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1. Characterization data of known compounds 1‒9, 11, and 13‒17 

 

Benzyl (3-oxo-1,3-diphenylpropyl)carbamate (1): a white solid; mp 114–115°C; 1H NMR (400 
MHz, CDCl3): δ 7.89 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.36–
7.22 (m, 10H), 5.91 (br, 1H), 5.43–5.29 (m 1H), 5.13–5.06 (m, 2H), 3.70–3.68 (m, 1H), 3.52–3.35 
(m, 1H); 13C NMR (100 MHz, CDCl3): δ 198.0, 155.9, 141.5, 136.9, 136.6, 133.5, 128.8 (×4), 128.6 
(×2), 128.3 (×3), 128.2 (×2), 127.7, 126.6 (×2), 67.0, 52.1, 44.2; IR (KBr): νmax 3312, 3031, 2923, 
1694, 1606, 1530, 1454, 1408, 1259, 1182, 1043, 812, 745 cm-1; LRMS (ESI+): m/z calcd for 
C23H22NO3 [M+H]+ 360.2; found 360.2. [1,2] 
 

 

Benzyl (1-(4-chlorophenyl)-3-oxo-3-phenylpropyl)carbamate (2): a white solid; mp 120–121°C; 
1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.41 (dd, J1 = J2 = 
7.6 Hz, 2H), 7.36–7.24 (m, 9H), 6.01 (br, 1H), 5.29 (dt, J1 = J2 = 6.7 Hz, 1H), 5.13–5.04 (m, 2H), 
3.68–3.60 (m, 1H), 3.46–3.38 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 197.8, 155.7, 140.1, 136.6, 
136.3, 133.6, 133.2, 128.8 (×4), 128.5 (×2), 128.1, (×4), 127.8 (×3), 66.9, 51.3, 43.8; IR (KBr): νmax 
3062, 3030, 2953, 1693, 1596, 1580, 1525, 1449, 1407, 1249, 1042, 1001, 748 cm-1; LRMS (ESI+): 
m/z calcd for C23H21ClNO3 [M+H]+ 394.1; found 394.1.[1,2] 
 

 

Benzyl (1-(4-nitrophenyl)-3-oxo-3-phenylpropyl)carbamate (3): a white solid; mp 143–144°C; 
1H NMR (400 MHz, CDCl3): δ 8.17 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.6 
Hz, 1H), 7.54 (d, J = 8.4 Hz, 2H), 7.45 (dd, J1 = J2 = 7.6 Hz, 2H), 7.40–7.29 (m, 5H), 6.15 (br, 1H), 
5.45–5.33 (m, 1H), 5.13–5.09 (m, 2H), 3.83–3.66 (m, 1H), 3.59–3.41 (m, 1H); 13C NMR (100 MHz, 
CDCl3): δ 197.5, 155.9, 148.8, 147.0, 136.6, 136.3, 133.9, 128.8 (×4), 128.3 (×2), 128.2 (×4), 127.0, 
123.8 (×2), 66.6, 52.1, 43.2; IR (KBr): νmax 3030, 2949, 2843, 1704, 1637, 1530, 1500, 1472, 1315, 
1270, 1208, 1181, 1048, 975, 884, 765 cm-1;  LRMS (ESI+): m/z calcd for C23H20N2O5 [M+H]+ 

405.1; found 405.1.[3] 
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Benzyl (3-oxo-3-phenyl-1-(o-tolyl)propyl)carbamate (4): a white solid; mp 101–102 °C; 1H NMR 
(400 MHz, CDCl3): δ 7.89 (d, J = 7.7 Hz, 2H), 7.55 (t, J = 7.7 Hz, 1H), 7.43 (dd, J1 = J2 = 7.7 Hz, 
2H), 7.36–7.33 (m, 6H), 7.15 (m, 3H), 5.56 (br, 2H), 5.11–5.03 (m, 2H), 3.64–3.60 (m, 1H), 3.48–
3.45 (m, 1H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 197.9, 155.7, 139.5, 136.9, 136.6, 135.8, 
133.5 (×2), 131.0 (×2), 128.8 (×2), 128.7 (×2), 128.3 (×2), 127.7 (×2), 126.5, 125.6, 67.0, 48.6, 43.7, 
19.5; IR (KBr): νmax 3321, 3032, 2926, 1691, 1596, 1492, 1449, 1408, 1256, 1091, 1044, 830, 754 
cm-1; LRMS (ESI+): m/z calcd for C24H24NO3 [M+H]+ 374.2; found 374.2.[1] 
 

