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General Information: N,N-Dimethylformamide was dried by CaH2, distilled under 

reduced pressure and stored under nitrogen. The other materials and solvents were 

purchased from Adamas and other commercial suppliers and used without additional 

purification. NMR spectra were recorded on a Bruke Avance operating for 1H NMR at 

400 MHz, and 13C NMR at 100 MHz using TMS as internal standard. Chemical shifts 

were given relative to CDCl3 (7.26 ppm for 1H NMR, 77.16 ppm for 13C NMR).The 

following abbreviations (or combinations thereof) were used to explain multiplicities: 

s = singlet, d = doublet, t = triplet, m = multiplet, br = broad. HRMS for new 

compounds were recorded on Mass Spectrometry Facilities, Zhejiang University.  

The substrates benzamides were synthesized from the corresponding carboxylic acids 

and PIPNH2 according to the literature.1 
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Optimization of Reaction Conditions 

Table S1. Screening of Oxidant 
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Table S2. Screening of Quantity of Ag salt

Copper salt (0.2 eq), Li2CO3 (3.0 eq)

AgNO3 (x eq), DMF (0.5 mL),
120 ºC, 24 h

Entrya Yieldb

1

2

3

37 %

43 %

N

N
H

O
S

2.0 eq

2.5 eq

3.0 eq 49 %

AgNO3

a The reactions were carried out 1 (0.15 mmol), CuOAc (0.03 mmol), 2-methyl-Thiophene (0.45 mmol), Li2CO3 (0.45

mmol), solvent (0.5 mL), N2, 120 oC. b Yield determined by 1H NMR using CH2Br2 as the internal standard.
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Table S3. Screening of Quantity of Copper salt
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Table S4. Screening of Lewis acid 

  

Table S5. Screening of Quantity of Zn(OAc)2
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Table S6. Screening of Solvent 

Copper salt (0.2 eq), Li2CO3 (3.0 eq)

AgNO3 (2.5 eq), Zn(OAc)2 (1.0 eq)
Solvent (0.5 mL), 120 ºC, 24 h

Entrya Yieldb

1

2

3

41%

40%

N

N
H

O
S

DMAC

THF

DMSO 45%

5 CH3CN trace

4 toluene N.R

Solvent

6 t-AmOH 48%

7 DCE trace

8 MeOH 28%

9 EtOH 30%

10 t-AmCN trace

11 dioxane 48%

12 Actone N.R

a The reactions were carried out 1 (0.15 mmol), CuOAc (0.03 mmol), 2-methyl-Thiophene (0.45 mmol),

Zn(OAc)2 (0.15 mmol), AgNO3 (0.15 mmol), solvent (0.5 mL), N2, 120 oC. b Yield determined by 1H NMR

using CH2Br2 as the internal standard.
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N
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Table S7. Screening of Quantity of Silver 

 

Table S8. Screening of Quantity of Zn(OAc)2 

 

  



S8 

Table S9. Screening of Temperature 

 

Table S10. Screening of Quantity of Thiophene 
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General Procedure for Oxidation C–H/C–H Cross-Coupling 

N
H

O

PIP CuOAc, Li2CO3
Zn(OAc)2, AgNO3

DMF,120 篊, 24 h

1 3

H

2

N
H

O

PIP

R
R

S X

S
X

 

To a 50 mL sealed tube was added substrate (0.15 mmol), CuOAc (3.7 mg, 0.03 

mmol), Thiophene (0.45 mmol), Li2CO3 (33.3 mg, 0.45 mmol), Zn(OAc)2 (33.0 mg, 

0.375 mmol), AgNO3 (101.9 mg, 0.6 mmol) and DMF (0.5 mL). The mixture was 

then put into pre-heated 120 oC oil bath under N2 for 24 hours. Then the reaction 

mixture was cooled to room temperature, diluted with dichloromethane and quenched 

with saturated sodium sulfide solution. The aqueous phase was extracted with 

dichloromethane (3×10 mL). The combined organic phase was dried with anhydrous 

magnesium sulfate. After concentration, the resulting residue was purified by flash 

chromatography to afford the product. 

2-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 3a 

 

The title compound 3a was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : DCM : EtOAc = 4 : 1 : 1 gave 3a as a 

yellow solid. 1H NMR (400 MHz, CDCl3): δ 8.40 (d, J = 4.8 Hz, 1H), 7.73 (brs, 1H), 

7.69 - 7.61 (m, 2H), 7.46 - 7.32 (m, 4H), 7.13 (dd, J = 7.6, 5.2 Hz, 1H), 6.98 (d, J = 

3.6 Hz, 1H), 6.64 (d, J = 2.4 Hz, 1H), 2.44 (s, 3H), 1.73 (s, 6H); 13C NMR (100 MHz, 

CDCl3): δ 168.62, 164.34, 147.65, 140.67, 139.03, 137.47, 137.00, 132.40, 130.53, 

