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Convenient and inexpensive ammonium salts such as NH4Cl and

aqueous NH3 solution are found to be readily utilized in the

Cu-catalyzed room temperature N-arylation of aryl halides,

providing N-unprotected aniline derivatives in high yields.

Cu-catalyzed C–N cross-coupling reactions are powerful tools

to prepare N-containing compounds which have high utilities

in synthetic, biological, pharmaceutical, and materials

science.1 Traditional protocols such as Ullmann2 or Goldberg3

reactions often require stoichiometric amounts of copper

reagents at high temperatures.2 Mainly due to the recent

introduction of effective ligands, the Cu-catalyzed N-arylation

has significantly expanded its scope in coupling amino com-

pounds to include aniline,4 amide,5 imidazole,6 indole,7 hyda-

zide,8 and hydroxyamine.9 Notable examples of such efficient

ligands are bisamines,5,7 ethylene glycols,10a N,N-diethylsali-

cylamides,10b oximes,11 N-hydroxylimides,12 1,10-phenan-

throline,4b,13 or thiophencarboxylates.14 In addition,

Ma demonstrated that certain amino acids, in particular pro-

line and N,N-dimethylglycine, exhibit remarkable accelerating

effects not only in the Cu-catalyzed N-arylation15 but also in

the C–C,16 C–O17 and C–S18 coupling reactions.

Buchwald group reported that benzophenone imine19 or

LiN(SiMe3)2 (LiHMDS)20 could serve as ammonia equiva-

lents in the Pd-catalyzed N-arylation.21 Although their proto-

cols were useful to prepare primary aryl amines with a range of

aryl (pseudo)halides in respectable yields, an extra step for the

cleavage of protecting groups is required in order to obtain

desired aniline products. Alternatively, more direct arylations

of aryl halides for primary aryl amines were achieved using

either ammonia gas or liquid ammonia.22 Although the reac-

tion affords acceptable yield and selectivity, the requirement of

high pressure and elevated temperature makes their synthetic

utility difficult.

Ammonium chloride (NH4Cl), a cheap and stable solid,23

has been usually used in the Cu-catalyzed reaction to quench

the copper reagents. We wondered whether NH4Cl might be

utilized as an ammonia surrogate in the Cu-catalyzed

N-arylation.24 For the identification of optimal conditions

such as suitable copper source and ligands, 40-iodoacetophe-

none was chosen as a test substrate, allowing to react with

equivalent NH4Cl (Table 1). To our delight, the cross-coupling

reaction took place under the initial conditions to provide the

desired product, 4-aminoacetophenone, and, not surprisingly,

efficiency of the reaction was revealed to be dependent on the

modified conditions.25

Among various copper sources examined, while Cu(II)

species displayed little activity (entry 1), the CuI catalyst was

especially effective in DMSO when it was used in combination

with certain ligands of amino acids (entry 3). In particular,

Ma’s L-proline system turned out to be the best ligand (entry

4). On the other hand, different types of chelating species were

less effective under the otherwise same conditions (entries 5–8).

Among various bases screened (e.g. EtN(i-Pr)2, Et3N, K3PO4,

KOH, or KOtBu), K2CO3 was most effective in DMSO

solvent. In different solvents other than DMSO, efficiency of

the coupling was decreased significantly (e.g. entry 9). It is

noteworthy to observe that addition of small amounts of water

resulted in an improved yield of the N-arylation (compare

entries 4 and 10).16a It is reasoned that water might increase

Table 1 Cu/ligand-catalyzed N-arylation of 40-iodoacetophenone
with NH4Cl

a

Entry [Cu] cat. Ligand Solvent T/ 1C Yield (%)b

1 CuCl2 L1 DMSO 40 0
2 CuOAc L1 DMSO 40 15
3 CuI L1 DMSO 40 56
4 CuI L2 DMSO 40 60
5 CuI L3 DMSO 40 0
6 CuI L4 DMSO 40 3
7 CuI L5 DMSO 40 47
8 CuI L6 DMSO 40 29
9 CuI L2 DMF 40 20
10 CuI L2 DMSO, H2O

c 40 72
11 CuI L2 DMSO, H2O

c 25 80d

a Reaction conditions: 40-iodoacetophenone (0.5 mmol), NH4Cl

(0.5 mmol), [Cu] catalyst (10 mol%), ligand (20 mol%), and K2CO3

(1.5 mmol) in solvent (1 mL) under Ar. b Isolated yield. c H2O (50 mL)
was added. d CuI (20 mol%), ligand (40 mol%) and NH4Cl

(0.65 mmol) were used.
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solubility of NH4Cl reagent, thus accelerating the reaction

rates. Finally, we were pleased to observe that the cross-

coupling readily took place even at room temperature,

although slightly larger amounts of CuI/L-proline were needed

to obtain satisfactory product yield (entry 11).

