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1. General experimental information 

Physical Measurements and Materials. All aryl esters, amines and chlorides were 

purchased from Aldrich Chemical. 1,2-bis(4-methoxyphenyl)ethane-1,2-dione, 

chloromethyl ethyl ether, palladium chloride, trimethylaluminum (2 M, hexane), and 

inorganic bases were also commercially obtained from Aldrich Chemical. 2,6-

diisopropylaniline was distilled under reduced pressure before being used. 3-

chloropyridine, toluene, 1,4-dioxane and other solvents were purchased from 

Guangzhou Chemical Reagent Factory and used as received. Complexes PEPPSI-IPr,1 

PEPPSI-IPrAn,2 and C13 were prepared according to the previously reported procedures. 

The NMR data of the compounds were obtained on a Varian Mercury-Plus 400 

MHz spectrometer at ambient temperature with the decoupled nucleus, using the CDCl3 

as solvent and referenced versus TMS as the standard. J values are given in Hz. GC 

yields for optimization studies were obtained using a Shimadzu GC-2010 Plus 

instrument. Unless otherwise indicated, all reactions have been carried out with parallel 

reactors under an air atmosphere. All work-up and purification procedures were carried 

out with reagent-grade solvents (purchased from Guangzhou Chemical Reagent 

Factory) in air. Standard column chromatography techniques using silica gel were used 

for purification. 

 

2. Preparation of Catalyst C1 

Preparation of Catalyst C1: The complex C1 was prepared according to previously 

reported procedure (as shown below).3 
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Procedure for the Synthesis of α-Diimine Compound B1. 2,6-diisopropylaniline 

(3.55g, 20 mmol), trimethylaluminum (10 mL, 2 M) and toluene (10 mL), a stir bar 

were added into a flask under N2 atmosphere and the resulting mixture was refluxed for 

2 h. After the mixture was cooled to room temperature, 4,4'-dimethoxybenzil (10 mmol) 

was carefully added. Then the resulted mixture was heated under reflux for another 6 

h. After completion of the reaction, the reaction mixture was cooled to room 

temperature, hydrolyzed with 5% aqueous NaOH solution, and then stirred for another 

1 h. After stirring was stopped for a moment, the mixture was layered, the aqueous layer 

was extracted three times with ethyl acetate, and then the organic layers were combined, 

dried over anhydrous magnesium sulfate, filtered, and concentrated under vacuum. The 

resulting crude compound was purified by column chromatography to give the titled 

product B1 in 35% yield as yellow solids. 

B1: 1H NMR (400 MHz, CDCl3) δ 7.93 (1H, s, Ar-H), 7.31 (2H, d, J = 41.2 Hz, 

Ar-H), 7.02 (8H, t, J = 33.1 Hz, Ar-H), 6.68 (3H, d, J = 68.4 Hz, Ar-H), 3.91 – 3.66 

(6H, m, OCH3), 3.07 (3H, d, J = 55.4 Hz, CH(CH3)2), 2.32 (1H, s, CH(CH3)2), 1.22 – 

0.57 (24H, m, CH3). 
13C NMR (101 MHz, CDCl3) δ 160.5, 145.5, 135.2, 131.4, 131.1, 

130.3, 123.4, 123.1, 122.4, 113.7, 113.3, 55.2, 28.8, 28.4, 27.6, 23.5, 22.6, 22.0. ESI-

MS m/z: 589.65, [B1+H]+ (C40H49N2O2
+, calcd 589.38). 

Procedure for the Synthesis of Imidazolium Salt L1. α-Diimine compound B1 (1.17g, 

2 mmol) and chloromethyl ethyl ether (75 mmol, 7 mL) were added to a thick-walled 

reaction vessel under a nitrogen atmosphere. The vessel was sealed and the mixture was 

allowed to heat at 100 oC for 16 h. After cooled to room temperature, the reaction 
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mixture was treated with anhydrous Et2O and stirred for another 1 h, causing the 

formation of a great deal of precipitate. The solid was isolated by filtration and washed 

three times with anhydrous Et2O. The resulting product was obtained as yellowish 

powder in 92% yield. 

L1:  1H NMR (400 MHz, CDCl3) δ 10.99 (1H, s, NCHN), 7.53 (2H, t, J = 7.8 Hz, 

Ar-H), 7.30 – 7.27 (4H, m, Ar-H), 6.96 – 6.91 (4H, m, Ar-H), 6.74 – 6.70 (4H, m, Ar-

H), 3.74 (6H, s, OCH3), 2.51 (4H, dt, J = 13.5, 6.8 Hz, CH(CH3)2), 1.32 (12H, d, J = 

6.8 Hz, CH3), 1.09 (12H, d, J = 6.8 Hz, CH3). 13C NMR (101 MHz, CDCl3) δ 160.7, 

145.1, 139.1, 132.1, 132.0, 131.3, 128.4, 124.7, 116.4, 114.4, 55.3, 29.4, 25.5, 22.6. 

ESI-MS m/z: 601.78, [L1- Cl]+ (C41H49N2O2
+, calcd 601.38). 

Procedures for the Synthesis of Pd-PEPPSI complex C1. A mixture of imidazolium 

salt L1 (0.637g, 1 mmol), palladium dichloride (0.195 g, 1.1 mmol), and K2CO3 (1.382 

g, 10 mmol) in 3-chloropyridine (4 mL) was allowed to stir at 90 °C for 24 h. After the 

solution was cooled to room temperature, 20 mL of dichloromethane was added, and 

then the resulting mixture was placed on a short silica gel column and eluted with 

substantial dichloromethane. Evaporation of the filtrate provided a yellow-brown solid. 

The yellow-brown solid was dissolved in the right amount of DCM and then the 

resulting DCM solution was dropped into a large amount of vigorously stirring hexane, 

resulting in the formation of a yellow precipitate. The suspension was filtered and dried 

in vacuo to afford the desired Pd-PEPPSI complex C1 in 92% yield. 

C1: 1H NMR (400 MHz, CDCl3) δ 8.66 (1H, d, J = 2.2 Hz, Ar-H), 8.58 (1H, dd, 

J = 5.5, 1.0 Hz, Ar-H), 7.57 – 7.53 (1H, m, Ar-H), 7.47 (2H, t, J = 7.7 Hz, Ar-H), 7.28 
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(4H, d, J = 7.8 Hz, Ar-H), 7.07 (1H, dd, J = 8.1, 5.6 Hz, Ar-H), 6.72 (4H, d, J = 8.9 Hz, 

Ar-H), 6.57 (4H, d, J = 8.9 Hz, Ar-H), 3.70 (6H, d, J = 5.9 Hz, OCH3), 3.24 (4H, dt, J 

= 13.1, 6.5 Hz, CH(CH3)2), 1.56 (12H, d, J = 6.5 Hz, CH3), 0.70 (12H, d, J = 6.7 Hz, 

CH3). 
13C NMR (101 MHz, CDCl3) δ 159.3, 153.9, 150.5, 149.5, 146.8, 137.3, 134.2, 

133.6, 132.1, 131.8, 130.0, 124.8, 124.2, 120.7, 113.6, 55.1, 28.7, 25.9, 24.8. ESI-MS 

m/z: m/z: 707.61, [C1 - (3ClPy + 2Cl)+H]+ (C41H49N2O2Pd+, calcd 707.28). Anal. calcd 

for C46H52Cl3N3O2Pd: C, 61.96; H, 5.88; N, 4.71. Found: C, 61.62; H, 5.94; N, 4.63. 

 

3. General procedure for aryl ester amination reactions 

Under an air atmosphere, Pd-PEPPSI complex (0.003 mmol, 0.30 mol%), aryl 

ester (1.00 mmol), amine (1.20 mmol), base (1.50 mmol), H2O (0.10 mmol, 10 mol%) 

and solvent (3 mL) were added into a sealable vial which equipped with a magnetic stir 

bar. The reaction mixture was allowed to stir at 110 °C for 16 h. After the indicated 

time, the reaction solution was cooled to room temperature, and 20 mL of water and 20 

mL of dichloromethane were added into the vial. The resulting mixture was then 

allowed to stir for another several minutes, followed by extraction with 

dichloromethane three times (3 × 10 mL). The combined organic layer was dried over 

anhydrous sodium sulfate, filtered, and concentrated in vacuo. The resulting residue 

was then purified by silica-gel column chromatography using petroleum ether/ethyl 

acetate as the eluent to afford corresponding products 3-7. The observed 

characterization data (1H NMR and 13C NMR) were consistent with that previously 

reported in the literature.4-20 The isolated yields of products were calculated based on 

the feedings of the aryl esters. 

