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Aryl, benzyl, vinyl and heterocyclic halides RX have been converted in high 
yields into the corresponding acids RCOOH by adding the RX with a little PPh3 
slowly to a rapidly stirred mixture of aqueous NaOH, [Pd(PPh3)2Clz], and 
n-Bu,NI in toluene under a CO atmosphere. 

We report briefly below on our studies of the application of the phase-transfer 
technique [l] to the palladium-catalyzed carbonylation of organic halides [ 21. 

The carbonylation reaction 1 can be carried out by mixing an aqueous solu- 
tion of NaOH with a xylene solution of the palladium triphenylphosphine com- 
plex in the presence of a salt such as [CgHsCH2N(C2H,),]C1. 

RX+CO+2NaOH 
NaOH aqueous/xylene 

‘4 RCOONa + NaX + Hz0 
Pd[P(C&s 13 14, NRkX 

(1) 

The organic halide (benzyl, aryl, vinyl or heterocyclic) is slowly added to the 
reaction mixture under carbon monoxide to give the sodium salts of the organic 
acid. For example, benzyl chloride (50 g) and P(C,Hs), (0.2 g) were added 
during 4 h to a rapidly stirred mixture of aqueous (30%) NaOH (220 ml) 
Pd[P(CsH5)3]2Cl2 (6.18 g) and NBu,I (0.6 g) in p-xylene (50 ml) under CO pres- 
sure (5 atm) at 95°C. The mixture was kept at 95°C for an additional hour_ 
Separation and acidification of the aqueous phase gave 45 g of phenylacetic acid 
(yield 83%). The xylene solution containing the catalyst may be recycled many 
times in the carbonylation process with no loss in catalytic activity. Addition of 
a small quantity of P(C6HS)3 is necessary to avoid precipitation of palladium 
metal** . Phenylacetic acid has thus been obtained to the extent of more than 
4000 moles per mole of palladium, and 400 moles per mole of P(C6HS)s taken. 

Another important advantage of this system is the possibility of achieving 

*To whom correspondence should be addressed. 
**P<C,H,), is partially transformed into a phosphonium salt. 
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selective carbonylation of polyhalogenated aromatic~compounds when the re- 
activities of the halogens are very similar. Thus pdibr6mobepzen6 &n be trans- 
formed into p-bromobenaoic acid with a selectivity as high as 95% .at 90% con- 
version. This is possible because conversion of the first C-X group into C-COO’ 
causes the molecule to go from the organic to the aqueous phase, thus removing 
it from further reaction. 

-- 
NRpOH- -i- x- s 5s;;’ x -t on ; .+ 

ncoo-NR4 c No+OH- 
.+ 

= RCOO-No+ C NRs OH- 

inter,oce __-~,__----------_-__- __-_-________-_-______ 

‘l\ 1 ;/’ i 
orgctnic ?hose R__C__Pd-_X -- PC! 

Fig.l_Phasetransfercatalysisin palladium-ca~~edcarbonylationofo~chalides.Pddenotes pal- 

Iadium with its associated phosphine. 

Figure 1 shows the probable reactions involved in carbonylation of organic 
halides (R-X), following the general scheme applicable to phase-transfer 
catalysis [l] _ 

An important practical aspect of this process is the continuous separation of 
the products from the catalyst, which in effect heterogenizes the homogeneous 
catalyst. This point accounts for the high catalyst turnover, the selectivity en- 
countered in the carbonylation of polyhalogenated compounds, and the high 
activity of the catalyst. 
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