129.57, 128.63, 127.69, 127.18, 125.74, 121.79, 119.42, 57.18, 27.20, 15.37; HRMS 

(EI-TOF) calcd for C20H20N2OS (M+): 336.1296, found: 336.1296. 
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2-fluoro-6-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 3b 

 

The title compound 3b was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3b as a yellow 

solid. 1H NMR (400 MHz, CDCl3): δ 8.42 (d, J = 4.0 Hz, 1H), 7.99 (s, 1H), 7.68 (t, J 

= 7.6 Hz, 1H), 7.40 – 7.27 (m, 3H), 7.18 – 7.11 (m, 2H), 7.04 (t, J = 8.4 Hz, 1H), 6.65 

(s, 1H), 2.45 (s, 3H), 1.79 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 164.09, 164.07, 

159.82 (d, JC-F = 245.8 Hz), 147.61, 141.01, 137.65 (d, JC-F = 2.7 Hz), 137.17, 134.56 

(d, JC-F = 4.3 Hz), 130.12 (d, JC-F = 8.9 Hz), 127.42, 126.01, 125.62 (d, JC-F = 19.4 

Hz), 125.42 (d, JC-F = 3.0 Hz), 121.95, 119.53, 114.58 (d, JC-F = 22.0 Hz), 57.53, 

27.33, 15.41. HRMS (EI-TOF) calcd for C20H19FN2OS (M+): 354.1202, found: 

354.1201. 

2-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)-6-(trifluoromethyl) 

benzamide 3c 

 

The title compound 3c was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3c as a colorless 

liquid. 1H NMR (400 MHz, CDCl3): δ 8.37 (d, J = 4.4 Hz, 1H), 8.13 (s, 1H), 7.69 – 

7.61 (m, 3H), 7.48 (t, J = 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.16 – 7.11 (m, 1H), 

7.09 (d, J = 3.6 Hz, 1H), 6.63 (d, J = 2.4 Hz, 1H), 2.43 (s, 3H), 1.71 (s, 6H); 13C NMR 

(100 MHz, CDCl3): δ 165.46, 164.09, 147.39, 141.11, 137.17, 136.00, 134.36, 134.22, 

128.68, 128.31, 128.12 (q, JC-F = 30.5 Hz), 125.77, 125.30 (q, JC-F = 5.1 Hz), 123.92 

(q, JC-F = 272.9 Hz), 121.92, 119.51, 57.34, 26.78, 15.34. HRMS (EI-TOF) calcd for 
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C21H19F3N2OS (M+): 404.1170, found: 404.1174. 

5-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)-2,3- dihydrobenzo [b] 

[1,4]dioxine-6-carboxamide 3d 

 

The title compound 3d was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3d as a yellow 

liquid. 1H NMR (400 MHz, CDCl3): δ 8.43 (d, J = 4.4 Hz, 1H), 7.63 (t, J = 7.6 Hz, 

1H), 7.29 – 7.21 (m, 3H), 7.12 (dd, J = 6.4, 4.8 Hz, 1H), 6.93 – 6.88 (m, 2H), 6.67 (d, 

J = 2.4 Hz, 1H), 4.27 (s, 4H), 2.43 (s, 3H), 1.59 (s, 6H); 13C NMR (100 MHz, CDCl3): 

δ 167.57, 164.58, 147.80, 144.91, 141.42, 136.79, 132.94, 132.39, 128.97, 125.28, 

121.88, 121.69, 121.64, 119.38, 117.22, 64.69, 64.26, 57.18, 27.21, 15.39. HRMS 

(EI-TOF) calcd for C22H22N2O3S (M+): 394.1351, found: 394.1352. 

4-fluoro-2-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 3e 

N

N
H

O

F

S

 

The title compound 3e was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3e as a yellow 

solid. 1H NMR (400 MHz, CDCl3): δ 8.39 (d, J = 4.0 Hz, 1H), 7.78 (s, 1H), 7.67 (t, J 

= 7.2 Hz, 1H), 7.61 (dd, J = 8.4, 6.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.17 – 7.11 (m, 

2H), 7.06 – 6.99 (m, 2H), 6.64 (s, 1H), 2.44 (s, 3H), 1.73 (s, 6H); 13C NMR (100 MHz, 

CDCl3): δ 167.7, 164.3, 162.9 (d, JC-F = 248.0 Hz), 147.6, 141.4, 137.8 (d, JC-F = 1.8 

Hz), 137.1, 134.9 (d, JC-F = 8.7 Hz), 133.7 (d, JC-F = 3.2 Hz), 130.9 (d, JC-F = 8.9 Hz), 

127.7, 125.9, 121.9, 119.4, 117.1 (d, JC-F = 22.2 Hz), 114.5 (d, JC-F = 21.3 Hz), 57.2, 

27.2, 15.4. HRMS (EI-TOF) calcd for C20H19FN2OS (M+): 354.1202, found: 
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354.1202. 