 

4. General procedure for aryl chloride amination reactions 

Under an air atmosphere, Pd-PEPPSI complex (0.001 mmol, 0.10 mol%), aryl 
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chloride (1.00 mmol), amine (1.20 mmol), base (1.50 mmol), and solvent (4 mL) were 

added into a sealable vial which equipped with a magnetic stir bar. The reaction mixture 

was allowed to stir at 100 °C for 2 h. After cooled to room temperature, 20 mL of water 

and 20 mL of dichloromethane were added into the vial. The resulting mixture was then 

allowed to vigorously stir for another few minutes, followed by extraction with 

dichloromethane three times (3 × 10 mL). The combined organic layer was dried over 

anhydrous sodium sulfate, filtered, and concentrated in vacuo. The resulting residue 

was then purified by silica-gel column chromatography using petroleum ether/ethyl 

acetate as the eluent to afford corresponding products 9-18. The observed 

characterization data (1H NMR and 13C NMR) were consistent with that previously 

reported in the literature.21-31 The isolated yields of products were calculated based on 

the amounts of aryl chlorides. 

 

5. Tables of reaction optimization. 
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Table S1. Optimization of C1 catalyzed Aryl Ester Amination.a 

 

Run Base Solvent Additives Yield(%)b 

1 K2CO3 Toluene None 0 

2 c K2CO3 Toluene H2O 86 

3 K2CO3 Toluene H2O 97(93)d 

4 K3PO4 Toluene H2O 31 

5 Na2CO3 Toluene H2O 95 

6 KOtBu Toluene H2O 88 

7 KOtAm Toluene H2O 92 

8 Cs2CO3 Toluene H2O 96 

9 NaOH Toluene H2O 94 

10 K2CO3 THF H2O 36 

11 K2CO3 DMF H2O 0 

12 K2CO3 DMAc H2O 0 

13 K2CO3 DMSO H2O 0 

14 K2CO3 dioxane H2O 26 

15 K2CO3 NMP H2O 0 

16 K2CO3 xylene H2O 2 

17 e K2CO3 Toluene H2O 0 

aReagents and conditions: Phenyl benzoate (1 mmol), 2,6-dimethylaniline (1.2 mmol), Pd-

PEPPSI(PhOMe)2 (0.3% mmol, 0.3 mol%), base (1.5 mmol), H2O (0.1 mmol, 10 mol%), and solvent 

(3 mL) in air. bGC yield, average of two runs. cThe reaction was performed with 3 eq H2O. dIsolated 

yields in parentheses. eThe reaction was performed without the presence of precatalyst C1. 
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Table S2. Optimization of C1 catalyzed Aryl Chloride Amination.a 

 

Run Base Solvent Yield(%)b 

1 KOtAm 1,4-dioxane 93(90)c 

2 KOtBu 1,4-dioxane 87 

3 NaOtBu 1,4-dioxane 51 

4 KOH 1,4-dioxane 22 

5 KOtAm Toluene 45 

6 KOtAm DME 82 

7 KOtAm THF 39 

aReagents and conditions: 4-chloroanisole (1 mmol), 2,6-diisopropylaniline (1.2 mmol), Pd-

PEPPSI(PhOMe)2 (0.1% mmol), base (1.5 mmol), and solvent (4 mL) in air. bGC yield, average of two 

runs. cIsolated yields in parentheses. 

 

6. Characterization data of aryl ester amination products 

N-(2,6-dimethylphenyl)benzamide (3a, 209 mg, 93%)4 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.86 (2H, d, J = 7.0 Hz, Ar-H), 7.75 (1H, s, NH-H), 7.50 (3H, 

dt, J = 8.5, 7.1 Hz, Ar-H), 7.29 (2H, s, Ar-H), 6.80 (1H, s, Ar-H), 2.33 (6H, s, CH3-H). 13C NMR (101 

MHz, CDCl3) δ 165.6, 156.6, 135.0, 131.7, 131.0, 128.7, 127.0, 122.1, 114.2, 55.5. 

N-mesitylbenzamide (3b, 213 mg, 89%)5  

 

Colorless solid. 1H NMR (400 MHz, CDCl3) δ 7.90 (2H, d, J = 7.9 Hz, Ar-H), 7.54 (1H, d, J = 7.2 Hz, 

Ar-H), 7.49 (2H, d, J = 7.1 Hz, Ar-H), 7.39 (1H, s, NH-H), 6.93 (2H, s, Ar-H), 2.29 (3H, s, CH3-H), 2.23 

(6H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 166.1, 137.1, 135.3, 134.6, 131.7, 131.2, 129.0, 128.7, 

127.2 20.9, 18.3. 

N-(2-isopropylphenyl)benzamide (3c, 232 mg, 97%)6 
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White solid. 1H NMR (400 MHz, CDCl3) δ 7.88 (2H, d, J = 7.4 Hz, Ar-H), 7.80 (2H, s, Ar-H, NH-H), 

7.52 (3H, dt, J = 27.7, 7.2 Hz, Ar-H), 7.32 (1H, d, J = 2.6 Hz, Ar-H), 7.26 – 7.20 (2H, m, Ar-H), 3.17 – 

3.05 (1H, m, CH-H), 1.28 (6H, d, J = 6.8 Hz, CH3-H). 13C NMR (101 MHz, CDCl3) δ 166.0, 140.6, 134.9, 

134.1, 131.8, 128.8, 127.0, 126.5, 126.2, 125.7, 124.8, 28.2, 23.0. 

N-(2-ethylphenyl)benzamide (3d, 221 mg, 98%)7 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.98 – 7.74 (3H, m, Ar-H), 7.82 (1H, s, NH-H), 7.58 – 7.52 

(1H, m, Ar-H), 7.47 (2H, t, J = 7.6 Hz, Ar-H), 7.27 – 7.14 (3H, m, Ar-H), 2.67 (2H, d, J = 7.6 Hz, CH2-

H), 1.26 (3H, t, J = 7.6 Hz, CH3-H). 13C NMR (101 MHz, CDCl3) δ 165.8, 135.3, 135.0, 134.9, 131.8, 

128.8, 128.5, 127.0, 126.7, 125.7, 123.8, 24.3, 13.9. 

N-(o-tolyl)benzamide (3e, 198 mg, 94%)4 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.94 (1H, m, Ar-H), 7.89 (2H, dd, J = 5.3, 3.3 Hz, Ar-H), 

7.68 (1H, s, NH-H), 7.53 (3H, ddd, J = 13.2, 7.9, 6.4 Hz, Ar-H), 7.27 (1H, s, Ar-H), 7.24 (1H, d, J = 7.2 

Hz, Ar-H), 7.13 (1H, dd, J = 7.5, 1.1 Hz, Ar-H), 2.34 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 

150.8, 135.8, 135.0, 131.8, 130.6, 129.2, 128.8, 127.0, 126.9, 125.4, 123.1, 17.8. 

N-(2,4-dimethylphenyl)benzamide (3f, 214 mg, 95%)8 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.88 (2H, d, J = 7.2 Hz, Ar-H), 7.75 (1H, d, J = 7.6 Hz, Ar-

H), 7.62 (1H, s, NH-H), 7.58 – 7.54 (1H, m, Ar-H), 7.49 (2H, t, J = 7.3 Hz, Ar-H), 7.06 (2H, d, J = 8.0 

Hz, Ar-H), 2.32 (3H, s, CH3-H), 2.30 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 165.7, 135.2, 135.0, 

133.1, 131.7, 131.2, 129.6, 128.8, 127.4, 127.0, 123.4, 20.9, 17.8. 

N-(p-tolyl)benzamide (3g, 209 mg, 99%)8 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.90 (1H, s, NH-H), 7.85 (2H, dd, J = 5.3, 3.3 Hz, Ar-H), 

7.53 (3H, t, J = 6.7 Hz, Ar-H), 7.48 – 7.43 (2H, m, Ar-H), 7.16 (2H, d, J = 8.2 Hz, Ar-H), 2.34 (3H, s, 

CH3-H). 13C NMR (101 MHz, CDCl3) δ 165.7, 135.4, 135.1, 134.2, 131.7, 129.5, 128.7, 127.0, 120.3, 

20.9. 

N-(3,5-dimethylphenyl)benzamide (3h, 216 mg, 96%)8 
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White solid. 1H NMR (400 MHz, CDCl3) δ 7.87 – 7.83 (3H, m, Ar-H, NH-H), 7.52 (1H, d, J = 7.3 Hz, 

Ar -H), 7.46 (2H, dd, J = 8.1, 6.7 Hz, Ar-H), 7.28 (2H, s, Ar-H), 6.79 (1H, s, Ar-H), 2.31 (6H, s, CH3-H). 

