
220 J.C.S. CHEM. COMM., 1980 

Palladium-promoted One-step Carboxylation of Aromatic Compounds 
with Carbon Monoxide 

By Yuzo FUJIWARA,* TOMIO KAWAUCHI, and HIROSHI TANIGUCHI 
(Department of Applied Chemistry, Fa'culty of Engineering, Kyushu University, Fukuoka 81 2, Japan) 

Summary The one-step carboxylation of aromatic com- 
pounds such as benzene, toluene, anisole, chforobenzene, 
furan, and thiophen has been carried out using carbon 
inonoxide and palladium acetate; the reaction does not 
require oxygen and is electrophilic. 

EXTENSIVE studies on the reaction of carbon nionoxide with 
olefins in the presence of transition metals have been carried 
out.1 Much less is known about the direct carboxylation 
of aromatic compounds with carbon monoxide2 although it  is 
reported that aryl halides and aryl amines give aromatic 
acid derivatives when treated with palladium compounds 
and carbon n~onoxide.~ We have reported that aromatic 
compounds undergo palladation to give an intermediate 
aromatic-Pd a-complex which further reacts with olefins to 

give aromatic-substituted ole fin^.^ Therefore i t  was expec- 
ted that aromatic acid derivatives could be synthesised 
directly from aromatic compounds and carbon monoxide. 
We have found that the reaction of carbon monoxide with 
aromatic compounds in the presence of palladium acetate 
gives aromatic acids in a single step. 

\Ye here report the one-step carboxylation of aromatic 
compounds such as benzene, toluene, anisole, chlorobenzene, 
furan, and thiophen with carbon monoxide using palladium 
acetate. The reaction was carried out using the aromatic 
compound (20 ml) and carbon monoxide (15 atm) with 
Pd(OAc), (1 mmol) a t  100 "C with stirring for 20 h using an 
autoclave. The resulting mixture was filtered to remove 
palladium metal and the filtrate was evaporated. The 
residue (usually crystallised) was analysed by g.1.c. (Table). 
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Table Palladium-promoted carboxylation of aromatic com- 
pounds by carbon monoxide” 

Aromatic 
compound Product Xield %b 

Benzene Benzoic acid 
Anisole o-Methoxybenzoic acid 

p-Rlethoxybenzoic acid 
Toluene o-Methylbenzoic acid 

wz-Methylbenzoic acid 
p-Methylbenzoic acid 

Chlorobenzene o-Chlorobenzoic acid 
m-Chlorobenzoic acid 
p-Chlorobenzoic acid 

Furan Furan-2-carboxylic acid 
Thiophen Thiophen-2-carboxylic acid 

26 
5 

43 
12 
3 

18 
4 
2 
8 

35 
18 

a Reactions were carried out a t  100 “C with stirring for 20 h 
using the aromatic compound (20 ml), Pd(OAc), (1 mmol) and 
carbon monoxide (15 atm) in an autoclave b Isolated yields 
based on Pd(O4c), 

From the Table it can be seen that not only benzenoid but 
also non-benzenoid aromatic compounds such as furan and 
thiophen give the corresponding carboxylic acids The 
data in the Table also show that the reactivity of moiio- 
substituted benzenes decreases in the order OMe > ILIe > 
H > Cl, ancl that  the reaction proceeds n i th  ortlzo-Pam 
orientation R lien an electron-releasing group is attac lied to 
the benzene ring indicating that the reaction is electrophilic 
Ca 15 atin of carbon monoxide is the optimum pressure, 
higher and loner pressures not being so eftective Since 
common solvents gave lower yields of products, the reac- 

tions ’it ere carried out  usiiig the aromatic compounds them- 
selves as solvents I’dC1, aiicl I’dCl,-iVaOAc do not effect the 
reaction 

Ti\ o reaction mechanism? may be consiclei ed (using 
benzene as substrate) one involves benzaldehvtle as an 
interniediate 1% lricli undergoes oxidation bv oxvgen ctis5ol- 
l e d  in the benzene, ancl the otliei involves a benzoyl- 

PhH + Pd(OAc), --f i w u - o A c  + ACOH ( 1) 

Ph-Pd-OAc + CO + PIi-Cj : 0)-f’d-OAc (2) 

I’h-C( : O)-Pd-OAc + l’li-C(. O)-OAc + Pd’ (3) 

Ph-C(: O)-OAc + AcOH -+ l-’h-C( : 0)-OH + Ac,O (4) 

PdOAc o-complex which undergoes reductive elimination to  
give the acid anhydride and l’do We iavour the latter 
[equations (1)-(4)] on the basis that  (1) no benzal(le1iyde 1% 

detected in the resulting mixture and (11) benzoic acid W ~ S  

also formed 1x1 30°, yield in a control experiment i n  which 
cleoxh genatecl benzene? v as used under a nitrogen ati’ios- 
phei e 

One of the characteristic features of this rextion 15 that  
no oxygen is needed to perforiii the carbox.c lation o f  xonia- 
tic compounds 1% ith carbon monoxitle I his reactioii may 
be useful for the synthesis of a var1et.k of aronutic .icitls 

We thank llr le izo Yaniaji of ieijin Co Ltc l  foi useful 
discussions 

( R e ~ e ~ e c l ,  19th Noveitibev 1W9, Coira 1212.) 

f BenLene was reflused and distilled immediately before use from a dark green solution of sodium benzophcnone dianion under 
nitrogen 
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