4-chloro-2-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 3f 

 

The title compound 3f was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3f as a white solid. 

1H NMR (400 MHz, CDCl3): δ 8.38 (d, J = 4.0 Hz, 1H), 7.84 (s, 1H), 7.67 (t, J = 7.6 

Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.35 – 7.30 (m, 2H), 7.16 – 7.12 (m, 

1H), 6.99 (d, J = 2.8 Hz, 1H), 6.63 (s, 1H), 2.44 (s, 3H), 1.73 (s, 6H); 13C NMR (100 

MHz, CDCl3): δ 167.62, 164.19, 147.60, 141.46, 137.51, 137.11, 135.85, 135.32, 

134.23, 130.28, 130.11, 127.77, 127.67, 125.90, 121.89, 119.43, 57.20, 27.16, 15.40. 

HRMS (EI-TOF) calcd for C20H19ClN2OS (M+): 370.0907, found: 370.0905. 

4-iodo-2-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 3g 

 

The title compound 3g was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3g as a white solid. 

1H NMR (400 MHz, CDCl3): δ 8.38 (d, J = 4.0 Hz, 1H), 7.85 (s, 1H), 7.80 (d, J = 1.6 

Hz, 1H), 7.70 – 7.64 (m, 2H), 7.35 – 7.31 (m, 2H), 7.14 (dd, J = 6.4, 4.8 Hz, 1H), 

6.98 (d, J = 3.6 Hz, 1H), 6.63 (d, J = 2.4 Hz, 1H), 2.43 (s, 3H), 1.72 (s, 6H); 13C NMR 

(100 MHz, CDCl3): δ 167.76, 164.16, 147.59, 141.46, 139.07, 137.24, 137.10, 136.92, 

136.59, 134.38, 130.17, 127.76, 125.87, 121.89, 119.41, 95.50, 57.20, 27.15, 15.40. 

HRMS (EI-TOF) calcd for C20H19IN2OS (M+): 462.0263, found: 462.0267. 

methyl 3-(5-methylthiophen-2-yl) - 4 - ((2-(pyridin-2-yl) propan-2-yl)carbamoyl) 

benzoate 3h 
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The title compound 3h was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3h as a white solid. 

1H NMR (400 MHz, CDCl3): δ 8.39 (d, J = 4.0 Hz, 1H), 8.12 (s, 1H), 8.00 (d, J = 8.0 

Hz), 7.92 (s, 1H), 7.70 – 7.64 (m, 2H), 7.34 (d, J = 8.0 Hz, 1H), 7.15 (t, J = 6.0 Hz, 

1H), 7.03 (d, J = 2.8 Hz, 1H), 6.64 (d, J = 2.4 Hz, 1H), 3.94 (s, 3H), 2.44 (s, 3H), 1.75 

(s, 6H); 13C NMR (100 MHz, CDCl3): δ 167.87, 166.45, 164.11, 147.59, 141.31, 

141.27, 137.93, 137.17, 132.76, 131.67, 131.11, 128.78, 128.61, 127.67, 125.89, 

121.95, 119.44, 57.28, 52.48, 27.18, 15.42. HRMS (EI-TOF) calcd for C22H22N2O3S 

(M+): 394.1351, found: 394.1350. 

4-methyl-2-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 3i 

 

The title compound 3i was prepared according to General procedure. A purification by 

flash chromatography in  petroleum ether : actone = 4 : 1 gave 3i as a yellow solid. 

1H NMR (400 MHz, CDCl3): δ 8.39 (d, J = 3.6 Hz, 1H), 7.68 – 7.60 (m, 2H), 7.54 (d, 

J = 7.6 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.24 (s, 1H), 7.18 – 7.10 (m, 2H), 6.95 (d, J 

= 2.8 Hz, 1H), 6.63 (s, 1H), 2.44 (s, 3H), 2.38 (s, 3H), 1.71 (s, 6H); 13C NMR (100 

MHz, CDCl3): δ 168.56, 164.49, 147.68, 140.53, 139.65, 139.26, 136.93, 134.76, 

132.35, 131.23, 128.83, 128.47, 127.14, 125.69, 121.73, 119.43, 57.16, 27.24, 21.34, 

15.39. HRMS (EI-TOF) calcd for C21H22N2OS (M+): 350.1453, found: 350.1451. 

4-isopropyl-2-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamid 

3j 
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The title compound 3j was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3j as a yellow 

liquid. 1H NMR (400 MHz, CDCl3): δ 8.40 (d, J = 4.4 Hz, 1H), 7.68 – 7.56 (m, 3H), 

7.33 (d, J = 8.0 Hz, 1H), 7.27 (s, 1H), 7.22 (dd, J = 8.0, 0.9 Hz, 1H), 7.12 (dd, J = 7.2, 

5.2 Hz, 1H), 6.96 (d, J = 3.6 Hz, 1H), 6.64 (d, J = 2.4 Hz, 1H), 2.97 – 2.90 (m, 1H), 

2.45 (s, 3H), 1.71 (s, 6H), 1.27 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 

168.58, 164.50, 150.59, 147.69, 140.52, 139.51, 136.93, 135.10, 132.42, 128.89, 

128.82, 127.12, 125.95, 125.69, 121.73, 119.43, 57.19, 34.09, 27.26, 23.94, 15.40. 