13C NMR (101 MHz, CDCl3) δ 165.7, 138.7, 137.7, 135.1, 131.7, 128.7, 127.0, 126.3, 117.9, 21.4. 

N-(m-tolyl)benzamide (3i, 209 mg, 99%)9 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.72 (1H, s, NH-H), 7.65 (2H, dd, J = 5.2, 3.3 Hz, Ar-H), 

7.36 – 7.27 (3H, m, Ar-H), 7.26 – 7.20 (2H, m, Ar-H), 7.07 – 7.00 (1H, m, Ar-H), 6.77 (1H, d, J = 7.5 

Hz, Ar-H), 2.15 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 165.7, 139.1, 137.8, 135.1, 131.8, 128.9, 

128.8, 127.0, 125.4, 120.8, 117.3, 21.5. 

N-phenylbenzamide (3j, 195 mg, 99%)4 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.87 (3H, dd, J = 8.3, 1.3 Hz, Ar-H), 7.65 (2H, d, J = 7.6 Hz, 

Ar-H), 7.55 (1H, s, NH-H), 7.49 (2H, d, J = 7.7 Hz, Ar-H), 7.40 – 7.32 (2H, m, Ar-H), 7.16 (1H, s, Ar-

H). 13C NMR (101 MHz, CDCl3) δ 165.7, 137.9, 135.0, 131.8, 129.1, 128.8, 127.0, 124.6, 120.2. 

N-(2-methoxyphenyl)benzamide (3k, 141 mg, 62%)10 

 

Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.88 (3H, dd, J = 12.8, 5.5 Hz, Ar-H), 7.75 (1H, s, NH-H), 

7.57 – 7.53 (1H, m, Ar-H), 7.50 – 7.45 (2H, m, Ar-H), 7.25 – 7.20 (2H, m, Ar-H), 7.11 (1H, td, J = 7.5, 

1.1 Hz, Ar-H), 2.32 (3H, s, OCH3-H). 13C NMR (101 MHz, CDCl3) δ 165.7, 135.7, 135.0, 131.8, 130.5, 

129.4, 128.8, 127.0, 126.8, 125.4, 123.2, 17.8. 

N-(4-methoxyphenyl)benzamide (3l, 213 mg, 94%)10 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.86 (2H, d, J = 7.2 Hz, Ar-H), 7.80 (1H, s, NH-H), 7.56 – 

7.52 (3H, m, Ar-H), 7.49 – 7.45 (2H, m, Ar-H), 6.92 – 6.89 (2H, m, Ar-H), 3.81 (3H, s, OCH3-H). 13C 

NMR (101 MHz, CDCl3) δ 165.6, 156.6, 135.0, 131.7, 130.9, 128.7, 127.0, 122.1, 114.2, 55.5. 

N-(2-aminophenyl)benzamide (3m, 167 mg, 79%)11 

 

Brown solid. 1H NMR (400 MHz, CDCl3) δ 7.92 (1H, s, NH-H), 7.89 (2H, d, J = 4.0 Hz, Ar-H), 7.56 

(1H, t, J = 7.4 Hz, Ar-H), 7.48 (2H, t, J = 7.5 Hz, Ar-H), 7.31 (1H, d, J = 7.9 Hz, Ar-H), 7.09 (1H, td, J 
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= 7.8, 1.4 Hz, Ar-H), 6.86 – 6.82 (2H, m, Ar-H), 3.87 (2H, s, NH2-H).13C NMR (101 MHz, CDCl3) δ 

165.9, 140.7, 134.1, 131.9, 128.7, 127.3, 127.2, 125.2, 124.5, 119.8, 118.4. 

N-(3,5-difluorophenyl)benzamide (3n, 228 mg, 98%)8 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 8.04 (1H, s, NH-H), 7.83 (2H, d, J = 7.3 Hz, Ar-H), 7.52 (3H, 

dt, J = 14.8, 7.2 Hz, Ar-H), 7.27 (2H, d, J = 9.0 Hz, Ar-H), 6.59 (1H, t, J = 8.8 Hz, Ar-H). 13C NMR (101 

MHz, CDCl3) δ 165.9, 164.5, 164.3, 162.0, 161.9, 140.2, 140.1, 139.9, 134.2, 132.3, 128.9, 127.0, 103.3, 

103.2, 103.1, 103.0, 100.0, 99.8, 99.5. 

morpholino(phenyl)methanone (3o, 183 mg, 96%)12 

 

Colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.33 (5H, d, J = 1.4 Hz, Ar-H), 3.77 – 3.31 (8H, m, CH2-

H). 13C NMR (101 MHz, CDCl3) δ 170.4, 135.3, 129.9, 128.5, 127.1, 66.9, 30.9. 

N-benzylbenzamide (3p, 192 mg, 91%)8 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.82 – 7.76 (2H, m, Ar-H), 7.53 – 7.47 (1H, m, Ar-H), 7.42 

(2H, dd, J = 8.1, 6.7 Hz, Ar-H), 7.33 (5H, dd, J = 21.3, 4.5 Hz, Ar-H), 6.50 (1H, s, NH-H), 4.64 (2H, d, 

J = 5.7 Hz, CH2-H). 13C NMR (101 MHz, CDCl3) δ 167.3, 138.2, 134.4, 131.5, 128.8, 128.6, 127.9, 

127.6, 126.9, 44.1. 

4-methyl-N-(p-tolyl)benzamide (4g, 221 mg, 98%)9 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.82 (1H, s, NH-H), 7.76 (2H, d, J = 8.2 Hz, Ar-H), 7.52 (2H, 

d, J = 8.4 Hz, Ar-H), 7.30 – 7.26 (2H, m, Ar-H), 7.16 (2H, d, J = 8.2 Hz, Ar-H), 2.42 (3H, s, CH3-H), 

2.34 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 165.6, 142.2, 135.4, 134.0, 132.2, 129.5, 129.4, 

127.0, 120.2, 21.5, 20.9. 

4-methyl-N-phenylbenzamide (4j, 209 mg, 99%)12 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.80 (1H, s, NH-H), 7.77 (2H, d, J = 8.2 Hz, Ar-H), 7.64 (2H, 

d, J = 7.6 Hz, Ar-H), 7.38 (2H, d, J = 7.5 Hz, Ar-H), 7.29 (2H, d, J = 7.9 Hz, Ar-H), 7.15 (1H, s, Ar-H), 

2.43 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 165.6, 142.4, 138.0, 132.1, 129.4, 129.1, 127.0, 

124.4, 120.1, 21.5. 

N-(4-methoxyphenyl)-4-methylbenzamide (4l, 236 mg, 98%)4 
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Beige solid. 1H NMR (400 MHz, CDCl3) δ 7.79 (1H, s, NH-H), 7.75 (2H, d, J = 8.1 Hz, Ar-H), 7.53 (2H, 

d, J = 8.9 Hz, Ar-H), 7.27 (1H, s, Ar-H), 7.25 (1H, s, Ar-H), 6.92 – 6.87 (2H, m, Ar-H), 3.80 (3H, s, 

OCH3-H), 2.41 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 165.6, 156.6, 142.2, 132.2, 131.1, 129.4, 

127.0, 122.1, 114.2, 55.5, 21.5. 

N-(4-fluorophenyl)-4-methylbenzamide (4q, 218 mg, 95%)13 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.79 (1H, s, NH-H), 7.76 (2H, d, J = 8.2 Hz, Ar-H), 7.62 – 

7.56 (2H, m, Ar-H), 7.30 (2H, s, Ar-H), 7.09 – 7.03 (2H, m, Ar-H), 2.43 (3H, s, CH3-H).13C NMR (101 

MHz, CDCl3) δ 165.6, 160.7, 158.3, 142.5, 134.0, 131.8, 129.5, 127.0, 122.1, 122.0, 115.8, 115.6, 21.5. 

N-(4-chlorophenyl)-4-methylbenzamide (4r, 162 mg, 66%)14 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.77 (2H, m, Ar-H, NH-H), 7.75 (1H, s, Ar-H), 7.60 (2H, d, 

J = 8.9 Hz, Ar-H), 7.31 (4H, dd, J = 14.8, 8.4 Hz, Ar-H), 2.43 (3H, s, CH3-H). 13C NMR (101 MHz, 

CDCl3) δ 165.3, 142.7, 136.6, 131.7, 129.5, 129.4, 129.1, 127.0, 121.3, 21.3. 

