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A simple and efficient methodology for the synthesis of
triarylamines from aryl chlorides in a single step has been
demonstrated using a novel Cul/tributyl phosphine catalyst
system with high activity and selectivity (80-87% yield).

Arylamines are prevalent in compounds with end use in
biological, pharmaceutical and novel materials.2—3 Their wide-
spread importance hasled to the devel opment of many synthetic
methods for the formation of aryl-nitrogen bonds.4 Amongst
them, the classical copper-mediated Ullmann coupling and the
recently developed palladium(0) catalyzed aryl couplings are
the more commonly used methods.5ad Although, the Pd-
catalyzed C-N coupling has recently become the most im-
portant method for laboratory scale synthesis of substituted aryl
amines, the copper mediated coupling is still the reaction of
choice for large and industrial-scale production of these
compounds®.” as shown in Scheme 1.

One of the earliest applications of triaryl amines was in the
production of brightly colored synthetic dyes, introduced in the
late nineteenth century.8 High purity triarylamines find applica-
tions in xerographic photoreceptors,® as constituents of non-
linear optical chromophores useful in the design of integrated
electro-optic switches and modulators. Arylamines have alarge
number of other applications and are thus attractive targets for
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chemica synthesis. Arylamines have also been employed as
ligands for transition metals, and in the design of conducting
polymers and other electronically interesting materials.6

Recently, milder Ullmann type methodologies for the N-
arylation of anilines,® imidazoles,1%ab amides!! and nitrogen
heterocycles!2 have been developed. However, most of the
work has been carried out using aryl iodides as reactants. Aryl
chlorides are the most attractive aryl halides for synthetic
applicationson an industrial scale, because they areinexpensive
and readily available in bulk quantities. However, there is only
one report on the amination of aryl chlorides using copper
catalyst with poor results (49% yield of triarylamine in 36 h).®
Thus, thereisaneed to develop an improved catalyst system for
copper catalyzed amination of aryl chlorides.

Our efforts have been directed towards the development of an
improved and single step catalytic system for copper catalyzed
amination of aryl chlorides. We wish to report here for the first
time, the use of monodentate phosphine ligandsin the activation
of aryl chlorides with high activity and selectivity. Aryl
chlorides are usually inert and the order of reactivity, Arl >
ArBr > ArCl is consistent with the Ar—X bond strength.2
Experimentally found bond dissociation energies for phenyl
halide at 298 K for Cl, Br and | are 96, 81 and 65 Kca mol—1
respectively.13 Also it is known that a metal center coordinated
by electron-rich phosphine ligands can effectively activate C—
Cl bonds of aryl chlorides.13.14

We investigated amination of iodobenzene using Cul as a
catalyst and o-tolyl phosphine and tributyl phosphine asligands
(Table 1; entries 4 and 9). High activity and selectivity for
amination of iodobenzene was observed even at a Cul : ligand
ratio of 1 : 1 for both the ligands. Thisisin sharp contrast to no
activity with PPhz asaligand at Cul : PPhg ratio of 1 : 1102 and
poor activity at higher ratios (Table 1 entries 1-3),15 clearly
showing the influence of the nature of ligand on catalytic
activity. Best results were obtained at a Cul : ligand ratio of 1 :
2 (Table 1; entries 5 and 10). Both the ligands were tested for
catalytic activity using bromobenzene and chlorobenzene as

Table 1 Copper catalysed amination reaction using different monodentate phosphine ligands

Product yield (%)

Cul : Ligand Reaction Conv. of
Entry Ligand Ratio time/h X aniline (%) 1 2
1a PPh; 1:1 35 | 12 0 0
2a PPh; 1:2 35 | 62 15 17
3 PPhs 1:3 35 | 73 19 25
4 (o-tol)sP 1:1 35 | 89 80 5
5 (o-tol)sP 1:2 35 | 95 87 5
6 (o-tol)sP 1:3 35 | 9% 83 6
7 (o-tol)sP 1:2 10.5 Br 81 58 12
8p (o-tol)sP 1:2 105 Cl 58 41 8
9 P(Bu)s 1:1 35 | 91 80 6
10 P(Bu)s 1:2 35 | 100 93 2
11 P(Bu)s 1:3 35 | 95 88 2
120 P(Bu)s 1:2 10.5 Br 100 92 1
130 P(Bu)s 1:2 105 Cl 99 87 1

