
SCIENCE CHINA 
Chemistry 

© Science China Press and Springer-Verlag Berlin Heidelberg 2014  chem.scichina.com   link.springer.com 

                           
*Corresponding author (email: wanglimin@ecust.edu.cn) 

• ARTICLES • August 2014  Vol.57  No.8: 1–6 

· SPECIAL ISSUE · In Honor of the 80th Birthday of Professor QIAN Changtao doi: 10.1007/s11426-014-5140-9 

Copper-catalyzed direct oxidation and N-arylation of  
benzylamines with diaryliodonium salts 

LIU Xin, MAO Dan, WU ShengYing, YU JianJun, HONG Gang,  
ZHAO Qiao & WANG LiMin* 

Key Laboratory for Advanced Materials and Institute of Fine Chemicals, East China University of Science and Technology,  
Shanghai 200237, China 

Received March 3, 2014; accepted March 21, 2014 

 

An efficient approach for the synthesis of N-arylated amides was developed via copper(II) triflate-catalyzed direct oxidation of 
(aryl)methylamines to primary arylamides by air and subsequent N-arylation by diaryliodonium salts. Various substituted ben-
zylamines could be applied in the reaction, providing a series of N-arylated amides in moderate to good yields. This method 
showed convenient, practical, and environment friendly advantages. 
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1  Introduction 

N-arylamides are important compounds, which are widely 
employed in the fields of pharmaceutical chemistry and ma-
terials science [1]. Therefore, the synthesis of N-arylamides is 
one of the most exciting topics in practical organic synthesis, 
and several strategies for their synthesis have been developed 
[1–4]. Traditionally, one of the most common methods for 
the synthesis of N-arylamides is Goldberg reaction (cop-
per-catalyzed N-arylation of amides) [2]. However, it is usu-
ally carried out under harsh conditions, which limits its broad 
application in organic synthesis. In recent decades, the ligand 
assisted metal-catalyzed amidation of aryl halides has arou- 
sed great interest among organic chemists as a practical and 
efficient method for the construction of C–N bonds [3, 4]. 
The use of this strategy in Goldberg reaction greatly simpli-
fies the synthesis of N-arylamides [5]. For example, the Cu- 
or Pd-catalyzed N-arylations of amides have been demon-
strated by Buchwald et al. [6], Hartwig et al. [7] and Ma et al. 
[8], respectively. Tang et al. [9a], Mizuno et al. [9b, 9c] and 

Kaneda et al. [9d] reported the successful Ru oxidants-   
catalyzed oxygenation of primary amines to primary amides, 
respectively. Fu et al. [10] demonstrated the copper-catalyzed 
aerobic oxidative synthesis of primary amides from (ar-
yl)methylamines. Zhong et al. [11] reported the successful 
Cu-catalyzed oxygenation of primary amines to N-arylated 
amides with the aid of O2. Xiang et al. [12] developed a 
copper-catalyzed amination of aryl halides with nitriles. 

Recently, diaryliodonium salts have been widely used as a 
supplement for aryl halides, especially used as electrophilic 
arylating agents in various reactions, such as nucleophilic 
substitution reactions with nitrogen nucleophiles, carbon nu-
cleophiles, and others, as well as Cu- and Pd-catalyzed cou-
pling reactions, and trapping reactions (in which they are 
used as benzyne precursors) [13–16]. Our group [17] have 
also been interested in the use of diaryliodonium salts in or-
ganic synthesis. However, the application of diaryliodonium 
salts for the synthesis of N-arylated amides has not been re-
ported yet. Herein, we report the synthesis of N-arylated am-
ides through the Cu(OTf)2-catalyzed oxidation and arylation 
reaction of benzylamines with diaryliodonium salts, which is 
efficient, convenient, practical, and environmentally friendly.  

doi: 10.1007/s11426-014-5140-9
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2  Experimental 

2.1  Materials and methods 

All reagents were used as received from commercial 
sources, unless otherwise specified, or prepared as de-
scribed in the literature. All reagents were weighed and 
handled in air. DMF and DMSO were distilled under re-
duced pressure from CaH2. Toluene and 1,4-dioxane were 
distilled from sodium and benzophenone immediately be-
fore use.  

1H NMR and 13C NMR spectra were respectively rec-
orded at 400 and 100 MHz, using tetramethylsilane as an 
internal reference. Chemical shifts () and coupling con-
stants (J) were expressed in parts per million and hertz, re-
spectively.  

