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Abstract: The palladium-catalysed hydroxycarbonylation of vinyl and aryl &Jutes, under a CO balloon, in dte 

presence of potassium acetate afford a,/%atsatwated and aromatic qzrboxylic acids with one more carbon in good to 

high yield. The nature of the solvent and of the ligand have been proved to be crucial for the success of the reaction. 
Vinyl trijlafes undergo the hydroxycarbonylation at room temperature in DMF in the presence of Pd(OAc)2(PPh3)2. 

Aryl triflates produce best results at 60 ‘C in DMSO in the presence of Pd(OAc)z and l,l-bis 

(tiphenylphosphirw&wocene (dppfl. 

The previously reported formation of o,P-unsaturated and aryl esters and amides with one more carbon 

through the palladium-catalysed carbonylation of vinyl1 and aryl2 triflates in the presence of alcohols or amines 

represents a valuable method for a two-steps conversion of ketones and phenols into carboxylic acid 

derivatives. 

Esters, however, are often intermediates on the way to carboxylic acids and an additional hydrolytic step is 

needed to attain the target compounds. For example, Holt and co-workers3 recently reported the preparation of a 

series of steroidal carboxylic acids, a new class of steroid Sa-reductase inhibitors, via the sequence vinyNary 

triflares-carboxylic acid esters-carboxylic acids. Clearly, the development of a method for the direct synthesis of 

carboxylic acids from vinyl and aryl triflates would be desirable. In the effect, during our studies on the 
palladium-catalysed synthesis of esters and amides from vinyl uiflates,l we found that carboxylic acids could be 

obtained carrying out the reaction in the presence of formic acid and an excess of triethylamine, most likely 

through the intermediacy of an unstable4 mixed formic anhydride. ~6 However, although the formate-mediated 

palladium-catalysed approach to the hydroxycarbonylation of vinyl/aryl triflates can give good results in many 
cases, this procedure can be hardly considered a general synthetic method for the preparation of carboxylic 

acids. Indeed, depending on the nature of the starting t&late, reduction to alkenes7 or aretress and/or formylation 

to aldehydesg may represent significant side reactions or even the main reaction pathways. 

Based on the idea that the substitution of acetate for formate could allow vinyl/z@ triflates to be involved 

in a catalytic cycle similar to that supposed to be operating in the formate-mediated hydroxycarbonylation, with 

the generation of carboxylic acids from mixed acetic anhydrides’ (Scheme 1) and avoiding the reduction of o- 

organopalladium intermediates, we attempted the conversion of vinyl and aryl triflates into carboxylic acids in 
the presence of potassium acetate. 
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ROTf Pd(o)’ Co ) RCO -Pb_oTf s RcooAc - RCOOH 
Scheme 1 

In this letter, we wish to report that vinyl and aryl triflates can be successfully converted in good to high 

yield into a&unsaturated and aromatic carboxylic acids with one more carbon according to the following 

scheme 

R-OTf AcOK, CO 
) R-COOH 

R= vinyl: Pd(OAc),(PPh&, 25 “C. DMF 

1 2 
R= aryl: PqOAcjJdppf, 60 “C. DMSO 

Scheme 2 

Vinyl triflates were converted into o$-unsaturated carboxylic acids in the presence of Pd(OAc)2(PPh&, 

AcOK, and CO in DMF at room temperature. Our results are sumrmuized in Table 1. 

Table 1. Palladium-Catalysed Hydroxycarbonylation of Vinyl Triflates.a 

Vinyl Triflate Reaction Yield % of Vinyl Triflate 
1 time (h) 2b 1 

Reaction Yield % of 
time (h) 2” 

TR3 
5 82 

3 89 
3 88 

a Unless otherwise stated, reactions were carried out in DMF under a CO balloon, at room temperature, using the following molar 
ratios: 1: AcOK: Pd(OAc)2(PPh3)2 = 1: 4: 0.05. b Yields refer to single runs and are for pure, isolated products. All new 

compounds had satisfactory elcmenlal analysis and spectral data consistent with postulated sh-uctures. c 60 “C. 

A typical procedure for vinyl triflates is as follows: a mixture of 4-carbethoxy-3-methyl-1,3- 

cyclohexadienyl triflate (0.3 14 g, 1.0 mmol), potassium acetate (0.392 g, 4.0 mmol), 

bis(triphenylphosphine)palladium(II) diacetate (0.0375 g, 0.05 mmol) in DMF (6 ml) was purged with carbon 

monoxide for 5 min and stirred under a CO balloon at 25 ‘C for 3 h. The reaction mixture was diluted with 

water, acidified with 0.5 N hydrochloric acid and extracted with dichloromethane. The organic layer was 
washed with water, dried (NazSOA), and evaporated under vacuum. The residue was chromatographed on silica 

gel eluting with petroleum ether (40-70 “Q/ethyl acetate/acetic acid 60: 40: 1 to give 4-carbethoxy-3-methyl-1,3- 

cyclohexadienyl carboxylic acid (0.187 g, 89%): mp = 91-92 “C (diethyl ether/n-hexane); IR (CHC13) 3019, 

1678, 1210 cm-l: 1H NMR (CDC13) 6 1.33 (t, J = 7 Hz, 3 H), 2.23 (s, 3 H), 2.50 (bs, 4 H), 4.23 (q, J = 7 

Hz, 2 H), 7.05 (s, 1 H), 10.66 (bs, 1 H). 
Even though the obtained results appear to support our working hypothesis (Scheme l), we didn’t get 

experimental evidences supporting the formation of mixed acetic anhydrides. On the other hand, the acetate 
anion was found to play a crucial role for the success of the reaction. For example, the starting material was 

recovered in 98% yield when 4-phenylcyclohex-l-en-l-y1 n-iflate was reacted under usual conditions omitting 

potassium acetate. Further studies should be performed to clear this point up. 
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Table 3. Palladium-Catalysed Hydroxycarbonylation of Aryl Triflates.a 

Reaction Yield % of 
Aryl yflate 

Reaction Yield % of 
time (h) 2b time (h) 2” 

P 

,& 
OTf 

‘,I 18 84 co ‘I ; 3 90 

4 95 +^” 2.5 73 

Me0 
4 85 3 94 

Me0 OTf 

B Reactions were carried out under a CO balloon in DMSO, at 60 *CT, using the following molar ratios: 1: AcOK: Pd(OAc)z: dppf 

= 1: 4: 0.05: 0.2. b Yields refer to single runs and are for pure, isolated products. All new compounds had satisfactory elemental 

analysis and spectral data consistent with postulated structures. 
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