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1. Characterizations of New Substrates. 

 

The amide substrates were prepared by conventional methods. Three representative 

examples are shown as follows. 

 

 

 

Reference 1: Manzoni, M. R.; Zabawa, T. P.; Kasi, D.; Chemler, S. R. Organometallics 

2004, 23, 5618. 

 

 

 

Reference 2: Miller, R. D.; Goelitz, P. J. Org. Chem. 1981, 46, 1616. 

 

 

 

Reference 3: Nicolaou, K. C.; Baran, P. S.; Zhong, Y. L.; Sugita, K. J. Am. Chem. Soc. 

2002, 124, 2212. 

 

Characterizations of new substrates: 

 

 

N-(4-(tert-Butyl)phenyl)-4-pentenamide (1b). Colorless solid, mp: 104-106 °C; 
1
H 
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NMR (400 MHz, CDCl3): δ 7.42 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.12 (br, 

1H), 5.83-5.94 (m, 1H), 5.12 (d, J = 17.2 Hz, 1H), 5.05 (d, J = 10.4 Hz, 1H), 2.42-2.49 

(m, 4H), 1.29 (s, 9H); 
13

C NMR (100 MHz, CDCl3): δ 170.9, 147.2, 137.0, 135.4, 125.8, 

119.9, 115.8, 36.7, 34.4, 31.3, 29.6; IR (KBr): ν (cm
-1

) 3327, 2962, 1665, 1601, 1536, 

1405, 1319, 916, 829; Anal. calcd for C15H21NO: C, 77.88; H, 9.15; N, 6.05; Found: C, 

78.19; H, 9.18; N, 6.13. 

 

 

N-(4-Acetoxyphenyl)-4-pentenamide (1c). White solid, mp: 106-108 °C; 
1
H NMR (400 

MHz, CDCl3): δ 7.51 (d, J = 8.4 Hz, 2H), 7.19 (br, 1H), 7.04 (d, J = 8.8 Hz, 2H), 

5.83-5.93 (m, 1H), 5.13 (d, J = 17.2 Hz, 1H), 5.06 (d, J = 10.0 Hz, 1H), 2.43-2.51 (m, 

4H) , 2.28 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 170.8, 169.8, 146.8, 136.9, 135.7, 

121.9, 121.0, 115.9, 36.6, 29.4, 21.1.; IR (KBr): ν (cm
-1

) 3291, 1766, 1660, 1538, 1507, 

1409, 1373, 1218, 1194, 910; Anal. calcd for C13H15NO3: C, 66.94; H, 6.48; N, 6.00; 

Found: C, 67.11; H, 6.74; N, 5.90.  

 

 

N-(4-(Trifluoromethoxy)phenyl)-4-pentenamide (1d). White solid, mp: 56-58 °C; 
1
H 

NMR (400 MHz, CDCl3): δ 7.53 (d, J = 8.8 Hz, 2H), 7.31 (br, 1H), 7.16 (d, J = 8.8 Hz, 

2H), 5.83-5.91 (m, 1H), 5.13 (d, J = 17.2 Hz, 1H), 5.07 (d, J = 10.0 Hz, 1H), 2.45-2.51 

(m, 4H); 
13

C NMR (100 MHz, CDCl3): δ 171.2, 145.4, 136.6, 121.6, 120.5 (q, J = 255.2 

Hz), 121.4, 115.9, 36.6, 29.4;
 19

F NMR (282 MHz, CDCl3) δ -59.0 (m, 3F); IR (KBr): ν 

(cm
-1

) 1662, 1607, 1535, 1277, 1212, 1159, 921, 764, 750; Anal. calcd for C12H12F3NO2: 

C, 55.60; H, 4.67; N, 5.40; Found: C, 55.44; H, 4.77; N, 5.39. 
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N-(4-(1,3-Dioxoisoindolin-2-yl)phenyl)-4-pentenamide (1e). Yellow solid, mp: 

246-248 °C; 
1
H NMR (400 MHz, CDCl3): δ 7.93-7.99 (m, 2H), 7.77-7.83 (m, 2H), 7.66 

(d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.8 Hz, 2H), 7.33 (br, 1H), 5.86-5.93 (m, 1H), 5.14 (d, J 

