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Abstract: The direct synthesis of lactones is performed by double carbonylation of (2-bromoethyl)benzeen under carbon monoxide 

pressure. The reaction is catalyzed by Sn(Co(CO)4))4 in the presence of a base in hydro-alcoholic medium. 

Double carbonylation reactions have been largely investigated during these last years.1 Thus, double 

carbonylation of (2-bromoethyl)benzene 1 to benzylpyruvic acid C&I5(CH&COC@H 2 is catalyzed with good 

yield and selectivity by Ca(CO)8 at 85“C under 65 bar of carbon monoxide.2 

We now report that in contrast with Co2(CO)8 (Table), the use3 of Sn(Co(CO)&, which can be considered 

as a source4 of Ca(CO)8, gives rise during double carbonylation to the selective production of lactones 3 and 4 

rather than 2, according to eq. 1. 
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R = QjHg(CH2)2- ; Rt = C6H5CH2- ; R2 = -COOH 

In a typical experiment, 7 mL (51 mmol) of 1, 30 mL (0.32 mol) of 2-methyl-2-propanol, 0.8 g (1 mmol) of 

Sn(Co(CO)4)4, 10 g (0.13 mol) of calcium hydroxide and 80 mL (4.5 mol) of water are introduced under 

nitrogen in a 300 mL stainless steel autoclave, which is pressurized at 65 bar at room temperature and stirred for 

16 hours at 85 ‘C. The reaction mixture is cooled to room temperature, depressurized and filtered. The crude cake 

is washed with 10 mL of water and 3 x 10 mL of diethylether to give a white solid, which is acidified with a 

0.1 N HCl solution and extracted with diethylether. The solution is dried over anhydrous MgS04 and 

evaporated. The solid products mixture is then analyzed.5 
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Table. Catalytic double carbonylation of 1 under various conditions. 

Entry Catalyst Base PC0 Yield (%) a 

(bar) 2 3+4h 

1 SnC12 LiOH 20 0 0 

2 co2(c0)8 LiOH 20 35 0 

3 WCo(cQ4)4 LiOH 20 25 0 

4 co2(c0)8 Ca(OH)z 65 70 0 

5 WWcO)4)4 WOW2 20 traces 57 

6 WcdW4)4 WOW2 65 traces 67 

7 Co2(CO)g + SnCl2 Ca(OH):! 65 traces 65 

(a) isolated yield : (b) the ratio 3 /4 depends on acidification conditions ; Sn = 1 mmol : Co = 4 mmol ; 
LiOH = 0.26 mol ; Ca(OH)2 = 0.13 mol ; CeH5(CH&Br = 51 mmol : T = 85°C ; t = 16 h. 

The synthesis of a lactone similar to 3 (R = Rl = CH3, R2 = C5Hll) has already been reported from 

dimethylmaleic anhydride and the Grignard compound of pentyl chloride.6 It has to be noticed that the selective 

synthesis of 3 and 4 is only observed when Ca(OH)2 is used, 2 being the only product obtained if an alkaline 

base like LiOH is used. Further experiments have shown that the lactones are quantitatively transformed into 2 by 

treatment at 80°C in hydro-alcoholic medium with LiOH or NaOH,whereas this reaction does not occur with 

Ca(OH)2, as expected. Furthermore, we have observed that SnCl2, as well as Sn(Co(CO)&, induces the 

synthesis of lactones 3 and 4 from 2 in the presence of Ca(OH)2 in hydro-alcoholic medium. A spectroscopic 

study performed on the white solid obtained before acidification has revealed that v (c=o) lactones vibrations are 

not detected. This shows, as described in the literature 6, that the cyclisation reactions and the dehydratation 

leading to 3 and 4 occur during the acidic workup. 

These experiments demonstrate the bifunctional character of the bimetallic compound Sn(Co(CO)&, 

generating tetracarbonylcobaltate anions (responsible for synthesis of 2 as calcium salt) and concommitantly a tin 

species which promotes an aldol condensation7 between the two RCOCOO- fragments bound to Ca2+. If an 

alkaline base like LiOH is used, a retrograde aldol condensation can take place in the course of the reaction and 2 

is the only final product (entry 3).* 
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