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Carboxylic acid anhydrides via Pd-catalyzed carbonylation of

aryl halides at atmospheric CO pressurew
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A convenient method has been developed, which allows for the

direct transformation of aryl iodides into the corresponding

carboxylic acid anhydrides via Pd-catalyzed carbonylation under

atmospheric CO pressure.

Carboxylic acid anhydrides are valuable reagents for preparing

carboxylic acid derivatives.1 They are usually prepared by the

reaction of an acyl halide with a metal carboxylate salt,2 or with

a carboxylic acid in the presence of a base.3 Alternatively,

carboxylic acid anhydrides can be accessed by reacting a

carboxylic acid with a coupling agent, such as thionyl chloride,4

phosgene,5 carbodiimides,6 phosphoranes,7 isocyanate,8 ethoxy-

acetylene,9 1,3,5-triazines,10 trichloroacetonitrile/PPh3
11 and

tosyl chloride.12 Clearly, most of these coupling reagents are

either highly reactive or toxic and hence are difficult to handle.

Herein we present an efficient and simple method that allows

aryl iodides to be directly converted into carboxylic acid

anhydrides via palladium-catalyzed carbonylation.

Since its initial discovery by Heck in 1974,13 the three-

component coupling of an aryl halide, carbon monoxide,

and a nucleophile has undergone a great deal of development.

The carbonylation reaction14 now allows the selective syn-

thesis of a wide range of aromatic acyl derivatives, such as acids,

esters, a-ketoesters, amides, a-ketoamides, ketones, aldehydes,

and anhydrides15 (eqn (1)). Despite the considerable attention

given to carbonylation over the past several decades, there is, to

our knowledge, only one example of carboxylic acid anhydrides

being synthesized via palladium-catalyzed carbonylation of

aryl halides. In the reaction reported by Pri-Bart and Alper

(eqn (2)),15a a metal carboxylate was used as nucleophile to

form a carboxylic acid anhydride in the presence of CO and

palladium acetate. We now report that aryl iodides can be

readily converted into carboxylic acid anhydrides under 1 atm

of CO with no need for an additional nucleophile (eqn (3)).

ð1Þ

ð2Þ

ð3Þ

In our study of carbonylation reactions, we found that

treatment of 4-iodoanisole with 1 atm of CO for 6 h afforded

4-methoxy-benzoic anhydride in 47% isolated yield alongside

unreacted 4-iodoanisole in the presence of NEt3 and a catalytic

quantity of Pd(OAc)2/PPh3 at 115 1C in DMF.16 This was

somewhat surprising, as N,N-dimethylbenzamide17 or benzoic

acid would be expected as the major product. A closer look at

eqn (1) suggests that if it is possible to generate the anhydride,

50 mol% water would be ideal. We then determined the water

content of the DMF and found that the solution contained

27 mol% water. Subsequently, we found that controlling

the amount of water in the solvent is indeed vital to product

distribution (Table 1). When the amount of water in the solution

was more than one equivalent,18 i.e.>100 mol%, no 4-methoxy-

benzoic anhydride could be isolated, although 4-iodoanisole

was completely consumed. Instead, a significant amount of

4-methoxy-benzoic acid andN,N-dimethylbenzamide was observed.

Delightfully, 4-methoxy-benzoic anhydride was obtained in 90%

yield when 0.5 equivalent, i.e. 50 mol%, water was present in

the DMF solution (Table 1, entry 2). Variation of the concentra-

tions of water around this value led to inferior results. Thus, when

water was less than 0.5 equivalents, the yield of 4-methoxy-benzoic

anhydride became lower and no 4-methoxy-benzoic acid could be

observed (Table 1, entries 3 and 4). Similarly, when more than

0.5 equivalent of water was added, the anhydride was also

lower in yield, being accompanied, however, with 4-methoxy-

benzoic acid and N,N-dimethylbenzamide under such condi-

tions (Table 1, entries 5 and 6). Together, these results point to
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0.5 equivalent of water being the optimum water content for

anhydride generation, as requested by eqn (3).

Having examined the effect of water, we turned our attention

to the effect of ligands, solvents and bases on the carbonylation,

aiming to optimize further the reaction conditions.19 As can

be seen from Table 1, all the ligands tested promoted the

palladium-catalyzed carbonylation, regardless of monodentate

or bidentate. However, the best yield was attained with DPPP

in DMF with NEt3 as base (Table 1, entry 2). Solvents also play

an important role in the reaction. Among the solvents surveyed,

only toluene and DMF gave the desired products. The choice

of base is also critical. Amongst those tested, only NEt3 and

K2CO3 promoted the reaction, furnishing 90% and 65% yield,

respectively (Table 1, entries 2 and 8).

With the optimized reaction conditions in hand, we next

investigated the substrate scope of the reaction. As can be seen

from Table 2, a wide range of aryl iodides were carbonylated,

affording symmetrical anhydrides in good to excellent yields.

