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Abstract: Various aryl triflates derived from phenols were converted into 

aryl esters or amides in good yields by a palladium-catalyzed re- 

action with carbon monoxide and alcohols or amines. 

Recent development by us and other authors of palladium-catalyzed reactions 

of enol triflates with alkenes, 
1 

alkynes, 
la,2 

trialkylammonium formate, 
3 

or- 

ganostannanes, 
4 

and carbon monoxide plus alcohols, 
5 

amines, 
5 

and organostan- 

6 
nanes has provided very useful procedures for the homologation of ketones by 

one or more carbons and for their deoxygenation to olefins. 

Even more recently, the palladium-catalyzed olefination and alkynylation re- 

actions have been extended to aryl triflates. 
7 

It was therefore to be expected that the arylpalladium(I1) species produced 

from the oxidative addition of aryl triflates to a palladium(O) complex' might 

undergo reaction with carbon monoxide and alcohols or amines to give aryl es- 

ters or amides. 

We now report herein that this transformation does indeed take place with a 

variety of substrates in good yields and under mild conditions. 

A/OTf 

In a typical procedure (entry l), a mixture of 2-naphtyl triflate (276 mg, 

1 mmol), triethylamine (0.28 ml, 2 mmol), palladium acetate (7 mg, 0.03 mmol), 

triphenylphosphine (16 mg, 0.06 mmol), and MeOH (0.9 ml, 20 mmol) in DMF (2 

X = OR, NR 
2 

ml) was purged with carbon monoxide for 5 min and stirred under a CO balloon 

at 60 'C for 2h. The reaction was then diluted with brine, extracted with 

ether, washed with 1N HCl and then brine until neutral, dried (Na2S04), and 
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evaporated. Chromatography of the residue (210 mg) on silica gel (7 g, benzene/ 

hexane = 7/3 as eluant) gave 146 mg (78%) of methyl 2-naphtalenecarboxylate: mp 

77-77.5 OC (MeOH, lit. 
8 

mp 77 "C); IR (KBr) 1711 cm -l; 1H NMR (CDC13) 63.96 

(3H, s, C02Me), 7.2-8.3 (6H, m, aromatics), 8.67 (lH, br s, C-l H); MS, m/e 

(relative intensity) 186 (parent, 82), 155 (loo), 127(58). 

The representative results are collected in the Table which shows that the 

carbonylation reaction can be successfully applied to aromatic rings contain- 

ing either electron-withdrawing or electron-donating substituents. 

Although a detailed kinetic analysis has not been made, the substituent ef- 

fects seem to go in the same direction as with aryl halides. 
9 

2-Naphtyl triflate (entries l-4) and 3-methoxyphenyl triflate (entry 8) 

apart, the use of l,l'-bis(diphenylphosphino)ferrocene (DPPF) instead of tri- 

phenylphosphine proved to be essential for the reactions to proceed signifi- 

cantly. In fact, with PPh3,palladium precipitation occurred very quickly and 

only traces of the expected product were obtained. 

This trend is reminiscent of that of highly activated aryl bromides in the 

palladium-catalyzed vinylic substitution 
10 

and similar explanations may be ten- 

tatively invoked. 

Tri-o-tolylphosphine doesn't seem to have distinct advantages over PPh3 as 

demonstrated by the fact that 3-triflyloxyestra-1,3,5(10)-trien-17-one was 

completely unchanged in the carbomethoxylation reactions with 12 mol% of either 

PPh3 or P(o-tol)3 as ligands. 

In the case of 2-naphtyl triflate we found PPh3 was as good as DPPF with re- 

spect to both the rate of the reaction and yield of product. 

In most cases, the recourse to more than 2 mol of PPh3 (entries 2 and 8) or 

1 mol of DPPF (entries 5-7 and 9-16) per mole of palladium dramatically improved 

the yields. Thus, for instance, 2-naphtyl triflate afforded only a 20% yield 

of isopropyl 2-naphtalenecarboxylate when 6 mol% of PPh 
3 

were employed and 3- 

triflyloxyestra-1,3,5(10)-trien-17-one gave only traces of the amide in the 

treatment with CO and piperidine at 80 OC in the presence of both 3 and 6 mol% 

of DPPF. 

The moderate chemoselectivity that was obtained with 4-bromophenyl triflate 

(entry 10) could be improved by lowering the reaction temperature (entries 11 

and 12) although we were not able to force the reaction to reach completion 

under these conditions even using 5 mol% of palladium. 

Attempts with 4-nitrophenyl triflate met with failure owing to the prepon- 

derance of sulphur-oxygen bond cleavage that led to the formation of 4-nitro- 

phenol as the main product in the carbomethoxylation reaction under a variety 
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of conditions. 
11 

The palladium-catalyzed carbonylation of aryl triflates appears however to 

be a quite general reaction and representsanew and expeditious method for a 

two-steps synthesis of arenecarboxylic acid derivatives from phenols. 
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