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Abstract

A catalyst system based on a new biarylmonophosphine ligand (BrettPhos) that shows excellent
reactivity for C–N cross-coupling reactions is reported. This catalyst system enables the use of aryl
mesylates as a coupling partner in C–N bond-forming reactions. Additionally, the use of BrettPhos
permits the highly selective monoarylation of an array of primary aliphatic amines and anilines at
low catalyst loadings and with fast reaction times, including the first monoarylation of methylamine.
Lastly, oxidative addition complexes of BrettPhos are included, which provide insight into the origin
of reactivity for this system.

Palladium-catalyzed C–N cross-coupling reactions are an important technology both in
industry and academia.1 Despite considerable advances in the field,2 notable limitations remain
for which improved methods will have an immediate impact on the chemistry community.
Herein, we report a catalyst comprised of a new biaryldialkylphosphine ligand that shows
excellent reactivity and stability in C–N cross-coupling reactions and overcomes many
restrictions that previous catalyst systems have possessed. This improved ligand enables the
aminations of aryl mesylates as well as, for the first time, the highly selective monoarylation
of primary amines using low catalyst loadings of a monophosphine-based catalyst.

sbuchwal@mit.edu.
Supporting Information Available: Procedural, spectral, and crystallographic data. This material is available free of charge via
http://pubs.acs.org.

NIH Public Access
Author Manuscript
J Am Chem Soc. Author manuscript; available in PMC 2009 October 15.

Published in final edited form as:
J Am Chem Soc. 2008 October 15; 130(41): 13552–13554. doi:10.1021/ja8055358.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://pubs.acs.org


Due to their high stability, good atom economy, and low cost, aryl mesylates represent an
important substrate class for C–N cross-coupling reactions.3,4,5 Recently, we demonstrated
that substitution of the phosphine-containing arene in biarylmonophosphine ligands can have
profound effects of the observed reactivity in catalytic reactions.6 In continued efforts to
explore this effect, we have prepared a new ligand with methoxy substitution on the phosphine-
containing arene (BrettPhos, 1)7 and have found it to be effective in the amination of aryl
mesylates.

Initial studies focused on the coupling of 4-t-butylphenyl methanesulfonate and aniline.
Whereas catalyst systems based on the combination of Pd2(dba)3 and 1 failed to produce
product (Table 1, entry 1), precatalyst8 6 provided a 98% yield in 3 h (Table 1, entry 2).
Similarly, utilization of water-mediated catalyst activation with 1 and Pd(OAc)2 gave the
desired product in 99% yield (Entry 3).9 In contrast, the use of ligand 2 (XPhos), which has
been shown to be efficient in couplings of other aryl sulfonates,3c but lacks the methoxy groups,
provided only trace amounts of product when used either as precatalyst 7 or with the water-
mediated activation protocol (Table 1, entries 4 and 5).

Because these results clearly implicate the importance of substitution in the upper arene in 1,
we also examined the use of the tetra-methyl substituted ligand 4, a congener of a ligand which
has been shown to be effective in amidation reactions.6 Unlike reactions employing 1, reactions
employing 4 failed to provide even detectable amounts of the desired product (Table 1, entry
7). These results demonstrate that the nature of the arene substituent is critical to the
performance of 1. Further, in order to show that the activity of 1 does not only arise from the
ortho methoxy substituent dimethoxy ligand 5, was synthesized. As with 4, the use of 5 as the
ligand failed to provide detectable product (Table 1, entry 8). These results, taken together,
reveal a cooperative effect between the methoxy substituents and the biaryl motiff and
demonstrate that both are required for the observed reactivity in catalytic reactions employing
ligand 1.

Having defined an efficient catalytic system, the scope of aryl mesylate coupling reactions was
next explored. Highlighted below (Table 2), a number of electron-deficient anilines, which are
less reactive in coupling reactions than electron-rich or -neutral anilines,10 were successfully
reacted with both electron-rich and electron-deficient aryl mesylates in excellent yields. Ortho
substituents on both the aniline and aryl mesylate and several functional groups were well
tolerated (Table 2).11
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Encouraged by the level of reactivity that catalysts based on 1 displayed in cross-coupling
reactions involving aryl mesylates, we decided to examine the monoarylation of primary
amines. Although this transformation has long been proficient with aryl bromides,12 recent
progress has extended the method to aryl chlorides.2b,13 However, despite this success,
challenges still remain, including the monoarylation of methylamine, which has yet to be
described. Because it is the smallest aliphatic primary amine and therefore most likely to
undergo diarylation, methylamine is a particularly challenging coupling partner to
monoarylate. Using 6, methylamine was successfully coupled with 4-chloroanisole with a
selectivity of >97:3 for monoarylation over diarylation (Table 3, entry 1). The analogous
reaction using 7 did not give any product at room temperature. By increasing the temperature
to 80 °C, the reaction proceeded but favored diarylation, reversing the selectivity to 20:80
(Table 3, entry 3). Using the more bulky ligand 3,14 the selectivity increased to 82:18 (Table
3, entry 4) but was still not nearly as selective as 1. The use of ligand 1 successfully inhibits
reactions involving disubstituted amines and allows for the highly selective monarylation of
methylamine at room temperature (Table 4).

