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Commercially available CuO/DTPA (diethylenetriaminepentaacetic acid) was established to be a low-cost, recy-
clable, and environmentally benign homogeneous catalyst system for direct amination of aryl halides with
ammonia. Primary aryl amines can be readily prepared from both electron-withdrawing and electron-
donating aryl halides in good yields in water without the addition of surfactants.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Primary aryl amines are important compounds, having applications
in the pharmaceutical, agrochemical, dye, cosmetic and toiletry indus-
tries [1,2]. As a result, the development of highly efficient and environ-
mentally benign methods for their synthesis has drawn increasing
attention [3]. Ammonia is an attractive source of nitrogen for the indus-
trial production of organic amino compounds due to its abundance and
low cost [4,5]. However, to avoid the formation of secondary and tertia-
ry amine by-products, early research in this area typically required the
use of ammonia surrogates as the source of nitrogen [6-8].

Hartwig and co-workers reported Pd-catalyzed aniline formation
from aryl halides and ammonia in 2006 [9], and since then, many proto-
cols for selective Pd-catalyzed amination of aryl halides with ammonia
have been published [10-14], Later, Lang and co-workers developed
copper-catalyzed amination of aryl halides with ammonia at low pres-
sures and low temperatures [15], allowing for lower cost synthesis as
both the copper centers and their associated ligands are less expensive
when compared to Pd catalysts. Following this, copper-catalyzed proce-
dures for the direct coupling of aryl halides with aqueous ammonia,
gaseous ammonia or liquid ammonia have been reported in mild condi-
tions with good tolerance of a wide range of functional groups [16-27].

The protocols mentioned above are generally performed in organic
solvents, most of which are toxic and expensive. Although some alco-
holic solvents could be regarded environmental friendly, they are still
flammable and not naturally occurring. As a result, there is a need to

* Corresponding author. Tel./fax: +86 2084113610.
E-mail address: zhuxinh@mail.sysu.edu.cn (X. Zhu).

1566-7367/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.catcom.2013.10.030

find a procedure to carry out these coupling reactions in cheap, safe
and environmentally benign solvent. Recently, the copper-catalyzed
C-N coupling reactions for the effective synthesis of aniline from aryl
halides and aqueous ammonia have been carried out in water. For ex-
ample, Xu reported that the amination of aryl iodides and bromides
with NH3-H,0 could be achieved in an aqueous solution of nBusNOH
in the presence of Cul nanoparticles under a nitrogen atmosphere
[28]. In addition, we have reported copper/sucrose as a recyclable,
green catalyst for the effective and direct amination of aryl halides
with NH3-H,0 at 90 °Cin an aqueous solution of PEG-200 [29]. Howev-
er, requirement of a non-commercially available catalyst system
[30-33] and/or large amounts of surfactant (such as quaternary ammo-
nium salt [32-34] or its base [28], PEGs [29,35]) made these protocols
less practical. Still there is a need to develop a more convenient, recycla-
ble catalyst for direct amination with ammonia in water.

Herein, we report commercially available copper/DTPA
(diethylenetriaminepentaacetic acid) as an inexpensive, recyclable
and environmentally benign, homogeneous catalyst system for the cou-
pling of aryl bromides and iodides with aqueous ammonia in water
without any surfactant.

2. Experimental
2.1. Materials and instrumentation

All starting materials and reagents are commercially available and
used as received. All reactions were carried out in a preheated oil bath
in 10 mL vials sealed with septa. Flash column chromatography was
performed with silica gel (200-300 mesh). Thin-layer chromatography
was carried out with Merck silica gel 60 F,s4 plates. All products were
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characterized by MS, "TH NMR and '3C NMR with which compared to the
previously reported data. NMR spectra were recorded at room
temperature on a Mercury-Plus 300 or a Bruker AVANCE 400 in-
strument with TMS as an internal reference. ESI-MS and EI-MS
were performed on a LCMS-2010A and a Thermo El-mass spec-
trometer respectively. GC/MS was run on a Finnigan Voyager with
an electron impact (70 eV) mass selective detector and an innowax
30 m x 0.25 mm x 0.25 um capillary apolar column. The conditions
used for running GC-MS include: 1) initial temperature: 50 °C; 2)
initial time: 3 min; 3) temperature ramping speed: 20 °C/min; 4)
final temperature: 250 °C and final time: 10 min.