Electron-rich and electron-deficient aryl iodides were both

cleanly converted into the corresponding symmetrical anhydrides

with high yields. It is notable that aryl iodides bearing fluoro

and chloro substituents reacted without affecting these groups

(Table 2, entries 4, 5 and 8). ortho- meta-, and para-Substituted

aryl iodides worked well in the present system to give sym-

metrical anhydrides, demonstrating that the carbonylation

tolerates substrates of diverse steric properties. Thus, the three

iodoanisoles all afforded high yields of anhydrides (Table 2,

entries 1, 11 and 13), and the ortho-substituted 1o, 1r and 1s

were also viable substrates (Table 2, entries 15, 18 and 19).

To gain understanding of the reaction mechanism, the

following reactions were carried out. Carbonylation of iodo-

anisole in the presence of 1 equivalent water afforded no anhydride

under otherwise the same conditions (eqn (4)). Instead, the usually

expected 4-methoxy-benzoic acid was formed as the main product.

Table 1 Optimization of reaction conditions for the carbonylation of
4-iodoanisolea

Entry Ligand Base Solvent Waterb (mol%) Yieldc (%)

1 No NEt3 DMF 50 0
2 DPPP NEt3 DMF 50 90
3 DPPP NEt3 DMF 27 55
4 DPPP NEt3 DMF 44 80
5 DPPP NEt3 DMF 72 49
6 DPPP NEt3 DMF 94 2
7 DPPP NEt3 Toluene 50 56
8 DPPP K2CO3 DMF 50 65
9 BINAP NEt3 DMF 50 24
10 DCPP NEt3 DMF 50 45
11 DPPF NEt3 DMF 50 12
12 DPPE NEt3 DMF 50 40
13 D-I-PPP NEt3 DMF 50 52
14 D-C-PPP NEt3 DMF 50 53
15 A NEt3 DMF 50 48
16 B NEt3 DMF 50 70

a Conditions: ArI (1.0 mmol), Et3N (2.5 mmol), Pd(OAc)2 (1 mol%),

ligand (2 mol%), water, solvent (2.0 mL), 115 1C, 6 h; see the ESI for

more details including ligands. b Total water content. c Isolated yield.

Table 2 Conversion of aryl iodides to symmetrical anhydrides via Pd-
catalyzed carbonylationa

Entry Aryl halides Product Yieldb (%)

1 90

2 90

3 95

4 77

5 98

6 56

7 71

8 54

9 83

10 69

11 95

12 67

13 95

14 73

15 68

16 67

17 82

18 77c

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

L
im

er
ic

k 
on

 1
5/

05
/2

01
3 

14
:3

1:
33

. 
Pu

bl
is

he
d 

on
 2

8 
N

ov
em

be
r 

20
11

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

2C
C

16
61

1A

View Article Online

http://dx.doi.org/10.1039/c2cc16611a


1322 Chem. Commun., 2012, 48, 1320–1322 This journal is c The Royal Society of Chemistry 2012

On the other hand, 4-methoxy-benzoic anhydride was obtained in

a high yield of 95% when water was replaced with 4-methoxy-

benzoic acid (eqn (5)), indicating that the latter participates in the

formation of the anhydride. However, 4-methoxy-benzoic acid

itself cannot give rise to the anhydride

ð4Þ

ð5Þ

ð6Þ

with or without added water under the reaction conditions

(eqn (6)), suggesting that the anhydride is derived from the iodide

and 4-methoxy-benzoic acid or 4-methoxy-benzoate. In addition,

when the carbonylation of iodoanisole was performed under the

optimized conditions (Table 2) but quenched at 2 h reaction time,

the anhydride and iodoanisole were isolated in 38% and 54%

yield, respectively; the yield of 4-methoxy-benzoic was less than

2%, indicating that the acid is consumed once generated. Taking

these observations into account, a plausible mechanism is pre-

sented in Scheme 1. The main features are that water attacks the

Pd–acyl intermediate, resulting in the formation of a carboxylate

under the basic conditions employed; the carboxylate, being more

nucleophilic than water, reacts with a new Pd–acyl species, furnish-

ing the symmetric anhydride. Clearly, over-stoichiometric water

will lead to the formation of a carboxylic acid, whereas a sub-

stoichiometric amount encourages attack of the acyl by DMF.17

In summary, a convenient method for the preparation of

carboxylic acid anhydrides has been developed. The wide

scope, mild reaction conditions and high yields showcase the

potential of the method in chemical synthesis.
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Table 2 (continued )

Entry Aryl halides Product Yieldb (%)

19 64

20 76

a Reaction conditions: ArI (1.0 mmol), Et3N (2.5 mmol), Pd(OAc)2
(1 mol%), ligand (2 mol%), water (50 mol%), DMF (2.0 mL), 115 1C,

6 h. b Isolated yield. c 48 h.

Scheme 1 A plausible mechanism for anhydride formation.
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