We then turned our attention to the selective monoarylation of other primary aliphatic amines,
which have been difficult to achieve using biarylphosphine ligands. With a catalyst system
using 1 as ligand, we were able to successfully couple several primary aliphatic amines and
aryl chlorides in excellent yields at 0.05 mol% catalyst loading in 1 h (Table 5). It is also
noteworthy that less than 1% of the diarylation product was observed in all cases. Common
perception has been that chelating bisphosphine ligands are required for these couplings in
order to suppress diarylation. However, these results not only show that biarylmonophosphines
can efficiently support cross-coupling reactions involving primary aliphatic amines, but in
some cases they are more efficient than bisphosphine systems. For example, the coupling of
octylamine and 4-chloroanisole with a bisphosphine based catalyst system formerly required
0.1 mol% Pd and a reaction time of 48 h.13 With a catalyst system based on 1, the reaction of
hexylamine and 4-chloroanisole was complete after 1 h using only 0.05 mol% Pd.

We recently reported a catalyst system using ligand 2, in which anilines were successfully
coupled with aryl chlorides at catalyst loadings as low as 0.05 mol %.9c By switching to ligand
1 we were able to lower the catalyst loadings to 0.01 mol % while keeping the reaction times
at 1 h (Table 5). This is the lowest palladium loading that has been reported in C–N bond-
forming reactions of primary anilines with aryl chlorides.2a These results demonstrate clearly
the exceptional activity of 1 in these reactions in comparison to previously reported catalyst
systems.

The results described above suggested that we should see high levels of chemoselectivity for
the arylation of a primary amine over a secondary amine. Using 1, we were able to couple the
primary amino group of 9 in the presence of a secondary anilino group with >40:1 selectivity
(Table 6). This result is complimentary to a previous report by our group in which anilines
reacted in preference to aliphatic amines.16 Further in the intramolecular competition between
a primary and cyclic secondary amine in 10, and between a primary and secondary aniline in
11, the primary amino group was preferentially N-arylated and proceeded in excellent yields
with selectivities of >20:1 (Table 6).17

In an attempt to understand the unique reactivity of 1 compared to other ligands, we have
prepared a series of 1·Pd(II)ArX (X = Cl or Br, Scheme 1) complexes by combining (COD)
Pd(CH2SiPhMe2)2,18 1 and ArX. These complexes exist in solution as a mixture of two well-
defined conformational isomers. Examination of the reaction mixture by in situ 31P NMR
revealed two products in an approximate 2:1 ratio. Addition of pentane to the solution induces
precipitation of the Pd(II) complex, which crystallizes as a single conformer. Freshly prepared
solutions of the isolated complexes display only signals from the major conformer (1H
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and 31P NMR). However, rapid isomerization is observed, with the minor isomer becoming
detectable within 5 minutes at room temperature.19

Subjecting either 2 or 4 to the conditions shown in Scheme 1 provided dramatically different
results from those obtained using 1. The in situ 31P NMR spectrum from the reaction of 2 is
complex and shows broad resonances that we have yet to deconvolute. The reaction with 4
results in the formation of Pd black. These differences, to the extent that they reflect the
behavior of the resulting Pd(II) complexes, may be related to the observed differences in
reactivity observed with these ligands.

X-ray crystal analysis of 12 revealed that the complex exists as a monomer in solid state, and,
although some disorder about the Br atom was observed, the resulting structure clearly
demonstrates that the Pd center is bound over the tri-isopropylphenyl ring (Scheme 1). In
solution, the conformations of the major and minor rotamers are analogous in 12, 13, and 14
(1H NMR).20 For all three complexes, both conformers display 1H NMR resonances consistent
with D2 symmetry. NOESY NMR analysis of an equilibrated sample of 14 (2:1 mixture)
allowed the assignment of the solution state conformation of both rotomers. The conformation
of the major rotamer 14a is the same as that observed in the solid state. In the minor isomer
14b, the P–CAr bond is rotated by 180°, and the palladium atom is chelated by the phosphine
atom and the proximal methoxy group. Important cross-peaks used in these assignments are
summarized in Scheme 1. 12, 13 and 14 are active precatalysts in C–N bond-forming reactions.

