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General Information

All Reactions were carried out under an atmosphere of nitrogen with the strict 

exclusion of air. Column chromatography was carried out on silica gel. 1H NMR and 

13C NMR spectra were recorded on a Bruker Advance III-400 in solvents as indicated. 

Chemical shift are reported in ppm from CDCl3 using TMS as internal standard. IR 

spectra were recorded on a Bruker Tensor 27 spectrometer and only major peaks are 

reported in cm-1. HRMS were obtained on a Q-TOF micro spectrometer. Melting 

points were determined on a microscopic apparatus and were uncorrected. 

Starting Materials

All of cinnamamides 1 were synthesized according to the literature, and the NMR 

spectroscopy were in full accordance with the data in the literature.1 
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Optimization of Reaction Conditions
General Procedure

A 10 mL oven-dried Schlenk-tube was charged with copper catalyst (See S-Table 1). 

The tube was evacuated and backfilled with nitrogen (three times). Cinnamamide (1a, 

0.3 mmol, 1.0 equiv), toluene 2a and oxidants (See S-Table 1) in 2 mL solvent were 

added by syringe under nitrogen. The tube was then sealed and the mixture was 

stirred for 28 h at 120 oC. Upon completion of the reaction, the mixture was diluted 

with EtOAc, filtered through a pad of Celite, and the filtrate was then removed under 

vacuo. The residue was purified with chromatography column on silica gel (gradient 

eluent of EtOAc/petroleum ether: 1/25 to 1/5) to yield the product 3a as a white solid.
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S-Table 1 Optimization of the reaction conditionsa

1a 3a

+

2a

catalyst, oxidant
 solvent, 120 oC

CH3
N

O

Ph N O

Ph

Ph

S4

Entry Catalyst (mol%) Oxidant (equiv.) Solvent Yield b (%)

1 Cu2O (2) TBPB (2.0) CH3CN 19

2 Cu2O (2) TBPB (2.0) EtOAc 30

3 Cu2O (2) TBPB (2.0) DMF trace

4 Cu2O (2) TBPB (2.0) DMSO 50

5 Cu2O (2) TBPB (2.0) PhCl 46

6 Cu2O (2) TBPB (2.0) DCE 15

7c Cu2O (2) TBPB (2.0) - 71

8c Cu2O (2) TBHP (2.0) - 30

9c Cu2O (2) DTBP (2.0) - 53

10c Cu2O (2) DCP (2.0) - 56

11c CuCl (2) TBPB (2.0) - 68

12c CuBr (2) TBPB (2.0) - 62

13c Cu(OAc)2 (2) TBPB (2.0) - 65

14c CuBr2 (2) TBPB (2.0) - 61

15c CuO (2) TBPB (2.0) - 64

16c FeCl2 (2) TBPB (2.0) - 64

17c FeCl3 (2) TBPB (2.0) - 66

18c Cu2O (5) TBPB (2.0) - 80 (78)d

19c Cu2O (10) TBPB (2.0) - 69

20c - TBPB (2.0) - 49

21c Cu2O (5) - - n.r.e

a Reaction conditions: 2 mol% of catalyst, 1a (0.3 mmol, 1.0 equiv.), oxidant (2.0 equiv.), toluene (2a, 0.6 mmol, 2.0 equiv.), solvent 

(2.0 mL), 120 oC, 28 h. b Yield of isolated product. c 2a (2 mL). d Yield on a 1 mmol scale is given in parentheses. e n.r. = no reaction.



General Procedure for the Oxidative Coupling/Cyclization of 

Cinnamamides with Benzylic Hydrocarbons

N
R1

O
+

H
H

H
Ar2

Ar1 N O
R1

Ar1

Ar2

1 32

H Cu2O (5 mol%)
TBPB (2 equiv.)