= 17.2 Hz, 1H), 5.08 (d, J = 10.0 Hz, 1H), 2.48 (br, 4H); 
13

C NMR (100 MHz, DMSO-d6): 

δ 171.2, 167.6, 139.5, 138.0, 135.2, 132.1, 128.3, 127.0, 123.9, 119.7, 115.7, 36.0, 29.5;
 
 

IR (KBr): 3337, 2921, 2851, 1707, 1664, 1601, 1524, 1393, 1121, 1085, 717 cm
-1

; 

ESI-MS: (m/z) 343 (M
+
+Na); HRMS calcd for C19H16N2NaO3: 343.1053, found 

393.1049. 

 

 

N-(4-Fluorophenyl)-4-pentenamide (1g). White solid, mp: 66-68 °C; 
1
H NMR (400 

MHz, CDCl3): δ 7.45 (dd, J = 8.8, 4.8 Hz, 2H), 7.26 (br, 1H), 7.00 (t, J = 8.4 Hz, 2H), 

5.83-5.91 (m, 1H), 5.12 (d, J = 17.6 Hz, 1H), 5.06 (d, J = 10.4 Hz, 1H), 2.48-2.50 (m, 

4H); 
13

C NMR (100 MHz, CDCl3): δ 171.1, 159.4 (d, J = 242.0 Hz), 136.8, 133.9, 122.1 

(d, J = 8.0 Hz ), 115.9, 115.5 (d, J = 21.9 Hz), 36.5, 29.5;
 19

F NMR (282 MHz, CDCl3) δ 

-119.6 (m ,1F); IR (KBr): ν (cm
-1

) 3313, 3079, 2917, 1663, 1615, 1550, 1406, 1214, 920, 

837; Anal. calcd for C11H12FNO: C, 68.38; H, 6.26; N, 7.25; Found: C, 68.13; H, 6.21; N, 

7.28. 

 

 

N-(4-(Trifluoromethyl)phenyl)-4-pentenamide (1h). White solid, mp: 116-118 °C; 
1
H 

NMR (400 MHz, CDCl3): δ 7.64 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H), 7.31 (br, 

1H), 5.84-5.94 (m, 1H), 5.14 (d, J = 17.2 Hz, 1H), 5.08 (d, J = 10.0 Hz, 1H), 2.50 (br, 

4H); 
13

C NMR (100 MHz, CDCl3): δ 171.2, 141.0, 136.5, 126.3, 126.2, 124.0 (q, J = 

269.7 Hz), 119.6, 116.2, 36.8, 29.3;
 19

F NMR (282 MHz, CDCl3) δ -62.8 (m, 3F); IR 

(KBr): ν (cm
-1

) 3310, 1678, 1600, 1527, 1408, 1334, 1160, 1118, 1069, 836; Anal. calcd 

for C12H12F3NO: C, 59.26; H, 4.97; N, 5.76; Found: C, 59.19; H, 4.95; N, 5.68. 
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N-(4-Acetylphenyl)-4-pentenamide (1i). White solid, mp: 116-118 °C; 
1
H NMR (400 

MHz, CDCl3): δ 7.93 (d, J = 8.8 Hz, 2H), 7.62 (d, J = 8.8 Hz, 2H), 7.47 (br, 1H), 

5.85-5.92 (m, 1H), 5.14 (d, J = 17.2 Hz, 1H), 5.07 (d, J = 10.4 Hz, 1H), 2.58 (s, 3H), 2.50 

(br, 4H); 
13

C NMR (100 MHz, CDCl3): δ 197.1, 171.0, 142.4, 136.7, 132.9, 129.8, 119.0, 

116.1, 36.9, 29.2, 26.4;
 
IR (KBr): ν (cm

-1
) 3334, 3106, 1702, 1664, 1600, 1534, 1408, 

1364, 1282, 1175, 970, 842; Anal. calcd for C13H15NO2: C, 71.87; H, 6.96; N, 6.45; 

Found: C, 71.68; H, 7.21; N, 6.20. 