HRMS (EI-TOF) calcd for C23H26N2OS (M+): 378.1766, found: 378.1764. 

3-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)-2-naphthamide 3k 

 

The title compound 3k was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3k as a white solid. 

1H NMR (400 MHz, CDCl3): δ 8.41 (d, J = 4.4 Hz, 1H), 8.12 (s, 1H), 7.92 – 7.82 (m, 

4H), 7.68 (t, J = 7.2 Hz, 1H), 7.56 – 7.47 (m, 2H), 7.38 (d, J = 8.0 Hz, 1H), 7.17 – 

7.12 (m, 1H), 7.06 (d, J = 3.2 Hz, 1H), 6.68 (d, J = 2.4 Hz, 1H), 2.47 (s, 3H), 1.79 (s, 

6H); 13C NMR (100 MHz, CDCl3): δ 168.53, 164.41, 147.71, 140.62, 139.28, 137.05, 

135.70, 133.59, 132.19, 130.02, 129.54, 128.52, 128.31, 127.86, 127.50, 127.34, 

126.81, 125.88, 121.85, 119.49, 57.31, 27.31, 15.46. HRMS (EI-TOF) calcd for 

C24H22N2OS (M+): 386.1453, found: 386.1456. 

3-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)isonicotinamide 3l 
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The title compound 3l was prepared according to General procedure. A purification by 

flash chromatography in  petroleum ether : actone = 3 : 1 gave 3l as a white solid. 1H 

NMR (400 MHz, CDCl3): δ 8.74 (s, 1H), 8.60 (d, J = 4.4 Hz, 1H), 8.38 (d, J = 4.0 Hz, 

1H), 8.15 (s, 1H), 7.70 (t, J = 7.2 Hz, 1H), 7.48 (d, J = 5.2 Hz, 1H), 7.35 (d, J = 8.0 

Hz, 1H), 7.19 – 7.14 (m, 1H), 7.07 (d, J = 2.8 Hz, 1H), 6.69 (s, 1H), 2.46 (s, 3H), 1.77 

(s, 6H); 13C NMR (100 MHz, CDCl3): δ 166.31, 163.81, 150.96, 148.94, 147.53, 

143.62, 142.07, 137.28, 134.79, 128.35, 127.69, 126.14, 122.14, 122.06, 119.42, 

57.35, 27.16, 15.43. HRMS (EI-TOF) calcd for C19H19N3OS (M+): 337.1249, found: 

337.1246. 

3-(5-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzo[b]thiophene-2-c

arboxamide 3m 

 

The title compound 3m was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 3m as a red solid. 

1H NMR (400 MHz, CDCl3): δ 8.32 (d, J = 4.4 Hz, 1H), 8.11 (s, 1H), 7.86 (d, J = 8.0 

Hz, 1H), 7.68 – 7.61 (m, 2H), 7.44 – 7.31 (m, 3H), 7.12 (dd, J = 6.4, 4.8 Hz, 1H), 

7.06 (d, J = 3.6 Hz, 1H), 6.87 (d, J = 2.4 Hz, 1H), 2.54 (s, 3H), 1.72 (s, 6H); 13C NMR 

(100 MHz, CDCl3): δ 164.27, 161.43, 147.67, 142.64, 141.26, 139.98, 139.27, 136.94, 

131.10, 129.84, 129.03, 126.31, 125.99, 124.82, 124.55, 122.55, 121.69, 119.37, 

57.73, 27.51, 15.57. HRMS (EI-TOF) calcd for C22H20N2OS2 (M
+): 392.1017, found: 

392.1020. 
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5,5'-dimethyl-N-(2-(pyridin-2-yl)propan-2-yl)-[2,3'-bithiophene]-2'-carboxamide 

3n 

 

The title compound 3n was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3n as a yellow 

solid. 1H NMR (400 MHz, CDCl3): δ 8.31 (d, J = 4.4 Hz, 1H), 7.92 (s, 1H), 7.64 (t, J 

= 7.2 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.10 (dd, J = 6.4, 4.8 Hz, 1H), 7.03 (d, J = 3.2 

Hz, 1H), 6.72 (s, 1H), 6.70 (d, J = 2.4 Hz, 1H), 2.48 (s, 3H), 2.46 (s, 3H), 1.71 (s, 6H); 

