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An efficient process for the synthesis of N-azaaryl anilines via Smiles rearrangement as a tool. A variety of N-

azaaryl anilines were generated by the reaction of substituted phenols, substituted anilines, aminopyridines and

chloroacetyl chloride or pyridols, under base condition in good to excellent yields.
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Introduction

The pyridine ring system appears to be indispensable in

the structures of various natural products, pharmaceutical

compounds, and other commercial substances. With pyri-

dine ring in the structures, N-azaaryl anilines have attracted

considerable attention owing to their wide range of bio-

logical activities, such as antimicrobial,1 anti-inflammatory,2

antitumor activity,3 and as Met kinase inhibitor.3

As a result, a variety of methods have been described to

form C-N bonds for the synthesis of N-azaaryl anilines.

Traditional Cu-mediated C-N cross-couplings, Ullmann con-

densation,4 has been one of the most powerful tools for the

formation of C-N bond. Until now, palladium,5-15 copper,16-22

rhodium23 and nickel24,25 catalyzed cross-coupling reactions

have shown great advantages for the construction of aro-

matic C-N bonds both in industrial and academic settings.

And they are presented as the most efficient methods for

C-N bond formation. However, in the synthetic processes for

metal catalysts, typically an excess amount of ligand is

required, which could be a disadvantage if the ligand is

expensive. In addition, there are storage and handling diffi-

culties, if the ligand is air sensitive. To point out, the existing

methods restrict their use in the synthesis of N-azaaryl

anilines which contain halogen atom in the structures, due to

low yield and selectivity of the reactions. Therefore, the

quest for lowering the reaction cost and easy handling

reaction still remains greatly challenging. 

Smiles rearrangement, an important intramolecular nucleo-

philic rearrangement reaction, was firstly discovered by

Smiles in 1931.26 With its abundant styles, it extended the

diversity of small molecules, allowing the construction of

new compounds with different pharmacophore functional

groups.27 We previously found that diarylamines and aryl-

alkylamines were obtained by the reactions of phenols and

amines, activated by chloroacetyl chloride in Cs2CO3/DMF

system, assisted by Smiles rearrangement.28,29 

Herein, we report an efficient approach to the synthesis of

N-azaaryl anilines via Smiles rearrangement using substitut-

ed phenols, aminopyridines and chloroacetyl chloride or

pyridols, substituted anilines and chloroacetyl chloride under

basic condition (Scheme 1).

Experimental

Chemistry.

General: 1H and 13C NMR spectra (at 500 MHz or 300

MHz and 125 MHz or 75 MHz, respectively) were recorded

in CDCl3 with tetra methylsilane as internal reference on a

Bruker Advance 500 FT spectrometer. Chemical shifts were

reported in parts per million. MS detection was performed

on an Agilent 6510 Q-TOF mass spectrometer with an ESI

source. CDCl3 was used as delivered from Adamas (Shanghai,

China). Silica gel (80-300 mesh) was used for flash column

chromatography. All the reactions were monitored by TLC

using 0.25 mm silica gel plates with UV indicator (Shanghai

Jiapeng Technology Co., Ltd., China). Unless otherwise noted,

other reagents were obtained from commercial suppliers and

used without further purification. 

Representative Procedure for the Synthesis of Compound

(2) 2-Chloro-N-(pyridin-3-yl)acetamide. To a magnetical-

ly stirred solution of substituted aniline 1 (10.0 mmol, 1.0

equiv) and K2CO3 (15.0 mmol, 1.5 equiv) in CH2Cl2 (100

mL), cooled in an ice bath, the chloroacetyl chloride (15.0

 Scheme 1. Synthesis of N-azaaryl anilines.
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mmol, 1.5 equiv) was added slowly dropwise. The reaction

mixture was stirred at room temperature and monitored by

TLC. After the reaction was completed, the solvents were

removed under vacuum and ice water (200 mL) was added

into the residue. The product was separated out. The preci-

pitate obtained was filtered and washed with water, dried

and used for the next step without further purification. 

Representative Procedure for the Synthesis of Compound

(4). The solution of substituted phenol 3 (6.0 mmol, 1.2

equiv), K2CO3 (7.5 mmol, 1.5 equiv), 2-chloro-N-(pyridin-3-

yl)acetamide 2 (5.0 mmol, 1.0 equiv) in CH3CN (50 mL)

was refluxed and monitored by TLC. After completion of

reaction the solution was cooled, solvent was evaporated

under reduced pressure. The residue was poured into water

(30 mL) and extracted with ethyl acetate (3 × 30 mL). The

organic layer was washed with brine and dried over anhydr-

ous MgSO4. Filtration of MgSO4 and evaporation of solvent

under vacuum gave the crude product. The residue obtained

was purified by silica gel column chromatography to obtain

the corresponding compound 4.