2.2  General procedure for the Cu(OTf)2-catalyzed di-
rect oxidation and N-arylation of benzylamines with 
diaryliodonium salts 

Diaryliodonium salt (0.20 mmol), Cu(OTf)2 (10 mol%), 
K2CO3 (2.5 equiv.), 1,10-phenanthroline (20 mol%), ben-
zylamine (0.60 mmol) and DMSO (2 mL) were added to a 
Schlenck tube with a magnetic stir bar in the air atmosphere. 
Then the Schlenck tube was sealed and stirred in an oil bath 
(150 °C) for 24 h. After the reaction was complete, the reac-
tion mixture was cooled to room temperature, diluted with 
CH2Cl2, and washed with brine. The combined organic ex-
tracts were dried over Na2SO4, concentrated under vacuum, 
and the resulting residue was purified by silica gel column 
chromatography to afford the desired product. The charac-
terizations of compounds 3ao were listed in the Supporting 
Information online. 

3  Results and discussion 

Initially, benzylamine (1a) and diphenyliodonium triflate 
(2a) were chosen as the model substrates to optimize the 
reaction conditions in terms of catalysts, bases, solvents, 
and reaction temperatures under air (Table 1). To our de-
light, while using 10 mol% CuI as the catalyst, 2.5 equiv. 
K2CO3 as base and DMSO as solvent at 120 °C for 24 h, 
N-phenylbenzamide (3a) was obtained in 20% yield (Table 
1, entry 1). When the temperature was increased to 140 or 
150 °C, the desired arylated product 3a was observed in 
43% and 73% yields (Table 1, entries 1–3). Other copper 
catalysts were tried (Table 1, entries 4–9), and Cu(OTf)2 
showed the best activity (Table 1, entry 9). The by-product 
N-benzylidene-1-phenyl-methylamine was mainly generat-
ed when DMF or 1,4-dioxane was used as solvent (Table 1, 
entries 10–12). When the reaction was carried in excessive 
neat 1a, the desired arylated product 3a was isolated in 61% 
yield (Table 1, entry 13). 

Next, diphenyliodonium salts (2a), bearing different 
counter anions (Table 2, entries 1, 2) were studied. Among 
all the tested reagents, diphenyliodonium triflate furnished 
the desired product 3a in best yield (91%, Table 2, entry 4), 
whereas tetrafluoroborate, bromide only gave the by-prod- 
uct N-benzylidene-1-phenylmethylamine (Table 2, entries 1, 
2). Then, a series of ligands, including 1,10-phenanthroline 
(L1), L-proline (L2), ethylenediamine (L3), 2,2′-dipyridyl 
(L4) and N,N′-dimethylethylenediamine (DMEDA, L5) 
were evaluated for the reaction (Table 2, entries 4–8). It was 
observed that the ligands significantly affected the yields 
and 1,10-phenanthroline (L1) gave the best result. Then, 
K2CO3 was replaced by different bases, such as Cs2CO3, 
K3PO4, KOH, Et3N and so on. The results indicated that 
K2CO3 was the best base for this reaction (Table 2, entries 
9–16). Without K2CO3, N-phenylbenz- amide (3a) was not 
detected (Table 2, entry 17). Finally, we investigated the 
influence of catalyst-ligand ratio and two substrates’ ratio. 
We find that the reaction gave best results when 
Cu(OTf)2/1,10-phenanthroline = 10%:20% and benzyla-
mine/diphenyliodonium salts = 0.6:0.2 (mmol/mmol). The 
details are shown in the Supporting Information online. 

With the optimal reaction conditions in hand, the elec-
tronic and steric effects of substituted benzylamines and 
diaryliodonium salts were investigated (Table 3). Initially, a 
set of benzylamine derivatives (1a–i) were examined by 
reacting with diphenyliodonium triflate (2a) (Table 3, en-
tries 1–9). The result showed that the reaction was sensitive 
to the electronic effects on the aromatic ring of the benzyl-
amines. For example, benzylamines bearing electron-with- 
drawing groups, such as Cl, F, 3,4-F,F and CF3 (Table 3, 
entries 2–4, 9) showed slightly higher reactivity than those 
with electron-donating groups, like methyl and methoxy 
moieties (Table 3, entries 7, 8). When the substrate scope was  

Table 1  Optimization of the reaction conditions a) 

 
Entry [Cu] (mol%) Solvent T (°C) Yield b) (%)

1 
2 
3 
4 
5 
6 
7 
8 
9 
10
11
12
13
14

CuI (10) 
CuI (10) 
CuI (10) 

CuBr (10) 
CuCl (10) 

Cu(OAc)2·H2O(10) 
CuCl2·2H2O (10) 

CuSO4 (10) 
Cu(OTf)2 (10) 
Cu(OTf)2 (10) 
Cu(OTf)2 (10) 
Cu(OTf)2 (10) 
Cu(OTf)2 (10) 



DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMSO 
DMF 

toluene 
1,4-dioxane 
benzylamine 

DMSO 

120 
140 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

20 
43 
73 
44 
40 
29 
25 
65 
91 

trace 
32 

n.d.c) 
61 
0 

a) Reaction conditions: 1a (0.60 mmol), 2a (0.20 mmol), Cu salts (10 
mol%), K2CO3 (2.5 equiv.), 1,10-phenanthroline (20 mol%), DMSO (2 
mL), 24 h; b) isolated yields; c) no detection. 
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Table 2  Optimization of Cu-catalyzed N-arylation of benzylamine (1a) 
and diphenyliodonium triflate (2a) a)  

 
Entry X Ligand Base Yield b) (%)

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

BF4 
Br 

OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 
OTf 

L1 
L1 


L1 
L2 
L3 
L4 
L5 
L1 
L1 
L1 
L1 
L1 
L1 
L1 
L1 
L1 

K2CO3 
K2CO3 

K2CO3 
K2CO3 

K2CO3 
K2CO3 

K2CO3 

K2CO3 

Cs2CO3 
K3PO4 
KOH 

Ag2CO3 
Et3N 

t-BuOK 
Na2CO3 
NaHCO3 



trace 
n.d. 
40 
91 
55 
12 
75 
83 
48 
78 
15 
n.d. 
10 
45 
25 
10 
n.d. 

a) Reaction conditions: 1a (0.60 mmol), 2a (0.20 mmol), Cu(OTf)2 (10 
mol%), base (2.5 equiv.), ligand (20 mol%) , DMSO (2 mL), 150 °C, 24 h; 
b) isolated yields. 

 

extended to 3- or 2-fluorobenzylamine, the corresponding 
products were obtained in lower yields (Table 3, entries 5, 6). 

Subsequently, various substituted diaryliodonium salts 
were employed in this reaction. As shown in Table 3, dia-
ryliodonium salts with halogen substituents gave higher 
yields than their mesityl equivalents (Table 3, entries 
10–16). However, it is worth mentioning that the unsym-
metrical salt 2h selectively transferred the phenyl group to 
the benzylamine in moderate yield (Table 3, entry 16). 

A possible catalytic mechanism for this transformation is 
illustrated in Scheme 1. Initially, copper-catalyzed aerobic 
oxidation of benzylamine (1) provides the corresponding 
imine (I), which reacts with H2O to give II. Further oxida-
tion of II affords primary arylamide B [18], which is ex-
posed to the copper catalyst A to generate the metallic in-
termediate C. Diaryliodonium salt 2 undergoes an oxidative 
addition to intermediate C to form the metallic intermediate 
D, which then produces the final product 3 through a reduc-
tive elimination reaction and releases the catalyst A to com-
plete the catalytic cycle. 

4  Conclusions 

In summary, we have developed a new, simple and practical 
copper-catalyzed domino method for the synthesis of N- 
arylamides using diaryliodonium salts as the electrophilic 
coupling partners. The protocol uses cheap and readily 
available Cu(OTf)2 as the catalyst, (aryl)methylamines as  
 

Table 3  Copper-catalyzed amination of different benzylamine with diaryliodonium salts a)  

 
Entry R1 R2 R3 Ar1 Ar2 Product Yield b) (%) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

H 
Cl 
F 
F 
H 
H 

CH3 
OCH3 

CF3 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
F 
H 
F 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
F 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

4-BrC6H4 
4-ClC6H4 

4-FC6H4 

4-OCH3C6H4 

4-CH3C6H4 

mesityl 
phenylethynyl 

Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

4-BrC6H4 
4-ClC6H4 

4-FC6H4 
4-OCH3C6H4 

4-CH3C6H4 

mesityl 
Ph 

3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
3l 

3m 
3n 
3o 
3a 

91 
80 
85 
93 
60 
75 
70 
72 
89 
84 
81 
86 
70 
67 
45 
70 

a) Reaction conditions: 1 (0.60 mmol), 2 (0.20 mmol), Cu(OTf)2 (10 mol%), K2CO3 (2.5 equiv.), 1,10-phenanthroline (20 mol%), DMSO (2 mL), air, 
150 °C , 24 h; b) isolated yields. 
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Scheme 1  Proposed catalytic mechanism for this transformation. 

the starting materials, and economical and environmentally 
friendly air as the oxidant. The corresponding N-arylamides 
were afforded in moderate to good yields. The overall pro-
cess is easy to handle without the need of an inert atmos-
phere. Efforts to explore the detailed mechanism are un-
derway in our laboratory.  
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