
Tetrahedron Letters,Vol.23,No 49,no 5189-5190,1982 oo40-4039/82/495189-02$03 00/O 
PrInted In Great Brltaln 01982 Perqamon Press Ltd 

PALLADIUM-CATALYZED DECARBOXYLATION-CARBONYLATION OF ALLYLIC CARBONATES 

~0 GIVE B,Y-UNSATURATED ESTERS UNDER MILD CONDITIONS 

Jlro TSUJI*, KOJ~ SATO, and Hlroshi OKUMOTO 

Tokyo Institute of Technology, Meguro, Tokyo 152, JAPAN 

Summary: Allyllc carbonates undergo facile palladium-catalyzed decarboxylatlon- 

carbonylatlon under mild conditions to give 6,-y-unsaturated esters in high yields 

using palladium-phosphlne complex as a catalyst. 

We have reported the stolchlometrlc carbonylatlon reaction of r-allylpalla- 

dlum chloride in alcohol to qlve 3-butenoate. 1) Also ally1 chloride was carbon- 

ylated using PdC12 or n-allylpalladlum chloride as the catalyst to give the same 

ester 2'3'4) But hlqh CO pressure was necessary (90-100 atm 2,4) . and 500 atm3)). 

The reaction is very slow under low pressure. 

On the other hand, the reaction of allyllc esters with nucleophlles catalyzed 

by a palladium-phosphine complex 1s a well-established reaction, which proceeds 

via the formation of T-allylpalladium complexes as intermediates. 5,6) We were 

interested in the reaction of allyllc esters with CO under mild conditions, but 

the attempted palladium-catalyzed carbonylatlon of ally1 acetate and ally1 phenyl 

ether in alcohol in the presence or absence of bases under low CO pressure 

gave disappointing results. Now we found that allylic carbonates 1 react with CO 

under mild conditions. Decarboxylation-carbonylation takes place to give ply-un- 

saturated esters 2 in high yields. 
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In a typical example, ethyl methallyl carbonate (3.6 g, 25 mmol), Pd(OAcj2 

(112 mg, 0.5 mmol), and PPh3 (262 mg, 1.0 mmol) were placed in a small pressure 

bottle and the reaction was carried out at 50°C under 10 atm of CO for 8 h. After 

the reaction, ethyl 3-methyl-3-butenoate was isolated by dlstlllatlon (2.43 g, 76%) 

at 45OC/20 mm: NMR (Ccl41 6 1.23 (3 H, t, CH3), 1.80 (3 H, s, CH3), 2 91 (2 H, s, 

-CH2-), 4.05 (2 H, q, -OCH2-), 4.80 (2 H, br s, =CH2). Results of the carbonyla- 

tion with several carbonates are shown In the Table. 

The reaction proceeds even under atmospheric pressure using a rubber balloon 

filled with CO. It was somewhat accelerated by lncreaslnq the pressure up to 10 

atm. Reaction temperature showed a significant effect. At room temperature, 
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almost no reaction took place. At high temperature (above 80°C), simple decar- 

boxylatlon to give the ally1 alkyl ethers _3 was the main reactlon path.') The 

optimum temperature for the decarboxylatlon-carbonylatlon was found to be 50°C. 

As the catalyst, palladium combined with phosphine llgands was used. Several 

phosphlne and phosphate llgands were tested, but PPh3 showed the best results. 

Thus Pd(OAc)2 and PPh3 were used most conveniently. The following chemoselectlve 

carbonylation was observed with dlallyl carbonate (4). Only ally1 3-butenoate (2) 

was obtained. No further carbonylatlon of the ally1 ester 5 was observed, show- 

ing that ally1 carbonate 1s much more reactive than ally1 ester. 
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Table a) _ 

Substrate Pco(atm) Time(h) Product Yleld(%)b) 
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10 

b4°C02Et 

Ph'+/'Oc02Et 

1 
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A/ C02Et 
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76 
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0C02Et 5 5 wC02Et 74 

Ph OC02Et 5 5 Ph 80 

a) Carried out with Pd(OAc)2-2PPh3(1:2,2 mol%) at 50°C. 

b) Isolated yields unless otherwlse noted. 

c) Determined by G.L.C.. 
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