Representative Procedure for the Synthesis of Compound

(5) Substituted N-Azaaryl-2-anilines. The solution of

compound 4 (5.0 mmol, 1.0 equiv), Cs2CO3 (6.0 mmol, 1.2

equiv) in dry DMF (20 mL) was heated to 120 oC and moni-

tored by TLC. After completion of the reaction, the solution

was cooled and was added water; solvent was evaporated

under reduced pressure. The residue was poured into water

(30 mL) and extracted with ethyl acetate (3 × 30 mL). The

organic layer was washed with brine and dried over anhydr-

ous MgSO4. Filtration of MgSO4 and evaporation of solvent

under vacuum gave the the crude product. The residue

obtained was purified by silica gel column chromatography

to obtain the corresponding compound 5. 

N-Phenylpyridin-3-amine (5a)17: light-yellow solid, mp

93-95 oC; 1H NMR (300 MHz, CDCl3) δ 8.38 (d, J = 2.0 Hz,

1H; ArH), 8.16 (d, J = 4.0 Hz, 1H; ArH), 7.60-7.27 (m, 4H;

ArH), 7.27-6.64 (m, 3H; ArH), 5.88 (s, 1H).

N-(p-Tolyl)pyridin-3-amine (5b)17: yellow solid, mp 98-

100 oC; 1H NMR (300 MHz, CDCl3) δ 8.32 (d, J = 1.8 Hz,

1H; ArH), 8.10 (d, J = 4.2 Hz, 1H; ArH), 7.36-6.97 (m, 6H;

ArH), 5.87 (s, 1H), 2.31 (s, 1H).

N-(2-Fluorophenyl)pyridin-3-amine (5c): yellow liquid,
1H NMR (300 MHz, CDCl3) δ 8.44 (s, 1H; ArH), 8.22 (s,

1H; ArH), 7.43 (d, J = 8.2 Hz, 1H; ArH), 7.32-6.92 (m, 4H;

ArH), 6.92 (d, J = 2.9 Hz, 1H; ArH) 5.94 (s, 1H); 13C NMR

(75 MHz, CDCl3) δ 156.81, 153.19, 144.06, 142.09, 125.89,

125.84, 125.77, 123.34, 119.23, 117.36, 117.11. HRMS

(ESI): m/z 189.083.

N-(2-Chlorophenyl)pyridin-3-amine (5d)17: yellow solid,

mp 90-92 oC; 1H NMR (300 MHz, CDCl3) δ 8.44 (d, J = 2.6

Hz, 1H; ArH), 8.21 (dd, J = 4.7, 1.2 Hz, 1H; ArH), 7.46-7.26

(m, 5H; ArH), 6.89-6.76 (m, 1H; ArH), 6.50 (s, 1H).

N-(2-Nitrophenyl)pyridin-3-amine (5e)30: red solid, mp

92-94 oC; 1H NMR (300 MHz, CDCl3) δ 9.42 (s, 1H), 8.62

(s, 1H; ArH), 8.49 (d, J = 4.0 Hz, 1H; ArH), 8.24 (dd, J =

8.6, 1.4 Hz, 1H; ArH), 7.64 (d, J = 8.1 Hz, 1H; ArH), 7.49-

7.31 (m, 2H; ArH), 7.19 (d, J = 8.0 Hz, 1H; ArH), 6.97-6.77

(m, 1H; ArH).

2-(Pyridin-3-ylamino)benzaldehyde (5f): yellow liquid,
1H NMR(500 MHz, CDCl3) δ 10.01 (s, 1H), 9.92 (s, 1H),

8.60 (d, J = 2.3 Hz, 1H; ArH), 8.39 (dd, J = 4.5, 0.9 Hz, 2H,

ArH), 7.61 (dd, J = 7.8, 1.3 Hz, 1H; ArH), 7.46-7.35 (m, 1H;

ArH), 7.31 (dd, J = 8.1, 4.7 Hz, 1H; ArH), 7.19 (d, J = 8.5

Hz, 1H; ArH), 6.91 (t, J = 7.4 Hz, 1H; ArH); 13C NMR (125

MHz, CDCl3) δ 194.47, 146.91, 145.27, 144.88, 136.72,

136.46, 135.72, 129.76, 123.85, 119.89, 118.21, 112.61.

HRMS (ESI): m/z 199.0868.