120 oC

A 10 mL oven-dried Schlenk-tube was charged with Cu2O (2.1 mg, 5 mol %), 

cinnamamides (1, 0.3 mmol, 1.0 equiv). The tube was evacuated and backfilled with 

nitrogen (three times). TBPB (0.6 mmol, 2.0 equiv) in 2 mL of benzylic hydrocarbons 

were added by syringe under nitrogen. The tube was then sealed and the mixture was 

stirred for 28 h at 120 oC. Upon completion of the reaction, the mixture was diluted 

with EtOAc. The solvent was then removed under vacuo. The residue was purified 

with chromatography column on silica gel (gradient eluent of EtOAc/petroleum ether: 

1/25 to 1/5) to give the corresponding products 3 in yields listed in Table 2.

S5



Characterization of Products 3

N O

Ph

3a: A white solid, Rf 0.5 (EtOAc/petroleum ether = 1:4), mp = 139-140 oC; 1H NMR 

(400 MHz, CDCl3): δ = 7.37-7.33 (m, 3H), 7.29-7.26 (t, J = 7.2 Hz, 1H), 7.23-7.12 (m, 

8H), 6.90-6.89 (d, J = 7.2 Hz, 2H), 3.91-3.90 (d, J = 2.8 Hz, 1H), 3.43 (s, 3H), 3.29-

3.24 (m, 1H), 3.14-3.09 (dd, J = 13.6, 4.8 Hz, 1H), 2.61-2.55 (dd, J = 13.2, 10.8 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ = 170.9, 141.5, 139.7, 138.3, 129.8, 129.1, 

128.6, 128.5, 128.1, 127.2, 126.7, 126.6, 125.9, 123.4, 114.7, 50.5, 44.2, 36.1, 29.6 

ppm; IR (KBr): υmax 1672, 1367 cm-1; HRMS (ESI) calcd for C23H21NNaO [M+Na]+ 

350.1515, found 350.1511.

N O

Ph

Me

3b: A colorless oil, Rf 0.45 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 

CDCl3): δ = 7.36-7.24 (m, 4H), 7.15-7.08 (m, 5H), 7.00-6.98 (d, J = 8.0 Hz, 2H), 

6.76-6.74 (d, J = 8.0 Hz, 2H), 3.83-3.82 (d, J = 3.2 Hz, 1H), 3.39 (s, 3H), 3.22-3.18 

(m, 1H), 3.08-3.03 (dd, J = 13.2, 4.8 Hz, 1H), 2.56-2.50 (dd, J = 13.2, 10.8 Hz, 1H), 

2.24 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 171.2, 139.7, 138.5, 136.3, 129.8, 

129.3, 129.1, 128.5, 128.0, 127.1, 126.6, 126.3, 123.5, 114.8, 50.5, 43.9, 36.1, 29.6, 

20.9 ppm; IR (KBr): υmax 1671, 1465, 1367 cm-1; HRMS (ESI) calcd for C24H23NNaO 

[M+Na]+ 364.1672, found 364.1688.

N O

Ph

OMe

3c: A colorless oil, Rf 0.25 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 
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CDCl3): δ = 7.36-7.22 (m, 4H), 7.15-7.08 (m, 5H), 6.79-6.77 (d, J = 8.8 Hz, 2H), 

6.73-6.71 (d, J = 8.8 Hz, 2H), 3.82-3.81 (d, J = 3.2 Hz, 1H), 3.72 (s, 3H), 3.40 (s, 3H), 

3.21-3.17 (m, 1H), 3.08-3.03 (dd, J = 13.6, 4.8 Hz, 1H), 2.56-2.50 (dd, J = 13.6, 11.2 

Hz, 1H); 13C NMR (100 MHz, CDCl3): δ = 171.2, 158.3, 139.7, 138.5, 133.6, 129.8, 

129.1, 128.5, 128.2, 128.0, 126.6, 126.5, 123.5, 114.8, 114.0, 55.2, 50.6, 43.5, 36.0, 

29.7 ppm; IR (KBr): υmax 1670, 1507, 1368, 1253 cm-1; HRMS (ESI) calcd for 

C24H23NNaO2 [M+Na]+ 380.1621, found 380.1638.