 

 

Ethyl 4-(pent-4-enamido)benzoate (1j). White solid, mp: 74-76 °C; 
1
H NMR (400 MHz, 

CDCl3): δ 8.00 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.50 (br, 1H), 5.85-5.91 (m, 

1H), 5.13 (d, J = 17.2 Hz, 1H), 5.07 (d, J = 10.4 Hz, 1H), 4.36 (q, J = 7.2 Hz, 2H), 2.49 

(br, 4H), 1.39 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 170.9, 166.3, 142.1, 

136.7, 130.8, 125.9, 118.9, 116.1, 60.9, 36.9, 29.3, 14.3;
 
IR (KBr): ν (cm

-1
) 3343, 2983, 

1690, 1597, 1538, 1411, 1322, 1288, 1164, 916, 773; Anal. Calcd for C14H17NO3: C, 

68.00; H, 6.93; N, 5.66; Found: C, 67.89; H, 7.00; N, 5.63. 

 

 

4-(Pent-4-enamido)benzoic acid (1k). White solid, mp: 242-244 °C; 
1
H NMR (400 

MHz, DMSO-d6): δ 10.22 (s, 1H), 7.88 (d, J = 8.8 Hz, 2H), 7.70 (d, J = 8.8 Hz, 2H), 

5.80-5.91 (m, 1H), 5.07 (dd, J =17.6, 2.0 Hz, 1H), 4.99 (dd, J =10.0, 1.2 Hz, 1H), 

2.32-2.51 (m, 5H); 
13

C NMR (100 MHz, DMSO-d6): δ 176.3, 172.7, 148.2, 142.7, 135.5, 

131.0, 123.5, 120.5, 40.8, 34.1; IR (KBr): ν (cm
-1

) 3323, 2986, 1683, 1667, 1595, 1527, 

1317, 1294, 1171, 856, 789; ESI-MS: (m/z) 242 (M
+
+Na); HRMS calcd for 

C12H13NNaO3 (M+Na): 242.0788, found 242.0790. 
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N-(4-Cyanophenyl)-4-pentenamide (1l). White solid, mp: 96-98 °C; 
1
H NMR (400 

MHz, CDCl3): δ 7.65 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.43 (br, 1H), 

5.83-5.93 (m, 1H), 5.14 (d, J = 17.2 Hz, 1H), 5.08 (d, J = 10.4 Hz, 1H), 2.50 (br, 4H); 
13

C 

NMR (100 MHz, CDCl3): δ 170.9, 142.0, 136.5, 133.3, 119.5, 118.9, 116.3, 107.1, 36.8, 

29.1;
 
IR (KBr): ν (cm

-1
) 3310, 2230, 1673, 1598, 1520, 1408, 1313, 1251, 1178, 929, 841; 

ESI-MS: (m/z) 223 (M
+
+Na); HRMS calcd for C12H12N2NaO (M+Na): 223.0847, found 

223.0833. 

 

 

N-(3-Fluorophenyl)-4-pentenamide (3a). Yellow oil; 
1
H NMR (400 MHz, CDCl3): δ 

7.48 (d, J = 6.8 Hz, 1H), 7.22–7.28 (m, 2H), 7.12 (d, J = 8.0 Hz, 1H), 6.80 (td, J = 8.4, 

2.0 Hz, 1H), 5.83-5.93 (m, 1H), 5.13 (d, J = 17.6 Hz, 1H), 5.07 (d, J = 10.4 Hz, 1H), 

2.43-2.51 (m, 4H); 
13

C NMR (100 MHz, CDCl3): δ 171.8, 162.9 (d, J = 242.8 Hz), 139.6 

(d, J = 11.7 Hz), 136.6, 130.0 (d, J = 9.5 Hz), 115.9, 115.6, 111.0 (d, J = 21.2 Hz), 107.7 

(d, J = 25.6 Hz), 36.6, 29.4;
 19

F NMR (282 MHz, CDCl3) δ -112.7 (s, 1F); IR (neat): ν 

(cm
-1

) 3301, 3081, 1667, 1611, 1548, 1491, 1444, 1276, 917; ESI-MS: (m/z) 216 

(M
+
+Na); HRMS calcd for C11H12FNNaO (M+Na): 216.0795, found 216.0791. 

