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ABSTRACT

The palladium-catalyzed reaction of aryl iodides with acetic anhydride provides a straightforward and experimentally simple carbon monoxide-
free route to acetophenones. The reaction tolerates a wide range of functionalized aryl iodides. Acetophenones are isolated in excellent yield
with a variety of neutral, slightly electron-rich, and slightly electron-poor aryl iodides, whereas moderate yields are obtained with aryl iodides
containing strongly electron-withdrawing substituents.

The reaction of aryl- and vinylpalladium complexes with
carbon-heteroatom multiple bonds is emerging as a stimu-
lating new frontier in palladium catalysis. In fact, recent
reports have shown that aryl- and vinylpalladium complexes
can undergo intramolecular reactions with aldehyde,1,2,

ketone,3 and nitrile4 functionalities to afford indenone and
indanone derivatives and other cyclic alcohols and ketones.
The success of these reactions appears to be strongly
dependent on their intramolecular character.

We now report that the reaction of arylpalladium com-
plexes with carbonyl compounds can also occurinter-
molecularly. In particular, the palladium-catalyzed reaction
of aryl iodides with acetic anhydride provides a straightfor-
ward and experimentally simple new route to acetophenones
(Scheme 1), common structural units of a variety of
biologically active compounds and useful intermediates for
the preparation of significant pharmaceuticals.5

During our studies directed toward finding new methods
for the palladium-catalyzed formation of C-C bonds, we
have discovered that subjectingp-iodoanisole to acetic
anhydride in the presence of 1.25 mol % Pd2(dba)3 and 2
equiv of Et3N in DMF at 80 °C gives the corresponding
acetophenone product in 54% yield (the corresponding biaryl
was obtained in 43% yield).
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To the best of our knowledge, the behavior of acetic
anhydride as an acetyl donor in a palladium-catalyzed
reaction of this type has never been reported.

This result prompted us to search for optimal reaction
conditions for this substrate. A survey of reactions with a
variety of bases (EtNPri

2, DABCO, pyridine, K2CO3) and
solvents (DMA, DMSO, THF, toluene) showed that the best
results can be obtained by using 1.25 mol % Pd2(dba)3 and
a 0.427 M solution ofp-iodoanisole with a 1:5:2 molar ratio
of p-iodoanisole:acetic anhydride:EtNPri

2 in DMF at 100°C
for 15 h. Under these conditions,p-methoxyacetophenone
was isolated in 70% yield and only trace amounts of the
biaryl byproduct were observed. Interestingly, though a lower
reaction rate was observed, the reaction can be successfully
carried out in the presence of 2.5 mol % 5% palladium on
charcoal (Table 1, entry 2).

Using the same conditions, we found that ethylp-
iodobenzoate, a model electron-poor aryl iodide, gave the
biaryl derivative as the main reaction product: acetophenone
and biaryl products were isolated in 34 and 57% yields,
respectively. Utilization of phosphine ligands [PPh3, P(o-
tol)3, P(2-furyl)3, tris(p-chlorophenyl)phosphine, tris(2,4,6-
trimethoxyphenyl)phosphine] did not have any beneficial
effect on the reaction course. On the contrary, their employ-
ment tends to lower the yields of ethylp-acetylbenzoate by
favoring the formation of the biaryl byproduct. The amount
of biaryl was found to decrease by adding LiCl and diluting
the reaction mixture. Indeed, in the presence of 5 equiv of
LiCl and with a 0.142 M solution of ethylp-iodobenzoate,
acetophenone and biphenyl products were isolated in 70 and
10% yields, respectively. It was observed that LiCl is more
effective thannBu4NCl andnBu4NBr in limiting the formation
of biaryls.

After observing the beneficial effect of LiCl and dilution
in limiting the formation of biaryls with ethylp-iodobenzoate,
LiCl and 0.142 M solutions of aryl iodides were employed
in all the experiments we carried out, independent of the
nature of the aryl iodide. In practice, the conditions we used
when the procedure was extended to include other aryl
iodides are as follows: aryl iodide (1 equiv, 0.142 M), Pd2-
(dba)3 (0.0125 equiv), EtNPri

2 (2 equiv), acetic anhydride
(5 equiv), LiCl (5 equiv) in DMF at 100°C.

