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Reports from several laboratories, including our own, on the
palladium-catalyzed cross coupling of aryl bromides with amines
have stressed the need to employ P(o-tolyl)3 as a ligand in order
to obtain reasonable yields of the desired aniline products.1,2

The importance of this ligand was attributed to its steric bulk,
which is believed to hinder the formation of bis(phosphine)
palladium complexes as intermediates. Hartwig has demon-
strated through kinetics studies that oxidative addition, pal-
ladium-nitrogen bond formation, and reductive elimination
proceed through monophosphine palladium complexes when
P(o-tolyl)3 is used as the ligand.3 One drawback of the use of
these P(o-tolyl)3/Pd catalyst systems is that they typically give
poor results when applied to the cross coupling of primary
amines with aryl bromides. In general, low yields of the desired
aniline are realized, and large amounts of arene side products
are produced which result fromâ-hydride elimination from a
Pd-amido intermediate. In a number of transition metal
complexes, the use of the chelating bis(phosphine) ligand has
been found to inhibitâ-hydride elimination. Hartwig’s results
rendered this alternative unattractive since it appeared to us that
a chelating ligand would cause difficulty in accessing the
requisite three-coordinate monophosphine complexes. More-
over, earlier attempts in our laboratory to utilize chelating bis-
(phosphines) were unsuccessful. In conjunction with another
aspect of our work on palladium-catalyzed carbon-nitrogen
bond formation, we had reason to examine the use of BINAP4

as the supporting ligand. During this study, we were surprised
to find that the combination of Pd2(dba)3 and BINAP in the
presence of NaOtBu constitutes a superior catalyst system for
the cross coupling of amines with aryl bromides. In this
communication we report that use of this catalyst system allows
for the successful arylation of primary amines and dramatically
improves yields with several other types of substrates for which
poor results were obtained when P(o-tolyl)3 was employed as
the ligand (eq 1). This finding also indicates that bis(phosphine)
palladium complexes are not only viable as catalysts (and as
intermediates) but in many instances manifest superior efficiency
in these aromatic carbon-nitrogen bond-forming procedures.
Previously, we had shown that primary amines could be

coupled with a limited class of aryl bromide substrates with
good (para electron-withdrawing substituent) to excellent (ortho

substituent) efficiency using a Pd(0)/P(o-tolyl)3 catalyst.2a,d

Attempts to generalize the cross coupling of primary amines
with aryl bromides by employing Pd2(dba)3/P(o-tolyl)35 resulted
in low conversion of starting materials to products and gave
large amounts of arene side products. For example, the coupling
of n-hexylamine and 5-bromo-m-xylene with this catalyst system
(2% Pd) resulted in only a partial conversion to products after
22 h at 80°C and gave 35% (isolated yield) of the desired
product. In contrast, an 88% yield was realized when the Pd2-
(dba)3/BINAP (0.5% Pd, 80°C, 2 h) combination was em-
ployed.6,7 This catalyst system is significantly more efficient,
in general, for the cross coupling of a variety of primary amines
with both electron-rich and electron-poor aryl bromides at
catalyst loadings as low as 0.05 mol % (∼2000 turnovers) as
detailed in Table 1. Its high activity also allows for the reactions
to be conducted at 80°C, approximately 20°C lower than
before. The use of BINAP as a ligand for coupling secondary
amines with ortho-substituted halides also resulted in much
higher yields than were obtained when P(o-tolyl)3 was employed
(Table 1). For example, arylation ofN-methylpiperazine with
2-bromo-p-xylene resulted in only 47% yield of the cross-
coupled product when the Pd2(dba)3/P(o-tolyl)3 catalyst system
was used, but when BINAP was substituted for P(o-tolyl)3, the
yield improved to 98%.
In analogy to what has previously been reported, we surmise

that the catalytic cycle is as shown in Scheme 1. We have
isolated two of the presumed intermediates in this sequence.
Stirring a purple solution of Pd2(DBA)3 and BINAP in benzene
at room temperature for 2 h gave an orange solution from which
(BINAP)Pd(dba) (1) was isolated in 71% yield as an orange
powder. The oxidative addition complex (BINAP)Pd(p-C6H4-
CMe3)(Br) (2) was prepared by the reaction of BINAP with
{Pd[P(o-tolyl)3](p-C6H4CMe3)(µ-Br)}28 in benzene at room
temperature and was isolated in 50% yield as a cream-colored
solid. No evidence (1H NMR) for the formation of an amine
adduct was detected when a large excess (5 equiv) of benzyl-
amine was added to a C6D6 solution of2. However, addition
of sodium tert-butoxide to the solution caused the rapid
formation of N-benzyl-4-tert-butylaniline as the onlytert-
butylphenyl-containing product detected (1H NMR analysis).
Both 1 and2 were shown to catalyze the coupling of amines
with aryl bromides with reaction rates and product distributions
similar to those observed when mixtures of Pd2(dba)3 and
BINAP were employed.
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The effectiveness of Pd2(dba)3/BINAP suggests that any or
all of steps 1-4 (Scheme 1) may occur from intermediates
without prior phosphine dissociation. In particular, coordination
of the amine to2would form pentacoordinate3.9 Deprotonation
of the coordinated amine by NaOtBu would give 4 which

reductively eliminates to give (BINAP)Pd and the aniline
product. Structural features specific to BINAP may be key to
the success of this catalyst system. This supposition is consistent
with the observation that a variety of other chelating bis-
(phosphines) are significantly less effective in these amination
reactions (Table 2).â-Hydride elimination of4 is presumably
inhibited due to the inaccessibility of a three-coordinate mono-
phosphine intermediate.10 The efficiency of BINAP as a ligand
in the Pd-catalyzed cross coupling of primary amines may result
from its ability to inhibit the formation of both catalytically
inactive palladium bis(amine) aryl halide complexes and bridg-
ing amido complexes which resist reductive elimination.8

In conclusion, we have demonstrated that the combination
of Pd2(dba)3 and BINAP serves as an efficient catalyst for the
amination of aryl bromides, even at catalyst loadings as low as
0.05% Pd. This new protocol greatly expands the scope of Pd
catalyzed C-N bond formation. Additionally, in contrast to
prior reports,3 the results presented here indicate that bis-
(phosphine) palladium complexes are viable as catalysts and
intermediates in the amination of aryl bromides.
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Scheme 1.Proposed Catalytic Cycle

Table 1. Pd-Catalyzed Arylamination

a Yields in parentheses refer to yields obtained when P(o-tolyl)3 was
used as the phosphine ligand.bControl experiments showed no
formation of the desired product after 17 h at 100°C in the absence of
palladium.cReaction run neat.

Table 2. Ligand Effects on Arylation ofn-Hexylamine
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