 

 

N-(3-Cyanophenyl)-4-pentenamide (3b). Yellow solid, mp: 56-58 °C;
 1

H NMR (400 

MHz, CDCl3): δ 7.92 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.37-7.44 (m, 3H), 5.84-5.92(m, 

1H), 5.14 (d, J = 17.2 Hz, 1H), 5.08 (d, J = 10.8 Hz, 1H), 2.49 (br, 4H); 
13

C NMR (100 

MHz, CDCl3): δ 172.1, 139.2, 136.5, 129.9, 127.6, 124.4, 123.2, 118.8, 116.0, 112.4, 36.5, 

29.3; IR (KBr): ν (cm
-1

) 3333, 3081, 2235, 1697, 1589, 1553, 1429, 1286, 912, 794; Anal. 

calcd for C12H12N2O: C, 71.98; H, 6.04; N, 13.99; Found: C, 71.66; H, 5.99; N, 13.75; 
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N-(2-Fluorophenyl)-4-pentenamide (3c). Yellow oil; 
1
H NMR (400 MHz, CDCl3): δ 

8.32 (t, J = 8.0 Hz, 1H), 7.38 (br, 1H), 7.01-7.14 (m, 3H), 5.84-5.94 (m, 1H), 5.14 (d, J = 

17.2 Hz, 1H), 5.07 (d, J = 10.4 Hz, 1H), 2.50 (br, 4H); 
13

C NMR (100 MHz, CDCl3): δ 

170.9, 152.6 (d, J = 239.9 Hz), 136.7, 126.3 (d, J = 10.3 Hz), 124.5 (d, J = 2.9 Hz), 124.4 

(d, J = 7.3 Hz), 122.1 (d, J = 10 Hz), 116.0, 114.8 (d, J = 19.0 Hz), 36.7, 29.3;
 19

F NMR 

(282 MHz, CDCl3) δ -132.1 (s ,1F); IR (neat): ν (cm
-1

) 3373, 3078, 1672, 1617, 1533, 

1455, 1260, 1194, 751; ESI-MS: (m/z) 216 (M
+
+Na); HRMS calcd for C11H12FNNaO  

(M+Na): 216.0795, found 216.0791. 

 

 

N-(3,4-Diacetoxyphenyl)-4-pentenamide (3e). White solid, mp: 58-60 °C; 
1
H NMR 

(400 MHz, CDCl3): δ 8.08 (br, 1H), 7.58 (d, J = 2.0 Hz,1H), 7.06 (dd, J = 8.8, 2.4 Hz, 

2H), 6.99 (d, J = 8.8 Hz, 2H), 5.77-5.85 (m, 1H), 5.06 (dd, J = 17.2, 1.2 Hz, 1H), 5.00 (d, 

J = 10.4 Hz, 1H), 2.32-2.42 (m, 4H), 2.26 (s, 6H); 
13

C NMR (100 MHz, CDCl3): δ 171.1, 

168.8, 168.6, 141.9, 137.8, 136.9, 136.7, 123.2, 117.7, 115.6, 115.0, 36.3, 29.3, 20.6;
 
 IR 

(KBr): ν (cm
-1

) 3367, 3055, 1771, 1693, 1611, 1505, 1265, 1187, 748, 731; ESI-MS: (m/z) 

314 (M
+
+Na); HRMS calcd for C15H17NNaO5 (M+Na): 314.0999, found 314.0998. 

 

 

N-(2,4-Dichlorophenyl)-4-pentenamide (3f). White solid, mp: 82-84 °C; 
1
H NMR (400 

MHz, CDCl3): δ 8.36 (d, J = 8.8 Hz, 1H), 7.57 (br, 1H), 7.37 (d, J = 2.4 Hz, 1H), 7.24 (dd, 

J = 9.2, 2.4 Hz, 1H), 5.83-5.95 (m, 1H), 5.14 (dd, J = 17.2, 1.5 Hz, 1H ), 5.08 (d, J = 10.0 

Hz, 1H ), 2.47-2.56 (m, 4H); 
13

C NMR (100 MHz, CDCl3): δ 170.5, 136.4, 133.4, 129.1, 

128.7, 127.9, 123.2, 122.5, 116.3, 37.0, 29.2;
 
IR (KBr): ν (cm

-1
) 3283, 1658, 1520, 1381, 

917, 862, 824; ESI-MS: (m/z) 266 (M
+
+Na); HRMS calcd for C11H11Cl2NNaO (M+Na): 
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266.0110, found 266.0123. 