 
Benzyl (1-(2-methoxyphenyl)-3-oxo-3-phenylpropyl)carbamate (5): a white solid; mp 71–72 °C; 
1H NMR (400 MHz, CDCl3): δ 7.91 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.6 Hz, 1H), 7.42 (dd, J1 = J2 = 
7.6 Hz, 2H), 7.38–7.35 (m, 6H), 7.23 (t, J = 7.9 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H), 6.87 (d, J = 8.2 
Hz, 1H), 6.15 (br, 1H), 5.57–5.52 (m, 1H), 5.12–5.05 (m, 2H), 3.86 (s, 3H), 3.62–3.49 (m, 2H); 13C 
NMR (100 MHz, CDCl3): δ 198.3, 156.7, 155.7, 136.9, 136.7, 136.4, 133.2 (×2), 128.8 (×2), 128.7 
(×2), 128.6 (×2), 128.3 (×2), 128.2 (×2), 120.9, 110.8, 66.8, 55.4, 49.8, 43.5; IR (KBr): νmax 3431, 
3063, 3033, 2955, 2838, 1687, 1599, 1493, 1448, 1401, 1340, 1245, 1048, 752 cm-1; LRMS (ESI+): 
m/z calcd for C24H24NO4 [M+H]+ 390.2; found 390.2.[3] 
 

 

Benzyl (3-(4-chlorophenyl)-3-oxo-1-phenylpropyl)carbamate (6): a white solid; mp 98–99 °C; 
1H NMR (400 MHz, CDCl3): δ 7.81 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.33–7.25 (m, 
10H), 5.83 (br, 1H), 5.32 (dt, J1 = J2 = 6.1 Hz, 1H), 5.12–5.06 (m, 2H), 3.68 (br, 1H), 3.39 (dd, J1 = 
5.8 Hz, J2 = 16.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 196.8, 155.8, 141.2, 140.1, 136.5, 135.1, 
129.7 (×2), 129.1 (×2), 128.9, 128.7, 128.3 (×4), 127.8, 126.5 (×2), 67.0, 52.1, 44.2; IR (KBr): νmax 
3311, 3030, 2922, 1697, 1606, 1528, 1454, 1407, 1259, 1181, 1043, 812, 745 cm-1; LRMS (ESI+): 
m/z calcd for C23H21ClNO3 [M+H]+ 394.1; found 394.1.[2] 
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Benzyl (3-(4-bromophenyl)-3-oxo-1-phenylpropyl)carbamate (7): a white solid; mp 107–108 °C; 
1H NMR (400 MHz, CDCl3): δ 7.71 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.26–7.09 (m, 
10H), 5.86 (br, 1H), 5.38–5.24 (m, 1H), 5.09–5.00 (m, 2H), 3.70–3.58 (m, 1H), 3.31–3.17 (m, 1H); 
13C NMR (100 MHz, CDCl3): δ 196.9, 155.8, 141.2, 136.5, 135.1, 132.1, 129.7 (×2), 128.9 (×2), 
128.7, 128.6, 128.3 (×4), 127.7, 126.5 (×2), 67.0, 52.0, 44.2; IR (KBr): νmax 3342, 3011, 2930, 
1680, 1581, 1530, 1495, 1447, 1395, 1376, 1334, 1256, 1217, 1068, 1030, 829, 748 cm-1; 
LRMS (ESI+): m/z calcd for C23H21BrNO3 [M+H]+ 437.1; found 437.1.[2] 
 

 

Benzyl (3-oxo-1-phenyl-3-(p-tolyl)propyl)carbamate (8): a white solid; mp 83–84 °C; 1H NMR 
(400 MHz, CDCl3): δ 7.76 (d, J = 8.0 Hz, 2H), 7.33–7.26 (m, 9H), 7.23–7.19 (t, J = 8.3 Hz, 3H), 
5.95 (br, 1H), 5.31 (dd, J1 = J2 = 6.0 Hz, 1H), 5.09–5.03 (m, 2H), 3.68–3.59 (m, 1H), 3.46–3.29 (m, 
1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 197.6, 155.8, 144.4, 141.6, 136.6, 134.3, 129.4 
(×2), 128.7 (×2), 128.6 (×2), 128.3 (×2), 128.1 (×3), 127.5, 126.5 (×2), 66.9, 52.0, 43.9, 21.7; IR 
(KBr): νmax 3319, 3031, 2922, 1691, 1606, 1528, 1454, 1407, 1259, 1181, 1043, 811, 745 cm-1; 
LRMS (ESI+): m/z calcd for C24H24NO3 [M+H]+ 374.2; found 374.2.[2] 

 

 

