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1. General method 

 

All anaerobic and moisture-sensitive manipulations were carried out with standard Schlenk 

techniques under argon gas. NMR spectra were recorded on a JEOL JNM-FX400 (400 MHz 

for 1H, 100 MHz for 13C and 376 MHz for 19F). Chemical shifts are reported in δ (ppm) 

referenced to the internal reference tetramethylsilane (TMS) in CDCl3 (δ 0.00) for 1H NMR 

and CDCl3 (δ 77.00) and CD3OD (δ 49.00) for 13C NMR. The following abbreviations are used 

to explain the multiplicities; s: singlet, d: doublet, t: triplet, q: quartet, m: multiplet, br: broad, 

app: apparent. High resolution mass spectra (HRMS) were obtained with a Shimadzu ESI-IT-

TOF mass spectrometer. Optical rotations were recorded on JASCO P-2000 Digital 

Polarimeter. Enantiomeric excesses (ee) were determined by analysis on Shimadzu HPLC with 

Daicel chiral columns. Photocatalytic reactions were conducted using Techno Sigma-PER-

AMP-N4 power source, and LED lamp with PER-365 nm (507 mW) or PER-448 nm (680 

mW).For thin layer chromatography (TLC), Merck pre-coated TLC plates (Merck 60 F254) 

were used, and compounds were visualized with a UV light at 254 nm. Further visualization 

was achieved by basic aqueous KMnO4 solution stain. Flash column chromatography was 

performed with Silica gel 60 (Kanto Chemical Co. Inc., 40–50 μm). Further purification by 

preparative thin layer chromatography was performed using Merck silica gel (PTLC 60 F254, 

0.5 mm) if necessary. 

 

2. Materials 

 
Dry solvents were purchased and used as received: tetrahydrofuran (THF), dichloromethane 

(CH2Cl2), dimethyl formamide (DMF), diethyl ether, and acetonitrile (MeCN) were purchased 

from Wako Pure Chemistry Co. Inc. as “Dehydrated”. 1,2-Dichloroethane (DCE) was 

purchased from Kanto Chemical Co., Inc. as “Dehydrated”. Commercially available reagents 

were purchased from FUJIFILM Wako, Sigma-Aldrich, Nacalai, and TCI, and used as received 

for the reactions without any purification.  
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3. Preparation of tertiary amides substrates reported in Tables 1 & 2  

 

Figure S1 Intermediary secondary amines (Ar = p-MeOC6H4) utilized in tertiary amides 
synthesis 
  

 
 

The above mentioned secondary amines are all known compounds and were prepared 

according to literature methods: A1[1], A5[2], A6[3], A7[4], A8[5], A9[6], A11[7], and A12[8], or 

prepared by the modified procedure in way of reductive amination for A2, A3, A4, and A10, 

which is shown as follow:  

 

 
 

A solution of aldehyde (15 mmol), amine (15 mmol), and anhydrous MgSO4 (3.61 g, 30 mmol) 

in CH2Cl2 (25 mL) was stirred for 24 h (for A10) or 48 h (for A2, A3, and A4) at room 

temperature (rt). The reaction mixture was filtered and the filtrate was concentrated under 

reduced pressure. Then the residuals were charged with MeOH (30 mL) followed by adding 

NaBH4 (1.42 g, 37.5 mmol) portionwise at 0 ˚C. The reaction mixture was stirred for 14 h at rt. 

MeOH was evaporated by rotary evaporator, and the residuals were extracted with CH2Cl2 and 

washed by brine, dried over Na2SO4 and filtered. Evaporation of the solvent followed by flash 

 
[1] M. R. Jafari, H. Yu, J. M. Wickware, Y.-S. Lin, R. Derda, Org. Biomol. Chem. 2018, 16, 7588–7594. 
[2] X. Zhao, S. Liang, X. Fan, T. Yang, W. Yu, Org. Lett. 2019, 21, 1559–1563. 
[3] R. F. A. Gomes, J. A. S. Coelho, C. A. M. Afonso, ChemSusChem 2019, 12, 420–425. 
[4] B. Hu, Y. Li, W. Dong, K. Ren, X. Xie, J. Wan, Z. Zhang, Chem. Commun. 2016, 52, 3709–3712. 
[5] F. Sanchez-Cantalejo, J. D. Priest, P. W. Davies, Chem. Eur. J. 2018, 24, 17215–17219. 
[6] M. Yudasaka, D. Shimbo, T. Maruyama, N. Tada, A. Itoh, Org. Lett. 2019, 21, 1098−1102. 
[7] A. Firsov, A. Sapegin, M. Krasavin, Eur. J. Org. Chem. 2019, 5242–5246. 
[8] Q. W. Song, B. Yu, X.-D. Li, R. Ma, Z.-F. Diao, R.-G. Li, W. Li, L.-N. He, Green Chem. 2014, 16, 1633– 
      1638.   
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column chromatography on silica gel using hexane and ethyl acetate as eluents gave 

corresponding secondary amine. 

 

 
4-Methoxy-N-(4-methoxybenzyl)aniline (A2) 

A2, white solid, 65% yield (2.37 g). 1H NMR (CDCl3, 400 MHz) δ 7.28 (d, J = 8.4 Hz, 2H), 

6.87 (d, J = 8.7 Hz, 2H), 6.77 (d, J = 8.9 Hz, 2H), 6.60 (d, J = 8.9 Hz, 2H), 4.20 (s, 2H), 3.79 

(s, 3H), 3.73 (s, 3H), 3.70 (br s, 1H); 13C NMR (CDCl3, 100 MHz) δ 158.8, 152.2, 142.5, 

131.7, 128.8, 114.9, 114.1, 114.0, 55.8, 55.3, 48.7. HRMS (ESI) calcd for C15H18NO2 [M+H]+ 

244.1332, found 244.1332. 

 

 
N-(4-methoxybenzyl)naphthalen-1-amine (A3) 

A3, white solid, 45% yield (1.78 g). 1H NMR (CDCl3, 400 MHz) δ 7.79-7.75 (m, 2H), 

7.45-6.88 (m, 6H), 6.89 (d, J = 8.2 Hz, 2H), 6.62 (d, J = 7.6 Hz, 1H), 4.57 (br s, 1H), 4.38 (s, 

2H), 3.78 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 159.0, 143.3, 134.2, 131.0, 129.0, 128.6, 

126.6, 125.7, 124.7, 123.3, 119.9, 117.5, 114.1, 104.6, 55.3, 48.0. HRMS (ESI) calcd for 

C18H18NO [M+H]+ 264.1383, found 264.1381. 

 

 
N-(4-methoxybenzyl)-4-(trifluoromethyl)aniline (A4) 

A4, white solid, 55% yield (2.32 g). 1H NMR (CDCl3, 400 MHz) δ 7.37 (dd, J = 8.9 Hz, 0.6 

Hz, 2H), 7.24 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H), 7.37 (dd, J = 8.9 Hz, 0.6 Hz, 2H), 

4.29 (br s, 1H), 4.25 (s, 2H), 3.78 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 159.0, 150.5, 130.4, 
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OMe
[CAS: 14429-14-2]

OMe

A2

HN

[CAS: 356536-86-2]

OMe
A3

HN

CF3
[CAS: 869485-43-8]

A4

OMe



 S4 
 

 

128.7, 126.6 (q, JC-F = 3.8 Hz), 125.0 (q, JC-F = 268.8 Hz), 118.8 (q, JC-F = 32.5 Hz), 114.1, 

111.9, 55.2, 47.2. HRMS (ESI) calcd for C15H15F3NO [M+H]+ 282.1100, found 282.1092. 

 

 
N-(naphthalen-1-ylmethyl)aniline (A10) 

A10, white solid, 82% yield (2.87 g). 1H NMR (CDCl3, 400 MHz) δ 8.09-8.06 (m, 1H), 

7.90-7.88 (m, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.55-7.49 (m, 3H), 7.43 (dd, J = 8.3 Hz, 7.1 Hz, 

1H), 7.21 (dd, J = 8.6 Hz, 7.4 Hz, 2H), 6.75 (tt, J = 7.3 Hz, 1.1 Hz, 1H), 6.69 (dd, J = 8.7 Hz, 

1.1 Hz, 2H), 4.74 (s, 2H), 3.99 (br s, 1H); 13C NMR (CDCl3, 100 MHz) δ 148.2, 134.3, 133.9, 

131.5, 129.3, 128.7, 128.2, 126.3, 126.0, 125.8, 125.5, 123.6, 117.6, 112.7, 46.4. HRMS (ESI) 

calcd for C17H16N [M+H]+ 234.1277, found 234.1273. 

 

Scheme S1. General procedure for the syntheses of tertiary amides 

 

 
 

General procedure for method A in Scheme S1 

To a solution of carboxylic acid (5 mmol) in CH2Cl2 (5 mL) was added two drops of DMF 

followed by oxalyl chloride (0.64 mL, 7.5 mmol) dropwise at 0 ˚C, and the mixture was stirred 

at rt for 3 h under argon. After removing the volatiles by rotary evaporator, the residuals were 

dissolved in THF (10 mL) and corresponding secondary amines, R2NHCH2Ar (5.5 mmol), and 

Et3N (0.77 mL, 5.5 mmol) were added in sequence at 0 ˚C. The solution was stirred at rt for 14 

h under argon. After adding water, the reaction mixture was extracted with ethyl acetate, and 

the extracts were washed by saturated Na2CO3 aq. solution, water, and brine, dried over Na2SO4 
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and filtered. Evaporation of the solvent followed by flash column chromatography on silica gel 

using hexane and ethyl acetate as eluents gave corresponding tertiary amides. 

 

General procedure for method B in Scheme S1 

To a solution of R2NHCH2Ar (5.5 mmol) in THF (5 mL) was added corresponding acyl 

chloride (5 mmol) dropwise at 0 ˚C, and followed by Et3N (0.77 mL, 5.5 mmol). The reaction 

was stirred at rt for 14 h under argon. After quenching the reaction with water, the reaction 

mixture was extracted with ethyl acetate, and the extracts were washed by saturated Na2CO3 

aq. solution, water, and brine, dried over Na2SO4 and filtered. Evaporation of the solvent 

followed by flash column chromatography on silica gel using hexane and ethyl acetate as 

eluents gave corresponding tertiary amides. 

 

Unless otherwise stated, the following tertiary amides were prepared via method A 

 
N-(4-methoxybenzyl)-N,3-diphenylpropanamide (1a) 

1a, white solid, 89% yield (1.54 g). 1H NMR (CDCl3, 400 MHz) δ 7.27-7.12 (m, 6H), 

7.06-7.03 (m, 4H), 6.78-6.75 (m, 4H), 4.79 (s, 2H), 3.76 (s, 3H), 2.93 (t, J = 7.7 Hz, 2H), 2. 

34 (t, J = 7.7 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 171.8, 158.8, 142.2, 141.1, 130.1, 129.6, 

129.4, 128.4, 128.3, 127.8, 125.9, 113.6, 55.1, 52.3, 36.1, 31.7, (one aromatic carbon signal 

overlapping). HRMS (ESI) calcd for C23H23NO2Na [M+Na]+ 368.1621, found 368.1625. 

 

 
N-(4-methoxybenzyl)-N,2-diphenylacetamide (1b) 

1b was prepared by method B, colourless oil, 73% yield (1.21 g). 1H NMR (CDCl3, 400 MHz) 

δ 7.30-7.27 (m, 3H), 7.24-7.17 (m, 3H), 7.08 (d, J = 8.7 Hz, 2H), 7.06-7.03 (m, 2H), 

6.89-6.86 (m, 2H), 6.75 (d, J = 8.7 Hz, 2H), 4.81 (s, 2H), 3.75 (s, 3H), 3.43 (s, 2H); 13C NMR 

(CDCl3, 100 MHz) δ 170.6, 158.8, 142.1, 135.4, 130.2, 129.6, 129.3, 129.0, 128.7, 128.2, 

Ph

O

N
Ph

OMe
1a

Ph
O

N
Ph

OMe
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127.9, 126.5, 113.6, 55.1, 52.5, 41.2. HRMS (ESI) calcd for C22H22NO2 [M+H]+ 332.1645, 

found 332.1647. 

 

 
N-(4-methoxybenzyl)-N-phenylcyclohexanecarboxamide (1c) 

1c was prepared by method B, colourless oil, 90% yield (1.46 g). 1H NMR (CDCl3, 400 MHz) 

δ 7.32-7.29 (m, 3H), 7.08 (d, J = 8.7 Hz, 2H), 6.95-6.92 (m, 2H), 6.77 (d, J = 8.7 Hz, 2H), 

4.79 (s, 2H), 3.76 (s, 3H), 2.14-2.08 (m, 1H), 1.67-1.52 (m, 7H), 1.24-1.13 (m, 1H), 0.98-0.89 

(m, 2H); 13C NMR (CDCl3, 100 MHz) δ 176.0, 158.7, 142.4, 130.0, 129.3, 128.3, 127.7, 113.6, 

55.1, 52.1, 41.6, 29.4, 25.6, 25.4, (one aromatic carbon signal overlapping). HRMS (ESI) calcd 

for C21H26NO2 [M+H]+ 324.1958, found 324.1958. 

 

 
N-(4-methoxybenzyl)-N-phenylpivalamide (1d) 

1d, white solid, 61% yield (0.92 g). 1H NMR (CDCl3, 400 MHz) δ 7.29-7.26 (m, 3H), 7.07 

(d, J = 8.7 Hz, 2H), 6.98-6.95 (m, 2H), 6.77 (d, J = 8.7 Hz, 2H), 4.76 (s, 2H), 3.77 (s, 3H), 

1.02 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 177.5, 158.7, 143.2, 130.3, 130.06, 130.02, 128.7, 

127.8, 113.5, 55.7, 55.1, 41.0, 29.5. HRMS (ESI) calcd for C19H23NO2Na [M+Na]+ 320.1621, 

found 320.1621. 

 

 
N-(4-methoxybenzyl)-N-phenylcinnamamide (1e) 

1e, yellow solid, 43% yield (0.74 g). 1H NMR (CDCl3, 400 MHz) δ 7.73 (d, J = 15.5 Hz, 1H), 

7.38-7.32 (m, 3H), 7.30-7.24 (m, 5H), 7.17 (d, J = 8.7 Hz, 2H), 7.06-7.03 (m, 2H), 6.79 (d, J 

= 8.7 Hz, 2H), 6.30 (d, J = 15.5 Hz, 1H), 4.96 (s, 2H), 3.76 (s, 3H); 13C NMR (CDCl3, 100 

O

N
Ph

OMe
1c

O

N
Ph

OMe
1d

Me

Me Me

O

N
Ph

OMe
1e

Ph
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MHz) δ 165.8, 158.8, 142.1, 141.9, 135.2, 130.1, 129.7, 129.5, 129.4, 128.6, 128.5, 127.8, 

127.7, 118.9, 113.7, 55.1, 52.6. HRMS (ESI) calcd for C23H22NO2 [M+H]+ 344.1645, found 

344.1652. 