N O

Ph

Cl

3d: A white solid, Rf 0.4 (EtOAc/petroleum ether = 1:5), mp = 156-157 oC; 1H NMR 

(400 MHz, CDCl3): δ = 7.40-7.23 (m, 4H), 7.16-7.05 (m, 7H), 6.78-6.76 (d, J = 8.4 

Hz, 2H), 3.82 (d, J = 2.8 Hz, 1H), 3.40 (s, 3H), 3.19-3.14 (m, 1H), 3.09-3.05 (dd, J = 

13.6, 4.8 Hz, 1H), 2.55-2.49 (dd, J = 13.6, 10.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ = 170.7, 140.0, 139.7, 138.2, 132.6, 129.8, 129.1, 128.7, 128.6, 128.4, 

126.7, 125.4, 123.6, 114.9, 50.6, 43.7, 36.0, 29.7 ppm; IR (KBr): υmax 1671, 1487, 

1367 cm-1; HRMS (ESI) calcd for C23H20ClNNaO [M+Na]+ 384.1126, found 

384.1114.

N O

Ph

Br

3e: A white solid, Rf 0.35 (EtOAc/petroleum ether = 1:10), mp = 151-152 oC; 1H 

NMR (400 MHz, CDCl3): δ = 7.34-7.23 (m, 6H), 7.14-7.05 (m, 5H), 6.72-6.70 (d, J = 

8.4 Hz, 2H), 3.81-3.80 (d, J = 2.8 Hz, 1H), 3.39 (s, 3H), 3.19-3.14 (ddd, J = 10.8, 4.4, 

3.2 Hz, 1H), 3.09-3.05 (dd, J = 13.6, 4.8 Hz, 1H), 2.55-2.49 (dd, J = 13.6, 10.8 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ = 170.7, 140.6, 139.7, 138.2, 131.7, 129.8, 

129.1, 129.0, 128.6, 128.4, 126.7, 125.3, 123.6, 120.6, 114.9, 50.5, 43.8, 36.0, 29.7 

ppm; IR (KBr): υmax 1671, 1465, 1368, 730 cm-1; HRMS (ESI) calcd for 
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C23H20BrNNaO [M+Na]+ 428.0620, found 428.0621.

N O

Ph

CN

3f: A colorless thick oil, Rf 0.3 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 

CDCl3): δ = 7.48-7.40 (m, 3H), 7.36-7.32 (m, 2H), 7.29-7.26 (m, 1H), 7.16-7.07 (m, 

5H), 6.94-6.92 (d, J = 8.0 Hz, 2H), 3.89-3.88 (d, J = 2.0 Hz, 1H), 3.40 (s, 3H), 3.19-

3.15 (ddd, J = 11.2, 4.4, 2.4 Hz, 1H), 3.12-3.08 (dd, J = 13.2, 4.4 Hz, 1H), 2.54-2.48 

(dd, J = 13.2, 11.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ = 170.2, 147.1, 139.7, 

137.8, 132.4, 129.9, 129.0, 128.8, 128.7, 128.1, 126.9, 124.2, 123.8, 118.6, 115.1, 

110.7, 50.6, 44.3, 36.1, 29.7 ppm; IR (KBr): υmax 2230, 1671, 1467, 1369 cm-1; 

HRMS (ESI) calcd for C24H20N2NaO [M+Na]+ 375.1468, found 375.1466.

N O

Ph

Me

3g: A colorless thick oil, Rf 0.35 (EtOAc/petroleum ether = 1:10); 1H NMR (400 

MHz, CDCl3): δ = 7.37-7.24 (m, 4H), 7.15-6.97 (m, 8H), 6.57-6.55 (d, J = 7.6 Hz, 

1H), 4.09-4.08 (d, J = 3.2 Hz, 1H), 3.46 (s, 3H), 3.07-3.02 (dd, J = 13.2, 4.4 Hz, 1H), 

2.98-2.93 (m, 1H), 2.64-2.58 (dd, J = 12.8, 10.4 Hz, 1H), 1.78 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ = 171.0, 140.4, 139.2, 138.3, 135.5, 130.8, 129.8, 129.5, 128.4, 

128.0, 126.9, 126.7, 126.6, 126.3, 123.6, 114.7, 49.6, 40.8, 36.3, 29.7, 18.6 ppm; IR 

(KBr): υmax 1671, 1464, 1367 cm-1; HRMS (ESI) calcd for C24H23NNaO [M+Na]+ 

364.1672, found 364.1675.