13C NMR (100 MHz, CDCl3): δ 164.47, 161.37, 147.71, 142.41, 141.31, 136.87, 

134.50, 134.13, 134.06, 129.98, 128.22, 125.69, 121.62, 119.39, 57.43, 27.64, 15.57, 

15.43. HRMS (EI-TOF) calcd for C19H20N2OS2 (M
+): 356.1017, found: 356.1020. 

5'-chloro-5-methyl-N-(2-(pyridin-2-yl)propan-2-yl)-[2,3'-bithiophene]-2'-carboxa

mide 3o 

 

The title compound 3o was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 4 : 1 gave 3o as a yellow 

liquid. 1H NMR (400 MHz, CDCl3): δ 8.27 (d, J = 4.4 Hz, 1H), 8.46 (s, 1H), 7.65 (t, J 

= 7.6 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.11 (dd, J = 6.8, 4.8 Hz, 1H), 7.04 (d, J = 3.6 

Hz, 1H), 6.87 (s, 1H), 6.72 (d, J = 2.4 Hz, 1H), 2.49 (s, 3H), 1.72 (s, 6H); 13C NMR 

(100 MHz, CDCl3): δ 164.13, 160.30, 147.57, 142.11, 137.02, 135.99, 133.55, 133.21, 

132.55, 130.51, 128.89, 125.87, 121.76, 119.37, 57.57, 27.52, 15.46. HRMS (EI-TOF) 

calcd for C18H17ClN2OS2 (M
+): 376.0471, found: 376.0475. 

N-(2-(pyridin-2-yl)propan-2-yl)-2-(thiophen-2-yl)benzamide 4a 
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The title compound 4a was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4a as a yellow 

solid. 1H NMR (400 MHz, CDCl3): δ 8.38 (d, J = 4.0 Hz, 1H), 7.73 (brs, 1H), 7.68 – 

7.61 (m, 2H), 7.50 – 7.36 (m, 3H), 7.31 (d, J = 8.4 Hz, 1H), 7.27 (d, J = 5.2 Hz, 1H), 

7.20 (d, J = 3.2 Hz, 1H), 7.12 (dd, J = 7.2, 5.6 Hz, 1H), 7.01 – 6.96 (m, 1H), 1.71 (s, 

6H); 13C NMR (100 MHz, CDCl3): δ 168.44, 164.26, 147.61, 141.47, 137.85, 137.01, 

132.06, 130.77, 129.58, 128.62, 128.05, 127.45, 127.31, 126.02, 121.80, 119.38, 

57.13, 27.17; HRMS (EI-TOF) calcd for C19H18N2OS (M+): 322.1140, found: 

322.1143. 

2-(5-ethylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4b 

 

The title compound 4b was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4b as a colorless 

liquid. 1H NMR (400 MHz, CDCl3): δ 8.39 (d, J = 4.0 Hz, 1H), 7.68 – 7.62 (m, 3H), 

7.46 – 7.31 (m, 4H), 7.12 (dd, J = 6.4, 4.8 Hz, 1H), 6.99 (d, J = 3.2 Hz, 1H), 6.67 (d, J 

= 3.2 Hz, 1H), 2.79 (q, J = 7.6 Hz, 2H), 1.72 (s, 6H), 1.24 (t, J = 7.6 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 168.54, 164.42, 148.49, 147.69, 138.69, 137.55, 136.97, 

132.53, 130.59, 129.58, 128.72, 127.75, 127.01, 123.87, 121.76, 119.40, 57.20, 27.22, 

23.57, 16.10. HRMS (EI-TOF) calcd for C21H22N2OS (M+): 350.1453, found: 

350.1456. 

2-(5-chlorothiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4c 
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The title compound 4c was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4c as a yellow 

solid. 1H NMR (400 MHz, CDCl3): δ 8.40 (dd, J = 4.8, 0.8 Hz, 1H), 7.98 (brs, 1H), 

7.68 (td, J = 8.0, 1.6 Hz, 1H), 7.64 – 7.60 (m, 1H), 7.45 – 7.37 (m, 3H), 7.35 (d, J = 

8.0 Hz, 1H), 7.15 (ddd, J = 7.6, 5.2, 0.8 Hz, 1H), 6.96 (d, J = 4.0 Hz, 1H), 6.78 (d, J = 

4.0 Hz, 1H), 1.76 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 168.26, 164.10, 147.57, 

140.14, 137.81, 137.19, 131.24, 130.50, 130.24, 129.72, 128.65, 128.40, 126.55, 

126.53, 121.98, 119.44, 57.16, 27.17; HRMS (EI-TOF) calcd for C19H17ClN2OS (M+): 

356.0750, found: 356.0751. 