 

 
N-(4-methoxybenzyl)-N-phenylbenzamide (1f) 

1f was prepared by method B, white solid, 80% yield (1.27 g). 1H NMR (CDCl3, 400 MHz) 

δ 7.32-7.30 (m, 2H), 7.23-7.17 (m, 3H), 7.15-7.05 (m, 5H), 6.90-6.87 (m, 2H), 6.80 (d, J = 

8.7 Hz, 2H), 5.06 (s, 2H), 3.76 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 170.4, 158.8, 143.4, 

136.1, 129.8, 129.7, 129.5, 128.9, 128.7, 127.9, 127.6, 126.6, 113.7, 55.1, 53.2. HRMS (ESI) 

calcd for C21H19NO2Na [M+Na]+ 340.1308, found 340.1304. 

 

 
4-Methoxy-N-(4-methoxybenzyl)-N-phenylbenzamide (1g) 

1g, colourless oil, 67% yield (1.16 g). 1H NMR (CDCl3, 400 MHz) δ 7.29 (d, J = 8.9 Hz, 2H), 

7.22 (d, J = 8.7 Hz, 2H), 7.17-7.07 (m, 3H), 6.91-6.88 (m, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.64 

(d, J = 8.9 Hz, 2H), 5.05 (s, 2H), 3.76 (s, 3H), 3.72 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 

169.9, 160.5, 158.8, 143.9, 130.9, 129.8, 129.8, 128.9, 128.0, 127.7, 126.3, 113.7, 112.9, 55.1, 

55.1, 53.4. HRMS (ESI) calcd for C22H22NO3 [M+H]+ 348.1594, found 348.1597. 

 

 
N-(4-methoxybenzyl)-4-methyl-N-phenylbenzamide (1h) 

1h was prepared by method B, white solid, 88% yield (1.46 g). 1H NMR (CDCl3, 400 MHz) 

δ 7.23-7.20 (m, 4H), 7.15-7.06 (m, 3H), 6.94-6.88 (m, 4H), 6.80 (d, J = 8.7 Hz, 2H), 5.05 (s, 

2H), 3.75 (s, 3H), 2.22 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 170.4, 158.8, 143.7, 139.7, 

Ph

O

N
Ph

OMe
1f CAS: 102478-88-6

O

N
Ph

OMe
1g

MeO
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O

N
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133.1, 129.8, 128.9, 128.3, 127.8, 126.4, 113.7, 55.1, 53.2, 21.2, (two aromatic carbon signal 

overlapping). HRMS (ESI) calcd for C22H22NO2 [M+H]+ 332.1645, found 332.1648. 

 

 
N-(4-methoxybenzyl)-N-phenyl-4-(trifluoromethyl)benzamide (1i) 

1i was prepared by method B, white solid, 89% yield (1.71 g). 1H NMR (CDCl3, 400 MHz) 

δ 7.41 (s, 4H), 7.23-7.20 (m, 2H), 7.18-7.10 (m, 3H), 6.88-6.86 (m, 2H), 6.81 (d, J = 8.7 Hz, 

2H), 5.06 (s, 2H), 3.77 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 169.0, 159.0, 142.6, 139.6, 

131.2 (q, JC-F = 32.2 Hz), 130.0, 129.2, 128.9, 128.0, 127.2, 124.7 (q, JC-F = 3.7 Hz), 123.6 (q, 

JC-F = 271.0 Hz), 113.8, 55.2, 53.3, (one aromatic carbon signal overlapping). HRMS (ESI) 

calcd for C22H19F3NO2 [M+H]+ 386.1362, found 386.1362. 

 

 
4-Chloro-N-(4-methoxybenzyl)-N-phenylbenzamide (1j) 

1j, white solid, 90% yield (1.58 g). 1H NMR (CDCl3, 400 MHz) δ 7.26-7.23 (m, 2H), 

7.21-7.10 (m, 7H), 6.88-6.86 (m, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.04 (s, 2H), 3.77 (s, 3H); 13C 

NMR (CDCl3, 100 MHz) δ 169.2, 158.9, 143.1, 135.6, 134.5, 130.2, 129.9, 129.4, 129.1, 

127.9, 127.9, 126.9, 113.8, 55.2, 53.3. HRMS (ESI) calcd for C21H19ClNO2 [M+H]+ 352.1099, 

found 352.1102. 

 

 
4-Bromo-N-(4-methoxybenzyl)-N-phenylbenzamide (1k) 

1k, white solid, 83% yield (1.64 g). 1H NMR (CDCl3, 400 MHz) δ 7.29-7.25 (m, 2H), 

7.21-7.11 (m, 7H), 6.88-6.86 (m, 2H), 6.80 (d, J = 8.7 Hz, 2H), 5.03 (s, 2H), 3.77 (s, 3H); 13C 

NMR (CDCl3, 100 MHz) δ 169.3, 158.9, 143.1, 134.9, 130.9, 130.4, 129.9, 129.4, 129.1, 

O

N
Ph OMe

1i
F3C

O

N
Ph OMe

1j
Cl

O

N
Ph OMe

1k
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127.9, 126.9, 124.0, 113.8, 55.2, 53.3. HRMS (ESI) calcd for C21H19BrNO2 [M+H]+ 396.0594, 

found 396.0596. 

 

 
2-Methoxy-N-(4-methoxybenzyl)-N-phenylbenzamide (1l) 

1l, colourless oil, 50% yield (0.87 g). 1H NMR (CDCl3, 400 MHz) δ 7.27-7.00 (m, 7H), 

6.89-6.74 (m, 5H), 6.59 (d, J = 8.3 Hz, 1H), 5.05 (s, 2H), 3.77 (s, 3H), 3.63 (s, 3H); 13C NMR 

(CDCl3, 100 MHz) δ 169.0, 158.7, 154.9, 142.3, 130.1, 129.7, 129.7, 128.5, 128.1, 127.8, 

126.7, 126.7, 120.1, 113.6, 110.4, 55.1, 55.0, 52.1. HRMS (ESI) calcd for C22H22NO3 [M+H]+ 

348.1594, found 348.1595. 

 

 
N-(4-methoxybenzyl)-N-phenyl-2-naphthamide (1m) 

1m, white solid, 49% yield (0.90 g). 1H NMR (CDCl3, 400 MHz) δ 7.90 (s, 1H), 7.70-7.67 

(m, 2H), 7.56 (d, J = 8.6 Hz, 1H), 7.44-7.37 (m, 2H), 7.34 (dd, J = 8.5 Hz, 1.7 Hz, 1H), 7.26 

(d, J = 8.7 Hz, 2H), 7.11-7.01 (m, 3H), 6.94-6.92 (m, 2H), 6.82 (d, J = 8.7 Hz, 2H), 5.11 (s, 

2H), 3.75 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 170.3, 158.9, 143.4, 133.4, 133.4, 132.3, 

129.9, 129.7, 129.4, 129.0, 128.5, 127.9, 127.5, 127.1, 127.0, 126.6, 126.2, 125.4, 113.7, 55.1, 

53.4. HRMS (ESI) calcd for C25H22NO2 [M+H]+ 368.1645, found 368.1646. 

 

 
N-(4-methoxybenzyl)-N-phenyl-1-naphthamide (1n) 

1n, pale yellow solid, 45% yield (0.83 g). 1H NMR (CDCl3, 400 MHz) δ 8.09 (d, J = 8.4 Hz, 

1H), 7.73-7.41 (m, 4H), 7.32-7.16 (m, 4H), 6.92-6.80 (m, 7H), 5.17 (s, 2H), 3.78 (s, 3H); 13C 

O

N
Ph OMe

1l

OMe
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N
Ph

OMe
1m

O

N
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NMR (CDCl3, 100 MHz) δ 170.2, 159.0, 142.4, 134.3, 133.2, 130.3, 130.1, 129.7, 128.9, 128.6, 

128.2, 127.6, 126.8, 126.7, 126.0, 125.5, 125.2, 124.3, 113.8, 55.2, 52.4. HRMS (ESI) calcd 

for C25H22NO2 [M+H]+ 368.1645, found 368.1645. 

 

 
N-(4-methoxybenzyl)-2,4,6-trimethyl-N-phenylbenzamide (1o) 

1o, white solid, 20% yield (0.36 g). 1H NMR (CDCl3, 400 MHz) mixture of rotamers (A:B = 

83:17), NMR data reported are for major rotamer A; δ 7.23 (d, J = 8.7 Hz, 2H), 7.05-7.03 (m, 

3H), 6.87-6.85 (m, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.58 (s, 2H), 5.08 (s, 2H), 3.77 (s, 3H), 2.20 

(s, 6H), 2.10 (s, 3H); 13C NMR (CDCl3, 100 MHz) major rotamer, δ 170.9, 158.9, 141.6, 137.6, 

134.0, 133.3, 130.3, 129.8, 128.4, 127.8, 127.0, 126.9, 113.7, 55.1, 51.9, 20.9, 19.6. HRMS 

(ESI) calcd for C24H26NO2 [M+H]+ 360.1958, found 360.1959. 

 

 
N-(4-methoxybenzyl)-N-(4-methoxyphenyl)-3-phenylpropanamide (1p) 

1p, colourless oil, 82% yield (1.54 g). 1H NMR (CDCl3, 400 MHz) δ 7.23-7.13 (m, 3H), 

7.08-7.03 (m, 4H), 6.76 (d, J = 8.6 Hz, 2H), 6.74 (d, J = 8.8 Hz, 2H), 6.64 (d, J = 8.8 Hz, 2H), 

4.75 (s, 2H), 3.76 (s, 3H), 3.75 (s, 3H), 2.92 (t, J = 7.7 Hz, 2H), 2.33 (t, J = 7.7 Hz, 2H); 13C 

NMR (CDCl3, 100 MHz) δ 172.2, 158.8, 158.7, 141.2, 134.8, 130.2, 129.7, 129.4, 128.5, 

128.2, 125.9, 114.4, 113.5, 55.3, 55.1, 52.3, 36.0, 31.7. HRMS (ESI) calcd for C24H26NO3 

[M+H]+ 376.1907, found 376.1908. 
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N-(4-methoxybenzyl)-3-phenyl-N-(4-(trifluoromethyl)phenyl)propenamide (1q) 

1q, colourless oil, 58% yield (1.20 g). 1H NMR (CDCl3, 400 MHz) δ 7.51 (d, J = 8.0 Hz, 2H), 

7.25-7.15 (m, 3H), 7.08-7.06 (m, 2H), 7.02 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.0 Hz, 2H), 6.77 

(d, J = 8.7 Hz, 2H), 4.80 (s, 2H), 3.77 (s, 3H), 2.95 (t, J = 7.5 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H); 
13C NMR (CDCl3, 100 MHz) δ 171.4, 159.0, 145.3, 140.8, 130.0, 129.0, 128.9, 128.5, 128.4, 

126.6 (q, JC-F = 3.8 Hz), 123.6 (q, JC-F = 271.1 Hz), 119.6, 113.8, 55.2, 52.3, 36.2, 31.6, (one 

aromatic carbon signal overlapping). HRMS (ESI) calcd for C24H23F3NO2 [M+H]+ 414.1675, 

found 414.1677. 

 

 
N-(4-methoxybenzyl)-N-(naphthalen-1-yl)-3-phenylpropanamide (1r) 

1r, pale yellow oil, 78 % yield (1.54 g). 1H NMR (CDCl3, 400 MHz) δ 7.87 (dd, J = 7.2 Hz, 

1.6 Hz, 1H), 7.78 (d, J = 8.3 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.53-7.45 (m, 2H), 7.28-7.23 

(m, 1H), 7.16-7.09 (m, 3H), 7.05 (d, J = 8.6 Hz, 2H), 6.96-6.93 (m, 2H), 6.74 (d, J = 8.6 Hz, 

2H), 6.63 (dd, J = 7.2 Hz, 1.2 Hz, 1H), 5.62 (d, J = 13.9 Hz, 1H), 4.09 (d, J = 13.9 Hz, 1H), 

3.76 (s, 3H), 2.94 (ddd, J = 14.9 Hz, 8.8 Hz, 7.0 Hz, 1H), 2.85 (ddd, J = 14.9 Hz, 8.8 Hz, 6.2 

Hz, 1H), 2.29 (ddd, J = 15.5 Hz, 8.8 Hz, 7.0 Hz, 1H), 2.16 (ddd, J = 15.5 Hz, 8.8 Hz, 6.2 Hz, 

1H); 13C NMR (CDCl3, 100 MHz) δ 172.6, 158.9, 141.0, 137.9, 134.6, 130.6, 130.2, 129.9, 

128.6, 128.5, 128.4, 128.2, 127.3, 127.0, 126.5, 125.9, 125.3, 122.2, 113.5, 55.1, 51.7, 35.7, 

31.6. HRMS (ESI) calcd for C27H26NO2 [M+H]+ 396.1958, found 396.1959. 
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N,N-bis(4-methoxybenzyl)-3-phenylpropanamide (1s) 

1s, colourless oil, 78 % yield (1.52 g).  1H NMR (CDCl3, 400 MHz) δ 7.27-7.17 (m, 5H), 7.11 

(d, J = 8.7 Hz, 2H), 6.97 (d, J = 8.7 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 

4.50 (s, 2H), 4.28 (s, 2H), 3.79 (s, 3H), 3.78 (s, 3H), 3.04 (t, J = 7.7 Hz, 2H), 2.71 (t, J = 7.7 

Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 172.4, 159.0, 158.9, 141.2, 129.6, 129.5, 128.4, 128.4, 

128.3, 127.6, 126.0, 114.2, 113.8, 55.2, 55.2, 49.0, 47.3, 35.0, 31.5. HRMS (ESI) calcd for 

C25H28NO3 [M+H]+ 390.2064, found 390.2068. 

 

Scheme S2 Procedure for the synthesis of tertiary amide 1t. 

 
 

To a solution of N-[(4-methoxyphenyl)methyl]benzenepropanamide (0.81 g, 3mmol) in THF 

(5 mL) was added NaH (60% suspension in paraffin oil) (0.24 g, 6 mmol) portionwise at 0 ˚C 

under argon. After the mixture was stirred at 0 ˚C for 20 mins, iodomethane (0.28 mL, 4.5 

mmol) was added dropwise and the solution was warmed up to rt and stirred there for 14 h 

under argon. The reaction was quenched with water and the mixture was extracted with ethyl 

acetate. The extracts were washed by brine, dried over Na2SO4, and filtered. Evaporation of 

the solvent followed by flash column chromatography on silica gel using hexane and ethyl 

acetate as eluents gave tertiary amide 1t as colourless oil. 

 

 
N-(4-methoxybenzyl)-N-methyl-3-phenylpropanamide (1t) 

1t, colourless oil, 89% yield (0.76 g). 1H NMR (CDCl3, 400 MHz) observed mixture of 

rotamers (A:B = 60:40), NMR data reported are for mixture of rotamers; δ 7.30-7.17 (m, 5H, 
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A & B), 7.14 (d, J = 8.6 Hz, 1.2H, A), 6.99 (d, J = 8.6 Hz, 0.8H, B), 6.86-6.82 (m, 2H, A & 

B), 4.52 (s, 1.2H, A), 4.38 (s, 0.8H, A), 3.78 (s, 3H, A & B), 3.03-2.98 (m, 2H, A & B), 2.91 

(s, 1.2H, B), 2.81 (s, 1.8H, A), 2.70-2.63 (m, 2H, A & B); 13C NMR (CDCl3, 100 MHz) No 

assignments of rotamers, the observed peaks are summarized as follow, δ 172.3, 172.0, 159.0, 

158.8, 141.31, 141.26, 129.4, 129.3, 128.4, 127.5, 126.0, 114.2, 113.8, 55.2, 55.1, 52.6, 50.1, 

35.3, 34.9, 34.4, 33.6, 31.5, 31.3, (one aromatic carbon signal overlapping for rotamers A & 

B). HRMS (ESI) calcd for C18H22NO2 [M+H]+ 284.1645, found 284.1650. 