N O

Ph

Cl

3h: A white solid, Rf 0.3 (EtOAc/petroleum ether = 1:10), mp = 150-152 oC; 1H NMR 

(400 MHz, CDCl3): δ = 7.42-7.37 (m, 1H), 7.31-7.23 (m, 4H), 7.16-6.98 (m, 7H), 
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6.55-6.53 (dd, J = 7.6, 1.2 Hz, 1H), 4.35-4.34 (d, J = 2.4 Hz, 1H), 3.43 (s, 3H), 3.20-

3.17 (m, 1H), 3.09-3.04 (dd, J = 13.6, 5.2 Hz, 1H), 2.60-2.54 (dd, J = 13.2, 10.8 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ = 170.7, 140.5, 138.6, 137.8, 133.4, 130.0, 

129.9, 129.5, 128.6, 128.5, 128.2, 128.1, 127.0, 126.6, 125.1, 123.8, 114.8, 48.9, 41.7, 

36.7, 29.6 ppm; IR (KBr): υmax 1671, 1467, 1367, 753 cm-1; HRMS (ESI) calcd for 

C23H20ClNNaO [M+Na]+ 384.1126, found 384.1120.

N O

Ph

Me

3i: A white solid, Rf 0.35 (EtOAc/petroleum ether = 1:10), mp = 100-102 oC; 1H 

NMR (400 MHz, CDCl3): δ = 7.36-7.24 (m, 4H), 7.15-7.05 (m, 6H), 6.96-6.94 (d, J = 

7.6 Hz, 1H), 6.67 (s, 1H), 6.64-6.62 (d, J = 7.6 Hz, 1H), 3.83-3.82 (d, J = 3.2 Hz, 1H), 

3.40 (s, 3H), 3.23-3.19 (m, 1H), 3.09-3.04 (dd, J = 13.2, 4.8 Hz, 1H), 2.57-2.50 (dd, J 

= 13.2, 10.8 Hz, 1H), 2.22 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 171.1, 141.4, 

139.8, 138.5, 138.2, 129.9, 129.1, 128.5, 128.0, 127.5, 126.6, 126.2, 124.2, 123.5, 

114.8, 50.5, 44.3, 36.1, 29.6, 21.4 ppm; IR (KBr): υmax 1672, 1466, 1366 cm-1; HRMS 

(ESI) calcd for C24H23NNaO [M+Na]+ 364.1672, found 364.1672.

N O

Ph

Cl

3j: A white solid, Rf 0.35 (EtOAc/petroleum ether = 1:10), mp = 144-145 oC; 1H 

NMR (400 MHz, CDCl3): δ = 7.35-7.25 (m, 4H), 7.15-7.05 (m, 7H), 6.78-6.76 (d, J = 

8.4 Hz, 2H), 3.82 (d, J = 2.4 Hz, 1H), 3.39 (s, 3H), 3.19-3.14 (m, 1H), 3.09-3.05 (dd, 

J = 13.6, 4.8 Hz, 1H), 2.55-2.49 (dd, J = 13.2, 10.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ = 170.7, 140.0, 139.7, 138.2, 132.5, 129.8, 129.1, 128.7, 128.6, 128.4, 

126.7, 125.4, 123.6, 114.9, 50.6, 43.7, 36.0, 29.6 ppm; IR (KBr): υmax 1672, 1465, 

1368, 732 cm-1; HRMS (ESI) calcd for C23H20ClNNaO [M+Na]+ 384.1126, found 

384.1127.
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N O

Ph

Me

3l: A colorless thick oil, Rf 0.4 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 

CDCl3): δ = 7.37-7.34 (m, 1H), 7.19-7.08 (m, 8H), 7.04-7.02 (d, J = 8.0 Hz, 2H), 

6.86-6.84 (d, J = 7.2 Hz, 2H), 3.87-3.86 (d, J = 2.4 Hz, 1H), 3.39 (s, 3H), 3.22-3.17 