1-(2-(Pyridin-3-ylamino)phenyl)ethanone (5g): yellow

liquid, 1H NMR (500 MHz, CDCl3) δ 10.55 (s, 1H), 8.57 (d,

J = 2.5 Hz, 1H; ArH), 8.35 (dd, J = 4.7, 1.3 Hz, 1H; ArH),

7.86 (dd, J = 8.1, 1.4 Hz, 1H; ArH), 7.61-7.56 (m, 1H; ArH),

7.39-7.33 (m, 1H; ArH), 7.31-7.25 (m, 1H; ArH), 7.21 (dd, J

= 8.5, 0.8 Hz, 1H; ArH), 6.82 (m, 1H; ArH), 2.67 (s, 3H);
13C NMR (125 MHz, CDCl3) δ 201.60, 147.08, 144.91,

144.79, 137.15, 134.77, 132.66, 129.65, 123.82, 119.70,

117.65, 113.90, 28.19. HRMS (ESI): m/z 213.1025.

N-(4-Chlorophenyl)pyridin-3-amine (5h)17: light-yellow

solid, mp 95-97 oC; 1H NMR (300 MHz, CDCl3) δ 8.36 (s,

1H; ArH), 8.18 (d, J = 4.5 Hz, 1H; ArH), 7.39 (d, J = 7.2 Hz,

1H), 7.26-7.16 (m, 3H; ArH), 7.02-6.99 (m, 2H; ArH), 6.08

(s, 1H).

N-(4-Bromophenyl)pyridin-3-amine (5i): light-yellow

solid, mp 90-92 oC; 1H NMR (300 MHz, CDCl3) δ 8.37 (d, J

= 2.6 Hz, 1H; ArH), 8.19 (dd, J = 4.6, 1.1 Hz, 1H; ArH),

7.52-7.31 (m, 3H; ArH), 7.19 (dd, J = 8.2, 4.7 Hz, 1H; ArH),

7.04-6.86 (m, 2H; ArH), 5.93 (s, 1H); 13C NMR (75 MHz,

CDCl3) δ 143.69, 142.64, 141.73, 140.71, 133.81, 125.35,

125.23, 121.0, 115.19. HRMS (ESI): m/z 249.0037.

4-(Pyridin-3-ylamino)benzonitrile (5j)17: light-yellow

solid, mp 97-99 oC; 1H NMR (300 MHz, CDCl3) δ 8.49 (d, J

= 2.5 Hz, 1H; ArH), 8.33 (dd, J = 4.6, 0.9 Hz, 1H; ArH),

7.58 (dd, J = 8.2, 0.9 Hz, 1H; ArH), 7.51 (d, J = 8.7 Hz, 2H;

ArH), 7.30 (dd, J = 8.3, 4.8 Hz, 1H; ArH), 7.03 (d, J = 8.7

Hz, 2H; ArH), 6.99 (s, 1H). 

4-(Pyridin-3-ylamino)benzaldehyde (5k): yellow liquid,
1H NMR (300 MHz, CDCl3) δ 9.82 (s, 1H), 8.52 (s, 1H;

ArH), 8.34 (d, J = 4.1 Hz, 1H; ArH), 7.78 (d, J = 8.2 Hz, 2H;

ArH), 7.62 (d, J = 7.5 Hz, 1H; ArH), 7.31 (dd, J = 7.9, 4.8

Hz, 1H; ArH), 7.22 (s, 1H), 7.09 (d, J = 8.2 Hz, 2H; ArH);
13C NMR (75 MHz, CDCl3) δ 191.94 (C=O), 150.43, 145.54,

144.11, 138.85, 133.58, 130.55, 128.82, 125.45, 116.35.

HRMS (ESI): m/z 199.0867.

1-(4-(Pyridin-3-ylamino)phenyl)ethanone (5l): yellow

solid, mp 100-102 oC; 1H NMR (300 MHz, CDCl3) δ 8.50

(d, J = 2.4 Hz, 1H; ArH), 8.32 (d, J = 4.6 Hz, 1H; ArH), 7.90

(d, J = 8.7 Hz, 2H; ArH), 7.64-7.50 (m, 1H; ArH), 7.35-7.20

(m, 1H; ArH), 7.03 (d, J = 8.7 Hz, 2H; ArH), 6.52 (m, 1H),

2.55 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 197.90 (C=O),

148.74, 145.38, 143.80, 139.03, 132.09, 131.32, 128.17,

125.34, 116.33, 27.66 (CH3). HRMS (ESI): m/z 213.1021.