4-methyl-N-(naphthalen-1-yl)benzamide (4s, 144 mg, 55%)15 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 8.19 (1H, s, NH-H), 8.04 (1H, d, J = 7.4 Hz, Ar-H), 7.92 – 

7.87 (4H, m, Ar-H), 7.74 (1H, d, J = 8.3 Hz, Ar-H), 7.56 – 7.49 (3H, m, Ar-H), 7.33 (2H, d, J = 7.9 Hz, 

Ar-H), 2.45 (3H, s, CH3-H).13C NMR (101 MHz, CDCl3) δ 142.5, 134.2, 132.5, 132.0, 129.5, 128.9, 

127.4, 127.2, 126.4, 126.0, 126.0, 125.8, 121.1, 120.6, 21.5. 

N-cyclohexyl-4-methylbenzamide (4t, 204 mg, 94%)15 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.66 (2H, d, J = 8.2 Hz, Ar-H), 7.22 – 7.18 (2H, m, Ar-H), 

6.11 (1H, s, NH-H), 4.01 – 3.91 (1H, m, CH-H), 2.38 (3H, s, CH3-H), 2.04 – 1.98 (2H, m, CH2-H), 1.78 

– 1.71 (2H, m, CH2-H), 1.68 – 1.59 (1H, m, CH2-H), 1.46 – 1.34 (2H, m, CH2-H), 1.28 – 1.16 (3H, m, 

CH2-H).13C NMR (101 MHz, CDCl3) δ 166.5, 141.5, 132.2, 129.1, 126.8, 48.8, 48.5, 33.2, 25.6, 24.9, 

21.4. 

N-benzyl-4-methylbenzamide (4p, 140 mg, 62%)15 
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White solid. 1H NMR (400 MHz, CDCl3) δ 7.69 (2H, d, J = 8.2 Hz, Ar-H), 7.36 (4H, d, J = 4.5 Hz, Ar-

H), 7.30 (1H, dd, J = 8.4, 3.5 Hz, Ar-H), 7.23 (2H, d, J = 7.9 Hz, Ar-H), 6.40 (1H, s, NH-H), 4.64 (2H, 

d, J = 5.7 Hz, CH2-H), 2.39 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 167.3, 141.9, 138.3, 131.5, 

129.2, 128.7, 127.8, 127.5, 126.9, 44.0, 21.4. 

N-(4-fluorophenyl)-2-methylbenzamide (5q, 218 mg, 95%)16 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.57 (3H, m, Ar-H, NH-H), 7.46 (1H, d, J = 7.5 Hz, Ar-H), 

7.37 (1H, t, J = 7.0 Hz, Ar-H), 7.29 – 7.24 (2H, m, Ar-H), 7.05 (2H, t, J = 8.6 Hz, Ar-H), 2.49 (3H, s, 

CH3-H). 13C NMR (101 MHz, CDCl3) δ 168.0, 136.5, 136.1, 133.93, 131.3, 130.4, 126.6, 125.9, 121.7, 

121.6, 115.8, 115.6, 19.8. 

4-methoxy-N-(o-tolyl)benzamide (6e, 234 mg, 97%)17 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.94 (1H, d, J = 7.9 Hz, Ar-H), 7.87 – 7.84 (2H, m, Ar-H), 

7.60 (1H, s, NH-H), 7.26 – 7.21 (2H, m, Ar-H), 7.11 (1H, dt, J = 7.4, 3.7 Hz, Ar-H), 6.99 (2H, d, J = 8.9 

Hz, Ar-H), 3.88 (3H, s, OCH3-H), 2.34 (3H, s, CH3-H).13C NMR (101 MHz, CDCl3) δ 165.2, 162.5, 

135.9, 130.5, 129.0,128.9, 127.2, 126.9, 125.1, 123.0, 114.0, 55.5, 17.8. 

N-(2-aminophenyl)-4-methoxybenzamide (6m, 232 mg, 96%)18 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.88 (1H, s, Ar-H), 7.86 (1H, s, Ar-H), 7.77 (1H, s, NH-H), 

7.30 (1H, d, J = 7.6 Hz, Ar-H), 7.08 (1H, dt, J = 7.9, 3.8 Hz, Ar-H), 6.98 – 6.96 (2H, m, Ar-H), 6.86 – 

6.82 (3H, m, Ar-H, NH2-H), 5.30 (1H, s, NH2-H), 3.88 (3H, s, OCH3-H). 13C NMR (101 MHz, CDCl3) 

δ 162.6, 140.7, 129.2, 127.1, 126.4, 125.2, 124.8, 119.8, 118.4, 116.7, 114.0, 55.47. 

N-(4-acetylphenyl)-4-fluorobenzamide (7u, 193 mg, 75%)19 

 

Pale yellow solid. 1H NMR (400 MHz, CDCl3) δ 8.00 (1H, s, NH-H), 7.98 (2H, m, Ar-H), 7.91 (2H, dd, 

J = 8.9, 5.2 Hz, Ar-H), 7.75 (2H, d, J = 8.8 Hz, Ar-H), 7.19 (2H, t, J = 8.6 Hz, Ar-H), 2.60 (3H, s, CH3-
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H). 13C NMR (101 MHz, CDCl3) δ 197.0, 142.1, 133.2, 130.6, 129.9, 129.6, 129.5, 119.3, 116.2, 116.0, 

26.5. 

4-fluoro-N,N-diphenylbenzamide (7v, 274 mg, 94%)20 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.48 – 7.44 (2H, m, Ar-H), 7.30 (4H, t, J = 7.7 Hz, Ar-H), 

7.20 (2H, t, J = 7.4 Hz, Ar-H), 7.14 (4H, d, J = 7.7 Hz, Ar-H), 6.89 (2H, t, J = 8.7 Hz, Ar-H). 13C NMR 

(101 MHz, CDCl3) δ 166.8, 143.8, 131.6, 131.5, 129.2, 127.42, 126.5, 115.1, 114.9, 100.0. 

 

7. Characterization data of aryl chloride amination products 

N-(4-methoxyphenyl)-2,6-dimethylaniline (9a, 214 mg, 94%)21 

 

Brown solid. 1H NMR (400 MHz, CDCl3) δ 7.15 – 6.98 (3H, m, Ar-H), 6.75 (2H, d, J = 8.3 Hz, Ar-H), 

6.49 (2H, d, J = 8.1 Hz, Ar-H), 5.02 (1H, s, NH-H), 3.74 (3H, s, OCH3-H), 2.19 (6H, s, CH3-H). 13C 

NMR (101 MHz, CDCl3) δ 152.7, 139.3, 137.3, 134.9, 128.6, 125.0, 115.3, 114.7, 55.7, 18.4. 

4-methoxy-N-phenylaniline (9j, 171 mg, 86%)21 

 

Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.23 – 7.18 (2H, m, Ar-H), 7.08 – 7.04 (2H, m, Ar-H), 6.91 – 

6.88 (2H, m, Ar-H), 6.87 – 6.84 (2H, m, Ar-H), 6.82 (1H, t, J = 4.2 Hz, Ar-H), 5.48 (1H, s, NH-H), 3.79 

(3H, s, OCH3-H). 13C NMR (101 MHz, CDCl3) δ 155.2, 145.1, 135.6, 129.3, 122.1, 119.5, 115.6, 114.6, 

55.5. 

bis(4-methoxyphenyl)amine (9l, 209 mg, 91%)22 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 6.95 (4H, d, J = 9.0 Hz, Ar-H), 6.83 (4H, d, J = 9.0 Hz, Ar-

H), 5.29 (1H, s, NH-H), 3.79 (6H, s, OCH3-H). 13C NMR (101 MHz, CDCl3) δ 154.2, 137.9, 119.5, 114.7, 

55.6. 

4-(4-methoxyphenyl)morpholine (9o, 178 mg, 92%)22 
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White solid. 1H NMR (400 MHz, CDCl3) δ 6.87 (4H, q, J = 9.2 Hz, Ar-H), 3.91 – 3.82 (4H, m, OCH2-

H), 3.77 (3H, s, CH3-H), 3.11 – 3.01 (4H, m, NCH2-H). 13C NMR (101 MHz, CDCl3) δ 153.9, 145.6, 

117.8, 114.5, 67.0, 55.5, 50.8. 

4-fluoro-N-(4-methoxyphenyl)aniline (9q, 187 mg, 86%)21 

 

Yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.03 – 6.86 (8H, m, Ar-H), 5.42 (1H, s, NH-H), 3.81 (3H, 

s, OCH3-H).13C NMR (101 MHz, CDCl3) δ 158.2, 155.9, 154.9, 141.0, 141.0, 136.4, 121.1, 117.7, 117.6, 

115.8, 115.6, 114.7, 55.5. 