(m, 1H), 3.05-3.00 (dd, J = 13.6, 4.8 Hz, 1H), 2.52-2.46 (dd, J = 14.6, 11.2 Hz, 1H), 

2.33 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 171.1, 141.6, 139.8, 136.1, 135.2, 

129.9, 129.2, 129.0, 128.6, 128.1, 127.2, 126.7, 126.0, 123.4, 114.7, 50.7, 44.2, 35.7, 

29.6, 21.0 ppm; IR (KBr): υmax 1672, 1466, 1367 cm-1; HRMS (ESI) calcd for 

C24H23NNaO [M+Na]+ 364.1672, found 364.1667. 

N O

Ph

F

3m: A white solid, Rf 0.4 (EtOAc/petroleum ether = 1:5), mp = 131-132 oC; 1H NMR 

(400 MHz, CDCl3): δ = 7.38-7.34 (m, 1H), 7.21-7.16 (m, 3H), 7.11-7.06 (m, 5H), 

7.01-6.97 (t, J = 8.4 Hz, 2H), 6.88-6.86 (d, J = 7.2 Hz, 2H), 3.85-3.84 (d, J = 3.6 Hz, 

1H), 3.40 (s, 3H), 3.19-3.15 (m, 1H), 3.04-3.00 (dd, J = 13.6, 4.8 Hz, 1H), 2.60-2.54 

(dd, J = 13.6, 10.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ = 170.9, 161.7 (d, J C, F = 

243.3 Hz), 141.3, 139.7, 134.1 (d, J C, F = 3.4 Hz), 130.6 (d, J C, F = 7.9 Hz), 129.8, 

128.7, 128.2, 127.3, 126.9, 126.2, 123.5, 115.3 (d, J C, F = 21.1 Hz), 114.8, 50.5, 44.6, 

35.3, 29.7 ppm; IR (KBr): υmax 1671, 1505, 1367, 1224 cm-1; HRMS (ESI) calcd for 

C23H20FNNaO [M+Na]+ 368.1421, found 368.1433.

N O

Ph

Cl

3n: A white solid, Rf 0.5 (EtOAc/petroleum ether = 1:5), mp = 141-142 oC; 1H NMR 

(400 MHz, CDCl3): δ = 7.38-7.33 (m, 1H), 7.28-7.25 (m, 2H), 7.21-7.16 (m, 3H), 

7.11-7.04 (m, 5H), 6.88-6.87 (d, J = 6.8 Hz, 2H), 3.84-3.83 (d, J = 4.0 Hz, 1H), 3.40 

(s, 3H), 3.20-3.15 (m, 1H), 3.04-3.00 (dd, J = 13.6, 5.2 Hz, 1H), 2.60-2.54 (dd, J = 
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13.6, 10.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ = 170.7, 141.2, 139.7, 137.0, 

132.4, 130.5, 129.7, 128.7, 128.6, 128.2, 127.4, 126.9, 126.2, 123.5, 114.8, 50.2, 44.6, 

35.4, 29.7 ppm; IR (KBr): υmax 1671, 1488, 1368, 750 cm-1; HRMS (ESI) calcd for 

C23H20ClNNaO [M+Na]+ 384.1126, found 384.1144.

N O

Ph Me

3o: A colorless oil, Rf 0.45 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 

CDCl3): δ = 7.37-7.35 (m, 1H), 7.17-7.09 (m, 9H), 7.04-7.02 (m, 1H), 6.84-6.82 (d, J 

= 7.2 Hz, 2H), 3.90-3.89 (d, J = 1.2 Hz, 1H), 3.41 (s, 3H), 3.24-3.20 (ddd, J = 11.2, 

4.8, 2.0 Hz, 1H), 3.08-3.03 (dd, J = 13.6, 4.8 Hz, 1H), 2.61-2.55 (dd, J = 14.0, 11.2 

Hz, 1H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 171.0, 141.8, 139.8, 136.6, 

136.4, 130.7, 130.2, 129.8, 128.6, 128.2, 127.0, 126.8, 126.7, 125.9, 123.5, 114.8, 

49.4, 44.5, 33.7, 29.6, 19.3 ppm; IR (KBr): υmax 1670, 1608, 1465, 1368 cm-1; HRMS 

(ESI) calcd for C24H23NNaO [M+Na]+ 364.1672, found 364.1662.

