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ABSTRACT

An efficient copper-catalyzed amination of aryl bromides with primary alkylamines was developed that uses commercially available
diethylsalicylamide as the ligand. This amination reaction can be performed at 90 °C in good yield. A variety of functional groups are compatible
with these reaction conditions. Preliminary results show that this reaction can be carried out under solvent-free conditions with comparable
yields.

Traditional copper-catalyzed Ullmann coupling protocols
necessitate the use of high temperatures and often require
the use of stoichiometric amounts of copper reagents, which,
on scale, leads to problems of waste disposal.1 Additionally,
they have been plagued by poor substrate scope. Recently,
milder Ullmann-type processes for C-N bond formation
such as N-arylation of anilines,2 amides,3 imidazole,4 indoles,3

and hydrazines5 have been reported. Progress in the arylation
of aliphatic amines, however, has been realized only in the

context of chelating substrates6 such asR- andâ-amino acids7

andâ-amino alcohols8 or in strategies utilizing less conve-
nient or more costly arylating agents.9,10 Thus, a simple and
general procedure for the copper-catalyzed coupling of
alkylamines and aryl halides has remained elusive. Recently,
we disclosed that ethylene glycol serves as an excellent
ligand in the Cu-catalyzed amination of aryl iodides.11 In
this report, we noted that using phenolic ligands, aryl
bromides could be utilized if the reaction was conducted
using a large excess of the amine as the solvent. While this
is satisfactory in some instances, the success of these(1) (a) Ullmann, F.Ber. Dtsch. Chem. Ges.1903,36, 2382-2384. For
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processes prompted us to examine whether other anionic
O-donor ligands could be used for the amination of aryl
bromides without necessitating the use of a large excess of
the amine substrate.12 Herein, we report a mild and practical
Cu-catalyzed coupling of primary amines to functionalized
aryl bromides using air-stable CuI as the catalyst and
structurally simple salicylamides as ligands.

In our initial screening experiments, 5-bromo-m-xylene
andn-hexylamine were used as the prototypical substrates
for discovery of suitable reaction conditions (Figure 1). The

use of the hindered phenol, 2-phenylphenol, which we
previously employed,12 gave a 50% conversion of the aryl

bromide and 38% yield of the product (Figure 1, bar 2); no
desired products were observed in the absence of a substi-
tuted phenol ligand. Reactions in which a group capable of
chelation was incorporatedortho to the phenolic hydroxyl
proceeded with slightly higher conversion and yield (Figure
1, bars 3-6). That the phenolic group plays an important
role is evident by comparing the results in bars 6 and 7.13

With picolinamide, although a good conversion of aryl
bromide was observed, competitive amidation of the ligand
led to a low yield of the product (Figure 1, bar8). We
wondered whether N,N-dialkylated salicylamides might be
efficient ligands. To our delight, the use of commercially
availableN,N-diethylsalicylamide gave excellent conversion
to and yield of the product (Figure 1, bar 9). Variation of
the N,N-dialkyl group and the electronic character of the
aromatic moiety produced ligands whose use gave similar
results. Both K3PO4 and K2CO3 were found to be effective
as bases; however, amine bases such as DBU or DABCO
gave inferior results. The use of DMF gave the best results
among the several solvents that were screened.14

The optimized reaction conditions, 5 mol % CuI, 20 mol
% N,N-diethylsalicylamide, and 2.0 equiv of K3PO4 in DMF
at 90 °C, were applied to the amination of a number of
functionalized aryl bromides (Table 1).15 As can be seen,
the presence of a free-NH2 group did not diminish the
efficiency of the coupling of 3-bromoaniline withn-hexy-
lamine (Table 1, entry 2). This result is important since this
aryl bromide is not a good substrate using Pd-based systems.
It is also interesting that theδ-amino alcohol, 4-aminobutan-
1-ol, was selectively N-arylated in excellent yield (Table 1,
entry 3).8 Functional groups that are compatible with this
Cu-catalyzed amination protocol include thioether, hydroxy,
nitrile, keto, and nitro.16

The selective N-arylation of the primary amine moiety was
observed when 4-aminomethylpiperidine was used as the
substrate (Table 1, entry 11). No racemization of the product
was observed when (R)-R-methylbenzylamine was used as
the substrate (Table 1, entry 12).17 In contrast to palladium-
catalyzed couplings, no significant electronic effects were
observed in the reaction ofpara-substituted aryl bromides.
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Figure 1. Ligand comparison in Cu-catalyzed amination of aryl
bromide. Reaction conditions: ArBr (1.0 mmol), amine (1.5 mmol),
CuI (0.05 mmol), ligand (0.2 mmol), and K3PO4 (2.0 mmol) were
added to a screw-capped test tube with a Teflon septum followed
by the addition of anhydrous DMF. The reaction was stirred for at
90 °C for 20 h under argon. Conversion (GC) and yield (GC) were
calibrated with dodecane as a standard.
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This newly developed Cu-catalyzed amination protocol
was also applied toortho-substituted and heterocyclic aryl
halide substrates (Table 2). As shown,ortho-substituted aryl
bromides often required the use of a slightly higher reaction
temperature (100°C). Heteroaryl bromides, including bro-
mopyridine, -pyrimidine, and -benzothiophene, were ef-
ficiently transformed to the desired products in excellent
yield.