N-cyclohexyl-4-methoxyaniline (9t, 187 mg, 91%)22 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 6.78 (2H, d, J = 8.9 Hz, Ar-H), 6.59 (2H, d, J = 8.9 Hz, Ar-

H), 3.75 (3H, s, OCH3-H), 3.18 (1H, ddd, J = 13.7, 10.1, 3.5 Hz, CH-H), 3.07 (1H, s, NH-H), 2.06 (2H, 

d, J = 10.4 Hz, CH2-H), 1.77 (2H, d, J = 13.3 Hz, CH2-H), 1.66 – 1.07 (6H, m, CH2-H). 13C NMR (101 

MHz, CDCl3) δ 151.8, 141.5, 114.8, 114.8, 55.7, 52.7, 33.5, 25.9, 25.0. 

2-isopropyl-N-(4-methoxyphenyl)-6-propylaniline (9w, 255 mg, 90%)22 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.46 – 7.16 (3H, m, Ar-H), 6.79 (2H, d, J = 8.2 Hz, Ar-H), 

6.50 (2H, d, J = 8.2 Hz, Ar-H), 5.02 (1H, s, NH-H), 3.79 (3H, s, OCH3-H), 3.26 (2H, dt, J = 13.6, 6.8 

Hz, CH-H), 1.20 (12H, d, J = 6.9 Hz, CH3-H). 13C NMR (101 MHz, CDCl3) δ 152.2, 147.1, 142.3, 136.1, 

126.7, 123.8, 114.7, 114.2, 55.7, 28.1, 23.8. 

4-methoxy-N-methyl-N-phenylaniline (9x, 200 mg, 94%)22 

 

Orange oil. 1H NMR (400 MHz, CDCl3) δ 7.18 (2H, t, J = 7.5 Hz, Ar-H), 7.07 (2H, d, J = 8.2 Hz, Ar-

H), 6.87 (2H, d, J = 8.0 Hz, Ar-H), 6.77 (3H, t, J = 7.7 Hz, Ar-H), 3.78 (3H, s, OCH3-H), 3.24 (3H, s, 

CH3-H). 13C NMR (101 MHz, CDCl3) δ 156.2, 149.7, 142.2, 128.8, 126.1, 118.3, 115.7, 114.7, 55.4, 

40.4.  

2,6-diethyl-N-(4-methoxyphenyl)aniline (9y, 235 mg, 92%)22 
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White solid. 1H NMR (400 MHz, CDCl3) δ 7.16 (3H, s, Ar-H), 6.74 (2H, d, J = 8.3 Hz, Ar-H), 6.47 (2H, 

d, J = 8.3 Hz, Ar-H), 5.01 (1H, s, NH-H), 3.74 (3H, s, OCH3-H), 2.57 (4H, q, J = 7.5 Hz, CH2-H), 1.15 

(6H, t, J = 7.5 Hz, CH3-H). 13C NMR (101 MHz, CDCl3) δ 152.5, 141.5, 141.3, 137.9, 126.7, 125.9, 

114.8, 114.7, 55.7, 24.7, 14.6. 

1-(4-methoxyphenyl)-4-methylpiperazine (9z, 171 mg, 83%)22 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 6.90 (2H, d, J = 9.1 Hz, Ar-H), 6.85 – 6.81 (2H, m, Ar-H), 

3.75 (3H, s, OCH3-H), 3.12 – 3.07 (4H, m, NCH2-H), 2.60 – 2.55 (4H, m, NMe-CH2-H), 2.34 (3H, s, 

NCH3-H).13C NMR (101 MHz, CDCl3) δ 153.7, 145.6, 118.1, 114.3, 55.5, 55.2, 50.5, 46.1. 

N-(2-methoxyphenyl)-2,6-dimethylaniline (10a, 204 mg, 90%)21 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.12 (3H, q, J = 5.8 Hz, Ar-H), 6.96 – 6.83 (1H, m, Ar-H), 

6.74 (2H, dd, J = 6.1, 3.7 Hz, Ar-H), 6.15 (1H, dd, J = 7.1, 2.0 Hz, Ar-H), 5.67 (1H, s, NH-H), 3.97 (3H, 

s, OCH3-H), 2.23 (6H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 146.8, 138.4, 136.1, 135.9, 128.4, 

125.7, 121.1, 117.3, 111.1, 109.9, 55.6, 18.3. 

4-(2-methoxyphenyl)morpholine (10o, 179 mg, 93%)21 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.06– 6.78 (4H, m, Ar-H), 3.88 (7H, d, J = 11.3 Hz, OCH3-

H, OCH2-H), 3.07 (4H, s, NCH2-H). 13C NMR (101 MHz, CDCl3) δ 152.2, 141.0, 123.1, 120.9, 117.9, 

111.2, 67.1, 55.3, 51.1. 

N-cyclohexyl-2-methoxyaniline (10t, 172 mg, 84%)21 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 6.94 (1H, t, J = 7.1 Hz, Ar-H), 6.84 (1H, d, J = 7.4 Hz, Ar-

H), 6.72 (2H, d, J = 7.5 Hz, Ar-H), 4.08 (1H, s, NH- H), 3.90 (3H, s, OCH3-H), 3.35 (1H, t, J = 9.9 Hz, 

CH-H), 2.16 (2H, d, J = 12.1 Hz, CH2-H), 1.86 (2H, d, J = 12.8 Hz, CH2-H), 1.58 – 1.18 (6H, m, CH2-

H). 13C NMR (101 MHz, CDCl3) δ 146.6, 137.1, 121.1, 115.7, 110.1, 109.4, 55.2, 51.2, 33.3, 25.9, 25.0. 

2-isopropyl-N-(2-methoxyphenyl)-6-propylaniline (10w, 255 mg, 90%)21 
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Colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.56 (1H, dd, J = 8.9, 6.1 Hz, Ar-H), 7.52 – 7.49 (2H, m, 

Ar-H), 7.10 (1H, dd, J = 7.7, 1.5 Hz, Ar-H), 7.01 – 6.92 (2H, m, Ar-H), 6.43 (1H, dd, J = 7.6, 1.8 Hz, 

Ar-H), 5.96 (1H, s, NH-H), 4.15 (3H, s, OCH3-H), 3.52 – 3.44 (2H, m, CH-H), 1.43 (12H, d, J = 7.0 Hz, 

CH3-H). 13C NMR (101 MHz, CDCl3) δ 147.4, 146.1, 137.8 135.3, 127.0, 123.6, 121.0, 116.7, 110.8, 

109.5, 55.4 28.0, 23.7. 

4-methoxy-N-methyl-N-phenylaniline (10x, 185 mg, 87%)21 

 

Colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.18 (2H, t, J = 7.5 Hz, Ar-H), 7.07 (2H, d, J = 8.2 Hz, Ar-

H), 6.87 (2H, d, J = 8.0 Hz, Ar-H), 6.77 (3H, t, J = 7.7 Hz, Ar-H), 3.78 (3H, s, OCH3-H), 3.24 (3H, s, 

CH3-H). 13C NMR (101 MHz, CDCl3) δ 156.2, 149.7, 142.2, 128.8, 126.1, 118.3, 115.7, 114.7, 55.4, 

40.4.  

1-(2-methoxyphenyl)-4-methylpiperazine (10z, 183 mg, 89%)21 

 

Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.00 – 6.62 (4H, m, Ar-H), 3.77 (3H, s, OCH3-H), 3.04 (4H, 

s, NCH2-H), 2.56 (4H, s, NMe-CH2-H), 2.29 (3H, s, NCH3-H). 13C NMR (101 MHz, CDCl3) δ 152.2, 

141.1, 123.0, 120.9, 118.2, 111.1, 55.3, 55.1, 50.3, 45.8. 

4-(m-tolyl)morpholine (11o, 163 mg, 92%)23 

 

Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.18 (1H, t, J = 7.6 Hz, Ar-H), 6.84 – 6.62 (3H, m, Ar-H), 3.95 

– 3.75 (4H, m, OCH2-H), 3.16 (4H, d, J = 4.0 Hz, NCH2-H), 2.34 (3H, s, CH3-H). 13C NMR (101 MHz, 

CDCl3) δ 151.3, 138.9, 129.0, 120.9, 116.5, 112.8, 67.0, 49.5, 21.8. 

N-cyclohexyl-3-methylaniline (11t, 170 mg, 90%)24 

 

Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.06 – 7.01 (1H, m, Ar-H), 6.48 (1H, d, J = 7.7 Hz, Ar-H), 

6.39 (2H, d, J = 6.4 Hz, Ar-H), 3.26 (1H, s, NH-H), 3.22 (1H, dd, J = 8.8, 5.1 Hz, CH-H), 2.26 (3H, s, 

CH3-H), 2.07 – 2.01 (2H, m, CH2-H), 1.78 – 1.71 (2H, m, CH2-H), 1.35 (2H, dt, J = 14.9, 7.8 Hz, CH2-

H), 1.30 – 1.02 (4H, m, CH2-H). 13C NMR (101 MHz, CDCl3) δ 147.3, 138.9, 129.1, 117.7, 113.8, 110.2, 

51.5, 33.5, 25.9, 25.0, 21.6. 