Under these conditions the reaction proceeds very smoothly
and, as shown in Table 1, appears to tolerate a wide range
of functionalized aryl iodides, including those containing
ether, ketone, ester, and nitro groups. The presence ofortho
substituents does not seem to hamper the reaction (Table 1,
entry 6). Acetophenones were isolated in excellent yield with
a variety of neutral, slightly electron-rich, and slightly
electron-poor aryl iodides, whereas moderate yields were
obtained with aryl iodides containing strongly electron-
withdrawing substituents. With the latter substrates, biaryl
byproducts were isolated in significant yield, even in the
presence of LiCl (Table 1, entries 16 and 17).

Only o-iodoanisole, among the substrates that we have
investigated, produced a complex reaction mixture containing
the desired acetophenone derivative, phenoxyacetone4, and
other compounds we have not further investigated (Scheme
2). The formation of4 is interesting. Presumably, it involves

the intermediacy of a five-membered ring, oxygen-containing
palladacycle, as suggested by Dyker in the palladium-
catalyzed C-H activation at methoxy groups,6 and its
conversion into a phenoxymethylpalladium complex that
subsequently reacts with acetic anhydride according to the
present procedure.

The extension of the procedure to other anhydrides has
been briefly explored. The reaction ofp-iodoanisole with
propionic acid anhydride and hexanoic acid anhydride (24

Table 1. Palladium-Catalyzed Synthesis of Acetophenones
from Aryl Iodides and Acetic Anhydridea

a Unless otherwise stated, reactions were run in DMF at 100°C by using
0.142 M solutions of1 with the following molar ratios:1:2:EtNPri2:LiCl:
Pd2(dba)3 ) 1:5:2:5:0.0125.b All products gave appropriate1H and 13C
NMR and IR spectra and elemental analytical data.c Iodoanisole 0.427 M.
In the absence of LiCl.d In the presence 0.025 equiv of 5% Pd/C.e Complex
reaction mixture was obtained, containing about 20%4 and other unidenti-
fied products.f Corresponding biaryl was isolated in 20% yield.g 1:2:
EtNPri2:LiCl:Pd2(dba)3 ) 1:3:2:7:0.025. Corresponding biaryl was isolated
in 15% yield.h Corresponding biaryl was isolated in 25% yield.
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h) afforded the corresponding aromatic ketone products in
38 and 37% yields, respectively (the biaryl byproduct was
isolated in 7 and 9% yields, respectively). No benzophenone
derivative was observed with benzoic acid anhydride.

A possible reaction mechanism accounting for the ob-
served unprecedented palladium-catalyzed formation of ac-
etophenones from aryl iodides and acetic anhydride is as
follows (Scheme 3): (a) oxidative addition of aryl iodide to

Pd(0), (b) addition of the resultant arylpalladium intermediate
to the carbonyl group of the anhydride to give an alkoxy-
palladium intermediate, (c) formation of the acetophenone
product byâ-elimination of an acetoxypalladium species,
and (d) regeneration of the Pd(0) catalyst by reduction.
Presumably, the reduction step is effected by the tertiary
amine.7 A similar mechanism, involving the intramolecular
addition of a C-Pd bond of aryl- and vinylpalladium
intermediates across the CdO bond of aldehyde and ketone
groups, has been proposed by Yamamoto for the palladium-
catalyzed synthesis of indenols,2,3aindanols,3b and other cyclic
alcohols.3b

Another possible mechanism, related to that proposed by
Larock for the formation of indenones fromo-iodobenzal-
dehyde and internal alkynes,1 involves an oxidative insertion
of the arylpalladium complex into the anhydride CO-O bond
to form the palladium(IV) intermediate5 that could generate
the acetophenone product via reductive elimination. Inter-
mediate5 could also form via oxidative addition of acetic
anhydride to Pd(0)8 followed by the oxidative insertion of
the resultant acetylpalladium complex into the aryl C-I bond.

In conclusion, we have demonstrated the first examples
of the palladium-catalyzed intermolecular reaction between
aryl iodides and carbonyl compounds. The reaction tolerates
important functional groups and could open up new and
exciting synthetic pathways. It compares well with most
common palladium-based procedures for the preparation of
acetophenones from aryl iodides (relying on the palladium-
catalyzed reaction of aryl iodides with tetramethylstannane9

or methyl zinc10 in the presence of carbon monoxide, with
vinyl ether,7j,11 and with zinc salts of enol ether anions)9 and
is particularly applicable to small-scale reactions where direct
use of carbon monoxide is impractical as in the synthesis of
compound libraries.12

Research on the scope and limitations of this chemistry
are actively underway in our laboratory.
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