N O

Ph
Me

3q: A colorless oil, Rf 0.45 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 

CDCl3): δ = 7.36-7.33 (m, 1H), 7.24-7.04 (m, 8H), 6.96 (s, 1H), 6.95-6.93 (d, J = 8.0 

Hz, 1H), 6.87-6.85 (d, J = 7.2 Hz, 2H), 3.88-3.87 (d, J = 2.8 Hz, 1H), 3.39 (s, 3H), 

3.23-3.19 (ddd, J = 10.8, 4.4, 2.8 Hz, 1H), 3.06-3.01 (dd, J = 13.6, 4.8 Hz, 1H), 2.53-

2.47 (dd, J = 13.2, 10.8 Hz, 1H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 

171.1, 141.6, 139.8, 138.3, 138.2, 129.9, 128.6, 128.4, 128.1, 127.3, 127.2, 126.7, 

126.1, 123.5, 114.8, 50.5, 44.3, 36.1, 29.6, 21.4 ppm; IR (KBr): υmax 1671, 1610, 

1466, 1366 cm-1; HRMS (ESI) calcd for C24H23NNaO [M+Na]+ 364.1672, found 

364.1661.

N O

Ph
Me

Me

3r: A white solid, Rf 0.5 (EtOAc/petroleum ether = 1:5), mp = 104-105 oC; 1H NMR 
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(400 MHz, CDCl3): δ = 7.36-7.33 (m, 1H), 7.20-7.09 (m, 6H), 6.88-6.86 (m, 3H), 

6.75 (s, 2H), 3.89-3.88 (d, J = 2.8 Hz, 1H), 3.39 (s, 3H), 3.23-3.18 (ddd, J = 10.8, 4.4, 

2.8 Hz, 1H), 3.02-2.97 (dd, J = 13.6, 4.8 Hz, 1H), 2.49-2.43 (dd, J = 13.6, 11.2 Hz, 

1H), 2.29 (s, 6H); 13C NMR (100 MHz, CDCl3): δ = 171.2, 141.7, 139.8, 138.2, 138.0, 

129.9, 128.6, 128.2, 128.0, 127.2, 126.9, 126.7, 126.1, 123.4, 114.7, 50.4, 44.3, 36.0, 

29.6, 21.3 ppm; IR (KBr): υmax 1670, 1602, 1467, 1368 cm-1; HRMS (ESI) calcd for 

C25H25NNaO [M+Na]+ 378.1828, found 378.1821. 
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General Procedure for the Oxidative Coupling/Cyclization of 

Cinnamamides with Ethers, Acohols and Alkanes

H
Y

1a

+
N

O

Ph

4

Cu2O (5 mol%)
TBPB (2 equiv.)

120 oC

H

N O

Ph

5

Y

A 10 mL oven-dried Schlenk-tube was charged with Cu2O (2.1 mg, 5 mol %), 

cinnamamide (1a, 0.3 mmol, 1.0 equiv). The tube was evacuated and backfilled with 

nitrogen (three times). TBPB (0.6 mmol, 2.0 equiv) in 2 mL of ethers or alkanes 4 

were added by syringe under nitrogen. The tube was then sealed and the mixture was 

stirred for 28 h at 120 oC. Upon completion of the reaction, the mixture was diluted 

with EtOAc. The solvent was then removed under vacuo. The residue was purified 

with chromatography column on silica gel (gradient eluent of EtOAc/petroleum ether: 

1/25 to 1/5) to give the corresponding products 5 in yields listed in Table 3.
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Characterization of Products 5

N O

Ph
O

O

5a: A colorless oil, Rf 0.25 (EtOAc/petroleum ether = 1:4); 1H NMR (400 MHz, 

CDCl3): δ = 7.37-7.33 (t, J = 7.6 Hz, 1H), 7.26-7.20 (m, 3H), 7.17-7.16 (m, 1H), 7.12-