Benzyl (3-(4-chlorophenyl)-3-oxo-1-(p-tolyl)propyl)carbamate (9): a white solid; mp 135–
136 °C; 1H NMR (400 MHz, CDCl3): δ 7.82 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.2 Hz, 2H), 7.36–
7.30 (m, 5H), 7.22 (d, J = 7.9 Hz, 2H), 7.12 (d, J = 7.9 Hz, 2H), 5.74 (br, 1H), 5.27 (m, 1H), 5.09 
(m, 2H), 3.74–3.64 (m, 1H), 3.47–3.31 (m, 1H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 196.9, 
155.8, 140.0, 138.2, 137.5, 136.6, 135.2, 129.7 (×2), 129.6 (×2), 129.1 (×2), 128.8, 128.7, 128.3 
(×2), 127.7, 126.5 (×2), 67.0, 51.9, 44.4, 21.2; IR (KBr): νmax 3430, 1690, 1595, 1491, 1449, 1413, 
1368, 1220, 1091, 1048, 1014, 830, 754 cm-1; LRMS (ESI+): m/z calcd for C24H23ClNO3 [M+H]+ 

408.1; found 408.1.[2] 
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Benzyl (1-(4-chlorophenyl)-3-oxo-3-(p-tolyl)propyl)carbamate (11): a white solid; mp 125–
126 °C; 1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 7.8 Hz, 2H), 7.37–7.22 (m, 11H), 6.01 (br, 1H), 
5.29–5.27 (m, 1H), 5.10–5.09 (m, 2H), 3.68–3.62 (m, 1H), 3.42–3.37 (m, 1H), 2.39 (s, 3H); 13C 
NMR (100 MHz, CDCl3): δ 197.5, 155.9, 145.0, 144.7, 140.3, 136.5, 134.3, 133.3, 129.6 (×2), 128.9 
(×2), 128.7 (×2), 128.4 (×4), 128.3, 128.0, 67.1, 51.6, 43.8, 21.8; IR (KBr): νmax 3349, 1689, 1606, 
1492, 1454, 1408, 1340, 1257, 1182, 1090, 1044, 1014, 812, 738 cm-1; LRMS (ESI+): m/z calcd for 
C24H23ClNO3 [M+H]+ 408.1; found 408.1.[2] 
 

 

Ethyl (3-oxo-1,3-diphenylpropyl)carbamate (13): a white solid; mp 128–129 °C; 1H NMR (400 
MHz, CDCl3): δ 7.90 (d, J = 7.6 Hz, 2H), 7.55 (t, J = 7.6 Hz, 1H), 7.43 (dd, J1 = J2 = 7.6 Hz, 2H), 
7.36–7.21 (m, 5H), 5.83 (br, 1H), 5.34–5.29 (m, 1H), 4.09 (q, J = 7.0 Hz, 2H), 3.71–3.67 (m, 1H), 
3.51–3.37 (m, 1H), 1.21 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 198.0, 156.1, 141.6, 136.8, 133.5, 
128.7 (×4), 128.4 (×2), 127.5, 126.5 (×2), 61.0, 51.8, 44.2, 14.6; IR (KBr): νmax 3333, 3062, 3030, 
2980, 1691, 1597, 1531, 1449, 1409, 1259, 1047, 1002, 871, 751 cm-1; LRMS (ESI+): m/z calcd for 
C18H20NO3 [M+H]+ 298.1; found 298.1.[4,5] 
 

 

Ethyl (1-(4-chlorophenyl)-3-oxo-3-phenylpropyl)carbamate (14): a white solid; mp 112–113 °C; 
1H NMR (400 MHz, CDCl3): δ 7.88 (d, J = 7.5 Hz, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.43 (dd, J1 = J2 = 
7.5 Hz, 2H), 7.32–7.25 (m, 4H), 5.88 (br, 1H), 5.27 (m, 1H), 4.08 (q, J = 6.7 Hz, 2H), 3.68–3.64 (m, 
1H), 3.49–3.36 (m, 1H), 1.20 (t, J = 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 197.8, 156.1, 
140.3, 136.7, 133.7 (×2), 133.3, 128.8 (×3), 128.2 (×2), 128.0 (×2), 61.2, 51.3, 44.0, 14.7; IR (KBr): 
νmax 3242, 2943, 1920, 1667, 1395, 1336, 993, 815, 796 cm-1; LRMS (ESI+): m/z calcd for 
C18H19ClNO3 [M+H]+ 332.1; found 332.1.[6] 
 

 

