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ABSTRACT

The direct transformation of aryl bromides into the corresponding Weinreb amides via Pd-catalyzed aminocarbonylation at atmospheric pressure
is reported.

N-Methoxy-N-methyl amides (Weinreb amides) are well-
established acylating agents.1 Since the original report by
Nahm and Weinreb in 1981,2 significant effort has been
devoted toward the development of mild and general methods
for their preparation. The ability of Weinreb amides to
undergo selective addition of one equivalent of a variety of
organometallic reagents is key to their utility. The importance
of these amides as reliable and general acylating agents is
reinforced by the frequency with which they appear in
advanced synthetic intermediates.1,3

To access complex structures containing Weinreb amides
more readily, new, mild and general means for their
preparation are required. The conversion of acid chlorides1c,2

to Weinreb amides is straightforward. In addition, esters4

are also commonly employed precursors. Carboxylic acids
can also be converted into the corresponding Weinreb amides
by a number of one-pot protocols.5 Furthermore, methods
have been reported for the conversion of lactones, amides,
and anhydrides to Weinreb amides.1c Murakami has also
developed a strategy for the synthesis of vinyl and aryl
Weinreb amides using a Stille-type cross-coupling ofN-
methoxy-N-methylcarbamoyl chloride with vinyl or aryl
stannanes.6

Since its initial discovery by Heck in 1974,7 the three-
component coupling of an aryl halide, carbon monoxide, and
a nucleophile has been developed to allow the selective
synthesis of benzannulated heterocycles8 and aromatic acyl
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derivatives such as esters,7a,9a â-ketoesters,9b amides,7b,9c,d

R-ketoamides,9e ketones,9f aldehydes,9g and anhydrides.9h

Despite the considerable attention that aminocarbonylation
reactions have received, there is, to our knowledge, only one
example of a Weinreb amide synthesized in such a way. This
reaction was reported, but not highlighted in the main text,
by Zhuang and co-workers at Merck.10 Herein, we report a
general Pd-catalyzed process for the conversion of aryl
bromides to Weinreb amides that can be carried out at 1
atm of carbon monoxide.

Guided by the literature and our own results, we expected
the most efficient ligands for the aminocarbonylation process
to be bidentate phosphines possessing a large bite angle.9a

Thus, we began our studies by examining the reaction shown
in Table 1 using a series of bidentate phosphines as ligands.
In addition, on the basis of our success using biaryl
monophosphines in a variety of Pd-catalyzed processes,11

we also included SPhos as a representative of this ligand
class. Despite the success of PPh3 at higher pressures,
reactions that employed PPh3 or SPhos (Table 1, entries 1
and 2) were both ineffective under the atmospheric ami-
nocarbonylation reaction conditions examined. A number of
bidentate ligands that have been shown to be useful for other
Pd-catalyzed processes were completely ineffective as sup-
porting ligands as well. These included (S)-BINAP,9a,12a

dppp,12b dppb,12c dppf,9c,f and DPEphos.12d These are ligands
whose bite angles span a range from 92° to 108°.13 Only
van Leeuwen’s Xantphos ligand,14 with the largest bite angle
(110°), was effective for the synthesis of Weinreb amides
from the corresponding aryl bromides. We began our work
using a Pd/Xantphos ratio of 1:1 based on previous work in
our laboratory that showed excess Xantphos to be deleterious
in Pd-catalyzed C-N bond forming reactions.15 Using

Xantphos as the supporting ligand, the reaction at 100°C
resulted in 36% conversion and 30% of the desired product
after only 2 h. Unfortunately, allowing the reaction to run
for 5 h at 100°C resulted in only 90% conversion and 87%
of the desired product. Surprisingly, lowering the temperature
to 80 °C and allowing the reaction to run for 5 h led to the
complete consumption of the aryl bromide and 89% isolated
yield of the desired product. This unexpected result may be
attributed to enhanced catalyst stability at lower temperatures.
With these conditions in hand, we explored the range of this
method.

To determine the scope of this process, a set of aryl
bromides were examined as substrates with which the method
demonstrated good generality. This was exemplified by the
high-yield transformation of 3-bromonitrobenzene, 3-bro-
mobenzonitrile, and 4-bromo-2-fluorobenzonitrile to the
corresponding Weinreb amides (Table 2, entries 1-3).
Similarly, atert-butyl carbamate group was untouched during
the aminocarbonylation oftert-butyl N-(4-bromophenyl)-
carbamate (Table 2, entry 6). The high yield realized with a
methyl ester-containing substrate was surprising (Table 2,
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Table 1. Aminocarbonylation of 4-Bromoanisole Using
Various Ligandsa

a Reaction conditions: 2 mol % of Pd(OAc)2, n mol % of ligand, 1 mmol
of 4-bromoanisole, 1.5 mmol of amine, and 3 mmol of base in toluene (2
mL) at 100°C. b Determined by GC; average of two runs.c Cone angles.
d See ref 10c.e Reaction was run at 80°C for 5 h. f Isolated yield; average
of two runs.
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entry 8); no product resulting from addition of the hydroxyl-
amine to the ester group was detected. It is also important
to note that the selective aminocarbonylation of aryl bromides
can be achieved in the presence of aromatic fluoride and
chloride groups (Table 2, entries 2 and 5). Electron-rich aryl
bromides were also cleanly converted into the corresponding
Weinreb amides (Table 2, entries 4, 6, 7, and 10). The
reaction of 3-bromothiophene was of particular interest due
to the common occurrence of the thiophene moiety in organic
electronic materials.16 Though sodium carbonate was em-

ployed as the base in most reactions shown in Table 2, it is
also possible to use organic bases such as triethylamine
(Table 2, entries 9-11).