 

 
N-allyl-N-(4-methoxybenzyl)-3-phenylpropanamide (1u) 

1u, pale yellow oil, 72% yield (1.11 g). 1H NMR (CDCl3, 400 MHz) observed mixture of 

rotamers (A:B = 60:40), NMR data reported are for mixture of rotamers; δ 7.29-7.13 (m, 6.2H, 

A & B), 6.99 (d, J = 8.7 Hz, 0.8H, B), 6.85-6.81 (m, 2H, A & B), 5.75 (ddt, J = 16.2 Hz, 12.0 

Hz, 6.0 Hz, 0.4H, B), 5.65 (ddt, J = 20.0 Hz, 10.0 Hz, 4.8 Hz, 0.6H, A), 5.18-5.03 (m, 2H, A 

& B), 4.52 (s, 1.2H, A), 4.36 (s, 0.8H, B), 4.00-3.97 (m, 0.8H, B), 3.78 (s, 3H, A & B), 

3.74-3.72 (m, 1.2H, A), 3.04-2.98 (m, 2H, A & B), 2.69-2.62 (m, 2H, A & B); 13C NMR 

(CDCl3, 100 MHz) No assignments of rotamers, the observed peaks are summarized as follow, 

δ 172.4, 172.2, 159.0, 158.9, 141.3, 141.2, 133.0, 132.6, 129.6, 129.6, 128.4, 128.4, 128.4, 

127.5, 126.0, 117.3, 116.6, 114.2, 113.8, 55.2, 55.2, 49.4, 48.7, 47.8, 47.7, 35.0, 34.8, 31.5, 

(one aliphatic carbon signal and three aromatic carbon signal overlapping for rotamers A & B) 

HRMS (ESI) calcd for C20H24NO2 [M+H]+ 310.1802, found 310.1805. 

 

 
N-cyclohexyl-N-(4-methoxybenzyl)-3-phenylpropanamide (1v) 

1v, colourless oil, 90% yield (1.58 g). 1H NMR (CDCl3, 400 MHz) observed mixture of 

rotamers (A:B = 60:40), NMR data reported are for mixture of rotamers; δ 7.32-7.16 (m, 5.8 

H, A & B), 7.00 (d, J = 8.6 Hz, 1.2 H, A), 6.83-6.78 (m, 2H, A & B), 4.54-4.46 (m, 0.6 H, A), 
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4.50 (s, 0.8 H, B), 4.30 (s, 1.2 H, A), 3.78 (s, 1.8H, A), 3.78 (s, 1.2H, B), 3.62-3.54 (m, 0.4H, 

B), 3.05 (t, J = 7.9 Hz, 0.8H, B), 2.95 (t, J = 7.6 Hz, 1.2H, A), 2.74 (t, J = 7.9 Hz, 0.8H, B), 

2.52 (t, J = 7.6 Hz, 1.2H, A), 1.75-1.53 (m, 5H, A & B), 1.42-0.95 (m, 5H, A & B); 13C NMR 

(CDCl3, 100 MHz) No assignments of rotamers, the observed peaks are summarized as follow, 

δ 172.8, 172.1, 158.5, 158.2, 141.5, 141.3, 131.9, 130.5, 128.5, 128.5, 128.4, 128.3, 128.2, 

126.8, 126.1, 125.9, 113.9, 113.5, 57.5, 55.2, 55.1, 53.8, 46.0, 44.1, 35.8, 35.6, 32.0, 31.8, 31.7, 

30.6, 25.9, 25.7, 25.4, 25.2. HRMS (ESI) calcd for C23H30NO2 [M+H]+ 352.2271, found 

352.2275. 

 

 
N-(4-methoxybenzyl)-N-(methylsulfonyl)-3-phenylpropanamide (1w) 

1w, colourless oil, 41% yield (0.71 g). 1H NMR (CDCl3, 400 MHz) δ 7.28-7.24 (m, 2H), 

7.22-7.14 (m, 5H), 6.84 (d, J = 8.7 Hz, 2H), 4.90 (s, 2H), 3.78 (s, 3H), 3.01-2.97 (m, 5H), 

2.94-2.89 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ 173.1, 159.2, 140.2, 129.0, 128.5, 128.4, 

128.1, 126.4, 114.2, 55.2, 48.2, 42.8, 38.0, 30.8. HRMS (ESI) calcd for C18H21NO4SNa 

[M+Na]+ 370.1084, found 370.1083. 

 

 
N-(4-methoxybenzyl)-3-phenyl-N-tosylpropanamide (1x) 

1x, pale yellow solid, 40% yield (0.85 g). 1H NMR (CDCl3, 400 MHz) δ 7.55 (d, J = 8.5 Hz, 

2H), 7.27-7.14 (m, 7H), 6.99-6.97 (m, 2H), 6.83 (d, J = 8.7 Hz, 2H), 4.99 (s, 2H), 3.79 (s, 3H), 

2.90-2.81 (m, 4H), 2.40 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 172.4, 159.1, 144.6, 140.2, 

136.8, 129.6, 129.5, 128.7, 128.3, 128.2, 127.6, 126.1, 113.9, 55.2, 48.7, 37.9, 30.6, 21.5. 

HRMS (ESI) calcd for C24H26NO4S [M+H]+ 424.1577, found 424.1579. 
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N-(naphthalen-1-ylmethyl)-N,3-diphenylpropanamide (1y) 

1y, pale yellow oil, 81% yield (1.48 g). 1H NMR (CDCl3, 400 MHz) δ 8.14 (d, J = 7.4 Hz, 

1H), 7.81 (dd, J = 7.7 Hz, 1.9Hz, 1H), 7.69 (d, J = 8.3 Hz, 1H), 7.52-7.44 (m, 2H), 7.21-7.05 

(m, 9H), 6.93 (d, J = 6.9 Hz, 1H), 6.61 (d, J = 6.7 Hz, 2H), 5.37 (s, 2H), 2.97 (t, J = 7.7 Hz, 

2H), 2.37 (t, J = 7.7 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 171.6, 141.4, 141.1, 133.6, 132.5, 

131.7, 129.2, 128.5, 128.4, 128.4, 128.3, 128.2, 128.2, 127.8, 126.4, 125.9, 125.7, 124.9, 124.1, 

50.3, 36.2, 31.6. HRMS (ESI) calcd for C26H24NO [M+H]+ 366.1852, found 366.1858. 

 

 
N-(2-methoxybenzyl)-N,3-diphenylpropanamide (1z) 

1z, colourless oil, 85% yield (1.47 g). 1H NMR (CDCl3, 400 MHz) δ 7.24-7.13 (m, 8H), 7.07 

(d, J = 7.2 Hz, 2H), 6.87-6.83 (m, 3H), 6.72 (d, J = 8.1 Hz, 1H), 4.93 (s, 2H), 3.53 (s, 3H), 

2.95 (t, J = 7.7 Hz, 2H), 2.40 (t, J = 7.7 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 172.0, 157.2, 

142.6, 141.2, 129.7, 129.1, 128.5, 128.3, 128.2, 128.2, 127.5, 125.9, 125.3, 120.3, 110.1, 54.9, 

47.5, 36.1, 31.7. HRMS (ESI) calcd for C23H24NO2 [M+H]+ 346.1802, found 346.1807. 

 

 
N-benzyl-N,3-diphenylpropanamide (1aa) 

1aa, colourless oil, 91% yield (1.44 g). 1H NMR (CDCl3, 400 MHz) δ 7.25-7.11 (m, 11H), 

7.07-7.05 (m, 2H), 6.79-6.77 (m, 2H), 4.86 (s, 2H), 2.94 (t, J = 7.7 Hz, 2H), 2.37 (t, J = 7.7 

Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 171.9, 142.2, 141.1, 137.4, 129.4, 128.7, 128.4, 128.3, 

128.24, 128.22, 127.8, 127.2, 125.9, 52.9, 36.0, 31.7. HRMS (ESI) calcd for C22H22NO 

[M+H]+ 316.1696, found 316.1697. 
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4. A typical procedure for transformation of tertiary amide 1a to acyl fluoride 2a by 
Cu(II)-catalyzed N–C amide bond cleavage (Table 1, entry 1)  
 

Scheme S3 

 
 

CuBr2 (0.9 mg, 4 µmmol, 2 mol% of Cu), Selectfluor (106.3 mg, 0.30 mmol), and N-(4-

methoxybenzyl)-N-phenyl-3-phenylpropanamide (1a) (69.1 mg, 0.20 mmol), were placed in 

an oven dried 10 mL Schlenk tube. The tube was evacuated and then re-filled with argon gas 

for 3 cycles. MeCN (1.0 mL) was added successively. The tube was placed in a preheated oil 

bath at 80 °C and stirred for 1 h equipped with argon balloon. The reaction was cooled down 

to rt, and the mixture was passed through a short pad of silica gel with ethyl acetate as eluent. 

Volatiles were removed on a rotary evaporator, and the crude mixture was subjected to NMR 

analysis. Conversion of 1a and yield of 2a in the crude mixture was determined by 1H and 19F 

NMR using 1,1,2,2-tetrachloroethane (Cl2CHCHCl2) and 4,4’-difluorobenzophenone as 

internal standard.  
 

Figure S2. 19F NMR chart of crude mixture (Table 1, entry 1). Illustration for determination 
NMR yield of 2a 
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1a (Ar = p-MeOC6H4)

CuBr2 (2 mol%)
Selectfluor (1.5 equiv)

MeCN (0.2 M)
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I.S. = 4,4’-difluorobenzophenone
(0.10 mmol, 21.8 mg)

O

F

2a, 82% yield
19F NMR (376 MHz CDCl3)

Fluoro Signal Peak Area Integration Ratio, 2a: I.S. = 0.82 : 1.00
Therefore, 2a was found 0.164mmol in the reaction crude mixture
82% NMR yield
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5. Reaction condition screening  
 
Table S1. Transformation of tertiary amide 1a into acyl fluoride 2a by Cu(II)-catalyzed 
cleavage of the N–C amide bond [a] 

 

 
 

Entry Variations from standard 
conditions 

Conv(%)[b]  Yield(%)[c] 

1 none >99 82(86) 

2 MeCN (0.1M) >99 76 

3 Without CuBr2 56 <1 

4 Atmospheric conditions >99 71 

5 CuBr2 (10 mol%) 90 72 

6 Cu(OAc)2 >99 78 

7 CuBr >99 82 

8 CuI >99 81 

9 CuBr2/bpy[d] 93 73 

10 AgNO3 (10 mol%) 69 1 

11 AgF (10 mol%) 65 <1 

12 NFSI[e] (1.5 equiv) 71 53 

13 N-Fluoropyridinium 

tetrafluoroborate (1.5 equiv) 

30 15 

14 

15[g] 

Selectfluor-PF6[f] (1.5 equiv) 

Selectfluor (0.0 equiv) 

>99 

<10 

74 

(0) 

16 Selectfluor (1.0 equiv) 82 42 

17 Selectfluor (2.0 equiv) >99 81 

18 ClCH2CH2Cl <5 <1 

19 at 60 °C >99 81 

20 at 90 °C >99 81(84) 
[a] Reaction conditions: 1a (0.20 mmol), Selectfluor (0.30 mmol), CuBr2 (4 µmmol, 2.0 mol% of Cu), and 
MeCN (1.0 mL) at 80 °C for 1 h under argon. [b] The conversion of 1a was determined by 1H NMR of the 
crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. [c] The yield of 2a was 
determined by 19F NMR of the crude reaction mixture using 4,4'-difluorobenzophenone as an internal 
standard. Isolated yields of one-port transamidation product, N-Benzyl-3-phenylpropionamide, are shown 
in parentheses. [d] Use of 2 mol% of bpy, 2,2'-bipyridine. [e] NFSI, N-fluorobenzenesulfonimide. [f] 

Ph N Ar

O

Ph
1a (Ar = p-MeOC6H4)

CuBr2 (2 mol%)
Selectfluor (1.5 equiv)

MeCN (0.2 M)
80 °C, 1 h

under Argon

Ph F
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Selectfluor-PF6, 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(hexafluorophosphate). [g] 
CuBr2, 50 mol% 
 
Attempts on the reactions of N,N-diethyl-3-phenylpropanamide and N-butyl-N,3-
diphenylpropanamide  
 

 
 
6. A typical procedure for transamidation of tertiary amide 1 to 3 by Cu(II)-catalyzed 
N–C amide bond cleavage (Tables 2 & 3) 
 
Scheme S4 

 
 
CuBr2 (0.9 mg, 4 µmmol, 2 mol% of Cu), Selectfluor (106.3 mg, 0.30 mmol), and 

corresponding tertiary amide (1) (0.20 mmol), were placed in an oven dried 10 mL Schlenk 

tube. The tube was evacuated and then re-filled with argon gas for 3 cycles. MeCN (1.0 mL) 

were added successively. The tube was placed in a preheated oil bath at 80 °C and stirred for 

1 h equipped with argon balloon. Subsequently, corresponding amine (0.4 mmol) and Et3N (56 

µL, 0.4 mmol) was added in sequence to the reaction mixture at 0 ˚C and the reaction was 

stirred at rt for 3 to 24 h with argon balloon. Volatiles were removed on a rotary evaporator, 

and the crude mixtures was purified by silica gel flash chromatography with hexane and ethyl 

acetate as eluents. Further purification by PTLC was performed using Merck silica gel (PTLC 

60 F254, 0.5 mm) if necessary. 

The specific reaction time for step 2 in Table 2 are shown in the following: 

For 3 h: 1a, 1b, 1f, 1g, 1h, and 1p~1z; For 6 h: 1i~1k, and 1m; For 12 h: 1l and 1n;  

For 24 h: 1o 

Ph NR1R2

O CuBr2 (2 mol%)
Selectfluor (1.5 equiv)

MeCN (0.2 M)
80 °C, 1 h

under Argon
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O
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82%

Ph N

O

Ph N

O

Ph
< 1% 3%

Reaction conditions: tertiary amide (0.20 mmol), Selectfluor (0.30 mmol), CuBr2 (4 μmol, 2.0 mol% 
of Cu), and MeCN (1.0 mL) at 80 °C for 1 h. The yield of 2a was determined by a 19F NMR 
analysis of the crude reaction mixture using 4,4'-difluorobenzophenone as an internal standard.
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MeCN (0.2 M)
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The specific reaction time for step 2 in Table 3 are shown in the following: 

For 3 h: 3a; For 6 h: 3p and 3u; For 12 h: 3q, 3r, 3t, 3v, and 3w; For 24 h: 3s 

 

7. Characterization data of transamidation products 3 

 

 
N-benzyl-3-phenylpropanamide (3a) 

3a, white solid, 86% yield. 1H NMR (CDCl3, 400 MHz) δ 7.30-7.23 (m, 5H), 7.22-7.17 (m, 

2H), 7.14-7.11 (m, 2H), 5.77 (br s, 1H), 4.37 (d, J = 5.7 Hz, 2H), 2.97 (t, J = 7.7 Hz, 2H), 2.49 

(t, J = 7.7 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 171.9, 140.7, 138.1, 128.6, 128.5, 128.3, 

127.7, 127.4, 126.2, 43.5, 38.4, 31.7. HRMS (ESI) calcd for C16H18NO [M+H]+ 240.1383, 

found 240.1382. 