Ethyl (1-(4-nitrophenyl)-3-oxo-3-phenylpropyl)carbamate (15): a white solid; mp 133–134 °C; 
1H NMR (400 MHz, CDCl3): δ 8.18 (d, J = 8.2 Hz, 2H), 7.88 (d, J = 7.2 Hz, 2H), 7.69–7.50 (m, 
3H), 7.49–7.41 (m, 2H), 6.05 (br, 1H), 5.40–5.35 (m, 1H), 4.10 (q, J = 6.6 Hz, 2H), 3.75–3.64 (m, 
1H), 3.50–3.41 (m, 1H), 1.21 (t, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 197.7, 155.8, 
148.8, 147.1, 136.3, 133.9, 128.7 (×4), 127.1 (×2), 123.9 (×2), 61.1, 51.8, 44.2, 14.6; IR (KBr): νmax 
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3340, 2944, 1714, 1662, 1591, 1514, 1438, 1317, 1257, 1219, 1158, 1017, 983, 814, 751 cm-1; 
LRMS (ESI+): m/z calcd for C18H18N2O5 [M+H]+ 343.1; found 343.1.[4] 
 

 

Ethyl (1-(2-chlorophenyl)-3-oxo-3-phenylpropyl)carbamate (16): a white solid; mp 128–129 °C; 
1H NMR (400 MHz, CDCl3): δ 7.89 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.6 Hz  1H), 7.50 (d, J = 7.6 Hz  
1H), 7.41 (dd, J1 = J2 = 7.6 Hz, 2H), 7.33 (d, J = 7.6 Hz, 1H), 7.22 (dd, J1 = J2 = 7.6 Hz), 7.16 (dd, 
J1 = J2 = 7.6 Hz), 6.15 (br, 1H), 5.67–5.58 (m, 1H), 4.07 (q, J = 6.8 Hz, 2H), 3.76–3.57 (m, 1H), 
3.54–3.41 (m, 1H), 1.32 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 198.4, 155.9, 139.0, 
136.7, 133.6, 132.4, 130.0, 128.8 (×2), 128.3 (×4), 127.2, 61.2, 49.8, 42.2, 14.6; IR (KBr): νmax 
2923, 1683, 1597, 1580, 1495, 1449, 1406, 1326, 1210, 1158, 1092, 814, 750 cm-1; LRMS (ESI+): 
m/z calcd for C18H19ClNO3 [M+H]+ 332.1; found 332.1.[4,5] 

 

Ethyl (3-(4-chlorophenyl)-3-oxo-1-phenylpropyl)carbamate (17): a white solid; mp 114–115 °C; 
1H NMR (400 MHz, CDCl3): δ 7.83 (d, J = 8.5 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 7.34–7.29 (m, 
4H), 7.24 (m, 1H), 5.70 (br, 1H), 5.28 (m, 1H), 4.09 (q, J = 6.8 Hz, 2H), 3.69–3.65 (m, 1H), 3.47–
3.34 (m, 1H), 1.21 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 196.8, 156.1, 141.4, 140.0, 
135.2, 129.7 (×2), 129.1 (×2), 128.8 (×2), 127.7, 126.5 (×2), 61.2, 51.9, 44.3, 14.7; IR (KBr): νmax 
3337, 1690, 1589, 1570, 1530, 1401, 1369, 1260, 1174, 1092, 1048, 1012, 823, 761 cm-1; LRMS 
(ESI+): m/z calcd for C18H19ClNO3 [M+H]+ 332.1; found 332.1.[3] 
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2. 1H/13C NMR, IR and HRMS spectra of new compounds 10, 12, and 18‒20  

 

Figure S1. 1H NMR spectrum of 10 

 

 

Figure S2. 13C NMR spectrum of 10 
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Figure S3. IR spectrum of 10 

 

 

 

 

 

Figure S4. HRMS spectrum of 10 
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Figure S5. 1H NMR spectrum of 12 

 

 

 

Figure S6. 13C NMR spectrum of 12 
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Figure S7. IR spectrum of 12 

 

 

 

 

 
Figure S8. HRMS spectrum of 12 
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Figure S9. 1H NMR spectrum of 18 

 

 

 

Figure S10. 13C NMR spectrum of 18 



S12 
 

 

 

 

 
Figure S11. IR spectrum of 18 

 

 

 

 

 
Figure S12. HRMS spectrum of 18 
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Figure S13. 1H NMR spectrum of 19  

 

 

 

Figure S14. 13C NMR spectrum of 19 
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Figure S15. IR spectrum of 19 

 

 

 

 

 

Figure S16. HRMS spectrum of 19 
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Figure S17. 1H NMR spectrum of 20 

 

 

 

Figure S18. 13C NMR spectrum of 20 
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Figure S19. IR spectrum of 20 

 

 

 

 

 

Figure S20. HRMS spectrum of 20 
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