Despite the wide scope indicated by the results described
in Table 2, there were several substrates that were not
successfully converted to the corresponding Weinreb amides
using this procedure. Specifically,ortho-substituted aryl

(16) Wong, K.-T.; Hwu, T.-Y.; Balaiah, A.; Chao, T.-C.; Fang, F.-C.;
Lee, C.-T.; Peng, Y.-C.Org. Lett.2006,8, 1415.

Table 3. Conversion of Ortho-Substituted Aryl Bromides to
Weinreb Amides via Pd-Catalyzed Aminocarbonylation at 1
atma

a Reaction conditions: 2.5 mol of % Pd(OAc)2, 5 mol % of Xantphos,
1 mmol of aryl bromide, 1.5 mmol of amine, and 3 mmol of K3PO4 in
toluene (2 mL) at 100°C. b Yields are an average of two runs.c 3 mol %
of Pd(OAc)2 was used.d 3 mol % of Pd(OAc)2 was used at 105°C. e 3
mol % of Pd(OAc)2 was used inm-xylene (2 mL) at 110°C. f 3 mol % of
Pd(OAc)2 was used inm-xylene (2 mL) at 120°C. g 2.5 mol % of Pd(OAc)2
was used inm-xylene (2 mL) at 110°C.

Table 2. Conversion of Aryl Bromides to Weinreb Amides via
Pd-Catalyzed Aminocarbonylation at 1 atma

a Reaction conditions: 2 mol % of Pd(OAc)2, 2 mol % of Xantphos, 1
mmol of aryl bromide, 1.5 mmol of amine, and 3 mmol of Na2CO3 in
toluene (2 mL) at 80°C. b Yields are an average of two runs.c 3 mmol of
Et3N was used as base.
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bromides were not satisfactorily converted to product. Given
that (Xantphos)Pd-based catalyst systems can be used to
transformortho-substituted aryl bromides in C-N coupling
reactions,17 it is likely that the problematic step in this
reaction involves the nucleophilic addition of the amine to
the Pd-acyl intermediate.18 If this process is sluggish, the
Pd-acyl intermediate could be vulnerable to putative
decomposition processes leading to an inefficient overall
transformation.

In an effort to overcome this limitation, the reaction
conditions were reevaluated. During optimization of the
transformation of the test substrate, 2-bromo-p-xylene (Table
3, entry 1), it was found that use of potassium phosphate as
the base with a Pd/Xantphos ratio of 1:2 at 100°C led to
complete conversion of the starting aryl bromide with
formation of a high yield of the desired product. This new
procedure was also effective for a variety of otherortho-
substituted substrates. Both 1-bromonaphthalene and 2-bro-
mobenzonitrile were efficiently converted to the correspond-
ing Weinreb amides (Table 3, entries 2 and 3). A slightly
higher quantity of catalyst (3 mol % of Pd, 6 mol % of
Xantphos) was required to achieve full conversion in the case
of (2-bromo)methylbenzoate and 2-bromoanisole (Table 3,
entries 4 and 5). In the former case, the lower reactivity may
possibly be attributed to the ability of theortho-substituent
to coordinate to the Pd center. The same quantity of catalyst
at a slightly higher temperature (105°C) was also effective
for the aminocarbonylation of the electron-poor aryl chloride,
4-chlorobenzonitrile (Table 3, entry 6).

Although these conditions were effective for mostortho-
substituted aryl bromides, substrates with largeortho-
substituents and/or certain functional groups remained un-
reactive. The simplest way to overcome this lack of reactivity
was to usem-xylene as solvent and increase the reaction
temperature to 110 or 120°C. In this way, substrates such
as 2-bromobenzotrifluoride, 2-bromo-3-methylpyridine, 2-cy-
clohexylbromobenzene and 2,5-difluorobromobenzene were
successfully transformed into the corresponding Weinreb
amides (Table 3, entries 7-10).

In conclusion, a protocol for the direct transformation of
aryl bromides into the corresponding Weinreb amides via
an aminocarbonylation protocol at atmospheric pressure has
been developed. Electron-deficient, -neutral, and -rich aryl
bromides were all efficiently transformed to product. Fur-
thermore, the process tolerates a wide variety of functional
groups, is mild, and is operationally simple.
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