2.2. General procedure for the synthesis of 2a-2t

A 10 mL of vessel was charged with CuO (8 mg, 0.1 mmol), DTPA
(78 mg, 0.2 mmol), aryl halide (1 mmol), commercial 25-28% aqueous
ammonia (1 mL), KOH (2.0 mmol), H,0 (1.0 mL) and a magnetic stir-
ring bar. The vessel was sealed with a septum and placed into an oil
bath which was preheated to 100 °C. The reaction mixture was held at
this temperature for given time. After cooling to room temperature,
the reaction mixture was extracted with ethyl acetate (3 x 25 mL).
The combined organic phases were washed with water and brine,
dried over anhydrous Na,SO4, and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (eluting
with petroleum ether/ethyl acetate) to afford the desired products.

2.3. Procedure for the re-use of the catalysis system in amination of
4-iodoanisole with aqueous ammonia

A 10 mL of vessel was charged with CuO (8 mg, 0.1 mmol), DTPA
(78 mg, 0.2 mmol), 4-iodoanisole (1 mmol), commercial 25-28%
aqueous ammonia (1 mL), KOH (2.0 mmol), H,0 (1.0 mL) and a mag-
netic stirring bar. The vessel was sealed with a septum and placed into
an oil bath which was preheated to 100 °C. The reaction mixture was
held at this temperature for 6 h. After cooling to room temperature,
the reaction mixture was extracted with ethyl acetate in the vessel
to remove 4-methoxyaniline and then bubbled with compressed
air for 20 min to remove residual ammonia and EtOAc thoroughly.
Then, 4-iodoanisole (1.0 mmol), aqueous ammonia (1 mL) and KOH
(2.0 mmol) were added into the same vessel. The procedure was re-
peated for three times.

3. Results and discussion

Ethylenediaminetetraacetic acid (EDTA) is a water-soluble
polyamino carboxylic acid. EDTA and its salts have been widely
used as chelating ligands to form water-soluble complexes with various
metal ions including Cu (II). We first explored the possibility of CuO/
EDTA as a catalyst system for the coupling reaction of 4-bromoanisole
with aqueous ammonia in water. As shown in Table 1 (entry 1), this
model reaction generated the target product in 100% conversion and
80% normalized yield based on the GC results. Hence, other salts of
EDTA have been chosen as ligands for the same model reaction. It
showed that EDTA-2Na and EDTA-2K gave the similar conversions
and yields as EDTA, which was higher than EDTA-3K and EDTA-4Na
(entries 2-5, Table 1). It is noted that the yields of the target product
for these model reactions were noticeably lower than the correspond-
ing conversions, which is mainly due to the side reaction of the hydro-
lysis of 4-bromoanisole in alkaline aqueous solution (verified by GC-MS
analysis). In contrast, DTPA, another polyamino carboxylic acid, showed
higher conversion and final yield compared to EDTA and its salts (entry
6, Table 1). In addition, the control reactions without ligand (entry 7,
Table 1) or copper catalyst (entry 8, Table 1) yielded only a trace
amount of product after 12 h reaction at 100 °C, which suggested that
both the copper and ligands were critical for an efficient coupling reac-
tion. There seemed no significant difference between the yields

Table 1
Optimization of the reaction conditions for the amination of 4-bromoanisole with aqueous
ammonia.*
[Cu]/Ligand
(0] Br * NHj;' H,O 0] NH,
/ base, H,O /