5'-bromo-N-(2-(pyridin-2-yl)propan-2-yl)-[2,3'-bithiophene]-2'-carboxamide 4d 

 

The title compound 4d was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4d as a yellow 

solid. 1H NMR (400 MHz, CDCl3): δ 8.40 (d, J = 4.8 Hz, 1H), 7.96 (brs, 1H), 7.69 (td, 

J = 8.0, 1.6 Hz, 1H), 7.63 (d, J = 6.4 Hz, 1H), 7.44 - 7.37 (m, 3H), 7.35 (d, J = 8.0 Hz, 

1H), 7.16 (dd, J = 7.6, 5.2 Hz, 1H), 6.95 (d, J = 4.0 Hz, 1H), 6.92 (d, J = 3.6 Hz, 1H)， 

1.75 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 168.23, 164.12, 147.60, 143.11, 137.80, 

137.18, 131.23, 130.51, 130.29, 129.74, 128.67, 128.46, 127.54, 121.97, 119.44, 

112.49, 77.48, 77.16, 76.84, 57.18, 27.17; MS (MALDI-TOF) calcd for 

C17H15BrN2OS2 (M+H+): 401.032, found:401.032. 

2-(5-methoxythiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4e 
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The title compound 4e was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4e as a brown 

liquid. 1H NMR (400 MHz, CDCl3): δ 8.40 (d, J = 4.0 Hz, 1H), 7.82 (s, 1H), 7.67 (t, J 

= 7.6 Hz, 1H), 7.60 (d, J = 7.2 Hz, 1H), 7.42 – 7.30 (m, 4H), 7.14 (t, J = 6.4 Hz, 1H), 

6.83 (d, J = 3.6 Hz, 1H), 6.10 (d, J = 3.6 Hz, 1H), 3.83 (s, 3H), 1.76 (s, 6H); 13C NMR 

(100 MHz, CDCl3): δ 168.67, 167.08, 164.33, 147.66, 137.49, 137.03, 132.28, 130.35, 

129.59, 128.68, 127.47, 127.31, 124.88, 121.82, 119.42, 104.53, 60.33, 57.17, 27.26. 

HRMS (EI-TOF) calcd for C20H20N2O2S (M+): 352.1245, found: 352.1242. 

2-(5-phenylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4f 

N

N
H

O
S

 

The title compound 4f was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4f as a white solid. 

1H NMR (400 MHz, CDCl3) δ 8.35 (d, J = 4.0 Hz, 1H), 7.87 (brs, 1H), 7.67 - 7.58 (m, 

2H), 7.57 - 7.50 (m, 3H), 7.45 - 7.40 (m, 1H), 7.38 - 7.30 (m, 4H), 7.28 - 7.24 (m, 1H), 

7.20 - 7.16 (m, 2H), 7.07 (dd, J = 6.4, 5.2 Hz, 1H), 1.75 (s, 6H).13C NMR (100 MHz, 

CDCl3) δ 168.52, 164.23, 147.63, 145.00, 140.89, 137.67, 137.03, 134.39, 131.95, 

130.49, 129.67, 129.00, 128.70, 128.27, 128. 09, 127.61, 125.79, 123.56, 121.83, 

119.39, 57.21, 27.21; HRMS (EI-TOF) calcd for C25H22N2OS (M+): 398.1453, found: 

398.1471. 

2-(benzo[b]thiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4g 
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The title compound 4g was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4g as a white solid. 

1H NMR (400 MHz, CDCl3): δ 8.23 (d, J = 4.8 Hz, 1H), 7.86 (brs, 1H), 7.78 (d, J = 

7.2 Hz, 1H), 7.71 - 7.66(m, 2H), 7.58 - 7.40 (m, 5H), 7.33 - 7.24 (m, 2H), 7.22 (d, J = 

8.0 Hz, 1H), 7.03 (ddd, J = 7.2, 4.8, 0.8 Hz, 1H), 1.69 (s, 6H); 13C NMR (100 MHz, 

CDCl3): δ 168.37, 164.05, 147.54, 141.62, 140.41, 140.39, 138.03, 136.96, 132.01, 

130.82, 129.67, 128.68, 128.56, 124.48, 124.34, 124.01, 123.73, 122.09, 121.76, 

119.28, 57.22, 27.13; HRMS (EI-TOF) calcd for C23H20N2OS (M+): 372.1296, found: 

372.1314. 

2-(5-acetylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4h 

 

The title compound 4h was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4h as a yellow 

solid. 1H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 4.0 Hz, 1H), 8.09 (brs, 1H), 7.71 - 

7.63 (m, 2H), 7.54 (d, J = 3.6 Hz, 1H), 7.50 - 7.44 (m, 3H), 7.35 (d, J = 8.0 Hz, 1H), 

7.22 (d, J = 4.0 Hz, 1H), 7.14 (ddd, J = 7.2, 4.8, 0.8 Hz, 1H), 2.49 (s, 3H), 1.76 (s, 

6H). 13C NMR (100 MHz, CDCl3) δ 190.73, 168.13, 164.04, 150.47, 147.54, 144.41, 

137.99, 137.24, 132.77, 131.29, 130.57, 129.87, 129.10, 128.64, 128.21, 122.02, 

119.43, 57.19, 27.15, 26.76; HRMS (EI-TOF) calcd for C21H20N2O2S (M+): 364.1245, 

found: 364.1252. 