4-(p-tolyl)morpholine (12o, 161 mg, 91%)25 
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Off-white solid. 1H NMR (400 MHz, CDCl3) δ 7.10 (2H, d, J = 8.2 Hz, Ar-H), 6.85 (2H, d, J = 8.2 Hz, 

Ar-H), 4.04 – 3.65 (4H, m, OCH2-H), 3.46 – 2.92 (4H, m, NCH2-H), 2.29 (3H, s, CH3-H). 3C NMR (101 

MHz, CDCl3) δ 149.2, 129.7, 129.5, 116.0, 67.0, 49.9, 20.4. 

4-fluoro-N-(p-tolyl)aniline (12q, 173 mg, 86%)26 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.06 (2H, d, J = 8.1 Hz, Ar-H), 6.98 – 6.87 (6H, m, Ar-H), 

5.46 (1H, s, NH-H), 2.28 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 158.7, 156.4 141.0, 139.7, 

139.7, 130.4, 129.9, 119.3, 119.3, 117.8, 115.9, 115.7, 20.6. 

2,6-dimethyl-N-(o-tolyl)aniline (13a, 165 mg, 78%)21 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.17 – 7.08 (4H, m, Ar-H), 6.99 (1H, t, J = 7.6 Hz, Ar-H), 

6.73 (1H, t, J = 7.3 Hz, Ar-H), 6.17 (1H, d, J = 8.0 Hz, Ar-H), 4.95 (1H, s, NH-H), 2.35 (3H, s, CH3-H), 

2.21 (6H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 144.1, 138.7, 135.5, 130.2, 128.5, 126.9, 125.5, 

122.4, 118.1, 111.7, 18.3, 17.6. 

N-(4-fluorophenyl)-2-methylaniline (13q, 191 mg, 95%)27 

 

Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.20 (1H, d, J = 7.4 Hz, Ar-H), 7.12 (2H, q, J = 8.0 Hz, Ar-

H), 7.04 – 6.88 (5H, m, Ar-H), 5.29 (1H, s, NH-H), 2.26 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) 

δ 159.0, 156.6, 142.0, 139.7, 130.9, 127.2, 126.8, 121.4, 120.2, 120.1, 117.3, 116.0, 115.7, 17.8. 

N-(4-fluorophenyl)-2,6-dimethylaniline (14q, 189 mg, 88%)22 

 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.14 (3H, dd, J = 14.2, 5.8 Hz, Ar-H), 6.89 (2H, t, J = 8.4 

Hz, Ar-H), 6.56 – 6.40 (2H, m, Ar-H), 5.13 (1H, s, NH-H), 2.24 (6H, s, CH3-H).13C NMR (101 MHz, 

CDCl3) δ 157.4, 155.1, 142.5, 138.5, 135.5, 128.6, 125.6, 115.7, 115.5, 114.5, 114.4, 18.2. 

2,6-dimethyl-N-phenylaniline (15a, 195 mg, 99%)21 

 

Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.17 – 7.06 (5H, m, Ar-H), 6.76 – 6.71 (1H, m, Ar-H), 6.51 – 

6.47 (2H, m, Ar-H), 5.15 (1H, s, NH-H), 2.20 (6H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 146.2, 

138.1, 135.9, 129.2, 128.5, 125.7, 118.1, 113.4, 18.3. 
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2-isopropyl-N-phenyl-6-propylaniline (15w, 233 mg, 92%)21 

 

Colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.29 (3H, dt, J = 17.7, 7.7 Hz, Ar-H), 7.17 (2H, t, J = 7.7 

Hz, Ar-H), 6.74 (1H, t, J = 7.3 Hz, Ar-H), 6.51 (2H, d, J = 7.9 Hz, Ar-H), 5.14 (1H, s, NH-H), 3.23 (2H, 

dt, J = 13.7, 6.8 Hz, CH-H), 1.17 (12H, d, J = 6.9 Hz, CH3-H). 13C NMR (101 MHz, CDCl3) δ 148.1, 

147.6, 135.1, 129.2, 127.2, 123.8, 117.7, 112.9, 28.2, 23.8. 

N-(2,6-dimethylphenyl)naphthalen-1-amine (16a, 175 mg, 71%)21 

 

Colorless solid. 1H NMR (400 MHz, CDCl3) δ 8.14 (1H, d, J = 7.8 Hz, Ar-H), 7.91 (1H, d, J = 5.9 Hz, 

Ar-H), 7.61 – 7.51 (2H, m, Ar-H), 7.37 (1H, d, J = 7.6 Hz, Ar-H), 7.32 – 7.14 (4H, m, Ar-H), 6.28 (1H, 

d, J = 7.1 Hz, Ar-H), 5.76 (1H, s, NH-H), 2.26 (6H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 141.2, 

138.7, 135.1, 134.5, 128.7, 128.7, 126.5, 125.8, 125.5, 125.0, 124.0, 120.4, 118.8, 107.3, 18.2. 

N-(4-fluorophenyl)naphthalen-1-amine (16q, 223 mg, 94%)28 

 

Brown solid. 1H NMR (400 MHz, CDCl3) δ 8.03 (1H, d, J = 8.0 Hz, Ar-H), 7.91 (1H, d, J = 7.2 Hz, Ar-

H), 7.55 (3H, ddd, J = 12.9, 10.9, 7.0 Hz, Ar-H), 7.42 (1H, t, J = 7.8 Hz, Ar-H), 7.27 (1H, t, J = 5.4 Hz, 

Ar-H), 7.11 – 6.93 (4H, m, Ar-H), 5.89 (1H, s, NH-H). 13C NMR (101 MHz, CDCl3) δ 158.9, 156.6, 

140.4, 139.6, 134.6, 128.6, 127.0, 126.1, 126.0, 125.6, 122.4, 121.4, 119.9, 119.8, 116.0, 115.8, 114.2.  

4-(pyridin-2-yl)morpholine (17o, 144 mg, 88%)21  

 

Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.16 (1H, d, J = 4.1 Hz, Ar-H), 7.45 (1H, t, J = 7.8 Hz, 

Ar-H), 6.61 (2H, dd, J = 13.5, 7.4 Hz, Ar-H), 3.90 – 3.68 (4H, m, CH2-H), 3.64 – 3.38 (4H, m, CH2-H). 

13C NMR (101 MHz, CDCl3) δ 159.6, 147.9, 137.5, 113.8, 106.9, 66.7, 45.6. 

N-methyl-N-phenylpyridin-2-amine (17x, 180 mg, 98%)29 

 

Orange oil. 1H NMR (400 MHz, CDCl3) δ 8.26 (1H, d, J = 4.6 Hz, Ar-H), 7.32 (6H, ddt, J = 32.6, 25.3, 

7.4 Hz, Ar-H), 6.67 – 6.51 (2H, m, Ar-H), 3.51 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 158.9, 

147.8, 146.9, 136.5, 129.7, 126.3, 125.4, 113.1, 109.2, 38.4. 

1-methyl-4-(pyridin-2-yl)piperazine (17z, 170 mg, 96%)30 
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Colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.20 – 8.16 (1H, m, Ar-H), 7.46 (1H, ddd, J = 8.7, 7.1, 2.0 

Hz, Ar-H), 6.61 (2H, ddd, J = 7.3, 5.5, 4.6 Hz, Ar-H), 3.57 – 3.53 (4H, m, NCH2-H), 2.53 – 2.50 (4H, m, 

NMe-CH2-H), 2.34 (3H, s, CH3-H).13C NMR (101 MHz, CDCl3) δ 159.5, 147.9, 137.4, 113.3, 107.1, 

54.9, 46.2, 45.1. 

4-(pyridin-3-yl)morpholine (18o, 157 mg, 96%)30 

 

Yellow solid. 1H NMR (400 MHz, CDCl3) δ 8.30 (1H, s, Ar-H), 8.12 (1H, s, Ar-H), 7.17 (2H, s, Ar-H), 

3.92 – 3.79 (4H, m, OCH2-H), 3.40 – 3.00 (4H, m, NCH2-H). 13C NMR (101 MHz, CDCl3) δ 146.9, 

141.1, 138.3, 123.5, 122.1, 66.7, 48.6. 