N-(4-Nitrophenyl)pyridin-3-amine (5m): yellow solid,

mp 90-92 oC; 1H NMR (300 MHz, CDCl3) δ 8.54 (s, 1H;

ArH), 8.42 (d, J = 4.6 Hz, 1H; ArH), 8.16 (d, J = 9.0 Hz, 2H;

ArH), 7.60 (d, J = 8.2 Hz, 1H; ArH), 7.34 (dd, J = 8.0, 4.8
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Hz, 1H; ArH), 6.99 (d, J = 9.0 Hz, 2H; ArH), 6.33 (s, 1H);
13C NMR (75 MHz, CDCl3) δ 150.54, 146.93, 145.11,

142.15, 137.82, 129.77, 127.62, 125.42, 115.60. HRMS

(ESI): m/z 216.0765.

N-(4-Methoxyphenyl)pyridin-3-amine (5n): yellow solid,

mp 102-104 oC; 1H NMR (500 MHz, CDCl3) δ 8.25 (s, 1H;

ArH), 8.14-7.96 (m, 1H; ArH), 7.20 (d, J = 8.3 Hz, 1H;

ArH), 7.09 (dd, J = 13.7, 6.6 Hz, 3H; ArH), 6.88 (d, J = 7.7

Hz, 2H; ArH), 5.75 (s, 1H), 3.80 (s, 3H); 13C NMR (125

MHz, CDCl3) δ 156.0 (C), 141.9 (C), 140.6 (CH), 138.4

(CH), 134.5 (C), 123.9 (CH), 122.8 (CH), 121.3 (CH), 115.0

(CH), 55.7 (CH3). HRMS (ESI): m/z 201.1023.

N-(2-Nitrophenyl)pyridin-2-amine (5o): red solid, mp

93-95 oC; 1H NMR (500 MHz, CDCl3) δ 10.15 (s, 1H), 8.75

(d, J = 8.7 Hz, 1H; ArH), 8.35 (d, J = 4.7 Hz, 1H; ArH), 8.22

(d, J = 8.5 Hz, 1H; ArH), 7.64 (t, J = 7.8 Hz, 1H; ArH), 7.56

(t, J = 7.8 Hz, 1H; ArH), 6.95 (t, J = 7.8 Hz, 3H; ArH); 13C

NMR (125 MHz, CDCl3) δ 153.75, 148.11, 139.12, 138.21,

135.84, 134.94, 126.38, 119.94, 119.80, 118.02, 113.97.

HRMS (ESI): m/z 216.0781.

N-(2-Fluorophenyl)pyridin-2-amine (5p)31: yellow liquid,
1H NMR (300 MHz, CDCl3) δ 8.24 (d, J = 4.5 Hz, 1H;

ArH), 7.98 (t, J = 8.1 Hz, 1H; ArH), 7.57-7.40 (m, 1H;

ArH), 7.17-7.03 (m, 2H; ArH), 7.03-6.90 (m, 1H; ArH),

6.86 (s, 1H), 6.82-6.70 (m, 2H; ArH).

N-(2-Chlorophenyl)pyridin-2-amine (5q): brown liquid,
1H NMR (300 MHz, CDCl3) δ 8.31-8.22 (m, 1H; ArH), 8.07

(dd, J = 8.2, 1.3 Hz, 1H; ArH), 7.60-7.50 (m, 1H; ArH), 7.39

(dd, J = 8.0, 1.3 Hz, 1H; ArH), 7.24 (dd, J = 11.1, 3.9 Hz,

1H; ArH), 6.93 (td, J = 8.0, 1.4 Hz, 1H; ArH), 6.86 (d, J =

8.3 Hz, 2H), 6.81 (dd, J = 6.8, 5.4 Hz, 1H; ArH); 13C NMR

(125 MHz, CDCl3) δ 154.92, 148.25, 137.75, 137.34, 129.55,

127.47, 123.19, 122.44, 119.68, 115.99, 110.04. HRMS

(ESI): m/z 205.0527.

Results and Discussion

Our work began with the reaction of pyridin-3-amine (1a)

