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Introduction. The palladium-catalyzed carbonylation of
aryl halides in the presence of carbon monoxide gas and
amines constitutes a versatile methodology for selective,
direct synthesis of secondary and tertiary benzamide deriva-
tives.1 Unfortunately, the synthesis of primary amides is
recognized as considerably more difficult, which is attribut-
able to both the lower nucleophilicity of ammonia and
difficulties associated with the handling of gaseous ammonia.
In 1998, Morera and Ortar2 addressed this issue and exploited
hexamethyldisilazane (HMDS), which had been employed
successfully as a synthon for ammonia in other reactions.3

Good to excellent yields of primary benzylamides could now
be achieved with palladium-catalyzed aminocarbonylation
reactions after acidic work up.2 Ueda et al. utilized a
titanium-nitrogen complex as an ammonia source, which
also delivered the primary benzamides, although in more
modest yields.4 The synthesis of primary aromatic amides
by aminocarbonylation of aryl halides using formamide as
an ammonia synthon, recently reported by Schnyder et al.
represents a major milestone.5 The reported procedure is
efficient and provides high yields of the primary benzamides
under a carbon monoxide pressure of 5 bar in an autoclave.
Furthermore, this methodology avoids the use of either
expensive or difficult to handle reagents, such as HMDS and
ammonia.5

We believed that the procedure of Schnyder et al. would
be even more attractive if the handling of toxic carbon
monoxide gas also could be avoided,6 in particular for
applications to small scale reactions in the context of high-
throughput library generation.7 We herein report the ami-
nocarbonylation of aryl halides where formamide is used not
only as a solvent, but additionally serves as a source of
ammonia and carbon monoxide. Consequently, no cumber-
some handling of gases is needed, and good yields of primary
benzamides are obtained after reaction times of<7 min.

Results.A series of diverse aryl bromides (and one aryl
iodide) in formamide were heated in sealed Pyrex vessels
for 400 s at 180°C with microwave irradiation.8 Because
the catalytic system Pd(OAc)2/dppf (5 mol %, 1:1) was
employed, imidazole was utilized as the nucleophilic catalyst,

and KOt-Bu, necessary for efficient formamide decomposi-
tion, was used as the base9 (Scheme 1). The energy transfer
from the magnetron to the sealed reaction system is very
rapid as a result of the high loss tangent of formamide (tan
δ ) 0.56),10 the high power, and the focused irradiation.11

The reaction temperature of 180°C is thus reached after only
30 s. The preparative results are summarized in Table 1.
Good isolated yields were obtained with all aryl halides
tested, demonstrating that electron-withdrawing and electron-
donating groups, in addition to ortho substituents, are well-
tolerated. In the initial experiments, longer reaction times,
900 s, were employed, but these reactions were accompanied
by significant dehydration to the corresponding nitriles (up
to 20% aryl nitriles, as deduced from GC/MS analyses). By
shortening the reaction times, this problem was circumvented,
and nitrile formation was suppressed considerably while
retaining complete aryl halide conversion.12 Note that to
ensure that high yields were obtained, we found it important
to commence heating shortly after mixing the reagents
(within 10 min).

Discussion.The conditions used are essentially identical
to those we reported recently for the preparation of various
secondary and tertiary benzamides.9 These reactions were
performed in the presence of a variety of amines and
dimethylformamide (DMF), acting here as a carbon mon-
oxide source.9 Prior to this study, DMF had been utilized as
a liquid carbon monoxide source for the preparation of
inorganic metal carbonyl complexes.13 Like DMF, formamide
is known to thermally decompose.14 Although formamide
has been reported to serve as an ammonia synthon,5 we are,
to the best of our knowledge, not aware of any examples in
which it has been exploited both as a surrogate for ammonia
and as a source of carbon monoxide in the same reaction. It
is demonstrated by the pressure graphs that the pressure
increases significantly in the sealed vessels, but only after
addition of KOt-Bu (Figure 1, curves A and D). Therefore,
we postulate that the strong base facilitates the decomposition
of formamide at high temperatures.

We believe that the aminocarbonylation reaction proceeds
as outlined in Scheme 2. Both of the gaseous components
formed by the formamide decarbonylation process are
consumed in the amide formation, and the pressure in the
vessel is therefore reduced during the progress of the reaction
(Figure 1, curve C). The arylpalladium oxidative addition
complex, initially generated from palladium(0) and the aryl
bromide, captures the liberated carbon monoxide, and
subsequently an aroylpalladium species is generated,1 which
reacts with the nucleophilic catalyst, imidazole. In the
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absence of the imidazole, no benzamides are formed, and it
is therefore believed that the aroylimidazole intermediate
plays a key role and is attacked by ammonia to afford the
aryl amide products.5,9 Activation of carboxylic acids by
conversion to carbonyl imidazoles is a common strategy for
peptide bond formation.15 It is notable that only traces of

products derived from a competing Buchwald-Hartwig
amination was encountered, reflecting the lower nucleophi-
licity of ammonia as compared to primary and secondary
amines.16,17 Instead, dehydration to form nitriles constituted
the major side-reaction.12

Conclusion.In summary, the solvent formamide has been
shown both to be an excellent source of carbon monoxide
and in parallel to serve as an ammonia synthon, provided
that a strong base, such as KOt-Bu, is used as additive. The
in situ carbon monoxide generation/carbonylation methodol-
ogy works efficiently with all aryl halides tested. Although
the examples presented herein are limited, we believe the
method will attract attention because of the short reaction
times, the experimental simplicity, and the fact that no
external carbon monoxide or ammonia surrogates need to
be added. It should constitute a convenient alternative to other
existing procedures for the preparation of primary benza-
mides from aryl halides, particularly applicable to small-
scale reactions for which short reaction times are desired.
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