 
N-benzyl-2-phenylacetamide (3b) 

3b, white solid, 52% yield. 1H NMR (CDCl3, 400 MHz) δ 7.36-7.22 (m, 8H), 7.18-7.14 (m, 

2H), 5.81 (br s, 1H), 4.39 (d, J = 5.8 Hz, 2H), 3.61 (s, 2H); 13C NMR (CDCl3, 100 MHz) δ 

170.8, 138.1, 134.7, 129.4, 129.0, 128.6, 127.4, 127.4, 127.3, 43.7, 43.5. HRMS (ESI) calcd 

for C15H16NO [M+H]+ 226.1226, found 226.1228. 

 

 
N-benzylcyclohexanecarboxamide (3c) 

3c, white solid, 90% yield. 1H NMR (CDCl3, 400 MHz) δ 7.36-7.22 (m, 5H), 5.86 (br s, 1H), 

4.42 (d, J = 5.7 Hz, 2H), 2.11 (tt, J = 11.8 Hz, 3.5 Hz, 1H), 1.90-1.65 (m, 5H), 1.51-1.41 (m, 

2H), 1.31-1.18 (m, 3H); 13C NMR (CDCl3, 100 MHz) δ 175.9, 138.5, 128.6, 127.6, 127.4, 

45.5, 43.3, 29.7, 25.7, (one cyclohexyl carbon signal overlapping). HRMS (ESI) calcd for 

C14H20NO [M+H]+ 218.1539, found 218.1540. 
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N-benzylpivalamide (3d) 

3d, white solid, 78% yield. 1H NMR (CDCl3, 400 MHz) δ 7.36-7.24 (m, 5H), 5.96 (br s, 1H), 

4.43 (d, J = 5.6 Hz, 2H), 1.23 (m, 9H); 13C NMR (CDCl3, 100 MHz) δ 178.2, 138.6, 128.6, 

127.6, 127.4, 43.5, 38.7, 27.6. HRMS (ESI) calcd for C12H18NO [M+H]+ 192.1383, found 

192.1384. 

 

 
N-benzylcinnamamide (3e) 

3e, pale yellow solid, 75% yield. 1H NMR (CDCl3, 400 MHz) δ 7.66 (d, J = 15.6 Hz, 1H), 

7.48-7.43 (m, 2H), 7.35-7.25 (m, 8H), 6.44 (d, J = 15.6 Hz, 1H), 6.23 (br s, 1H), 4.54 (d, J = 

5.8 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 165.8, 141.3, 138.1, 134.7, 129.7, 128.76, 128.68, 

127.85, 127.76, 127.5, 120.4, 43.8. HRMS (ESI) calcd for C16H16NO [M+H]+ 238.1226, found 

238.1229. 

 

 
N-benzylbenzamide (3f) 

3f, white solid, 91% yield. 1H NMR (CDCl3, 400 MHz) δ 7.80-7.77 (m, 2H), 7.51-7.46 (m, 

1H), 7.43-7.38 (m, 2H), 7.35-7.26 (m, 5H), 6.57 (br s, 1H), 4.63 (d, J = 5.7 Hz, 2H); 13C NMR 

(CDCl3, 100 MHz) δ 167.3, 138.2, 134.3, 131.5, 128.7, 128.5, 127.9, 127.6, 126.9, 44.0. 

HRMS (ESI) calcd for C14H14NO [M+H]+ 212.1070, found 212.1070. 
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N-benzyl-4-methoxybenzamide (3g) 

3g, white solid, 95% yield. 1H NMR (CDCl3, 400 MHz) δ 7.76 (d, J = 8.8 Hz, 2H), 7.34-7.26 

(m, 5H), 6.89 (d, J = 8.8 Hz, 2H), 6.52 (br s, 1H), 4.60 (d, J = 5.7 Hz, 2H), 3.83 (s, 3H); 13C 

NMR (CDCl3, 100 MHz) δ 166.8, 162.1, 138.4, 128.7, 128.7, 127.8, 127.5, 126.6, 113.7, 55.3, 

44.0. HRMS (ESI) calcd for C15H16NO2 [M+H]+ 242.1176, found 242.1175. 

 

 
N-benzyl-4-methylbenzamide (3h) 

3h, white solid, 93% yield. 1H NMR (CDCl3, 400 MHz) δ 7.68 (d, J = 8.3 Hz, 2H), 7.34-7.25 

(m, 5H), 7.20 (d, J = 7.6 Hz, 2H), 6.56 (br s, 1H), 4.61 (d, J = 5.7 Hz, 2H), 2.38 (s, 3H); 13C 

NMR (CDCl3, 100 MHz) δ 167.3, 141.9, 138.3, 131.4, 129.2, 128.7, 127.8, 127.5, 126.9, 44.0, 

21.4. HRMS (ESI) calcd for C15H16NO [M+H]+ 226.1226, found 226.1227. 

 

 
N-benzyl-4-(trifluoromethyl)benzamide (3i) 

3i, white solid, 80% yield. 1H NMR (CDCl3, 400 MHz) δ 7.89 (d, J = 8.0 Hz, 2H), δ 7.67 (d, 

J = 8.0 Hz, 2H), 7.38-7.28 (m, 5H), 6.58 (br s, 1H), 4.64 (d, J = 5.5 Hz, 2H); 13C NMR 

(CD3OD, 100 MHz) δ 168.7, 139.9, 139.4, 134.1 (q, JC-F = 32.2 Hz), 129.6, 129.1, 128.6, 

128.3, 126.6 (q, JC-F = 3.8 Hz), 125.3 (q, JC-F = 270.2 Hz), 44.7. HRMS (ESI) calcd for 

C15H13F3NO [M+H]+ 280.0944, found 280.0944. 
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N-benzyl-4-chlorobenzamide (3j) 

3j, white solid, 82% yield. 1H NMR (CDCl3, 400 MHz) δ 7.71 (d, J = 8.6 Hz, 2H), 7.39-7.27 

(m, 7H), 6.54 (br s, 1H), 4.60 (d, J = 5.7 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 166.3, 137.9, 

137.8, 132.7, 128.8, 128.4, 127.9, 127.7, 44.2, (one aromatic carbon signal overlapping). 

HRMS (ESI) calcd for C14H13ClNO [M+H]+ 246.0680, found 246.0679. 

 

 
N-benzyl-4-bromobenzamide (3k) 

3k, white solid, 72% yield. 1H NMR (CDCl3, 400 MHz) δ 7.64 (d, J = 8.5 Hz, 2H), 7.54 (d, J 

= 8.5 Hz, 2H), 7.39-7.27 (m, 5H), 6.52 (br s, 1H), 4.60 (d, J = 5.6 Hz, 2H); 13C NMR (CDCl3, 

100 MHz) δ 166.4, 137.9, 133.2, 131.8, 128.8, 128.6, 127.9, 127.7, 126.2, 44.2. HRMS (ESI) 

calcd for C14H13BrNO [M+H]+ 290.0175, found 290.0177. 

 

 
N-benzyl-2-methoxybenzamide (3l) 

3l, colourless oil, 94% yield. 1H NMR (CDCl3, 400 MHz) δ 8.26 (dd, J = 7.8 Hz, 1.8 Hz, 1H), 

8.21 (br s, 1H), 7.47-7.42 (m, 1H), 7.38-7.25 (m, 5H), 7.09 (t, J = 7.8 Hz, 1H), 6.96 (d, J = 

8.3 Hz, 1H), 4.69 (d, J = 5.7 Hz, 2H), 3.90 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 165.3, 

157.4, 138.8, 132.8, 132.4, 128.6, 127.4, 127.2, 121.3, 121.3, 111.2, 55.9, 43.7. HRMS (ESI) 

calcd for C15H16NO2 [M+H]+ 242.1176, found 242.1176. 
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N-benzyl-2-naphthamide (3m) 

3m, white solid, 85% yield. 1H NMR (CDCl3, 400 MHz) δ 8.30 (s, 1H), 7.89-7.83 (m, 4H), 

7.57-7.49 (m, 2H), 7.40-7.28 (m, 5H), 6.63 (br s, 1H), 4.70 (d, J = 5.6 Hz, 2H); 13C NMR 

(CDCl3, 100 MHz) δ 167.4, 138.2, 134.7, 132.6, 131.6, 128.9, 128.8, 128.5, 128.0, 127.7, 

127.6, 127.4, 126.7, 123.6, 44.2, (one aromatic carbon signal overlapping). HRMS (ESI) calcd 

for C18H16NO [M+H]+ 262.1226, found 262.1226. 

 

 
N-benzyl-1-naphthamide (3n) 

3n, white solid, 82% yield. 1H NMR (CDCl3, 400 MHz) δ 8.34 (d, J = 7.7 Hz, 1H), 7.91-7.84 

(m, 2H), 7.61-7.49 (m, 3H), 7.44-7.27 (m, 6H), 6.33 (br s, 1H), 4.71 (d, J = 5.7 Hz, 2H); 13C 

NMR (CDCl3, 100 MHz) δ 169.4, 138.1, 134.3, 133.7, 130.7, 130.2, 128.8, 128.3, 127.9, 

127.6, 127.1, 126.4, 125.4, 124.9, 124.7, 44.1. HRMS (ESI) calcd for C18H16NO [M+H]+ 

262.1226, found 262.1226. 

 

 
N-benzyl-2,4,6-trimethylbenzamide (3o) 

3o, white solid, 70% yield. 1H NMR (CDCl3, 400 MHz) δ 7.35-7.25 (m, 5H), 6.81 (s, 2H), 

5.94 (br s, 1H), 4.61 (d, J = 5.7 Hz, 2H), 2.27 (s, 6H), 2.25 (s, 3H); 13C NMR (CDCl3, 100 

MHz) δ 170.3, 138.4, 138.0, 134.6, 134.1, 128.7, 128.1, 128.0, 127.6, 43.8, 21.0, 19.1. HRMS 

(ESI) calcd for C17H20NO [M+H]+ 254.1539, found 254.1540. 
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(R)-3-Phenyl-N-(1-phenylethyl)propenamide (3p) 

3p, white solid, 91% yield. 1H NMR (CDCl3, 400 MHz) δ 7.31-7.15 (m, 10H), 5.63 (d, J = 

6.8 Hz, 1H), 5.13-5.05 (m, 1H), 2.95 (t, J = 7.6 Hz, 2H), 2.52-2.40 (m, 2H), 1.39 (d, J = 7.0 

Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ 171.0, 143.0, 140.7, 128.5, 128.5, 128.4, 127.2, 126.2, 

126.1, 48.5, 38.5, 31.7, 21.5. HRMS (ESI) calcd for C17H20NO [M+H]+ 254.1539, found 

254.1540. 

 

 
N-(tert-butyl)-3-phenylpropanamide (3q) 

3q, white solid, 90% yield. 1H NMR (CDCl3, 400 MHz) δ 7.30-7.26 (m, 2H), 7.22-7.18 (m, 

3H), 5.12 (br s, 1H), 2.94 (t, J = 7.6 Hz, 2H), 2.38 (t, J = 7.6 Hz, 2H), 1.28 (s, 9H); 13C NMR 

(CDCl3, 100 MHz) δ 171.3, 141.0, 128.4, 126.1, 51.1, 39.5, 31.8, 28.7, (one aromatic carbon 

signal overlapping). HRMS (ESI) calcd for C13H20NO [M+H]+ 206.1539, found 206.1543. 

 

 
N-tricyclo[3.3.1.13,7]dec-1-ylbenzenepropanamide (3r) 

3r, white solid, 88% yield. 1H NMR (CDCl3, 400 MHz) δ 7.30-7.26 (m, 2H), 7.22-7.17 (m, 

3H), 4.98 (br s, 1H), 2.93 (t, J = 7.6 Hz, 2H), 2.37 (t, J = 7.6 Hz, 2H), 2.04 (br s, 3H), 1.92 (br 

d, J = 2.9 Hz, 6H), 1.65 (br t, J = 3.0 Hz, 6H); 13C NMR (CDCl3, 100 MHz) δ 171.1, 141.0, 

128.4, 126.1, 51.7, 41.5, 39.5, 36.3, 31.8, 29.3, (one aromatic carbon signal overlapping). 

HRMS (ESI) calcd for C19H26NO [M+H]+ 284.2009, found 284.2009. 
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3-Phenyl-N-(2-phenylpropan-2-yl)propenamide (3s) 

3s, white solid, 72% yield. 1H NMR (CDCl3, 400 MHz) δ 7.32-7.17 (m, 10H), 5.64 (br s, 1H), 

2.93 (t, J = 7.5 Hz, 2H), 2.45 (t, J = 7.5 Hz, 2H), 1.62 (s, 6H); 13C NMR (CDCl3, 100 MHz) 

δ 170.9, 146.7, 140.9, 128.5, 128.3, 126.5, 126.2, 124.6, 55.8, 39.1, 31.6, 28.9, (one aromatic 

carbon signal overlapping). HRMS (ESI) calcd for C18H22NO [M+H]+ 268.1696, found 

268.1696. 

 

 
N,3-diphenylpropanamide (3t) 

3t, pale yellow solid, 86% yield. 1H NMR (CDCl3, 400 MHz) δ 7.42 (d, J = 7.9 Hz, 2H), 7.38 

(br s, 1H), 7.29-7.17 (m, 7H), 7.07 (t, J = 7.4 Hz, 1H), 3.02 (t, J = 7.6 Hz, 2H), 2.62 (t, J = 7.6 

Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 170.5, 140.6, 137.7, 128.9, 128.6, 128.3, 126.3, 124.3, 

120.0, 39.3, 31.5. HRMS (ESI) calcd for C15H16NO [M+H]+ 226.1226, found 226.1227. 

 

 
3-Phenyl-1-(1-pyrrolidinyl)-1-propanone (3u) 

3u, colourless oil, 83% yield. 1H NMR (CDCl3, 400 MHz) δ 7.31-7.17 (m, 5H), 3.46 (t, J = 

6.7 Hz, 2H), 3.28 (t, J = 6.7 Hz, 2H), 2.99 (t, J = 7.9 Hz, 2H), 2.56 (t, J = 7.9 Hz, 2H), 1.92-1.78 

(m, 4H); 13C NMR (CDCl3, 100 MHz) δ 170.6, 141.5, 128.4, 128.3, 126.0, 46.4, 45.5, 36.7, 

31.1, 26.0, 24.3. HRMS (ESI) calcd for C13H18NO [M+H]+ 204.1383, found 204.1383. 
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N-methoxy-N-methyl-3-phenylpropanamide (3v) 

3v, colourless oil, 81% yield. 1H NMR (CDCl3, 400 MHz) δ 7.32-7.18 (m, 5H), 3.61 (s, 3H), 

3.18 (s, 3H), 2.98-2.94 (m, 2H), 2.74 (t, J = 7.8 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 

173.6, 141.3, 128.4, 126.1, 61.2, 33.8, 32.1, 30.7, (one aromatic carbon signal overlapping). 

HRMS (ESI) calcd for C11H16NO2 [M+H]+ 194.1176, found 194.1179. 

