcyclohexene in 1—29,
yield were also formed in this reaction.

The reaction occurs with other conjugated
dienes, and the main products from the carbonyla-
tion of some dienes with the sodium iodopalladite
catalyst are given. Penta-1,3-diene gave methyl
2-methylpent-3-enoate (349,), cyclopentadiene
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* All yields are based on the diene charged to the reaction mixture.
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gave methyl cyclopent-2-ene-1-carboxylate (73%,),
and 2,3-dimethylbuta-1,3-diene gave methyl 3,4-
dimethylpent-3-enoate in 509, yield. Isoprene
gave three products, methyl 3-methylpent-3-
enoate (159, yield), methyl 4-methylpent-3-enoate
(38%,), and methyl 4-methylpent-4-enoate (10%,).
2,5-Dimethylhexa-2,4-diene did not react. The
products were identified by elemental analysis,
molecular weight determination, and n.m.r. and
infrared spectra.

The above evidence suggests that this is a
general reaction for the synthesis of By-unsaturated
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esters from conjugated dienes. There are a
number of possible mechanisms for this reaction,
but, at present, we favour the formation of a
palladium hydride species by reaction of the
palladium salt with the alcohol,* followed by the
sequence of reactions shown. The carbonylation
of di-u-chlorodi-rr-crotyldipalladium(ir) to give
pent-3-enoic acid has been described,® and we
have shown that the complex reacts with carbon
monoxide and methanol to give methyl pent-3-
enoate in 559%, yield.
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