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Phospha-adamantanes as ligands for organopalladium chemistry:
aminations of aryl halides
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Abstract—The use of Pd2dba3ÆCHCl3 and 1,3,5,7-tetramethyl-2,4,8-trioxa-6-phenyl-6-phospha-adamantane has been shown to
facilitate the effective amination of aryl halides with aromatic or aliphatic amines in high yields.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
The palladium-catalyzed amination of aryl or heteroaryl
halides represents one of the most versatile methods for
the preparation of functionalized anilines.1 In recent
years, the scope of this reaction has been enhanced as
a result of the utilization of new phosphine ligands that
permit these aminations to take place under milder con-
ditions and with reaction partners that did not previ-
ously participate in coupling.2 Indeed, many other
organopalladium coupling reactions have benefited
from the incorporation of bulky, electron-rich phos-
phine ligands in their catalyst systems.3 For example,
our work involving the development of new ligands
based on a phospha-adamantane framework has
allowed for Suzuki cross-coupling of a variety of aryl
halides and boronic acids under mild conditions.4

This same ligand (Fig. 1, R = Ph) can also be used for
solid-phase Suzuki couplings involving immobilized
reaction partners.5 In addition, an air stable palladium
complex of this phenyl-phospha-adamantane ligand
has been shown to be an effective, versatile catalyst for
use in the Suzuki and Sonogashira reactions and the
a-arylation of ketones.6 In an effort to determine and
expand the scope of applicability of the phospha-
adamantane ligand, the present paper describes the use
of Pd2dba3ÆCHCl3 and 1,3,5,7-tetramethyl-2,4,8-trioxa-
6-phenyl-6-phospha-adamantane (PA-Ph) to facilitate
the amination of aryl halides.

Initial screening revealed that optimum yields could be
achieved using Pd2dba3ÆCHCl3 (and to a lesser extent
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Pd(OAc)2) as the catalyst, toluene as the solvent
(although reasonable yields could be achieved in pen-
tane as well) and sodium tert-butoxide (or potassium
tert-butoxide) as the base. A screening of three phos-
pha-adamantane ligands (Fig. 1, R = Ph, 2-tolyl or
C14H29)

4 revealed that each was capable of affecting
the amination reaction with comparable efficiency. Opti-
mization was carried out using the more readily accessi-
ble phenyl-phospha-adamantane ligand (PA-Ph).
Finally, loadings of 2% Pd2dba3ÆCHCl3 with 4% PA-
Ph (to give a Pd to ligand ratio of 1:1) allowed for excel-
lent yields in a reasonable amount of time.

With the ideal conditions in hand,7 an array of amines
and aryl halides were coupled. As seen in Table 1, di-
aryl- (entries 1–3), aryl/alkyl- (entries 4–7), cyclic dialkyl-
(entries 10–15) and acyclic dialkyl-amines (entries 16
and 17) could be smoothly coupled to deactivated or
more sterically demanding aryl iodides (at 30 �C), bro-
mides (at 50 �C) or chlorides (at 70 �C) in high yields.
Reactions involving aniline (entries 8 and 9) could be
carried out but required elevated temperatures (90�C
for bromides and 110 �C for chlorides) for excellent con-
versions. Reactions involving primary aliphatic amines
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Table 1. Aminations of aryl halides

X
R'

N
R''R R

R'
NH

R''

2% Pd2(dba)3
.CHCl3

4% PA-Ph

1.5 eq NaOtBu
toluene

+

1 eq. 1.2 eq

Entry8 Amine Aryl halide Yielda (%)

X = Ib X = Brc X = Cld

1
N
H

X
96 94

2
N
H X

CN
95

3
N
H

O

X

93 97 94

4
N
H

X
95 97

5
N
H

X
94 96

6
N
H

X

CN
96 94

7
N
H O

X

92 97 96

8
NH2

X
94e 92f

9
NH2

X
91e 94f

10 NH X 97 94

11 NH
X

CN
97 96

12
NH

O

X

97 98 95

13
O

NH
X

CN

94 97

14
O

NH

O

X

94 93 97

159
O

NH
X

N
96

169
NH X

97 98

179
NH X

CN
97 96

a Average isolated yield of two runs.
b 30�C, 5–10h.
c 50�C, 10–20h.
d 70�C, 5–22h.
e 90�C, 24h.
f 110�C, 24h.
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allowed for the production of only trace amounts of
products as detected by GC/MS analysis. These negative
results are inconsistent with those published in the litera-
ture, where modest yields have been reported. Work in
this area is continuing.

Overall, the methodology developed describes a versa-
tile, simple method for the amination of aryl halides
and compares favourably with those previously
described while offering a number of distinct advan-
tages. The phenyl-phospha-adamantane ligand is crys-
talline, air-stable, can be recovered by chromatography
and reused. The catalytic system allows for a robust,
reproducible reaction that does not require any special
handling. Further applications of the ligand in organo-
palladium chemistry are under development.
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