2-(2,5-dichlorothiophen-3-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4i 
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The title compound 4i was prepared according to General procedure. A purification by 

flash chromatography in  petroleum ether : actone = 5 : 1 gave 4i as a yellow liquid. 

1H NMR (400 MHz, CDCl3): δ 8.41 (d, J = 4.4 Hz, 1H), 8.12 (s, 1H), 7.79 (d, J = 7.6 

Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 7.42 – 7.50 (m, 2H), 7.31 – 7.38 (m, 2H), 7.16 (dd, 

J = 6.8, 5.2 Hz), 6.84 (s, 1H), 1.74 (s, 6H). 13C NMR (100 MHz, CDCl3) 167.32, 

164.17, 147.45, 138.06, 137.58, 137.28, 130.93, 130.66, 129.92, 129.07, 128.83, 

128.47, 126.24, 123.70, 121.96, 119.35, 56.96, 27.07. HRMS (ESI) calcd for 

C19H17Cl2N2OS (M+H+): 391.0433, found: 391.0442. 

2-(4-methylthiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4j 

 

The title compound 4j was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4j as a white solid. 

1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 4.4 Hz, 1H), 7.71 - 7.61 (m, 3H), 7.48 - 

7.31 (m, 4H), 7.13 (dd, J = 7.2, 4.8 Hz, 1H), 7.03 (s, 1H), 6.85 (s, 1H), 2.19 (s, 3H), 

1.72 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 168.58, 164.29, 147.65, 141.16, 138.09, 

137.66, 137.02, 132.28, 130.47, 129.68, 129.57, 128.57, 127.92 121.81, 121.32 , 

119.37, 57.16 , 27.15, 15.81. HRMS (EI-TOF) calcd for C20H20N2OS (M+): 336.1296, 

found: 336.1301. 

2-(4-methoxythiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4ka 

 
The title compound 4ka was prepared according to General procedure. A purification 
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by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4ka as a colorless 

liquid. 1H NMR (400 MHz, CDCl3) δ 8.40 (d, J = 4.8 Hz, 1H), 7.81 (s, 1H), 7.70 – 

7.61 (m, 2H), 7.47 – 7.32 (m, 4H), 7.14 (dd, J = 7.2, 4.8 Hz, 1H), 6.91 (s, 1H), 6.20 (s, 

1H), 3.73 (s, 3H), 1.75 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 168.32, 164.34, 

158.32, 147.67, 140.34, 137.67, 137.05, 132.24, 130.31, 129.66, 128.67, 128.28, 

121.82, 119.55, 119.42, 97.72, 77.48, 77.16, 76.84, 57.31, 57.23, 27.23. HRMS 

(EI-TOF) calcd for C20H20N2O2S (M+): 352.1245, found: 352.1242. 

2-(3-methoxythiophen-2-yl)-N-(2-(pyridin-2-yl)propan-2-yl)benzamide 4kb 

 

The title compound 4kb was prepared according to General procedure. A purification 

by flash chromatography in  petroleum ether : actone = 5 : 1 gave 4kb as a yellow 

liquid. 1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 4.0 Hz, 1H), 7.80 – 7.75 (m, 1H), 

7.72 (s, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.46 – 7.37 (m, 3H), 7.30 – 7.26 (m, 1H), 7.21 

(dd, J = 5.6, 1.2 Hz, 1H), 7.13 – 7.09 (m, 1H), 6.81 (dd, J = 5.6, 1.2 Hz, 1H), 3.77 (d, 

J = 1.2 Hz, 3H), 1.68 (d, J = 1.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 167.85, 

164.64, 154.02, 147.73, 138.50, 136.88, 132.14, 129.75, 129.73, 129.23, 128.22, 

123.88, 121.65, 119.38, 117.72, 116.35, 77.48, 77.16, 76.84, 58.76, 57.15, 27.38. 