Under the optimized conditions, the scope of aryl iodides

was investigated for the N-arylation reaction with the con-

venient NH4Cl reagent (Table 2). In general, the correspond-

ing N-unprotected aniline derivatives could be obtained in

good yields. In addition, the reaction was tolerant with a range

of functional groups including hydroxyl, keto, ester, nitro or

cyano moiety (entries 1–9). It should be mentioned that the

coupling takes place selectively at an iodo part in the presence

of a bromo group (entry 10). On the other hand, the present

protocol using NH4Cl exhibits a limitation for certain types of

substrates. For instance, reactions of aryl iodides bearing

electron-donating groups or ortho-substituents provided

rather poor product yields (entries 11 and 12, respectively).

Due to the fact that the coupling of aryl iodides with NH4Cl

proceeds with higher efficiency in the presence of water, we

were intrigued by the possibility of using aqueous NH3 solu-

tion as a source of the amino group in the Cu-catalyzed cross-

coupling reaction. We were pleased to observe that the reac-

tion did indeed take place even with aqueous NH3 (28%

solution, 1.5 equiv) at room temperature under otherwise

identical conditions compared to those of NH4Cl (Table 3).

Interestingly, reaction rates of the N-arylation of aryl

halides were quite similar between two reagents of ammonium

salts, NH4Cl and aqueous NH3.
26 In addition, functional

group tolerance was also wide even with the latter reagent.

It should be noted that reactions of aryl halides bearing

electron-rich substituents, which are problematic with NH4Cl,

could be carried out with much higher efficiency when aqueous

NH3 solution was employed. For example, while 32% product

yield was obtained from the reaction of 4-iodomethoxyben-

zene with NH4Cl (entry 11, Table 2), it was significantly

improved up to 77% with aqueous NH3 solution (entry 1,

Table 3). However, reactions of aryl iodides bearing ortho-

substituents exhibited still rather low reactivity with aqueous

NH3 solution as shown in the preparation of 2-methylaniline

(entry 7, Table 3).

In addition to iodobenzenes, heterocyclic iodides and aryl

bromides could also be utilized as efficient substrates under the

present mild N-arylation protocol (Table 4). Comparison

between two nitrogen sources, NH4Cl and aqueous NH3

solution, was tried to reveal that higher product yields were

obtained with the latter reagent in each substrate. Heterocyclic

iodides such as thiophene or pyridine derivatives smoothly

Table 2 CuI/proline-catalyzed N-arylation of aryl iodides with
NH4Cl

a

Entry Aryl iodide Product Yield (%)b

1 56

2 57

3 80

4 97

5 94

6 80

7 74

8 89

9 62

10 80

11 32

12 7

a Reaction conditions: aryl iodide (0.5 mmol), NH4Cl (0.65 mmol),

CuI (20 mol%), L-proline (40 mol%), K2CO3 (1.5 mmol) in DMSO

(1 mL) and H2O (50 mL) under Ar at 25 1C. b Isolated yield.

Table 3 CuI/proline-catalyzed N-arylation of aryl iodides with aqu-
eous NH3 solution

a

Entry Aryl iodide Product Yield (%)b

1 77

2 80

3 77

4 92

5 97

6 83

7 34
c

a Reaction conditions: aryl halide (0.5 mmol), NH3 (aqueous 28%,

0.75 mmol), CuI (20 mol%), L-proline (40 mol%), K2CO3 (1.5 mmol)

in DMSO (1 mL) under Ar at 25 1C. b Isolated yield. c NH3

(28% aqueous, 2.5 mmol) was employed at 80 1C.
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reacted with both ammonium salts at room temperature to

furnish the corresponding coupled products in good yields

(entries 1–6). Moreover, it was observed that aryl bromides

bearing electron-withdrawing groups were viable substrates

although elevated temperatures were required for satisfactory

yields (entries 7–10). On the other hand, aryl bromides bearing

electron-donating substituents were less effective (entries

11–12). In addition, the reaction of aryl chlorides was much

more sluggish under the present system.27

In summary, we have developed an efficient protocol

of room temperature Cu-catalyzed coupling of aryl halides

with inexpensive and convenient ammonium salts. Although

both reagents, NH4Cl and aqueous NH3 solution, can be

employed as ammonia equivalents in the Cu-catalyzed amina-

tions, the latter species was more effective for the coupling

reaction to afford higher product yields. The present proce-

dure is mild and tolerant of a variety of functional groups,

thus allowing for the practical new route to primary aryl

amines.

This research was supported by the Korea Research Foun-

dation Grant (KRF-2006-312-C00587).
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Entry Aryl halide Product Yield (%)b

1 45
2c 50

3 61
4c 70

5 75
6c 90

7d 75
8cd 88

9d 80
10cd 91

11d 10
12cd 44

a Reaction conditions: aryl halide (0.5 mmol), NH4Cl (0.65 mmol),

CuI (20 mol%), L-proline (40 mol%), K2CO3 (1.5 mmol) in DMSO

(1 mL) and 50 mL of H2O (when NH4Cl was used) under Ar at

25 1C. b Isolated yield. c NH3 (aqueous 28%, 0.75 mmol) was used for

24 h. d Run at 80 1C.
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