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A new catalytic reaction - oxidative carbonylation of alkynes in the PdCl&uCl system - and the reaction mechanism have been 
proposed based on the unusual effects of oxygen and copper(1) salts on this process and the key role of a-alkynylcopper(l) 
complexes in the reaction. 

The oxidative carbonylation of 1-alkynes to alkynylcarboxylic Recently we have carried out studies on the mechanism of 
acid esters in the PdC1+uC12-base system has already been reaction (1) and have found the following experimental res~l ts ,~ 
reported in earlier work.'.' which showed that a-alkynylcopper(~) complexes are inter- 

mediates in the reaction. 
(a) Addition of CuCl to the initial solution causes a significant 

M E C H  + co + XUCI, + 2NaOAc + R'OH decrease in the induction period. 

I (b) a-Alkynylcopper(~) complexes prepared by a known 
P ~ C I ~  20 OC, I atm method4 can be carboxylated to alkynylcarboxylic acid esters 

by reaction (2); the reaction proceeds at a high rate and without 
RCGCCOOR' + PCUCI + 2 M H  + 2NaCI (1) an induction period. 
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Table 1 Oxidative carbonylation of PhC=CH and MeC=CH in the PdClAuCl system. 

Alkyne Concentrations/mol dm-3 RC = CCOOMe 
PdC12 CuCl LiCl T/"C % 0 2  %CO %MeC = CH Yield(%) 

RCECCu + CO + 2CuCI2 + R'OH 

PdC12 20 "C. 1 atm I 
RCECCOOK + 3CuCI + HCI (2) 

(c) On studying the kinetics of PhC=CCl and 
PhC=CCOOMe formation in the PdC12-CuC12-CuC1-LiC1 
system in a buffer solution of MeOH-AcOH-Et3N, we found 
that the rates of oxidative carbonylation and oxidative 
chlorination of PhC=CH changed in opposite directions on 
varying the CuC12 and PdC12 concentrations. This kinetic 
relation is in accordance with the hypothesis of a common 
intermediate in the formation of both these products. In 
addition, it is known that a-alkynylcopper(~) complexes are 
intermediates in the oxidative chlorination of alkynes in the 
CuCl&uCl system.5 

In this paper, we describe a new catalytic reaction of 
alkynylcarboxylate synthesis, catalysed by a two-component 
system of ~d"-Cu' with the participation of oxygen. 

It was shown that, in contrast to the well-known alkene 
oxidation process in the ~d''-Cu"-02 system (the so-called 
Waker process), the presence of oxygen jn process (1) leads to an 
increase in the induction period and a decrease in the 
PhC=CCOOMe yield. 

The effect of oxygen on the process can be explained by the 
decrease in copper(1) concentration because of CuCl oxidation 
by oxygen. 

The results of our kinetic studies, in particular, knowing the 
dependence of the reaction rate on CuCl and CuC12 
 concentration^,^ allowed us to propose a catalytic system of 
PdCl2-CuC1 for the synthesis of alkynylcarboxylic acid esters, 
reaction (3). 

RCECH t CO t f 0 2  t R'OH 

1 PdCI2. CuCl 

RCGCCOOR' + Hz0 (3) 

We have determined the reaction conditions in which the 
alkyne oxidative carbonylation reaction (3) gives alkynyl- 
carboxylic acid esters in good yields. The requirements for the 
stationary and selective synthesis process are as follows: 

(i) A high concentration of copper(1) salts and low copper(11) 
concentration are required for high reaction rate and high 
selectivity. 

(ii) An almost neutral pH. 
(iii) Approximately equal rates of alkyne carbonylation and 

CuCl oxidation reactions. 
Reaction (3) proceeds intensely even in the absence of base. In 

this case, the stationary process (with constant CU' concentra- 
tion and pH) must be maintained by a definite correlation 
between alkyne concentration and partial pressure of oxygen. 

For instance, PhC=CH was added dropwise to a mixture of 
PdC12 (5.6 x mol dm-3), CuCl (0.3 mol dm-3) and LiCl 
(0.3 mol dm-3) in methanol (10 ml) under atmospheric pressure 
(50% 02, 50% CO). The reaction was carried out at 20 "C and at 
a constant rate of ester formation during 3 h, and this allowed us 
to obtain 0.85 mol dm-3 ester solution. The yield of 

PhC=CCOOMe was 82%. PhCzCC=CPh and PhC=CCl 
were obtained as by-products. Under similar conditions, the 
oxidative carbonylation of MeC=CH led to the formation of 
MeC=CCOOMe. 

In this carbonylation process, the correlation [RCECHIIP~, is 
extremely important. The rate of MeC=CCOOMe formation is 
decreased on decreasing the propyne partial pressure (propyne 
percentage of the gas) from 10% to 5%. But a higherpMcCECH 
(e.g., 20% MeC=CH and 50% O2 in the gas) tends to reduce the 
carbonylation rate and ester yield, and to give rise to 
dirnerization product (MeC=CC=CMe), Table 1. 

Alkynylcarboxylic acid esters are usually produced from 
alkenylcarboxylic acids7 or from sodium or magnesium alkynyl 
compounds (Iozitsch reaction).' Comparing both these tradi- 
tional methods and process (l),lp2 the reported one-pot synthetic 
method, based on the two-component ~d"-Cu' catalytic system, 
is more effective and convenient. 

The results of our studies on reactions ( 1 x 3 )  are in 
accordance with the following mechanism (Scheme 1) for the 
alkyne oxidative carbonylation. 

CuCl 
c u c ~ R C 3 C C ~ ( C ~ C 1 2 )  2 RCECCI + 2CuCI 

CuCl 
RCGCH RCZCCu 

pdchRCECPdCl a R C E C ( C 0 ) P d C I  

1 oxidant. R'OH 

RCECCOOR' + H+ t PdCI2 

Scheme 1 
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