 

 
4-Chloro-N-(2-morpholinoethyl)benzamide (3w) 

3w, white solid, 90% yield. 1H NMR (CDCl3, 400 MHz) δ 7.72 (d, J = 8.5 Hz, 2H), 7.40 (d, 

J = 8.5 Hz, 2H), 6.84 (br s, 1H), 3.72 (t, J = 4.7 Hz, 4H), 3.56-3.51 (m, 2H), 2.60 (t, J = 6.0 

Hz, 2H), 2.50 (t, J = 4.4 Hz, 4H); 13C NMR (CDCl3, 100 MHz) δ 166.3, 137.5, 132.9, 128.7, 

128.3, 66.9, 56.7, 53.2, 36.0. HRMS (ESI) calcd for C13H18ClN2O2 [M+H]+ 269.1051, found 

269.1051. 
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8. A typical procedure for transesterification of tertiary amide 1a to 4 by Cu(II)-
catalyzed N–C amide bond cleavage (Table 3) 
 
Scheme S5 
 

 
 
 
CuBr2 (0.9 mg, 4 µmmol, 2 mol% of Cu), Selectfluor (107 mg, 0.30 mmol), and N-(4-

methoxybenzyl)-N-phenyl-3-phenylpropanamide (1a) (69.1 mg, 0.20 mmol), were placed in 

an oven dried 10 mL Schlenk tube. The tube was evacuated and then re-filled with argon gas 

for 3 cycles. MeCN (1.0 mL) were added successively. The tube was placed in a preheated oil 

bath at 80 °C and stirred for 1 h equipped with argon balloon. Subsequently, corresponding 

alcohol (2.0 mmol), DMAP (24 mg, 0.20 mmol) and Et3N (56 µL, 0.40 mmol) were added in 

sequence to the reaction mixture at 0 ˚C and the reaction was stirred at rt for 14 h equipped 

with argon balloon. Volatiles were removed on a rotary evaporator, and the crude mixtures was 

purified by silica gel flash chromatography with hexane and ethyl acetate as eluents.  

 

Transesterification of tertiary amide 1w and 1x to 4a (in table 2) was conducted in a same 

manner as described above, gave 4a in 67% and 70% yield, repectively.     
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9. Characterization data of transesterification products 4 

 

 
Ethyl 3-phenylpropanoate (4a) 

4a, colourless oil, 86% yield. 1H NMR (CDCl3, 400 MHz) δ 7.30-7.17 (m, 2H), 7.21-7.17 

(m, 3H), 4.12 (q, J = 7.2 Hz, 2H), 2.95 (t, J = 7.7 Hz, 2H), 2.62 (t, J = 7.7 Hz, 2H), 1.23 (t, J = 

7.2 Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ 172.9, 140.6, 128.4, 128.3, 126.2, 60.4, 35.9, 

30.9, 14.2. HRMS (ESI) calcd for C11H14O2Na [M+Na]+ 201.0886, found 201.0889. 

 

 
Benzyl 3-phenylpropanoate (4b) 

4b, colourless oil, 90% yield. 1H NMR (CDCl3, 400 MHz) δ 7.36-7.16 (m, 10H), 5.10 (s, 2H), 

2.96 (t, J = 7.6 Hz, 2H), 2.67 (t, J = 7.6 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 172.7, 140.4, 

135.9, 128.51, 128.47, 128.3, 128.2, 126.2, 66.2, 35.8, 30.9, (one aromatic carbon signal 

overlapping). HRMS (ESI) calcd for C16H16O2Na [M+Na]+ 263.1043, found 263.1049. 

 

 
(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 3-phenylpropanoate (4c) 

4c, colourless oil, 84% yield. 1H NMR (CDCl3, 400 MHz) δ 7.29–7.25 (m, 2H), 7.21–7.17 

(m, 3H), 4.67 (td, J = 10.9, 4.4 Hz, 1H), 2.97–2.93 (m, 2H), 2.61 (dd, J = 8.2 Hz, 6.6 Hz, 2H), 

1.96–1.91 (m, 1H), 1.76–1.61 (m, 3H), 1.53–1.39 (m, 1H), 1.37–1.29 (m, 1H), 1.08–0.97 (m, 

1H), 0.96–0.81 (m, 8H), 0.70 (d, J = 7.0 Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ 172.5, 140.5, 

128.4, 128.3, 126.2, 74.1, 46.9, 40.8, 36.2, 34.2, 31.3, 31.0, 26.1, 23.3, 22.0, 20.7, 16.2. HRMS 

(ESI) calcd for C19H28O2Na [M+Na]+ 311.1982, found 311.1983. 
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10. Synthesis of unsymmetrical ketone 5 from tertiary amide 1a (Scheme 1) 
 
Scheme S6 

 
 

CuBr2 (0.9 mg, 4 µmmol, 2 mol% of Cu), Selectfluor (106.3 mg, 0.30 mmol), and N-(4-

methoxybenzyl)-N-phenyl-3-phenylpropanamide (1a) (69.1 mg, 0.20 mmol), were placed in 

an oven dried 10 mL Schlenk tube. The tube was evacuated and then re-filled with argon gas 

for 3 cycles. MeCN (1.0 mL) were added successively. The tube was placed in a preheated oil 

bath at 80 °C and stirred for 1 h equipped with argon balloon. Subsequently, thiophene (32 µL, 

0.4 mmol), Me3SiOTf (88 µL, 0.48 mmol), and Et3N (56 µL, 0.40 mmol) were added in 

sequence to the reaction mixture at 0 ˚C and the reaction was stirred at rt for 12 h with argon 

balloon. Volatiles were removed on a rotary evaporator, and the crude mixtures was purified 

by silica gel flash chromatography with hexane and ethyl acetate as eluents.  

 

 
3-Phenyl-1-(thiophen-2-yl)propan-1-one (5) 

5, colourless oil, 58% yield. 1H NMR (CDCl3, 400 MHz) δ 7.68 (dd, J = 3.8 Hz, 1.1 Hz, 1H), 

7.62 (dd, J = 4.9 Hz, 1.1 Hz, 1H), 7.32–7.18 (m, 5H), 7.11 (dd, J = 4.9 Hz, 3.8 Hz, 1H), 3.25–

3.21 (m, 2H), 3.09–3.05 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ 192.1, 144.1, 141.0, 133.6, 

131.8, 128.5, 128.4, 128.1, 126.2, 41.1, 30.3. HRMS (ESI) calcd for C13H13OS [M+H]+ 

217.0682, found 217.0684. 
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11. Procedure for synthesis of dipeptides 6, dl-8, 11, and 13  
 

Scheme S7 

 
To a solution of N-phthaloyl-glycine (616 mg, 3 mmol) and HATU [CAS: 148893-10-1] (1.37 

g, 3.6 mmol) in DMF (3 mL) was added A13[9] (691 mg, 3.3 mmol) (pre-dissolved in 3 mL of 

CH2Cl2) followed by N,N-diisopropylethylamine (DIPEA) (0.63 mL, 3.6 mmol) dropwise at 0 

˚C, and the mixture was stirred at rt for 18 h under argon. After adding water, the reaction 

mixture was extracted with ethyl acetate, and the extracts were washed by 1M aq. HCl, 

saturated NaHCO3 aq. solution, and brine, dried over Na2SO4 and filtered. Evaporation of the 

solvent followed by flash column chromatography on silica gel using hexane and ethyl acetate 

as eluents gave dipeptide 6 in 86% yield as white solid. 

 

 
Methyl N-(2-(1,3-dioxoisoindolin-2-yl)acetyl)-N-(4-methoxybenzyl)glycinate (6) 

6, white solid, 86% yield (1.02 g). 1H NMR (CDCl3, 400 MHz) observed mixture of rotamers 

(A:B = 70:30), NMR data reported are for mixture of rotamers; δ 7.89-7.85 (m, 2H, A & B), 

7.74-7.71 (m, 2H, A & B), 7.25 (d, J = 8.6 Hz, 1.4H, A), 7.17 (d, J = 8.6 Hz, 0.6H, B), 6.94 

(d, J = 8.6 Hz, 1.4H, A), 6.85 (d, J = 8.6 Hz, 0.6H, B), 4.66 (s, 1.4H, A), 4.65 (s, 1.4H, A), 4.59 

(s, 0.6H, B), 4.49 (s, 0.6H, B), 4.04 (s, 1.4H, A), 4.02 (s, 0.6H, B), 3.82 (s, 2.1H, A), 3.79 (s, 

0.9H, B), 3.76 (s, 0.9H, B), 3.69 (s, 2.1H, A); 13C NMR (CDCl3, 100 MHz) NMR data reported 

are for mixture of rotamers. No assignments of rotamers, the observed peaks are summarized 

as follow, δ 169.2, 168.9, 167.8, 166.6, 166.3, 159.5, 159.3, 134.0, 132.2, 130.1, 128.2, 127.7, 

126.5, 123.5, 123.4, 114.5, 114.1, 55.3, 55.2, 52.6, 52.1, 50.9, 49.9, 47.6, 46.9, 39.1, 39.0, (one 

 
[9] A13 was prepared according to the literature: T. Conroy, M. Manohar, Y. Gong, S. M. Wilkinson, M. Webster,   
     B. P. Lieberman, S. D. Banister, T. A. Reekie, R. H. Mach, L. M. Rendina, M. Kassiou, Org. Biomol. Chem.   
     2016, 14, 9388–9405. 
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acyl carbon signal overlapping for rotamer B, one aromatic carbon signal overlapping for both 

rotamers A & B). HRMS (ESI) calcd for C21H21N2O6 [M+H]+ 397.1394, found 397.1395. 

 

Scheme S8 

 
To a solution of DL-N-phthaloyl-alanine (657 mg, 3 mmol) in CH2Cl2 (5 mL) was added two 

drops of DMF followed by oxalyl chloride (0.39 mL, 4.5 mmol) dropwise at 0 ˚C, and the 

mixture was stirred at rt for 2 h under argon. After removing the volatiles by rotary evaporator, 

the residuals were dissolved in THF (3 mL) and A13 (691 mg, 3.3 mmol) (pre-dissolved in 3 

mL of THF), and Et3N (0.46 mL, 3.3 mmol) was added in sequence at 0 ˚C. The solution was 

stirred at rt for 12 h under argon. After adding water, the reaction mixture was extracted with 

ethyl acetate, and the extracts were washed by saturated NaHCO3 aq. solution, water, and brine, 

dried over Na2SO4 and filtered. Evaporation of the solvent followed by flash column 

chromatography on silica gel using hexane and ethyl acetate as eluents gave dipeptide dl-8 as 

white solid in 90% yield. 

 
Methyl N-(2-(1,3-dioxoisoindolin-2-yl)propanoyl)-N-(4-methoxybenzyl)glycinate (dl-8) 

dl-8, white solid, 90% yield (1.11 g). 1H NMR (CDCl3, 400 MHz) observed mixture of 

rotamers (A:B = 77:23), NMR data reported are for mixture of rotamers; δ 7.87-7.85 (m, 0.46H, 

B), 7.75-7.73 (m, 0.46H, B), 7.65-7.59 (m, 3.1H, A), 7.16 (d, J = 8.4 Hz, 0.46H, B), 6.89 (d, 

J = 8.6 Hz, 1.5H, A), 6.82 (d, J = 8.4 Hz, 0.46H, B), 6.55 (d, J = 8.6 Hz, 1.5H, A), 5.34-5.28 

(m, 0.77H, A), 5.11-5.02 (m, 0.23H, B), 4.96 (d, J = 13.9 Hz, 0.23H, B), 4.68 (d, J = 17.3 Hz, 

0.77H, A), 4.53 (d, J = 17.1 Hz, 0.77H, A), 4.40 (d, J = 17.3 Hz, 0.77H, A), 4.26 (d, J = 12.7 

Hz, 0.23H, A), 3.93 (d, J = 18.4 Hz, 0.23H, B), 3.83 (d, J = 18.6 Hz, 0.23H, B), 3.78 (s, 0.69H, 

B), 3.72 (s, 2.3H, A), 3.64 (d, J = 17.1 Hz, 0.77H, A), 3.60 (s, 2.3H, A), 3.28 (s, 0.69H, B), 

1.69 (d, J = 7.1 Hz, 3H, A & B); 13C NMR (CDCl3, 100 MHz) NMR data reported are for 
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major rotamer A. δ 170.2, 169.4, 167.2, 158.6, 133.6, 131.6, 126.8, 123.1, 114.0, 55.0, 52.1, 

50.9, 48.1, 46.3, 15.6, (one aromatic carbon signal overlapping). HRMS (ESI) calcd for 

C22H23N2O6 [M+H]+ 411.1551, found 411.1551. 

 

Scheme S9 

 
 

To a solution of N-phthaloyl-L-alanine[10] (1.31 g, 6 mmol) in CH2Cl2 (10 mL) was added two 

drops of DMF followed by oxalyl chloride (0.77 mL, 9 mmol) dropwise at 0 ̊ C, and the mixture 

was stirred at rt for 2 h under argon. After removing the volatiles by rotary evaporator, the 

residuals were dissolved in THF (6 mL) and A14[11] (1.47 g, 6.6 mmol) (pre-dissolved in 6 mL 

of THF), and Et3N (0.92 mL, 6.6 mmol) was added in sequence at 0 ˚C, and the solution was 

stirred at rt for 12 h under argon. After adding water, the reaction mixture was extracted with 

ethyl acetate, and the extracts were washed by saturated NaHCO3 aq. solution, water, and brine, 

dried over Na2SO4 and filtered. Evaporation of the solvent followed by flash column 

chromatography on silica gel using hexane and ethyl acetate as eluents gave dipeptides 11 and 

13 as a mixture in a ratio of ca. 4:1 in total 81% yield (2.06 g). 

The mixture of 11 and 13 were further partially separated  by flash column chromatography on 

silica gel using CH2Cl2 and ethyl acetate as eluents (CH2Cl2: ethyl acetate = 50:1 to 10:1). More 

13 enriched eluents was flushed out and collected firstly, followed by the mixture, and then 

more 11 enriched portion was collected. The above mentioned column chromatography 

purified 11 and 13 were further recrystallized by hexane and CH2Cl2 in -10 °C  fridge for two 

times. The characterization data for 11 and 13 are reported as follow: 

 
[10]  G. Liao, X.-S. Yin, K. Chen, Q. Zhang, S.-Q. Zhang, B.-F. Shi, Nat Commun. 2016, 7, 12901. 
[11] A14 was prepared following the literature method: J. L. Baeza, G. Gerona-Navarro, J. Pérez de Vega,      
        M. T. García-López, R. González-Muníz, M. Martín-Martínez, J. Org. Chem. 2008, 73, 1704–1715. 
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Methyl N-((S)-2-(1,3-dioxoisoindolin-2-yl)propanoyl)-N-(4-methoxybenzyl)-L-alaninate (11) 

11, white solid, 99% ee, dr > 20:1; The ee was measured by HPLC (Daicel Chiralpak IC 

column), column oven: 40 ˚C, hexane/2-propanol/CHCl3 = 80/10/10, flow 1.0 mL/min, 280 

nm, tminor = 42.5 min, tmajor = 57.8 min. [α]26D –117 (c 1.10, CHCl3). 1H NMR (CDCl3, 400 

MHz) observed mixture of rotamers (A:B = 85:15), NMR data reported are for mixture of 

rotamers: δ 7.88-7.84 (m, 0.3H, B), 7.76-7.71 (m, 0.3H, B), 7.62-7.57 (m, 3.4H, A), 7.16 (d, 

J = 8.1 Hz, 0.3H, B), 7.05 (d, J = 8.6 Hz, 1.7H, A), 6.78 (d, J = 8.1 Hz, 0.3H, B), 6.49 (d, J = 

8.6 Hz, 1.7H, A), 5.19 (q, J = 7.0 Hz, 1H, A & B), 4.66-4.36 (m, 3H, A & B), 3.76 (s, 3H, A 

& B), 3.56 (s, 2.55H, A), 2.88 (s, 0.45H, B), 1.74-1.71 (m, 0.45H, B), 1.65 (d, J = 7.0 Hz, 

2.55H, A), 1.40 (d, J = 7.2 Hz, 3H, A & B); 13C NMR (CDCl3, 100 MHz) NMR data reported 

are for major rotamer A: δ 171.8, 170.2, 167.0, 158.3, 133.4, 131.6, 128.2, 126.7, 122.9, 113.7, 

55.7, 54.9, 52.2, 49.1, 46.6, 15.7, 14.1. HRMS (ESI) calcd for C23H25N2O6 [M+H]+ 425.1707, 

found 425.1707. 