7.07 (m, 2H), 7.00-6.98 (d, J = 7.2 Hz, 2H), 4.52 (s, 1H), 3.84-3.81 (m, 2H), 3.71-

3.52 (m, 5H), 3.36 (s, 3H), 3.00-2.97 (dd, J = 10.0, 1.6 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ = 167.3, 141.5, 139.6, 130.0, 128.7, 128.2, 127.2, 126.8, 126.0, 123.7, 

115.0, 72.1, 70.3, 67.2, 66.3, 52.1, 42.2, 29.7 ppm; IR (KBr): υmax 1671, 1614, 1467, 

1369 cm-1; HRMS (ESI) calcd for C20H21NNaO3 [M+Na]+ 346.1414, found 346.1415.

5a’: A colorless oil, Rf 0.20 (EtOAc/petroleum ether = 1:4); 1H NMR (400 MHz, 

CDCl3): δ = 7.35-7.31 (m, 1H), 7.27-7.19 (m, 3H), 7.12-7.05 (m, 3H), 7.02-7.00 (d, J 

= 7.2 Hz, 2H), 4.13-4.12 (d, J = 3.2 Hz, 1H), 3.83-3.80 (d, J = 10.4 Hz, 1H), 3.76-

3.74 (d, J = 8.4 Hz, 1H), 3.68-3.54 (m, 5H), 3.40 (s, 3H), 3.09-3.07 (dd, J = 6.4, 3.2 

Hz, 1H); 13C NMR (100 MHz, CDCl3): δ = 167.7, 141.1, 139.8, 129.1, 128.9, 128.3, 

127.3, 127.1, 126.4, 123.5, 115.0, 74.8, 69.1, 67.0, 66.4, 51.0, 43.8, 29.8 ppm.

N O

Ph

O

5b: A colorless oil, Rf 0.2 (EtOAc/petroleum ether = 1:4); 1H NMR (400 MHz, 

CDCl3): δ = 7.37-7.33 (m, 1H), 7.29-7.18 (m, 4H), 7.11-7.05 (m, 2H), 7.03-7.02 (d, J 

= 7.2 Hz, 2H), 4.07 (s, 1H), 3.96-3.88 (m, 2H), 3.75-3.70 (m, 1H), 3.43 (s, 3H), 3.04-

3.01 (dd, J = 8.4, 1.6 Hz, 1H), 2.09-1.96 (m, 2H), 1.88-1.78 (m, 2H); 13C NMR (100 

MHz, CDCl3): δ = 168.6, 141.6, 140.0, 129.3, 128.8, 128.2, 127.0, 126.9, 126.1, 

123.2, 114.9, 78.4, 68.4, 54.4, 45.1, 30.4, 29.6, 25.2 ppm; IR (KBr): υmax 1675, 1605, 

1466, 1363 cm-1; HRMS (ESI) calcd for C20H21NNaO2 [M+Na]+ 330.1465, found 

330.1470.
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N O

Ph OH

5c: A pale yellow oil, Rf 0.20 (EtOAc/petroleum ether = 1:4); 1H NMR (400 MHz, 

CDCl3): δ = 7.34-7.30 (m, 1H), 7.26-7.22 (m, 2H), 7.19-7.16 (m, 2H), 7.08-7.05 (m, 

2H), 7.00-6.98 (d, J = 7.2 Hz, 2H), 4.37 (s, 1H), 3.43 (s, 3H), 3.12 (s, 1H), 3.00 (s, 

1H), 1.31 (s, 3H), 1.04 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 169.8, 143.4, 139.6, 

129.3, 128.9, 128.2, 126.9, 126.8, 126.5, 123.9, 114.7, 72.6, 60.0, 43.5, 29.6, 27.9, 

27.6 ppm; IR (KBr): υmax 3416, 1648, 1601, 1467, 1369 cm-1; HRMS (ESI) calcd for 

C19H21NNaO2 [M+Na]+ 318.1465, found 318.1453.

