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Synthesis of Benz&c and Tetralone Carboxylic Acid Esters from Phenols 
by Palladium Catalyzed Alkoxy/Aryloxy Carbonylation 

HOECHST AG, 6230 FcaWurt, Germany 

Abstractz W&us phenols with an acyl group conjugated to the aromatic system were converted via 
trifluorom~ fonates into benzoic acid es&s by a palladium catalyzed alkoxy/aryloxy 
~carbonylatkm. 

During a particular synthetic program the esters of 5,6- and 7-tetralone carboxylic acid 3 were required. 

The pe-ntafluorophenyl esters were of special interest. Synthesis of the not commercially available isomers of 

the tetralone cacboxylic acid are described in the liteaatute l), but are very laborious. Convenient starting 

materials are the corresponding hydmxy compounds, which could be easily obtained from the 

methoxytetmlon~. This prompted us to apply a palladium catalyzed alkoxy/aqloxy carbonylation of the 

activated phenol which leads to the benzoic acid esters in analogy to the palladium catalyzed carbonylation of 

aryl bromides and iodide@ or arylthallium compound&. 
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We describe the pxeparation of esters of the 5.6: and 7-tetralone carboxylic acid 3 by means of the 

alkoxycarbonylation of tciflu~methanesulfonate$)@~ wi& carbon monoxide and aloohols. Elaborating upon 

the published synthesis of alkyl esters and amides of several benu>ic acid derivatives we intended to use this 

reaction for the synthesis of aryl esters, especially the pent&uoqhenyl esters. which have special proper& 

as reactive esters. The reaction with acyl substituted aromatic compounds. like acetophenone derivatives or 

tetralone has not been previously described. 

Asatestsystemthetciflatesof3-and4-hydra xyacetophenone Sa and 5b were examined under the con- 

ditions of the alkoxycarbonylation. The positive results in these CBses encouraged us to use this reaction for 

our major goal, the synthesis of the tetralone carboxylic acid derivatives. Representative results are 

summarized in table la. 

-1: Palladium catalyzed alkyl/aryloxycarbonylation of various aryl triflate@ 
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a) dppp = 1,3-bis(diphenylphosphino)propane, dppe = 1,2-bis(diphenylphosphino)ethane; 

b, isolated yields, not optimized; c, 30% conversion after 5h; d, 50% conversion after 72h; 
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The methyl esters of all three isomeric tetralone carboxylic acids 3 could be obtained in very high yields 

(entries 1.2 and 3). the somewhat lower yields for the pentafluorophenyl esters (entries 5 and 9) was due to 

problems during work up. The triflate of 4-hydroxypropiophenone 5c gave the cormsponding methyl ester 6c 

in good yield as well (entry 10). 

The preparation of the aryl triflatesg) and sub5fquent alkoxy/aryloxy carbonylation*) has been carried out 

at a large scale under very mild conditions. Duting scaie up tetralone Was observed as a side pmduct. due to a 

insufficient carbon monoxide concentration in the reaction medium. Therefore the large scale reactions were 

carried out under a carbon monoxide pressuxe of 1.0 x lo6 Pa. A reaction time of 4h at 70°C provided a yield 
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of 7% for methyl ester 3c. 

The use of the 13-bis(diphenylphosphinolp (dpppl as ligand was essent@l. The attempt to run 

the reaction with the previously reported@ catalyst (PPh&Pd(OAcl~ (entry 61 was unsatisfactory. It is not 

clear if this effect of dppp is due to the higher complex stability because of its bidental complexation ability 

or due to the inevitable cis-configuration of the palladium complex. Using bis~diphenylphoaphinohzthane 

(dppel (entry 41 no complete conversion was achieved after 72 hours, though dppe should also be able to 

build a cis configurated bidental metal complex. 

It should be noted that the preparation of the ttiflates following the published ptocedu& with an 1.5 

molar excess of amine and triflic anhydride resulted in the isolation of the surprisingly stable bis-triflatelo) 7 

(11%) besides &desired product (76%). So we applied a ratio of phenoVbase&iflic anhydride of l/1.2/1.2 

should be carefully observed. The yields for the triflates 2 and 5 are all in the range ftom 90% (5b) to W% 
(5a191. 

In summary the palladium catalyzed alkoxycarbonylation appears to be a quite general method, 

applicable to acyl substituted aromatic systems and to the preparation of pentafluorophenyl esters of the 

resulting benzoic acids. 

The authors thank Mrs. C.Fels, Mr. D.Hill and Mr. R.Mittermeier for their good collaboration. 
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In a typical procedure (entry 3. table 1). a mixture of tetralone-7-trifluoromethanesulfonate (294mg. 

l.Ommol) 2c, triethylamine (2.Ommol). palladium(IDacetate (0.03mmol). 1,3bi&liphenylphosphi- 

no)propane (0.03mmol) and methanol (lml) in DMF (2ml) were purged for ten minutes with carbon 

monoxide. The reaction mixture was stirred under carbon monoxide atmosphere for 2h at 7O’C. 

After aqueous work up and chromatography on silica gel (eluent: toluene/ethyl acetate= 4/l) 184mg 

(90%) methyl I-tetrakme-7-carboxylate 3c (R=Me) was obtained. 

‘H-NMR (CDCQ 6= 2.17 (mc. 2H, CH@&CHal; 2.70 (t, 2H. PhCH$; 3.03 (t. 2H. CH&Ol; 3.94 

(s, 3H. OCH,); 7.35 (d. lH, H-51; 8.13 (dd, 1H. H-61; 8.70 (d, lH, H-8) ppm. 

MS: m/e (relative intensity) 205 (100); 176 (21). 

The aryl triflates were pmpared according to the following procedure: 4.05g (25mmol) 7-hy- 

droxy-1-tetralone lc was suspended in 15Oml abs. CHaCla and cooled to -30°C. 3.21g (3Ommoll 

2.6dimethylpyridine. 0.61g (5mmol) 4-N,Ndlmethylaminopyridine and 8.46g (3Ommol) 

trifluoromethanesulfonic acid anhydride wete added. After 2h stirring at ambient temperature the 
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10. 

wdon mw was worked up under aqueous renditions and cesulted in 7.13g (%‘%I of 

telralolle-7-trifiorom ethanesulfonate 2c as a slightly yellow oil, which solidified upon mg in 

the refrigerator. 

IH-NMR (cDc&): 6~ 2.19 (mc, 2H. CH&&CH2); 2.68 (t, 2H, FhCH2); 3.03 (t. 2H. CH&G); 7.38 

(m, 2H, aromatics); 7.90 (m. lH, aromatics) pp. 

MS: m/e (relative intensity) 295 (100); 161 (14). 

OTf 

OTf 
7 

‘H-NMR (d6-DMSO): &= 2.35 (%. 2H, CH,C&CH); 2.94 (t, 2I-I. I’hCH,); 6.37 (t. 

1H. vinyl); 7.40-7.60 (m, 3H. aromatics) ppm. 

MS: m/e (relative intensity) 426 (100); 334 (9); 319 (18); 293 (18). 
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