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Summary - One pot carbonylation of thiophene, furan, benzofuran and pyrrole in alcohol, to 
prOdlICe the corresponding esters, has been carried out at room temperature, using a 

PdC12/mercury saltlCopper(II) system. 

The carbonylation of aromatic compounds is a potential route to the corresponding carboxylic 

acid derivatives’. The direct carbonylation of erenes, y:ia carbon-hydrogen bond activation with 

palladium(B) complexes, despite of its importance, has only led to low yield of functionalized arene 

compounds2. Aryl-mercury(B) derivatives, previously prepared3, or made in situ4, have already been 

carbonylated, but the reaction remains stoichiometric as compared to the palladium(I1) salt4, or gives 

low turnover numbers3. In this regard, the only useful method for synthesis appears to be the carbo- 

nylation of isolated aryl-thallium5. We now report that heterocyclic aromatic compounds, such as 

thiophene, furan, benzofuran and pyrrole, can be transformed in their ester derivatives under mild 

conditions, in the presence of a palladium catalyst, via mercury(B) derivatives prepared in situ in 

alcohol. 
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When thiophene I (37 mmol) was treated in alcohol (12 ml) with PdC12 (I mmol) and sodium 

acetate (5 mmol) at room temperature for 24 hours under 50 bar of carbon monoxide, only traces of 

the ester 2 and of dithienyl 3 were obtained. The addition of 2 mmol of a mercury salt to the 

reaction mixture increases significantly the yield of 2 (Yields as compared to the Pd salt : 45 % 

(Hg2(N03)2/LiBr : 2/5) ; 55 % (HgC12/LiBr : 2/s) ; 65 % (Hg(02CCH3)2/LiBr : 2/s) ; 85 % 

(Hg(02CCF3)2/CH3C02Na : 2/5 ; go % (Hg(N0312/LiBr : 2/5)). The mercuration of aromatic 

substrates usually requires strong acids such as perchloric acid’ and heating. It is noteworthy that 

under our conditions the addition of HBF4 decreases the yield of 2 and an increase of the reaction 

temperature to 85-C increases the yield of 3 without optimising the yield of 2. 
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At this stage, the absence of a catalytic reaction was thought to be due to the formation of 

Pd(o) which does not activate the C-H bond of the hetcrocycle as indicated in the scheme. 
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The in situ oxidation of Pd(o) into Pd(ll) was attempted with Copper derivatives. When 

CuCl2 or Cu(OAc)2 was added to the reaction mixture, the yield increased at room temperature to 

25.7 ‘% with respect to thiophene7, I.e. the reaction became catalytic with respect to palladiurn(ll) to 

reach 8 turnovers (Table I). 

Table I : Effect of mercury derivatives on carbonylation of thiophenc 

__.__ 

mercrirq derivat:;‘e Yield oi tnc C’ster 2 I: 

.__ 

Hg(N0312 806~(26.o)~ 

Hg(02CCFJ2 802 (25.7) 

Hg(02CCH3)Z 412 (13.2) 

HgCI2 290 ( 9.3) 

Hg2(N0312 140 ( 4.2) 

_____ 

aYield, based on Pd(ll), determined by gas chromatographic 
b 

analysis using internal standard. In brackets, yicl based 

on thiophene : a typical procedure is described in ref. 7. 
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The yield of 2 depends on the nature of the H&l) salt and the following sequence, which 
8 corresponds to the sequence of electrophilic substitution of arenes , was observed. 

Hg(N03)2 /L Hg(02CCF3)2 > Hg(02CCH3)2 ) HgCl2 ) Hg2(N03)2 

The addition of a co-catalyst i.e. LiBr, LiCI, NaOAc and NaF contributes positively to the for- 

mation of esters. 

The reaction of thiophene, in methanol and in 2-methoxyethanol under mild conditions, led to the 

formation of the esters 4 and 5. The heterocyclic compounds : furan, benzofuran and pyrrole were 

carbonylated in ethanol and the corresponding esters 6, 7 and 8 were then obtained. (Table 2) 

6 7 8 

Table 2 : Carbonylation of heterocyclic compounds in alcohol 

substrate mercury salt solvent Yield of the ester (%1? 

Thiophene Hg(02CCHJ), ethanol 4 : 4~4~ (14.1)~ 

Thiophene Hg(02CCH3)2 methoxy- 5 : 282 ( 9.0) 

ethanol 

Furan Hg(02CCF3J2 ethanol 6 : 245 ( 7.85) 

Benzofuran Hg(02CCH3)2 ethanol 7 : 150 ( 4.85) 

Pyrrole Hg(C2CCH3), ethanol 8: 125 ( 4.0) 

- 

aYield based on Pd. b Yreld based on the heterocycle 

Our results show that heterocyclic aromatic compounds can be transformed regioselectively into 

esters, using Hg(l1) and Pd(ll) derivatives at room temperature, more easily than other aromatic 

compounds3’4. It is clear that a catalytic reaction with respect to palladium can be achieved when 

a slight excess of Hg(ll) and Cu(ll) salts are used in situ, leading to the formal transformation of a 

C-H group into a C-C02R group. 
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