 
Methyl N-((R)-2-(1,3-dioxoisoindolin-2-yl)propanoyl)-N-(4-methoxybenzyl)-L-alaninate (13) 

13, white solid, 95% ee, dr > 20:1; The ee was measured by HPLC (Daicel Chiralpak IC 

column), column oven: 40 ˚C, hexane/2-propanol/CHCl3 = 80/10/10, flow 1.0 mL/min, 280 

nm, tmajor = 55.4 min, tminor = 64.3 min. [α]27D –1.31 (c 1.10, CHCl3). 1H NMR (CDCl3, 400 

MHz) observed mixture of rotamers (A:B = 85:15), NMR data reported are for major rotamer 

A: δ 7.73-7.63 (m, 4H), 7.08 (d, J = 8.2 Hz, 2H), 6.66 (d, J = 8.2 Hz, 2H), 5.20 (q, J = 7.1 Hz, 

1H), 4.61 (d, J = 16.9 Hz, 1H), 4.48 (d, J = 16.9 Hz, 1H), 3.94 (q, J = 7.0 Hz, 1H), 3.69 (s, 3H), 

3.67 (s, 3H), 1.67 (d, J = 7.1 Hz, 3H), 1.51 (d, J = 7.0 Hz, 3H); 13C NMR (CDCl3, 100 MHz) 

NMR data reported are for major rotamer A: δ 171.6, 170.1, 167.4, 158.8, 133.7, 131.7, 127.7, 
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127.5, 123.1, 113.9, 56.9, 55.1, 52.2, 51.9, 47.3, 15.4, 14.7. HRMS (ESI) calcd for C23H25N2O6 

[M+H]+ 425.1707, found 425.1707. 
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12. Procedure for transformation of  dipeptides 6, dl-8, 11, and 13 to corresponding new 
dipeptides 7, 10, 12, and 14  
 
Scheme S10 

 

 
CuBr2 (0.9 mg, 4 µmmol, 2 mol% of Cu), Selectfluor (142 mg, 0.40 mmol), and dipeptide 6 

(79.2 mg, 0.20 mmol), were placed in an oven dried 10 mL Schlenk tube. The tube was 

evacuated and then re-filled with argon gas for 3 cycles. MeCN (1.0 mL) were added 

successively. The tube was placed in a preheated oil bath at 80 °C and stirred for 1.5 h equipped 

with argon balloon. The reaction was cool down to rt, the mixture was passed through a short 

pad of silica gel with CH2Cl2 as eluent. Volatiles were removed on a rotary evaporator, and the 

residuals were dissolved in THF (2 mL) and L-proline methyl ester •HCl [CAS: 2133-40-6] 

(66.2 mg, 0.4 mmol) and DIPEA (56 µL, 0.8 mmol) was added in sequence to the reaction 

mixture at 0 ˚C. The reaction was stirred at rt for 24 h with argon balloon. Volatiles were 

removed on a rotary evaporator, and the crude mixtures was purified by silica gel flash 

chromatography with CH2Cl2 and ethyl acetate as eluents. Dipeptide 7 was obtained as white 

solid in 53% yield. 

 

 
Methyl (2-(1,3-dioxoisoindolin-2-yl)acetyl)-L-prolinate (7) 

7, white solid, 53% yield. 1H NMR (CDCl3, 400 MHz) observed mixture of rotamers (A:B = 

90:10), NMR data reported are for major rotamer A: δ 7.88-7.83 (m, 2H), 7.74-7.69 (m, 2H), 

4.61-4.51 (m, 1H), 4.56 (d, J = 16.4 Hz, 1H), 4.40 (d, J = 16.4 Hz, 1H), 3.80-3.73 (m, 1H), 

3.69 (s, 3H), 3.66-3.60 (m, 1H), 2.33-1.88 (m, 4H); 13C NMR (CDCl3, 100 MHz) NMR data 

reported are for major rotamer A: δ 172.1, 167.8, 164.4, 134.0, 132.2, 123.4, 59.1, 52.2, 46.2, 

39.6, 28.9, 24.8. HRMS (ESI) calcd for C16H17N2O5 [M+H]+ 317.1132, found 317.1132. 
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Scheme S11 

 
The reaction for synthesis of dipeptide 10 from dl-8 was conducted in a same manner as 

described for dipeptide 7. Dipeptide 10 was obtained as a colourless oil in 74% yield  

The work up for the determination of NMR yield of compound 9: After the first step reaction 

at 80 °C for 1.5 h under argon, the reaction was cooled down to rt, and the mixture was passed 

through a short pad of silica gel with ethyl acetate as eluent. Volatiles were removed on a rotary 

evaporator, and the crude mixture was subjected to NMR analysis. The yield of 9 in the crude 

mixture was determined by 19F NMR using 4,4’-difluorobenzophenone as internal standard.  

Figure S3. 19F NMR chart of crude mixture. Illustration for determination of NMR yield of 9 

The peak observed at δ 15.7 is tentatively assigned as p-MeOC6H4(CO)F based on 1H & 19F 

NMR analysis of above crude mixture compared to our previous isolated authentic sample 

NMR data.[12]   

 
[12] T. Yoshii, S. Tsuzuki, S. Sakurai, R. Sakamoto, J. Jiang, M. Hatanaka, A. Matsumoto, K. Maruoka,    
        Chem. Sci. 2020, 11, 5772-5778. 
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Methyl 3-(2-(1,3-dioxoisoindolin-2-yl)propanamido)propanoate (10) 

10, colourless oil, 74% yield. 1H NMR (CDCl3, 400 MHz) δ 7.88-7.83 (m, 2H), 7.76-7.72 

(m, 2H), 6.67 (app s, 1H), 4.89 (q, J = 7.4 Hz, 1H), 3.65 (s, 3H), 3.61-3.44 (m, 2H), 2.62-2.49 

(m, 2H), 1.67 (d, J = 7.4 Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ 173.0, 169.0, 167.6, 134.2, 

131.8, 123.4, 51.7, 49.1, 35.2, 33.4, 15.1. HRMS (ESI) calcd for C15H17N2O5 [M+H]+ 

305.1132, found 305.1132. 

 

Scheme S12 

 
The reaction for synthesis of dipeptides 12 and 14 from dipeptides 11 and 13, respectively, 

were conducted in a same manner as described for dipeptide 7. 

The reaction work up for the determination of dr ratio of 12 and 14:  

After the second step reaction at rt for 24 h, water was added to the reaction solution, and the 

mixture was extracted with ethyl acetate. The extracts were washed by 1M HCl aq. solution, 

and brine, dried over Na2SO4 and filtered. Volatiles were removed on a rotary evaporator, and 

the crude mixture was subjected to 1H NMR analysis.  
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1H NMR chart of crude reaction mixture – For illustration of determination of dr ratio for 
dipeptides 12 and 14.  

  
1H NMR analysis of crude reaction mixture of dipeptide 14 
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Characterization data of 12 and 14 

 

 
Methyl ((S)-2-(1,3-dioxoisoindolin-2-yl)propanoyl)-L-valinate (12) 

12, white solid, 61% yield; 99% ee, dr = 93:7; The ee was measured by HPLC (Daicel 

Chiralpak IC column), column oven: 40 ˚C, hexane/2-propanol/CHCl3 = 80/10/10, flow 1.0 

mL/min, 240 nm, tmajor = 19.8 min, tminor = 28.0 min; [α]28D +47.7 (c 1.00, CHCl3). 1H NMR 

(CDCl3, 400 MHz) δ 7.90-7.85 (m, 2H), 7.78-7.73 (m, 2H), 6.58 (d, J = 8.5 Hz, 1H), 5.00 (q, 

J = 7.4 Hz, 1H), 4.58 (dd, J = 8.5 Hz, 4.7Hz, 1H), 3.70 (s, 3H), 2.23-2.12 (m, 1H), 1.75 (d, J 

= 7.4 Hz, 3H), 0.93 (d, J = 6.9 Hz, 3H), 0.87 (d, J = 6.9 Hz, 3H); 13C NMR (CDCl3, 100 MHz) 

δ 172.2, 169.1, 167.7, 134.3, 131.8, 123.5, 57.3, 52.1, 49.5, 31.3, 18.8, 17.6, 15.3. HRMS (ESI) 

calcd for C17H21N2O5 [M+H]+ 333.1445, found 333.1446. 

 

 
Methyl ((R)-2-(1,3-dioxoisoindolin-2-yl)propanoyl)-L-valinate (14) 

14, white solid, 63% yield. 99% ee, dr = 90:10; The ee was measured by HPLC (Daicel 

Chiralpak IC column), column oven: 40 ˚C, hexane/2-propanol/CHCl3 = 80/10/10, flow 1.0 

mL/min, 240 nm, tmajor = 24.3 min, tminor = 41.2 min; [α]28D +0.34 (c 1.00, CHCl3). 1H NMR 

(CDCl3, 400 MHz) δ 7.89-7.84 (m, 2H), 7.76-7.72 (m, 2H), 6.58 (d, J = 8.6 Hz, 1H), 4.99 (q, 

J = 7.4 Hz, 1H), 4.57 (dd, J = 8.6 Hz, 4.8 Hz, 1H), 3.72 (s, 3H), 2.24-2.13 (m, 1H), 1.75 (d, J 

= 7.4 Hz, 3H), 0.95 (d, J = 6.9 Hz, 3H), 0.92 (d, J = 6.9 Hz, 3H); 13C NMR (CDCl3, 100 MHz) 

δ 172.2, 168.9, 167.7, 134.2, 131.8, 123.5, 57.4, 52.1, 49.3, 31.3, 18.8, 17.7, 15.3. HRMS (ESI) 

calcd for C17H21N2O5 [M+H]+ 333.1445, found 333.1447. 
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㼙㼕㼚

㼙㻭㼁

㻝㻜 㻞㻜 㻟㻜 㻠㻜 㻡㻜 㻢㻜

㻜

㻝㻜㻜

㻞㻜㻜

㻟㻜㻜

㻠㻜㻜
㻼㻰㻭㻌㻹㼡㼘㼠㼕㻌㻝

㻌㻝
㻥
㻚㻤
㻞
㻝
㻌

㻌㻞
㻠
㻚㻠
㻠
㻣
㻌

㻌㻞
㻣
㻚㻥
㻣
㻣
㻌

㻌㻠
㻞
㻚㻝
㻝
㻣
㻌

㻼㻰㻭㻌㻹㼡㼘㼠㼕㻌㻝㻛㻞㻠㻜㼚㼙㻌㻠㼚㼙㻝

㻨䜽䝻䝬䝖䜾䝷䝮㻪

 ศᯒ⪅ 㻦㻌㻭㼐㼙㼕㼚
 䝃䞁䝥䝹ྡ 㻦㻌
 䝃䞁䝥䝹㻵㻰 㻦㻌

 䝖䝺䜲␒ྕ 㻦㻌㻝
 䝞䜲䜰䝹␒ྕ 㻦㻌㻝㻡

 ὀධ㔞 㻦㻌㻞㻌㼡㻸
 䝕䞊䝍䝣䜯䜲䝹 㻦㻌㼣㼦㻞㻥㻢㻚㼘㼏㼐
 䝯䝋䝑䝗䝣䜯䜲䝹 㻦㻌㻝㻚㻜㻙㼕㻼㼞㻻㻴㻝㻜㻌㻯㻴㻯㼘㻟㻌㻝㻜㻙㻺㻻㻟㻙㻥㻜㻌㼙㼕㼚㻚㼘㼏㼙

 䝞䝑䝏䝣䜯䜲䝹 㻦㻌㼎㼏㼔㼒㼑㻚㼘㼏㼎
 䝺䝫䞊䝖䝣䜯䜲䝹 㻦㻌㻰㼑㼒㼍㼡㼘㼠㻚㼘㼏㼞

 ศᯒ᪥ 㻦㻌㻞㻜㻞㻜㻛㻜㻡㻛㻟㻜㻌㻝㻡㻦㻝㻢㻦㻜㻤
 ゎᯒ᪥ 㻦㻌㻞㻜㻞㻜㻛㻜㻡㻛㻟㻜㻌㻝㻤㻦㻞㻝㻦㻡㻜

䢇䢛䡬䡴䡿䡬䢈䢚䢕
㻼㻰㻭㻌㻯㼔㻝㻌㻞㻠㻜㼚㼙㻌㻠㼚㼙
䝢䞊䜽䠀

㻌㻝㻌
㻌㻞㻌
㻌㻟㻌
㻌㻠㻌

ྜィ

ಖᣢ㛫
㻌㻝㻥㻚㻤㻞㻝㻌
㻞㻠㻚㻠㻠㻣㻌
㻞㻣㻚㻥㻣㻣㻌
㻠㻞㻚㻝㻝㻣㻌

㠃✚
㻌㻢㻞㻥㻠㻣㻜㻟㻌
㻌㻞㻤㻣㻢㻣㻤㻌

㻟㻠㻡㻌
㻝㻡㻟㻜㻌

㻌㻢㻡㻤㻠㻞㻡㻢㻌

㠃✚㻑
㻌㻥㻡㻚㻢㻜㻞㻌
㻠㻚㻟㻢㻥㻌
㻜㻚㻜㻜㻡㻌
㻜㻚㻜㻞㻟㻌

㻌㻝㻜㻜㻚㻜㻜㻜㻌

O

H
N CO2Me

N

MeO

O

dr ratio = 64 : 36
(by 1H NMR)

dl

(Daicel Chiralpak IC column)
hexane/2-propanol/CHCl3 = 80/10/10, flow 1.0 mL/min, 240 nm
Column Oven: 40 ºC

(D,L)
(L,L)

(D,D)

(L,D)

(Daicel Chiralpak IC column)
hexane/2-propanol/CHCl3 = 80/10/10, flow 1.0 mL/min, 240 nm
Column Oven: 40 ºC

(L,L)

(D,L) (D,D) (L,D)

O

H
N CO2MeN

12, 99% ee, dr = 93:7
N-Phth-L-Ala-L-Val-OMe

O

O
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㻌㻞㻜㻞㻜㻛㻜㻡㻛㻟㻜㻌㻝㻤㻦㻟㻟㻦㻜㻜㻌㻝㻌㻛㻌㻝㻌