Although this new protocol works well when primary
amines are employed as substrates, a similar process with
secondary amines has provided poor results. We are continu-
ing work to overcome this limitation.

The intramolecular amination of aryl halides can also be
carried out using a similar protocol under quite mild reaction
conditions (Table 3).18 Both five- and six-membered ring

Table 1. Cu-Catalyzed Amination of Aryl Bromidesa

a Reaction conditions: CuI (0.05 mmol, 5 mol %),N,N-diethylsalicyl-
amide (0.2 mmol, 20 mol %), ArBr (1.0 mmol), amine (1.5 mmol), and
K3PO4 (2.0 mmol) in DMF at 90°C under argon.b Isolated yield (average
of two experiments).c Reaction temperature: 100°C.

Table 2. Copper-Catalyzed Amination ofortho-Substituted and
Heteroaryl Bromidesa

a Reaction conditions: CuI (0.05 mmol, 5 mol %),N,N-diethylsalicyl-
amide (0.2 mmol, 20 mol %), ArBr (1.0 mmol), amine (1.5 mmol), and
K3PO4 (2.0 mmol) in DMF at 90°C under argon.b Isolated yield (average
of two experiments).c Reaction temperature: 100°C.

Table 3. Intramolecular Copper-Catalyzed Amination of Aryl
Halidesa

entry X n temp (°C) time (h) % yieldb

1c Br 1 35 12 88
2 Br 2 40 18 80
3d Cl 1 50 48 78
4 Cl 1 100 14 74

a Reaction conditions: intramolecular amine-ArBr/Cl substrate (1.0
mmol), CuOAc (0.05 mmol, 5 mol %),N,N-diethylsalicylamide ligand (0.2
mmol, 20 mol %), and K3PO4 (2.0 mmol) in DMF at the specified
temperature.b Isolated yield (average of two experiments).c Control experi-
ment in the absence of ligand revealed a 32% conversion of ArBr and 26%
GC yield of the desired product.d Control experiment in the absence of
ligand revealed a 5% conversion of ArCl and 0% GC yield of the desired
product.
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formations can be accomplished with aryl bromide substrates
at 35-40 °C (Table 3, entries 1 and 2). Even an aryl chloride
can be efficiently transformed, although longer reaction times
or higher reaction temperatures were required (Table 3,
entries 3 and 4). That these reactions proceed under such

mild reaction conditions suggests that the amino group binds
to copper prior to effecting an intramolecular oxidative
addition.19

The use of inexpensive precatalysts and a simple ligand
make this reaction of potential practical utility. We sought
to enhance its attractiveness further by developing solvent-
free reaction conditions. We found that using 5 mol % CuI,
5 mol % ligand, and 2 equiv of K3PO4 at 100°C, with the
substrates being adsorbed on the combination of solid
components of the reaction mixture, gave the desired
products in excellent yield (Table 4).20

In summary, we have developed an efficient, mild, and
inexpensive Cu-catalyzed coupling of primary alkylamines
and aryl bromides at 90°C that utilizes commercially
available components. A variety of functional groups are
compatible with these reaction conditions. Preliminary results
show that this reaction can be performed under solvent-free
conditions with comparable yields. Further studies of this
and related Cu-salicylamide-catalyzed chemistry are in
progress.
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(18) CuOAc complex was used as the precatalyst since it is more soluble
at lower temperatures. A lower yield of the desired product was observed
when CuI complex was used as the precatalyst instead of CuOAc for the
reaction shown in Table 3, entry 1.

(19) Intramolecular amination: Yamada, K.; Kubo, T.; Tokuyama, H.;
Fukuyama, T.Synlett2002, 231-234.

(20) Color of the solid (base, CuI, andN,N-diethylsalicylamide ligand)
changed from white to green upon addition of the amine substrate at room
temperature. The color of the solid then changed to brown when the reaction
mixture was heated to 100°C for <5 min. The reaction mixture maintains
its appearance as a solid after heating for 18-22 h.

Table 4. Solvent-Free Cu-Catalyzed Amination of Aryl
Bromidesa

a Reaction conditions: CuI (0.05 mmol, 5 mol %),N,N-diethylsalicy-
lamide (0.05 mmol, 5 mol %), ArBr (1.0 mmol), amine (1.5 mmol), and
K3PO4 (2.0 mmol) at 100°C under argon (no solvent added).b Isolated
yield (average of two experiments).c Reaction temperature: 90°C.
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