N O

Ph

5d: A colorless oil, Rf 0.6 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 

CDCl3): δ = 7.35-7.31 (m, 1H), 7.23-7.15 (m, 4H), 7.08-7.04 (m, 2H), 6.97-6.95 (d, J 

= 7.6 Hz, 2H), 4.22 (s, 1H), 3.36 (s, 3H), 2.69-2.66 (dd, J = 8.8, 1.6 Hz, 1H), 1.94-

1.92 (m, 1H), 1.71-1.56 (m, 4H), 1.39-1.37 (m, 1H), 1.26-1.12 (m, 1H), 1.10-1.05 (m, 

4H); 13C NMR (100 MHz, CDCl3): δ = 170.4, 142.3, 140.1, 129.6, 128.7, 128.0, 

127.0, 126.7, 126.6, 123.2, 114.8, 55.6, 44.4, 37.7, 31.4, 31.1, 29.4, 26.1, 25.9 ppm; 

IR (KBr): υmax 1663, 1467, 1368 cm-1; HRMS (ESI) calcd for C22H25NNaO [M+Na]+ 

342.1828, found 342.1819.

N O

Ph

5e: A colorless oil, Rf 0.5 (EtOAc/petroleum ether = 1:5); 1H NMR (400 MHz, 

CDCl3): δ = 7.36-7.32 (m, 1H), 7.24-7.20 (m, 3H), 7.17-7.13 (t, J = 7.2 Hz, 1H), 7.08-

7.05 (m, 2H), 6.99-6.97 (d, J = 7.6 Hz, 2H), 4.13 (s, 1H), 3.36 (s, 3H), 2.72-2.69 (dd, 

J = 10.4, 1.6 Hz, 1H), 1.92-1.90 (m, 1H), 1.79-1.65 (m, 3H), 1.56-1.44 (m, 4H), 1.37-

1.34 (m, 1H); 13C NMR (100 MHz, CDCl3): δ = 170.8, 142.0, 140.0, 129.7, 128.7, 

128.0, 127.0, 126.7, 126.4, 123.2, 114.7, 55.0, 46.5, 40.2, 31.3, 30.8, 29.4, 25.1, 24.5 

ppm; IR (KBr): υmax 1674, 1468, 1363 cm-1; HRMS (ESI) calcd for C21H23NNaO 
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[M+Na]+ 328.1672, found 328.1662.
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Investigation of the Reaction Mechanism
standard 
conditions

3a, trace

+

1a

TEMPO (1 equiv)

2a

CH3
N

O

Ph

H

N
O

Ph

Ph

When the TEMPO was added to the reaction of 1a with 2a under the standard 

conditions, only trace amount of the desired product 3a was detected. The result 

indicates that the radical intermediate should be involved in the catalytic cycle of the 

reaction.
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Isotope Labeling Experiment
a) Intermolecular Kinetic Isotope Effect (KIE) Experiment: 

Toluene-D8 (99.5%, cat. No. DLM-5-5) was purchased from Cambridge Isotope 

Laboratories. The isotope reagent was used without further purification. A 10 mL 

oven-dried Schlenk-tube was charged with Cu2O (2.1 mg, 5 mol %), 1a (0.3 mmol). 

The tube was evacuated and backfilled with nitrogen (three times). TBPB (0.6 mmol, 

2 equiv) in 2 mL of toluene/D8-toluene (1:1) were added by syringe under nitrogen. 

The tube was then sealed and the mixture was stirred for 28 h at 120 oC. Upon 

completion of the reaction, the mixture was diluted with EtOAc, filtered through a 

pad of Celite, and the filtrate was then removed under vacuo. The residue was purified 

with chromatography column on silica gel to give the corresponding product. The 

product was analyzed by 1H NMR (Figure 1).

 

1a +

CD3

D
D

D
D

D

standard
conditions
kH/kD = 5.7

2a

[D8]-2a

3a [D7]-3a

2a/[D8]-2a = 1:1

62% yield

(1)
N

O

Ph

Ph

D D

N
O

Ph

D

D

D D

D

+

Figure 1. 1H NMR spectra of the mixture of the product 3a and [D7]-3a.
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1H NMR and 13C NMR Spectra of the Products 3
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1H NMR and 13C NMR Spectra of the Products 5
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