㻌㻯㻦㼈㼐㼍㼠㼍㼋㻝㻟㻝㻞㻝㻣㼈㻻㼞㼓㼏㼍㼠㼈㼣㼦㼈㼣㼦㻞㻥㻣㻚㼘㼏㼐㻌

㻩㻩㻩㻩㻌㻿㼔㼕㼙㼍㼐㼦㼡㻌㻸㻯㼟㼛㼘㼡㼠㼕㼛㼚㻌ศᯒ䝺䝫䞊䝖㻌㻩㻩㻩㻩

㼙㼕㼚

㼙㻭㼁

㻝㻜 㻞㻜 㻟㻜 㻠㻜 㻡㻜 㻢㻜

㻜

㻝㻜㻜

㻞㻜㻜

㻟㻜㻜

㻠㻜㻜
㻼㻰㻭㻌㻹㼡㼘㼠㼕㻌㻝

㻌㻝
㻥
㻚㻤
㻟
㻥
㻌

㻌㻞
㻠
㻚㻟
㻞
㻝
㻌

㻌㻞
㻣
㻚㻢
㻟
㻢
㻌

㻌㻠
㻝
㻚㻠
㻤
㻥
㻌

㻼㻰㻭㻌㻹㼡㼘㼠㼕㻌㻝㻛㻞㻠㻜㼚㼙㻌㻠㼚㼙㻝

㻨䜽䝻䝬䝖䜾䝷䝮㻪

 ศᯒ⪅ 㻦㻌㻭㼐㼙㼕㼚
 䝃䞁䝥䝹ྡ 㻦㻌
 䝃䞁䝥䝹㻵㻰 㻦㻌

 䝖䝺䜲␒ྕ 㻦㻌㻝
 䝞䜲䜰䝹␒ྕ 㻦㻌㻝㻡

 ὀධ㔞 㻦㻌㻟㻌㼡㻸
 䝕䞊䝍䝣䜯䜲䝹 㻦㻌㼣㼦㻞㻥㻣㻚㼘㼏㼐
 䝯䝋䝑䝗䝣䜯䜲䝹 㻦㻌㻝㻚㻜㻙㼕㻼㼞㻻㻴㻝㻜㻌㻯㻴㻯㼘㻟㻌㻝㻜㻙㻺㻻㻟㻙㻥㻜㻌㼙㼕㼚㻚㼘㼏㼙

 䝞䝑䝏䝣䜯䜲䝹 㻦㻌㼎㼏㼔㼒㼑㻚㼘㼏㼎
 䝺䝫䞊䝖䝣䜯䜲䝹 㻦㻌㻰㼑㼒㼍㼡㼘㼠㻚㼘㼏㼞

 ศᯒ᪥ 㻦㻌㻞㻜㻞㻜㻛㻜㻡㻛㻟㻜㻌㻝㻟㻦㻠㻤㻦㻟㻡
 ゎᯒ᪥ 㻦㻌㻞㻜㻞㻜㻛㻜㻡㻛㻟㻜㻌㻝㻣㻦㻡㻢㻦㻡㻝

㻼㻰㻭㻌㻯㼔㻝㻌㻞㻠㻜㼚㼙㻌㻠㼚㼙
䝢䞊䜽䠀

㻌㻝㻌
㻌㻞㻌
㻌㻟㻌
㻌㻠㻌

ྜィ

ಖᣢ㛫
㻌㻝㻥㻚㻤㻟㻥㻌
㻌㻞㻠㻚㻟㻞㻝㻌
㻌㻞㻣㻚㻢㻟㻢㻌
㻌㻠㻝㻚㻠㻤㻥㻌

㠃✚
㻌㻢㻞㻡㻤㻜㻠㻌
㻌㻤㻠㻠㻡㻟㻠㻟㻌

㻟㻡㻝㻡㻌
㻠㻠㻣㻞㻌

㻌㻥㻜㻣㻥㻝㻟㻠㻌

㠃✚㻑
㻌㻢㻚㻤㻥㻟㻌
㻥㻟㻚㻜㻝㻥㻌
㻜㻚㻜㻟㻥㻌
㻜㻚㻜㻠㻥㻌

㻌㻝㻜㻜㻚㻜㻜㻜㻌

14, 99% ee, dr = 90:10
N-Phth-D-Ala-L-Val-OMe

O

H
N CO2MeN

O

O

(L,L)

(D,L)

(D,D) (L,D)

(Daicel Chiralpak IC column)
hexane/2-propanol/CHCl3 = 80/10/10, flow 1.0 mL/min, 240 nm
Column Oven: 40 ºC
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13. Experiments for Scheme 4 

Radical scavenger experiment (Scheme 4a) 

Scheme S13 

 
CuBr2 (0.9 mg, 4 µmmol, 2 mol% of Cu), Selectfluor (106.3 mg, 0.30 mmol), N-(4-

methoxybenzyl)-N-phenyl-3-phenylpropanamide (1a) (69.1 mg, 0.20 mmol), and TEMPO 

(46.9 mg, 0.30 mmol) were placed in an oven dried 10 mL Schlenk tube. The tube was 

evacuated and then re-filled with argon gas for 3 cycles. MeCN (1.0 mL) was added 

successively. The tube was placed in a preheated oil bath at 80 °C and stirred for 1 h equipped 

with argon balloon. The reaction was cooled down to rt, and the mixture was passed through 

a short pad of silica gel with ethyl acetate as eluent. Volatiles were removed on a rotary 

evaporator, and the crude mixture was subjected to NMR analysis. Conversion of 1a and yield 

of 2a in the crude mixture was determined by 1H and 19F NMR using Cl2CHCHCl2 and 4,4’-

difluorobenzophenone as internal standard, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1a (Ar = p-MeOC6H4)

N

O

Ph
ArPh

MeCN (0.2 M)
80 °C, 1 h

CuBr2 (2 mol%)
Selectfluor (1.5 equiv)
TEMPO (1.5 equiv)

2a, 2% yield
(by 19F NMR)

O

Ph F

16% conv.
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Photoirradiation experiments (Scheme 4b) 

Scheme S14 

 
Selectfluor (106.3 mg, 0.30 mmol), and N-(4-methoxybenzyl)-N-phenyl-3-phenylpropanamide 

(1a) (69.1 mg, 0.20 mmol) were placed in an oven dried 10 mL reaction tube shielded with 

aluminium foil and with an internal light source (Techno Sigma-PER-AMP, 365 nm or 448 

nm). The tube was evacuated and then re-filled with argon gas for 3 cycles. MeCN (2.0 mL) 

was added successively. After confirming the light source tip soaked with reaction solution, 

the tube was placed in a water bath (EYELA reactor) at rt and stirred for 4 h under the 

irradiation of UV light (365 nm) or blue visible light (448 nm) under protection with argon 

balloon. The mixture was passed through a short pad of silica gel with ethyl acetate as eluent. 

Volatiles were removed on a rotary evaporator, and the crude mixture was subjected to NMR 

analysis. Conversion of 1a and yield of 2a in the crude mixture was determined by 1H and 19F 

NMR using Cl2CHCHCl2 and 4,4’-difluorobenzophenone as internal standard, respectively. 

  

                                     Pictures: illustration for the reaction setup 

 
 

 

 

1a (Ar = p-MeOC6H4)

N

O

Ph
ArPh

MeCN (0.1 M)
rt, 4 h

UV (365 nm)
Selectfluor (1.5 equiv)

O

Ph F

2a, 14% yield
(by 19F NMR)50% conv.

1a (Ar = p-MeOC6H4)

N

O

Ph
ArPh

MeCN (0.1 M)
rt, 4 h

Blue Visible Light (448 nm)
Selectfluor (1.5 equiv)

O

Ph F

2a, not observed
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Experimental procedure for Scheme 4c 

Synthesis of 15 

Tertiary amide 15 was prepared using method A (as described for the synthesis of 1a). 

Secondary amine 2-((4-methoxybenzyl)amino)ethan-1-ol (A15)[13] [CAS: 64834-63-5] was 

prepared according to the literature, and it was used for the synthesis of 15.  

 
N-(2-hydroxyethyl)-N-(4-methoxybenzyl)-3-phenylpropanamide (15) 

15, colourless oil, yield 78% (1.23 g). 1H NMR (CDCl3, 400 MHz) observed mixture of 

rotamers (A:B = 70:30), NMR data are reported for mixture of rotamers: δ 7.29-7.15 (m, 5H, 

A & B), 7.12 (d, J = 8.7 Hz, 0.6H, B), 6.98 (d, J = 8.7 Hz, 1.4H, A), 6.86-6.80 (m, 2H, A & 

B), 4.58 (s, 0.6H, B), 4.42 (s, 1.4H, A), 3.78 (s, 2.1H, A), 3.77 (s, 0.9H, B), 3.69 (t, J = 5.2 Hz, 

1.4H, A), 3.65-3.55 (m, 0.6H, B), 3.60 (br s, 0.7H, A), 3.51 (t, J = 5.2 Hz, 1.4H, A), 3.32 (t, J 

= 5.6 Hz, 0.6H, B), 3.03-2.97 (m, 2H, A & B), 2.90 (br s, 0.3H, B), 2.77 (t, J = 7.8 Hz, 0.6H, 

B), 2.69 (t, J = 7.8 Hz, 1.4H, A); 13C NMR (CDCl3, 100 MHz) No assignments of rotamers, 

the observed peaks are summarized as follow, δ 174.7, 173.0, 159.1, 158.8, 141.2, 140.9, 129.7, 

129.3, 128.44, 128.39, 128.0, 127.5, 126.2, 126.0, 114.2, 113.9, 61.9, 59.9, 55.2, 55.2, 51.9, 

49.6, 48.6, 48.0, 35.1, 35.0, 31.5, 31.4, (one aromatic carbon signal overlapping for both 

rotamers A & B). HRMS (ESI) calcd for C19H24NO3 [M+H]+ 314.1751, found 314.1752. 

 

 

 

 

 

 

 

 

 

 

 
[13] S. Xia, Y. Song, X. Li, H. Li, L.-N. He, Molecules, 2018, 23, 3033. 

O

NPh
OH

OMe

15
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Synthesis of 17 

 

Scheme S15 

 
Compound 17 was prepared with a modified procedure according to the literature[14]. 

A solution of p-methoxybenzaldyhyde (0.68 g, 5 mmol), 2-aminoethanol (0.31 g, 5 mmol), and 

Na2SO4 (1.42 g, 10 mmol) in ethanol (30 mL) was refluxed at 90 °C for 8 h under argon balloon 

protection. The solution was filtered and volatiles were removed under vacuum condition to 

gave the imine as yellowish oil, which was directly used for subsequent step without any further 

purification. 

To a solution of 3-phenylpropanoic acid (0.75 g, 5 mmol) in CH2Cl2 (5 mL) was added two 

drops of DMF followed by oxalyl chloride (0.64 mL, 7.5 mmol) dropwise at 0 ˚C, and the 

mixture was stirred at rt for 3 h under argon. After removing the volatiles by rotary evaporator, 

the residuals were dissolved in ethyl acetate (5 mL) and added to a solution of above freshly 

prepared imine and pyridine (0.81 ml, 10 mmol) in ethyl acetate (5 mL) at 0 ˚C. The mixture 

was stirred at rt for 14 h. The solution was then filtered and evaporation of the solvent followed 

by flash column chromatography on silica gel using hexane and ethyl acetate as eluents gave 

17 as colourless oil in 45% yield. 

 

 

 

 

 

 
[14] M. Nechab, D. N. Kumar, C. Philouze, C. Einhorn, J. Einhorn, Angew. Chem. Int. Ed. 2007, 46,      
        3080−3083; Angew. Chem. 2007, 119, 3140−3143. 

N

O

Ph O

Ar

O

Ph Cl

EtOAc, rt, 14 h

O

Ph OH

(COCl)2 (1.5 equiv)
DMF (Cat)
CH2Cl2, rt, 3 h

5 mmol

Pyridine (10 mmol)

45% yield

ArCHO + H2N OH
EtOH 
90 °C, 8 h

Na2SO4 (2 equiv)

17 (Ar = p-MeOC6H4)

5 mmol 5 mmol OH
N

Ar
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1-(2-(4-Methoxyphenyl)oxazolidin-3-yl)-3-phenylpropan-1-one (17) 

17, colourless oil, yield 45% (0.70 g). 1H NMR (CDCl3, 400 MHz) observed mixture of 

rotamers (A:B = 55:45), NMR data are reported for mixture of rotamers; δ 7.30-7.13 (m, 5.9H, 

A & B), 7.01 (d, J = 7.0 Hz, 1.1H, A), 6.89-6.84 (m, 2H, A & B), 6.29 (s, 0.45H, B), 5.90 (s, 

0.55H, A), 4.08-3.90 (m, 2.55H, A & B), 3.80 (s, 1.65H, A), 3.78 (s, 1.35H, B), 3.68-3.50 (m, 

1.45H, A & B), 3.05-2.87 (m, 1.45H, A & B), 2.75 (ddd, J = 14.8 Hz, 9.0 Hz, 6.2 Hz, 0.55H, 

A), 2.68-2.60 (m, 0.9H, B), 2.38 (ddd, J = 15.1 Hz, 8.6 Hz, 6.4 Hz, 0.55H, A), 2.25 (ddd, J = 

15.4 Hz, 9.2 Hz, 6.2 Hz, 0.55H, A); 13C NMR (CDCl3, 100 MHz) No assignments of rotamers, 

the observed peaks are summarized as follow, δ 169.9(A & B overlapping), 160.3, 159.7, 140.9, 

140.8, 130.8, 130.4, 128.5, 128.4, 128.3, 128.2, 127.9, 127.8, 126.2, 126.0, 114.2, 113.6, 89.0, 

88.8, 65.5, 64.5, 55.2, 55.2, 45.3, 44.9, 37.1, 36.7, 30.9, 30.8. HRMS (ESI) calcd for 

C19H21NO3Na [M+Na]+ 334.1414, found 334.1420. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N

O

Ph O

OMe

17
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Scheme S16 
 

 
Procedure for reaction A 

CuBr2 (0.9 mg, 4 µmmol, 2 mol% of Cu), Selectfluor (106.3 mg, 0.30 mmol), and 15 (62.7 mg, 

0.20 mmol), were placed in an oven dried 10 mL Schlenk tube. The tube was evacuated and 

then re-filled with argon gas for 3 cycles. MeCN (2.0 mL) was added successively. The tube 

was placed in a preheated oil bath at 80 °C and stirred for 1 h equipped with argon balloon. 

The reaction was cooled down to rt, and the mixture was passed through a short pad of silica 

gel with ethyl acetate as eluent. Volatiles were removed on a rotary evaporator, and the crude 

mixture was subjected to NMR analysis. After the yield of 2a in the crude mixture was 

determined by 19F NMR using 4,4’-difluorobenzophenone as internal standard, the crude 

mixture was subjected for flash column chromatography on silica gel using hexane and ethyl 

acetate as eluents to isolate the imide 16 as white solid in 15% yield and 17% NMR yield of 

acyl fluoride 2a was realized. In reaction A, no production of 17 was observed.  

 

Procedure for reaction B 

Reaction B of compound 17 with Selectfluor and CuBr2 was conducted in a same procedure as 

described for reaction A except for using 1 mL of MeCN as reaction solvent. The reaction B 

gave imide 16 in 10% yield and acyl fluoride 2a in 42% NMR yield. 

 

Interpretation of reactions A and B 

These results suggest compound 17 may be in-situ formed and converted in the course of 

reaction A, probably via the cation intermediate 18 by favourable intramolecular reaction with 

its hydroxyl moiety. As shown in reaction B, the resulted 17 can be further converted to imide 

16 and acyl fluoride 2a, respectively (same products in reaction A). 