Entry Copper [mol%] Ligand [mol%] Base [mol%] Conv./yield (%)°
1 CuO [10] EDTA [20] KOH [200] 100/80
2 CuO [10] EDTA-2Na [20] KOH [200] 98/81
3 CuO [10] EDTA-2K [20] KOH [200] 94/81
4 CuO [10] EDTA-3K [20] KOH [200] 86/71
5 CuO [10] EDTA-4Na [20] KOH [200] 40/33
6 CuO [10] DTPA [20] KOH [200] 100/87
7 CuO [10] None KOH [200] Trace

8 None DTPA [20] KOH [200] None
9 Cu(NOs) [10] DTPA [20] KOH [200] 100/82
10 Cu,0[10] DTPA [20] KOH [200] 100/78
1 Cu[10] DTPA [20] KOH [200] 95/67
12 CuO [10] DTPA [20] K,CO3 [200] 55/44
13 CuO [10] DTPA [20] K5P04 [200] 43/38
14 CuO [10] DTPA [20] Cs,C05 [200] 89/76
15 CuO [10] DTPA [10] KOH [200] 30/27
16 CuO [10] DTPA [15] KOH [200] 99/75
17 CuO [10] DTPA [30] KOH [200] 79/61
18 CuO [10] DTPA [40] KOH [200] 10/5
19 CuO [15] DTPA [30] KOH [200] 100/87
20 CuO [20] DTPA [40] KOH [200] 89/73
21 CuO [10] EDTA [40] KOH [200] 62/47
22 CuO [10] EDTA-2Na [40] KOH [200] 100/77
23 CuO [10] DTPA [20] KOH [200] 100/86¢
24 CuO [10] DTPA [20] KOH [200] 100874
25 Cu0 [10] DTPA [20] KOH [200] 99/82°¢
26 CuO [10] DTPA [20] KOH [200] 98/82f
27 CuO [10] DTPA [20] KOH [200] 89/76°

2 Reaction conditions: 4-bromoanisole (1.0 mmol), 25-28% aqueous NH3-H,0 (1 mL),
copper, ligand, base, H,O (1 mL), 100 °C, 12 h.

b Calculated by GC-MS according to the area of peaks.

¢ Add PEG-400 (0.2 g).

4" Add TBAB (20 mol%).

€ 25-28% aqueous NH3-H,0 (0.75 mL).

f90°C.

¢ 10 h.

obtained with copper (II) and copper (I) under the same reaction con-
ditions (entries 9, 10, Table 1). However, copper powder appeared
less effective compared to copper (II) and copper (I) (entry 11,
Table 1). Among all the copper compounds evaluated, CuO provides
the best catalytic effect when coupled with DTPA (entry 6, Table 1).

To further optimize the reaction conditions, bases, reaction time and
temperature, phase-transfer catalysts, as well as different ratios of sub-
strates, catalysts and ligands were screened using the same model reac-
tion. The results in entries 6, and 12-14 (Table 1) indicated that KOH
was the best base among the several bases screened. It was also found
that 10 mol% of CuO and 20 mol% of DTPA formed the optimal catalyst
system. Either the decrease or increase in the ligand loading (without
changing the amount of CuO used) led to the lower yields (entries 15-
18, Table 1). In particular, when the ligand ratio was 40 mol%, the GC
yield was drastically decreased to 5%. However, if the loading of the cat-
alyst and ligand was increased simultaneously to the same ratio, the
yield of the product did not show significant change (entries 19, 20,
Table 1). The similar trend was observed for the reactions catalyzed by
the CuO/EDTA, whereas EDTA-2Na showed less sensitivity to the in-
creasing of the ligand load (entries 21, 22, Table 1). The experiments
showed that the pH value of reaction system could be changed by the
quantity of added ligand, while the outcome of the reaction was pH de-
pendent. A more screening of experimental conditions showed that the
yield of the target product did not change significantly when n-BuyNBr
or PEG-400 was used as phase transfer catalysts (entries 23, 24, Table 1).
When the volume of NH3-H,0 was decreased from 1 mLto 0.75 mL, the
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