and substituted phenol (3). Initially, the reaction of pyridin-

3-amine (1a) (1.0 equiv) and chloroacetyl chloride (1.5

equiv) in K2CO3/CH2Cl2 at room temperature gave 2-chloro-

N-(pyridine-3-yl)acetamide (2a) as the product. The crude

amide (2a) then reacted with substituted phenol (3) (1.2

equiv) in refluxing K2CO3/CH3CN, affording the O-alkylat-

ed compound (4) which then underwent Smiles rearrange-

ment in Cs2CO3/DMF system to give N-azaaryl-3-anilines

(5a) as the desired product. A variety of phenols (3) and

pyridin-3-amine (1a) were then studied under the same

reaction condition, to explore the range of the reaction, with

the results in Table 1. As is seen in Table 1, the reaction of

pyridin-3-amine (1a) and all the phenols (3) afforded the

target molecules in good to excellent yields. As pyridine-3-

amine was reacted with phenol possessing an electron

donating group (3b), the yield was moderate (entry 2). The

phenols with electron withdrawing group in the para

position of the hydroxyl did not show significant effect on

the yield of the reactions (entries 8-13). It is noteworthy that

Table 1. Synthesis of N-azaaryl-3-anilines

 Entry  Amine  Phenol  N-azaaryl anilines  Yield (%)a

 1  75

 2  68

 3  95

 4  90

 5  76

 6  92

 7  65

 8  81

 9  73

 10  78

 11  84

 12  80

 13  85

aIsolated yield of the third step. Reaction conditions: O-alkylated
Compound (4) (1.0 mmol), Cs2CO3 (1.5 mmol), DMF (25 mL), 120 oC.
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when pyridin-3-amine reacted with phenols containing

halogen atom in the ortho position of the hydroxyl, the

desired products (5c) and (5d), were generated in excellent

yields (entry 3-4).

Encouraged by our findings, we then investigated the

reaction of substituted aniline (1) and 3-hydroxypyridine

(3n), with the results shown in Table 2. Similarly, the

reaction of anilines (1) and chloroacetyl chloride gave the

amides (2), which was then converted to the O-alkylated 3-

pyridol (4) in MeCN at 80 oC in good yields. Smiles rear-

rangement of compound (4) gave rise to the desired product

(5). The results indicated that the reaction of aniline (1b) and

3-hydroxypyridine (3n) gave a product, which has the same

physical and chemical properties and NMR spectra with N-

phenylpyridin-3-amine (5a). 

On the basis of our experimental results, we explored the

reaction of pyridin-2-amine (1e), chloroacetyl chloride and

substituted phenols (3). Considering the Smiles rearrange-

ment was completed in Cs2CO3/DMF system, we suspected

that the reactions proceeded toward completion in the same

condition. However, we found the reaction under Cs2CO3/

DMF system did not generate N-azaaryl-2-anilines, while it

gave substituted anilines as the major product, which was

hypothesized to be obtained by the decomposition of N-

azaaryl-2-anilines. Among bases, NaH was found to be the

most effective in terms of conversion and price. The reac-

tions with NaH as the base in DMF gave N-azaaryl-2-

anilines as the major products, while we found the phenols

containing electron withdrawing group only afforded the

desired products, and the yield was only 45-68% (Table 3).

A survey of pyridin-2-amine (1e) and substituted phenols

(3) performed at 120 oC is provided in Table 3.

On the basis of reported Smiles rearrangement chemistry

and our experimental results, a plausible reaction mech-

anism is presented in Scheme 2. The O-alkylated product of

phenol (3) underwent the Smiles rearrangement by the

nucleophilic attack of the nitrogen atom on the carbon of the

benzene ring attached to the oxygen atom, which led to the

formation of a new C-N bond to give spiro-intermediate (6).

With the bond breaking of C-O bond, then came the

intermediate (7). Under alkaline conditions (with Cs2CO3 or

NaH) in DMF, intermediate (8) was decarboxylated to afford

the N-azaaryl anilines (5). Since the transition of compound

(3) to the intermediate (6) proceeded nucleophilic attack of

nitrogen atom to benzene ring, the aniline which had higher

electronic density with electron donating group R1 and the

Table 2. Synthesis of N-azaaryl-3-anilines

Entry Amine Phenol N-azaaryl anilines Yield (%)a

1 88

2 92

3 89

aIsolated yield of the third step. Reaction conditions: O-alkylated
compound (4) (1.0 mmol), Cs2CO3 (1.5 mmol), DMF (25 mL), 120 oC.

Table 3. Synthesis of N-azaaryl-2-anilines

Entry Amine Phenol N-azaaryl anilines Yield (%)a

1 54

2 68

3 45

aIsolated yield of the third step. Reaction conditions: O-alkylated
compound (4) (1.0 mmol), NaH (1.5 mmol), DMF (25 mL), 120 oC.

Scheme 2. Plausible mechanism for the formation of N-azaaryl
anilines 5.
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phenol which had lower electronic density containing elec-

tron withdrawing group R2 would benefit the reaction. 

Conclusion

In summary, various N-azaaryl anilines were synthesized

starting from readily available substituted phenols, amino-

pyridines and chloroacetyl chloride or pyridols, substituted

anilines and chloroacetyl chloride via Smiles rearrangement

under base condition in good to excellent yields. The ap-

plication of the reaction and the bioactivity of these

compounds will be further investigated in our laboratory.
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