15 (Ar = p-MeOC6H4)

N

O

Ph

Ar

OH
MeCN (0.1 M)  

80 °C, 1 h

CuBr2 (2 mol%)
Selectfluor (1.5 equiv)

O

Ph F

2a

N

O

Ph +

N

O

Ph

Ar

OH18

        15% yield             17% yield (by 19F NMR)

16

Ar

O

OH

17 (Ar = p-MeOC6H4)

CuBr2 (2 mol%)
Selectfluor (1.5 equiv)

O

Ph F

2a

N

O

Ph +

        10% yield             42% yield (by 19F NMR)
16

Ar

O

OH
MeCN (0.2 M)  

80 °C, 1 h

N

O

Ph O

Ar

Via

Reaction A

Reaction B
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Attempts on the identification and isolation of imide type products with other substrates, for 

example, N-(4-methoxybenzyl)-N-phenyl-3-phenylpropanamide (1a) and N-cyclohexyl-N-(4-

methoxybenzyl)-3-phenylpropanamide (1v) were unsuccessful under the same reaction 

condition of reaction B.  

 

 
N-(2-hydroxyethyl)-4-methoxy-N-(3-phenylpropanoyl)benzamide (16) 

16, white solid. NMR data reported are for major rotamer A. 1H NMR (CDCl3, 400 MHz) 

mixture of rotamers (A:B = 90:10), δ. 7.95 (d, J = 9.0 Hz, 2H), 7.28–7.13 (m, 5H), 6.92 (d, J 

= 9.0 Hz, 2H), 5.82 (br s, 1H), 4.31 (t, J = 5.2 Hz, 2H), 3.60 (s, 3H), 3.60 (q, J = 5.6 Hz, 2H), 

2.96 (t, J = 7.7 Hz, 2H), 2.96 (t, J = 7.7 Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 172.3, 166.4, 

163.5, 140.7, 131.7, 128.5, 128.3, 126.2, 122.0, 113.6, 63.4, 55.4, 38.9, 38.4, 31.6. HRMS (ESI) 

calcd for C19H22NO4 [M+H]+ 328.1543, found 328.1537. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16

N

O

Ph

O

HO
OMe
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14. Study of deuterium kinetic isotope effect (KIE experiments) 

Synthesis of 1a-d2 

4-Methoxybenzenemethan-d2-ol [CAS: 35693-15-3][15] was prepared according to literature 

method. The reaction procedure shown below was modified according to the literature[16] for 

the synthesis of p-methoxy-N-phenylbenzylamine from p-methoxybenzyl alcohol. 

 

Scheme S17 

 
 

To a mixture of chlorodiphenylphosphine (552 mg, 2.5 mmol), imidazole (511 mg, 7.5 mmol), 

and iodine (635 mg, 2.5 mmol) in CH2Cl2 was added 4-methoxybenzenemethan-d2-ol [CAS: 

35693-15-3] followed by aniline (466 mg, 5 mmol), and the mixture was refluxed for 4 h. The 

solution was washed with saturated aq. Na2CO3, sodium thiosulfate, and brine. The extracts 

was dried over Na2SO4 and filtered. Evaporation of the solvent followed by flash column 

chromatography on silica gel using hexane and ethyl acetate as eluents gave the crude d2-amine 

as inseparable mixture as colourless oil, which was applied to the subsequent step without 

further purification. 

To a solution of 3-phenylpropanoic acid (600 mg, 4 mmol) in CH2Cl2 (5 mL) was added two 

drops of DMF followed by oxalyl chloride (0.52 mL, 6 mmol) dropwise at 0 ̊ C, and the mixture 

was stirred at rt for 3 h under argon. After removing the volatiles by rotary evaporator, the 

residuals were dissolved in THF (5 mL), and the crude d2-amine (pre-dissolved in 4 mL of 

THF) and Et3N (0.56 mL, 4 mmol) were added in sequence at 0 ˚C. The solution was stirred at 

rt for 14 h under argon. After adding water, the reaction mixture was extracted with ethyl 

acetate, and the extracts were washed by Na2CO3 aq. solution, and brine, dried over Na2SO4 

and filtered. Evaporation of the solvent followed by flash column chromatography on silica gel 

using hexane and ethyl acetate as eluents gave 1a-d2 as colourless oil in 42% yield (730 mg) 

(D>99%). 

 
[15] R. K. Zhang, K. Chen, X. Huang, L. Wohlschlager, H. Renata, F. H. Arnold, Nature, 2019, 565, 67–72. 
[16] N. Nowrouzi, M. Z. Jonaghani, Can. J. Chem. 2012, 90, 498–509. 

OH

D D

MeO

+ PhNH2
CH2Cl2 reflux, 4 h

I2 (0.5 equiv)
Imidazole (1.5 equiv)
Ph2PCl (0.5 equiv)

O

Ph Cl

THF, 14 h

O

Ph OH

(COCl)2 (1.5 equiv)
DMF (Cat)

CH2Cl2, rt, 3 h

N

O

Ph
ArPh

D D

1a-d2 (Ar = p-MeOC6H4)
         42% yield5 mmol

(1.0 equiv)

4 mmol

Et3N (4 mmol)
N
H

MeO

Ph

D D

d2-amined2-alchohol
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N-((4-methoxyphenyl)methyl-d2)-N,3-diphenylpropanamide (1a-d2) 

1a-d2, colourless oil, 42% yield (0.73 g). 1H NMR (CDCl3, 400 MHz) δ 7.27-7.13 (m, 6H), 

7.07-7.03 (m, 4H), 6.78-6.74 (m, 4H), 3.76 (s, 3H), 2.93 (t, J = 7.7 Hz, 2H), 2.34 (t, J = 7.7 

Hz, 2H); 13C NMR (CDCl3, 100 MHz) δ 171.8, 158.8, 142.1, 141.1, 130.1, 129.5, 129.4, 128.4, 

128.3, 127.8, 126.0, 113.6, 55.1, 51.8(C-D coupling not observed), 36.1, 31.7, (one aromatic 

carbon signal overlapping). HRMS (ESI) calcd for C22H23D2NO2 [M+H]+ 348.1927, found 

348.1921. 

 

NMR chart for the illustration of D incorporation in 1a-d2 (D>99%) 
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Intermolecular competitive reaction 

Scheme S18 

 
 

CuBr2 (0.45 mg, 2 µmmol, 2 mol% of Cu), Selectfluor (35.4 mg, 0.10 mmol), N-(4-

methoxybenzyl)-N-phenyl-3-phenylpropanamide (1a) (51.8 mg, 0.15 mmol), and 1a-d2 (52.1 

mg, 0.15 mmol) were placed in an oven dried 10 mL Schlenk tube. The tube was evacuated 

and then re-filled with argon gas for 3 cycles. MeCN (0.5 mL) was added successively. The 

tube was placed in a preheated oil bath at 80 °C and stirred there for 0.5 h equipped with argon 

balloon. The reaction mixture was cooled down to rt, and the mixture was passed through a 

short pad of silica gel with ethyl acetate as eluent. Volatiles were removed on a rotary 

evaporator, and the crude mixture was subjected to NMR analysis. Conversion of 1a and 1a-

d2, and yield of 2a in the crude mixture was determined by 1H and 19F NMR using Cl2CHCHCl2 

and 4,4’-difluorobenzophenone as internal standard, respectively.  

 

KIE was calculated based on the following equation[17,18]. 

𝐾𝐼𝐸!"# =
ln	(1 − 𝐹)

ln[(1 − 𝐹)𝑅 𝑅$⁄ ] 

F: fractional conversion of reactants.  
R/R0: The proportion of a major isotopic component in recovered material compared to the 
original starting material.  
 

KIEH/D was calculated based on crude 1H NMR analysis as shown in the following charts. 

F = 0.25 

R = (1a-d2)/(1a-d2+ 1a) = 0.63 (R: molar ratio) 

R0 = 0.5 (R0: molar ratio) 

R/R0 = 1.26 

KIEH/D = 5.1 

 

 
[17] L. Melander, W. H., Saunders, Jr. in Reactions Rates of Isotopic Molecules, Wiley, New York, 1980, pp  
        95–102.   
[18] D. A. Singleton, A. A. Thomas, J. Am. Chem. Soc. 1995, 117, 9357–9358. 

N

O

Ph
ArPh

O

Ph F

D D

1a-d2 (Ar = p-MeOC6H4)1a (Ar = p-MeOC6H4)

N

O

Ph
ArPh

(1.5 equiv) (1.5 equiv)
+

2a, 46% yield
(by 19F NMR)

Intermolecular Competitive Reaction: KIE = 5.1

MeCN (0.2 M)
80 °C, 0.5 h

CuBr2 (2 mol%)
Selectfluor (0.1 mmol)

(D >99%)
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The 1H and 19F NMR chart of reaction crude mixture analysis are shown as follow:   
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1a
-CH2Ar

1a & 1a-d2
p-CH3OC6H4

1a & 1a-d2
PhCH2CH2CO-

1H NMR (400 MHz CDCl3)

O

F F
I.S. = 4,4’-difluorobenzophenone
(0.05 mmol)

Cl2CHCHCl2
I.S, 0.3 mmol

F = 0.25
R = (1a-d2)/(1a-d2+ 1a) = 0.63 (R: molar ratio)
R0 = 0.5 (R0: molar ratio)
R/R0 = 1.26

Fluoro Signal Peak Area Integration Ratio, 2a: I.S. = 0.46 : 1.00
Therefore, 2a was found 0.092mmol in the reaction crude mixture
46% NMR yield

N

O

Ph
ArPh

O

Ph F

D D

1a-d2 (Ar = p-MeOC6H4)1a (Ar = p-MeOC6H4)

N

O

Ph
ArPh

(1.5 equiv) (1.5 equiv)
+

2a, 46% yield
(by 19F NMR)

MeCN (0.2 M)
80 °C, 0.5 h

CuBr2 (2 mol%)
Selectfluor (0.1 mmol)

(D >99%)
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KIE study parallel reaction 

Scheme S19 

 
CuBr2 (0.45 mg, 2 µmmol, 2 mol% of Cu), Selectfluor (53.1 mg, 0.15 mmol), and N-(4-

methoxybenzyl)-N-phenyl-3-phenylpropanamide (1a) (34.6 mg, 0.20 mmol), were placed in 

an oven dried 10 mL Schlenk tube. The tube was evacuated and then re-filled with argon gas 

for 3 cycles. MeCN (0.5 mL) was added successively. The tube was placed in a preheated oil 

bath at 80 °C and stirred for 4 min equipped with argon balloon. The reaction tube was 

immediately removed from oil bath and ethyl acetate (2 ml) was quickly added. The mixture 

was passed through a short pad of silica gel with ethyl acetate as eluent. Volatiles were removed 

on a rotary evaporator, and the crude mixture was subjected to NMR analysis. Yield of 2a in 

the crude mixture was determined by 19F NMR using 4,4’-difluorobenzophenone as internal 

standard.  

The above motioned reaction was also conducted for 1 min, 2 min, and 3 min of reaction time, 

respectively, to complete the time dependent curve of yield of 2a using 1a as substrate. 

Reaction of 1a-d2 followed the same procedure as described above. The reactions were 

conducted for 2 min, 3 min, 4 min, and 5 min reaction time, respectively, to complete the time 

dependent curve of yield of 2a using 1a-d2 as substrate. 

KIE = kH/kD = 22.9/11.8 = 1.94 

 

MeCN (0.2 M)
80 °C

CuBr2 (2 mol%)
Selectfluor (1.5 equiv)

Ph

O

F

Parallel Reaction: KIE = kH/kD = 1.9

Ph

O

N
Ph

Ar

D D

(D >99%)

Ar = p-MeOC6H4

1a-d2

Ph

O

N
Ph

Ar

Ar = p-MeOC6H4

1a

or
2a
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Raw data for 19F NMR charts for the above mentioned reactions are shown as follow: 
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16. NMR Charts 
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13C NMR (CDCl3, 100 MHz)
peak peaking for both rotamer
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1H NMR (CDCl3, 400 MHz)
rotamer ratio A:B = 70:30
peak peaking for both rotamers



 S113 
 

 

 

 
 

������������������������������������������������������������	��	��
��
����������������������

�������

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

	
�

�

�
��
�

	
�

�

�
��
�

�
��
�

�
��
�

�
��
�

	
��
�
�
�

	
��
�
�
�

�
��
�
	
�

�
�

�
�



�
��
�
�
�

�
��
�


	

�
��
�
�
�

�
��
�
�
�

�
��
�
�
�

�
��


�
�

�
��
	
�
�

�
��


�
�

�
��
�
�
�

�
��
�
�



�
��
�
�



�
��
	
�
�

�
�

	
	
�

�
�



�



�
��


�
�

�
��
�
�
	

�
��
�
�



�
��
�
�
�



��
�
�
�



��
�
�





��


	
�



��
�
�
�



��
�


�



�	
�


�



��
�


�



��
�
�
�



��
�
	
�



��
�
�
�



��
�
	
�



��
�
�
�

�
�

�
�
�

�
�



�
�

�
��
	


�

�
��
�
�
�

�
��
�
	
�

�
��
�
�
�

�
�	
�
�
�

�
�	
�
�
�

�
��
�
�
�

�
�

�
�
�

�
�

�
�
�

�
�

�
�
�

�
��
�
	
�

�
��
�
�
	

�
��
	
�
�

�
��
�
�
�

�
��
�
�



�
��
�
�
�

�
��
�
	
�

�
��
�
�
�

�
��


�
�

�
��
�
�
�

�
��
�
�
�

�
��
�
	
	

�
��
�
�
�

�
��


	
�

�
��


�



�
��
�


�

�
��
�
�
�

���������������������	�
��������������������������	��
����������

�������

�
�
��
�

�
�
��
�

�
�
�	



�
	
��
�

�
�
��
�

�
�
��





�
��
�





�	
	





��
�

�
�
�
�	
�

�
�
�
�	
�

�
�
�
�

�

�
�
�
��
�

�
�
�
��
�

�
�
�
��
�

�
�


��
�

�
�
�
��
�

�


	
��
�

13C NMR (CDCl3, 100 MHz)
peak peaking for major rotamer
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1H NMR (CDCl3, 400 MHz)
rotamer ratio A:B = 77:23
peak peaking for both rotamers
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13C NMR (CDCl3, 100 MHz)
peak peaking for major rotamer
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Ar = p-MeOC6H4
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11 (L,L) dr > 20:1

1H NMR (CDCl3, 400 MHz)
rotamer ratio A:B = 85:15
peak peaking for both rotamers
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Ar = p-MeOC6H4
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11 (L,L) dr > 20:1
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13C NMR (CDCl3, 100 MHz)
peak peaking for major rotamer
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Ar = p-MeOC6H4

Me

13 (D,L) dr > 20:1

1H NMR (CDCl3, 400 MHz)
rotamer ratio A:B = 85:15
peak peaking for both rotamers
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Me

13 (D,L) dr > 20:1
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13C NMR (CDCl3, 100 MHz)
peak peaking for major rotamer
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1H NMR (CDCl3, 400 MHz)
rotamer ratio A:B = 90:10
peak peaking for both rotamers
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1H NMR (400 MHz, CDCl3)
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13C NMR (100 MHz, CDCl3)
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12, dr = 93:7
N-Phth-L-Ala-L-Val-OMe
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