HRMS (EI-TOF) calcd for C20H20N2O2S (M+): 352.1245, found: 352.1247. 
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Gram-Scale Synthesis of 3a 

 

A mixture of 1 (1.08 g, 4.5 mmol), 2a (1.32 mL, 13.5 mmol), CuOAc (0.111 g, 0.9 

mmol), Li2CO3 (1.00 g, 13.5 mmol), Zn(OAc)2 (0.90g, 5.4 mmol), AgNO3 (3.06 g, 

18.0 mmol) and DMF (15.0 mL) in a 100 mL round-bottom flask equipped with 

condenser was vigorously stirred at 120 oC under N2 for 24 hours. The reaction 

mixture was cooled to room temperature, diluted with dichloromethane and quenched 

with saturated sodium sulfide solution. The aqueous phase was extracted with 

dichloromethane (3×100 mL). The combined organic phase was dried with anhydrous 

magnesium sulfate. After concentration, the resulting residue was purified by flash 

chromatography (petroleum ether : actone = 4 : 1) to give the desired product 3a 

(1.08g, 71%).  
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Removal of Directing Group2 

 

A solution of substrate 3a (73.6 mg, 0.22 mmol) in a mixture of acetic acid (0.3 mL) 

and acetic anhydride (1.5 mL) was cooled to -15 oC and 330 mg of granular sodium 

nitrite (22 equiv) was added slowly in portions. After being stirred for 48 hours at -15 

oC and the mixture poured into a mixture of ice and water. (Caution! Thenitrosoamide 

is unstable and the subsequent work-up should be carried out at 0 oC) The 

nitrosoamide was extracted with cold ether, and the organic phase was washedwith ice 

water, with an aqueous solution of sodium carbonate (5%), with ice water and then 

dried with anhydrous sodium sulfate under ice bath. The solvent wasremoved under 

reduce pressure under ice bath. The resident was dissolved in THF (4.4 mL)/ H2O (1.5 

mL) and cooled to -15 oC. Then 30% H2O2 (0.5 mL) was addedfollowed by lithium 

hydroxide monohydrate (92.3 mg, 2.2 mmol). The mixture wasstirred at -15 oC for 2 

hours and at 0 oC overnight, and then quenched withan aqueous solution of Na2SO3. 

The mixture was basified with 1N NaOH and washed with ethyl acetate. The aqueous 

phase was acidied with 1M HCl and extracted with ethyl acetate.The organic layer 

was washed with brine, dried over anhydrous sodium sulfate and concentrated in 

vacuo. The resulting residue was purified by flash chromatography(petroleum ether : 

ethyl acetate : acetic acid = 1 : 1 : 0.02). 5 was obtained as a light yellow solid (40.9 

mg, 85%). 1H NMR (400 MHz, CDCl3): δ 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 

7.6 Hz, 1H), 7.53 – 7.44 (m, 2H), 7.39 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 3.2 Hz, 1H), 

6.72 (d, J = 2.4 Hz, 1H), 2.52 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 173.00, 141.06, 

139.24, 135.39, 131.94, 131.67, 130.52, 130.09, 127.58, 126.88, 125.83, 15.48. 

HRMS (EI-TOF) calcd for C12H10O2S (M+): 218.0402, found: 218.0400. 
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Mechanistic Investigation 

Intermolecular Competition KIE. 

 

To a 50 mL sealed tube was added 1 (0.075 mmol), d5-1 (0.075 mmol), 

2-methylthiophene (44 uL, 0.45 mmol) , CuOAc (3.7 mg, 0.03 mmol), AgNO3 (101.9 

mg, 0.6 mmol), Li2CO3 (33.3 mg, 0.45 mmol), Zn(OAc)2 (33.0 mg, 0.18 mmol) and 

DMF (0.5 mL). The mixture was then put into pre-heated 120 oC oil bath under N2 for 

24 hours. The reaction mixture was cooled to room temperature, diluted with 

dichloromethane and quenched with saturated sodium sulfide solution. The aqueous 

phase was extracted with dichloromethane(3×10 mL). The combined organic phase 

was dried with anhydrous magnesium sulfate. After concentration, the resulting 

residue was purified by flash chromatography (petroleum ether : actone = 4 : 1) to 

give the desired product in 8% yield. The KIE value was calculated kH/kD = 3.0. 
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Intramolecular Competition KIE 

 

To a 50mL sealed tube was added d1-1 (0.15 mmol), 2-methylthiophene (44 uL, 0.45 

mmol) , CuOAc (3.7 mg, 0.03 mmol), AgNO3 (101.9 mg, 0.6 mmol), Li2CO3 (33.3 

mg, 0.45 mmol), Zn(OAc)2 (33.0 mg, 0.18 mmol) and DMF (0.5 mL). The mixture 

was then put into pre-heated 100oC oil bath under N2 for 24 hours. The reaction 

mixture was cooled to room temperature, diluted with dichloromethane and quenched 

with saturated sodium sulfide solution. The aqueous phase was extracted with 

dichloromethane(3×10 mL). The combined organicphase was dried with anhydrous 

magnesium sulfate. After concentration, the resulting residue was purified by flash 

chromatography (petroleum ether : actone = 4 : 1) to give the desired product in 10% 

yield. The KIE value was calculated kH/kD = 1.9. 
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NMR Spectra: 
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3b
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3c 
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3d 
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