N-methyl-N-phenylpyridin-3-amine (18x, 177 mg, 96%)21 

 

Colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.33 (1H, d, J = 1.5 Hz, Ar-H), 8.15 (1H, d, J = 4.4 Hz, Ar-

H), 7.47 – 6.94 (7H, m, Ar-H), 3.35 (3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 147.9, 145.1, 141.1, 

140.5, 129.6, 124.8, 123.4, 123.3, 122.4, 40.0. 

1-methyl-4-(pyridin-3-yl)piperazine (18z, 156 mg, 89%)31 

 

Orange oil. 1H NMR (400 MHz, CDCl3) δ 8.30 (1H, d, J = 1.8 Hz, Ar-H), 8.09 (1H, dd, J = 4.0, 1.5 Hz, 

Ar-H), 7.24 – 7.05 (2H, m, Ar-H), 3.35 – 3.09 (4H, m, NCH2-H), 2.70 – 2.50 (4H, m, NMe-CH2-H), 2.36 

(3H, s, CH3-H). 13C NMR (101 MHz, CDCl3) δ 146.8, 140.5, 138.4, 123.4, 122.3, 54.7, 48.2, 46.0. 

N-methyl-N-phenylthiazol-2-amine (19x, 103 mg, 54%)29 

 
Yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.29 (4H, m, Ar-H), 7.18 (2H, dd, J = 12.8, 4.2 Hz, 

Ar-H), 6.41 (1H, d, J = 3.6 Hz, Ar-H), 3.47 (3H, s, NMe).13C NMR (101 MHz, CDCl3) δ 170.7, 146.5, 

139.3, 129.7, 126.3, 124.9, 107.5, 77.3, 77.0, 76.7, 40.4. 

N-methyl-N-phenylbenzo[d]thiazol-2-amine (20x, 161 mg, 67%)29 
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Yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.55 (1H, d, J = 8.1 Hz, Ar-H), 7.38 (5H, dt, J = 13.5, 7.5 

Hz, Ar-H), 7.29 – 7.18 (2H, m, Ar-H), 6.99 (1H, t, J = 7.6 Hz, Ar-H), 3.57 (3H, s, NMe). 13C NMR (101 

MHz, CDCl3) δ 168.2, 152.6, 145.8, 131.1, 129.9, 127.4, 125.9, 121.7, 120.4, 119.1, 77.3, 77.0, 76.7, 

40.4. 
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8. NMR spectrums in the preparation of C1 

Figure S1. The 1H NMR spectrum of B1. 

 

 

 

Figure S2. The 13C NMR spectrum of B1. 
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Figure S3. The 1H NMR spectrum of L1. 

 

 

 

Figure S4. The 13C NMR spectrum of L1. 
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Figure S5. The 1H NMR spectrum of C1. 

 

 

 

Figure S6. The 13H NMR spectrum of C1. 
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9. NMR spectrums of the aryl ester amination products 

Figure S7. The 1H NMR spectrum of N-(2,6-dimethylphenyl)benzamide (3a). 

 

Figure S8. The 13C NMR spectrum of N-(2,6-dimethylphenyl)benzamide (3a). 
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Figure S9. The 1H NMR spectrum of N-mesitylbenzamide (3b). 

 

Figure S10. The 13C NMR spectrum of N-mesitylbenzamide (3b). 
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Figure S11. The 1H NMR spectrum of N-(2-isopropylphenyl)benzamide (3c). 

 

Figure S12. The 13C NMR spectrum of N-(2-isopropylphenyl)benzamide (3c). 
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Figure S13. The 1H NMR spectrum of N-(2-ethylphenyl)benzamide (3d). 

 

Figure S14. The 13C NMR spectrum of N-(2-ethylphenyl)benzamide (3d). 
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Figure S15. The 1H NMR spectrum of N-(o-tolyl)benzamide (3e). 

 

Figure S16. The 13C NMR spectrum of N-(o-tolyl)benzamide (3e). 
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Figure S17. The 1H NMR spectrum of N-(2,4-dimethylphenyl)benzamide (3f). 

 

Figure S18. The 13C NMR spectrum of N-(2,4-dimethylphenyl)benzamide (3f). 
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Figure S19. The 1H NMR spectrum of N-(p-tolyl)benzamide (3g). 

 

Figure S20. The 13C NMR spectrum of N-(p-tolyl)benzamide (3g). 
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Figure S21. The 1H NMR spectrum of N-(3,5-dimethylphenyl)benzamide (3h). 

 

Figure S22. The 13C NMR spectrum of N-(3,5-dimethylphenyl)benzamide (3h). 
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Figure S23. The 1H NMR spectrum of N-(m-tolyl)benzamide (3i). 

 

Figure S24. The 13C NMR spectrum of N-(m-tolyl)benzamide (3i). 
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Figure S25. The 1H NMR spectrum of N-phenylbenzamide (3j). 

 

Figure S26. The 13C NMR spectrum of N-phenylbenzamide (3j). 

 

 



S35 

 

Figure S27. The 1H NMR spectrum of N-(2-methoxyphenyl)benzamide (3k). 

 

Figure S28. The 13C NMR spectrum of N-(2-methoxyphenyl)benzamide (3k). 

 

 



S36 

 

Figure S29. The 1H NMR spectrum of N-(4-methoxyphenyl)benzamide (3l). 

 

Figure S30. The 13C NMR spectrum of N-(4-methoxyphenyl)benzamide (3l). 
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Figure S31. The 1H NMR spectrum of N-(2-aminophenyl)benzamide (3m). 

 

Figure S32. The 13C NMR spectrum of N-(2-aminophenyl)benzamide (3m). 
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Figure S33. The 1H NMR spectrum of N-(3,5-difluorophenyl)benzamide (3n). 

 

Figure S34. The 13C NMR spectrum of N-(3,5-difluorophenyl)benzamide (3n). 
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Figure S35. The 1H NMR spectrum of morpholino(phenyl)methanone (3o). 

 

Figure S36. The 13C NMR spectrum of morpholino(phenyl)methanone (3o). 
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Figure S37. The 1H NMR spectrum of N-benzylbenzamide (3p). 

 

Figure S38. The 13C NMR spectrum of N-benzylbenzamide (3p). 
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Figure S39. The 1H NMR spectrum of 4-methyl-N-(p-tolyl)benzamide (4g). 

 

Figure S40. The 13C NMR spectrum of 4-methyl-N-(p-tolyl)benzamide (4g). 
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Figure S41. The 1H NMR spectrum of4-methyl-N-phenylbenzamide (4j). 

 

Figure S42. The 13C NMR spectrum of4-methyl-N-phenylbenzamide (4j). 
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Figure S43. The 1H NMR spectrum of N-(4-methoxyphenyl)-4-methylbenzamide (4l). 

 

Figure S44. The 13C NMR spectrum of N-(4-methoxyphenyl)-4-methylbenzamide (4l). 
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Figure S45. The 1H NMR spectrum of N-(4-fluorophenyl)-4-methylbenzamide (4q). 

 

Figure S46. The 13C NMR spectrum of N-(4-fluorophenyl)-4-methylbenzamide (4q). 
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Figure S47. The 1H NMR spectrum of N-(4-chlorophenyl)-4-methylbenzamide (4r). 

 

Figure S48. The 13C NMR spectrum of N-(4-chlorophenyl)-4-methylbenzamide (4r). 
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Figure S49. The 1H NMR spectrum of 4-methyl-N-(naphthalen-1-yl)benzamide (4s). 

 

Figure S50. The 13C NMR spectrum of 4-methyl-N-(naphthalen-1-yl)benzamide (4s). 
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Figure S51. The 1H NMR spectrum of N-cyclohexyl-4-methylbenzamide (4t). 

 

Figure S52. The 13C NMR spectrum of N-cyclohexyl-4-methylbenzamide (4t). 

 

 



S48 

 

Figure S53. The 1H NMR spectrum of N-benzyl-4-methylbenzamide (4p). 

 

Figure S54. The 13C NMR spectrum of N-benzyl-4-methylbenzamide (4p). 
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Figure S55. The 1H NMR spectrum of N-(4-fluorophenyl)-2-methylbenzamide (5q). 

 

Figure S56. The 13C NMR spectrum of N-(4-fluorophenyl)-2-methylbenzamide (5q). 
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Figure S57. The 1H NMR spectrum of 4-methoxy-N-(o-tolyl)benzamide (6e). 

 

Figure S58. The 13C NMR spectrum of 4-methoxy-N-(o-tolyl)benzamide (6e). 
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Figure S59. The 1H NMR spectrum of N-(2-aminophenyl)-4-methoxybenzamide (6m). 

 

Figure S60. The 13C NMR spectrum of N-(2-aminophenyl)-4-methoxybenzamide (6m). 
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Figure S61. The 1H NMR spectrum of N-(4-acetylphenyl)-4-fluorobenzamide (7u). 