Two notable points arise from the structural data. First, the NMR data demonstrate that the Pd
(II) aryl halide complexes of 1 likely remain monomeric in solution and are not in equilibrium
with the non-D2 symmetric dimeric form.15 Second, the observed monomeric equilibrium
demonstrates that the proximal methoxy does not prevent rotation about the P–CAr bond.
Theoretical studies have shown that this rotation may play an important role in catalytic systems
with other biarylphosphines.9 The implications of these findings are not yet fully understood,
and further studies to clarify the role of the methoxy groups in 1 are ongoing.

In summary, a new ligand with unprecedented reactivity for C–N cross-coupling reactions has
been developed. Use of this ligand has allowed Pd-catalyzed amination reactions of aryl
mesylates to take place in high yield. Arylations of methylamine were also performed for the
first time with exceptional selectivities for monoarylation. Primary aliphatic amines and
anilines were coupled with aryl chlorides at low catalyst loadings and with fast reaction times,
demonstrating the exceptional reactivity and stability of the catalyst derived from 1. Finally,
isolation of oxidative addition complexes of 1 has led to insight into the importance of the
methoxy substitutent proximal to the phosphine for the reactivity of this catalyst system.
Further studies into the origin of the reactivity of 1 are currently underway in our laboratories.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Scheme 1.
Synthesis and NOESY NMR cross-peaks of 12, 13, and 14; crystal structure of 12a.
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Table 1
Screen of Ligands and Pd Sources for the Coupling of Aniline and 4-t-Butylphenyl Methanesulfonatea

Entry Ligand Pd Source Yieldc

1 1 Pd2(dba)3 0%

2 1 6 98%

3b 1 Pd(OAc)2 99%

4 2 7 4%

5b 2 Pd(OAc)2 2%

6 3 8 0%

7b 4 Pd(OAc)2 0%

8b 5 Pd(OAc)2 0%

a
ArOMs (1mmol), amine (1.2 mmol), Pd (1 mol%), ligand (2 mol%), K2CO3 (1.4 mmol), t-BuOH (12 mL/mmol), 110 °C, 3 h.

b
Using water activation protocol (ref. 9c).

c
GC Yields.
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Table 2
Formation of Diarylamines Using Aryl Mesylates

a
ArOMs (1 mmol), amine (1.2 mmol), 1 (1 mol%), 6 (1 mol%), K2CO3, (1.4 mmol), t-BuOH (12 mL/ mmol), 110 °C, 16 h.
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Table 3
Screen of Ligands for the Arylation of Methylaminea

Entry Precat Yieldb Temp MeN(H)Ar : MeNAr2
c

1 6 92% rt >97:3

2 7 0% rt --

3 7 11% 80 °C 20:80

4 8 70% rt 82:18

a
ArCl (1 mmol), 2M MeNH2 in THF (2.0 mmol), Pd [6, 7, or 8] (1 mol %),15 NaOt-Bu (1.2 mmol).

b
GC yields.

c
Selectivities determined by GC.
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Table 4
Mono-arylation of Methylaminea

a
ArCl (1 mmol), 2M MeNH2 in THF (2.0 mmol), 6 (1 mol %), NaOt-Bu (1.2 mmol).

b
0.3 mol % 6.

c
0.1 mol % 6.

d
35:1 mixture of monoarylation to diarylation.

e
17 h reaction time.

e
Selectivities determined by GC.
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Table 5
Coupling Reactions at Low Catalyst Loadings and Short Reaction Times

a
ArCl (1 mmol), amine (1.4 mmol), 1 (0.05 mol%), 6 (0.05 mol%), NaOt-Bu (1.2 mmol).

b
ArCl (1 mmol), amine (1.2 mmol), 1 (0.01 mol%), 6 (0.01 mol%), NaOt-Bu (1.2 mmol).
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Table 6
Selectivity of Primary Amines Over Secondary Aminesa

a
ArCl (1 mmol), amine (1.2 mmol), NaOt-Bu (2.0 mmol), 2 – 15 h.
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