Reaction conditions: aryl halide: 16.48 mmol; aniline: 7.85 mmol; Cul: 0.28 mmol; toluene: 23 ml; temperature: 110 °C; @ = literature reports see ref. 15;

b =135°C.
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reactants. Interestingly in both the cases good activity was
observed (Table 1; entries 7,8 and 12,13). It may be noted that
the results obtained with tributyl phosphine asaligand are better
than the previous reports (bromobenzene: 92% vyieldin 10.5h at
135 °C as compared to 73% by Gujadhur et al.°® and
chlorobenzene: 87% yield in 10.5 h at 135 °C compared to 49%
in 36 h at 110 °C by Gujadhur et al.9). Better results obtained
with tributyl phosphine as aligand may be due to electron rich
nature of PBuz (Compare entries 7 and 8 with 12 and 13 of
Table 1). This is the first report on the amination of aryl
chlorides using Cul as a catalyst and a monodentate phosphine
as ligand.

A number of bases were screened with Cul as a catalyst,
aniline, chlorobenzene as reactants and tributylphosphine as a
ligand. Of all the bases, KOtBu gave best results (87% yield of
triphenylamine, Table 1; entry 13). Very poor results were
obtained with NaOtBu and reaction did not proceed with other
bases.

Thus, Cul/PBus catalyst system with KOtBu as a base was
found to be the best system for amination of aryl chlorides. In
order to check the tolerance of substituents a few substituted
chlorobenzenes, bromobenzenes and aniline derivatives were
screened using the Cul/PBus catalyst system and KOtBu as a
base (See Table 2). A margina increase in yield was observed
with electron donating —OCHz groups at para positions

Table 2 Copper catalysed amination reactions involving substituted aryl
chlorides and bromides using tributylphosphine as a ligand

Product
Conv. of yield (%)*
aryl —_—
Entry X R R’ amines (%) 1 2
1 Cl H H 100 82 2
2 Cl p-OMe H 9 84 5
3 Cl 0-CH3 H 96 80 4
4 Cl p-OMe p-OMe 100 87 3
5 Cl H p-OMe 98 85 3
6 Cl H 0-CH3 94 80 3
7 Br H p-OMe 100 86 2
8 Br H 0-CH3 97 82 2
9 Br p-OMe H 100 85 5
10 Br p-OMe p-OMe 100 87 2
11 Br H p-NO, 62 35 11
12 Cl H p-NO, 55 31 9
13 Cl p-NO, H 59 41 10
14 Cl p-NO, p-NO, 52 29 8

Reaction conditions: aryl halide: 16.48 mmol; aryl amine: 7.85 mmol; Cul:
0.28 mmol; tributylphosphine: 0.56 mmol; toluene: 23 ml; time 10.5 h;
temperature: 135 °C; * = isolated yields

(85-87%) while lower yield (~80%) was obtained with a CHs
group a ortho positions. However, with electron deficient
—NO, groups in para positions very poor results were obtained
(Table 2, entries 11-14). Results obtained with the Cul/PBus
catalyst system for chlorobenzene and aniline as reactants
(80-87% yield) in 10.5 h, show significant improvement over
literature reports (49% vyield in 36 h).° Improved results
obtained are mainly due to combination of electronic aswell as
steric effects of tributylphosphine. Further work is necessary to
understand the exact role of ligands.

In summary we have demonstrated for the first time a high
yield of triaryl amines (80-87%) using the Cul/PBus catalyst
system. Further work on understanding the role of ligandsisin
progress in our laboratory.

N.M.P. thanks the Council of Scientific and Industrial
Research, New Delhi, India for financial assistance for this
work.
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