 

Figure S62. The 13C NMR spectrum of N-(4-acetylphenyl)-4-fluorobenzamide (7u). 
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Figure S63. The 1H NMR spectrum of 4-fluoro-N,N-diphenylbenzamide (7v). 

 

Figure S64. The 13C NMR spectrum of 4-fluoro-N,N-diphenylbenzamide (7v). 
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10. NMR spectrums of the aryl chloride amination products 

Figure S65. The 1H NMR spectrum of N-(4-methoxyphenyl)-2,6-dimethylaniline (9a). 

 

Figure S66. The 13C NMR spectrum of N-(4-methoxyphenyl)-2,6-dimethylaniline (9a). 
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Figure S67. The 1H NMR spectrum of 4-methoxy-N-phenylaniline (9j). 

 

Figure S68. The 13C NMR spectrum of 4-methoxy-N-phenylaniline (9j). 
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Figure S69. The 1H NMR spectrum of bis(4-methoxyphenyl)amine (9l). 

 

Figure S70. The 13C NMR spectrum of bis(4-methoxyphenyl)amine (9l). 
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Figure S71. The 1H NMR spectrum of 4-(4-methoxyphenyl)morpholine (9o). 

 

Figure S72. The 13C NMR spectrum of 4-(4-methoxyphenyl)morpholine (9o). 
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Figure S73. The 1H NMR spectrum of 4-fluoro-N-(4-methoxyphenyl)aniline (9q). 

 

Figure S74. The 13C NMR spectrum of 4-fluoro-N-(4-methoxyphenyl)aniline (9q). 
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Figure S75. The 1H NMR spectrum of N-cyclohexyl-4-methoxyaniline (9t). 

 

Figure S76. The 13C NMR spectrum of N-cyclohexyl-4-methoxyaniline (9t). 
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Figure S77. The 1H NMR spectrum of 2-isopropyl-N-(4-methoxyphenyl)-6-propylaniline (9w). 

 

Figure S78. The 13C NMR spectrum of 2-isopropyl-N-(4-methoxyphenyl)-6-propylaniline (9w). 
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Figure S79. The 1H NMR spectrum of 4-methoxy-N-methyl-N-phenylaniline (9x). 

 

Figure S80. The 13C NMR spectrum of 4-methoxy-N-methyl-N-phenylaniline (9x). 
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Figure S81. The 1H NMR spectrum of 2,6-diethyl-N-(4-methoxyphenyl)aniline (9y). 

 

Figure S82. The 13C NMR spectrum of 2,6-diethyl-N-(4-methoxyphenyl)aniline (9y). 
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Figure S83. The 1H NMR spectrum of 1-(4-methoxyphenyl)-4-methylpiperazine (9z). 

 

Figure S84. The 13C NMR spectrum of 1-(4-methoxyphenyl)-4-methylpiperazine (9z). 
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Figure S85. The 1H NMR spectrum of N-(2-methoxyphenyl)-2,6-dimethylaniline (10a). 

 

Figure S86. The 13C NMR spectrum of N-(2-methoxyphenyl)-2,6-dimethylaniline (10a). 
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Figure S87. The 1H NMR spectrum of 4-(2-methoxyphenyl)morpholine (10o). 

 

Figure S88. The 13C NMR spectrum of 4-(2-methoxyphenyl)morpholine (10o). 
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Figure S89. The 1H NMR spectrum of N-cyclohexyl-2-methoxyaniline (10t). 

 

Figure S90. The 13C NMR spectrum of N-cyclohexyl-2-methoxyaniline (10t). 
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Figure S91. The 1H NMR spectrum of 2-isopropyl-N-(2-methoxyphenyl)-6-propylaniline (10w). 

 

Figure S92. The 13C NMR spectrum of 2-isopropyl-N-(2-methoxyphenyl)-6-propylaniline (10w). 
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Figure S93. The 1H NMR spectrum of 4-methoxy-N-methyl-N-phenylaniline (10x). 

 

Figure S94. The 13C NMR spectrum of 4-methoxy-N-methyl-N-phenylaniline (10x). 
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Figure S95. The 1H NMR spectrum of 1-(2-methoxyphenyl)-4-methylpiperazine (10z). 

 

Figure S96. The 13C NMR spectrum of 1-(2-methoxyphenyl)-4-methylpiperazine (10z). 
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Figure S97. The 1H NMR spectrum of 4-(m-tolyl)morpholine (11o). 

 

Figure S98. The 13C NMR spectrum of 4-(m-tolyl)morpholine (11o). 

 

 



S71 

 

Figure S99. The 1H NMR spectrum of N-cyclohexyl-3-methylaniline (11t). 

 

Figure S100. The 13C NMR spectrum of N-cyclohexyl-3-methylaniline (11t). 
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Figure S101. The 1H NMR spectrum of 4-(p-tolyl)morpholine (12o). 

 

Figure S102. The 13C NMR spectrum of 4-(p-tolyl)morpholine (12o). 
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Figure S103. The 1H NMR spectrum of 4-fluoro-N-(p-tolyl)aniline (12q). 

 

Figure S104. The 13C NMR spectrum of 4-fluoro-N-(p-tolyl)aniline (12q). 
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Figure S105. The 1H NMR spectrum of 2,6-dimethyl-N-(o-tolyl)aniline (13a). 

 

Figure S106. The 13C NMR spectrum of 2,6-dimethyl-N-(o-tolyl)aniline (13a). 
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Figure S107. The 1H NMR spectrum of N-(4-fluorophenyl)-2-methylaniline (13q). 

 

Figure S108. The 13C NMR spectrum of N-(4-fluorophenyl)-2-methylaniline (13q). 
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Figure S109. The 1H NMR spectrum of N-(4-fluorophenyl)-2,6-dimethylaniline (14q). 

 

Figure S110. The 13C NMR spectrum of N-(4-fluorophenyl)-2,6-dimethylaniline (14q). 
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Figure S111. The 1H NMR spectrum of 2,6-dimethyl-N-phenylaniline (15a). 

 

Figure S112. The 13C NMR spectrum of 2,6-dimethyl-N-phenylaniline (15a). 
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Figure S113. The 1H NMR spectrum of 2-isopropyl-N-phenyl-6-propylaniline (15w). 

 

Figure S114. The 13C NMR spectrum of 2-isopropyl-N-phenyl-6-propylaniline (15w). 
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Figure S115. The 1H NMR spectrum of N-(2,6-dimethylphenyl)naphthalen-1-amine (16a). 

 

Figure S116. The 13C NMR spectrum of N-(2,6-dimethylphenyl)naphthalen-1-amine (16a). 
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Figure S117. The 1H NMR spectrum of N-(4-fluorophenyl)naphthalen-1-amine (16q). 

 

Figure S118. The 13C NMR spectrum of N-(4-fluorophenyl)naphthalen-1-amine (16q). 
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Figure S119. The 1H NMR spectrum of 4-(pyridin-2-yl)morpholine (17o). 

 

Figure S120. The 13C NMR spectrum of 4-(pyridin-2-yl)morpholine (17o). 
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Figure S121. The 1H NMR spectrum of N-methyl-N-phenylpyridin-2-amine (17x). 

 

Figure S122. The 13C NMR spectrum of N-methyl-N-phenylpyridin-2-amine (17x). 
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Figure S123. The 1H NMR spectrum of 1-methyl-4-(pyridin-2-yl)piperazine (17z). 

 

Figure S124. The 13C NMR spectrum of 1-methyl-4-(pyridin-2-yl)piperazine (17z). 
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Figure S125. The 1H NMR spectrum of 4-(pyridin-3-yl)morpholine (18o). 

 

Figure S126. The 13C NMR spectrum of 4-(pyridin-3-yl)morpholine (18o). 
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Figure S127. The 1H NMR spectrum of N-methyl-N-phenylpyridin-3-amine (18x). 

 

Figure S128. The 13C NMR spectrum of N-methyl-N-phenylpyridin-3-amine (18x). 
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Figure S129. The 1H NMR spectrum of 1-methyl-4-(pyridin-3-yl)piperazine (18z). 

 

Figure S130. The 13C NMR spectrum of 1-methyl-4-(pyridin-3-yl)piperazine (18z). 
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Figure S131. The 1H NMR spectrum of N-methyl-N-phenylthiazol-2-amine (19x). 

 

Figure S132. The 13C NMR spectrum of N-methyl-N-phenylthiazol-2-amine (19x). 
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Figure S133. The 1H NMR spectrum of N-methyl-N-phenylbenzo[d]thiazol-2-amine (20x). 

 

Figure S134. The 13C NMR spectrum of N-methyl-N-phenylbenzo[d]thiazol-2-amine (20x). 
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