 

 

2-Chloro-4-(pent-4-enamido)phenyl acetate (3g). White solid, mp: 100-102 °C; 
1
H 

NMR (400 MHz, CDCl3): δ 7.69 (d, J = 2.0 Hz, 1H), 7.41 (br, 1H), 7.32 (dd, J = 8.8, 2.4 

Hz, 1H), 7.03 (d, J = 8.8 Hz, 1H), 5.81-5.90 (m, 1H), 5.11 (dd, J = 17.2, 1.6 Hz, 1H ), 

5.06 (d, J = 10.4 Hz, 1H ), 2.41-2.48 (m, 4H), 2.34 (s, 3H); 
13

C NMR (100 MHz, CDCl3): 

δ 171.1, 169.4, 142.8, 136.9, 136.7, 126.8, 123.4, 121.6, 119.2, 115.8, 36.4, 29.3, 20.6;
 
 

IR (KBr): ν (cm
-1

) 1766, 1666, 1524, 1398, 1218, 905; Anal. calcd for C13H14ClNO3: C, 

58.32; H, 5.27; N, 5.23; Found: C, 58.04; H, 5.33; N, 5.21. 

 

 

N-(4-Chlorophenyl)-2,2-dimethyl-4-pentenamide (3h). White solid; 
1
H NMR (400 

MHz, CDCl3): δ 7.46 (d, J = 8.4 Hz, 1H), 7.32 (br, 1H), 7.28 (d, J = 8.8 Hz, 1H), 

5.76-5.88 (m, 1H), 5.11-5.15 (m, 2H), 2.37 (d, J = 7.6 Hz, 2H), 1.29 (s, 6H); 
13

C NMR 

(100 MHz, CDCl3): δ 175.6, 136.5, 134.1, 129.3, 129.0, 121.4, 118.7, 45.2, 42.9, 25.2;
 
 

IR (KBr): ν (cm
-1

) 3286, 2977, 1655, 1593, 1526, 1492, 1399, 1244, 1086, 917, 828; Anal. 

calcd for C13H16ClNO: C, 65.68; H, 6.78; N, 5.89; Found: C, 65.77; H, 6.83; N, 5.81. 

 

 

1-Allyl-N-phenylcyclohexanecarboxamide (3i). White solid, mp: 86-88 
o
C; 

1
H NMR 

(400 MHz, CDCl3): δ 7.51 (d, J = 7.6 Hz, 2H), 7.32 (t, J = 8.4 Hz, 3H), 7.10 (t, J = 7.2 

Hz, 1H), 5.74-5.84 (m, 1H), 5.06-5.10 (m, 2H), 2.33 (d, J = 7.6 Hz, 2H), 2.02-2.06 (m, 

2H), 1.34-1.67 (m, 8H); 
13

C NMR (100 MHz, CDCl3): δ 174.2, 137.9, 133.5, 129.0, 

124.3, 120.2, 118.4, 47.3, 44.5, 34.1, 25.9, 22.9;
 
IR (KBr): ν (cm

-1
) 3319, 2939, 1652, 

1597, 1534, 1439, 1298, 919, 749; ESI-MS: (m/z) 266 (M
+
+Na); HRMS calcd for 
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C16H21NNaO (M+Na): 266.1515, found 216.1519. 

 

 

N-(4-Cyanophenyl)-4-methyl-4-pentenamide (3j).
 
White solid, mp: 96-98 °C; 

1
H NMR 

(400 MHz, CDCl3): δ 7.65 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.51 (br, 1), 4.83 

(s, 1H), 4.77 (s, 1H), 2.56 (t, J = 7.6 Hz, 2H), 2.45 (t, J = 7.2 Hz, 2H), 1.79 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 171.4, 144.1, 142.2, 133.3, 119.6, 118.9, 111.0, 106.9, 35.8, 

32.9, 22.5; IR (KBr): ν (cm
-1

) 3294, 3250, 2220, 1667, 1596, 1507, 1309, 1257, 1150, 

837; Anal. calcd for C13H14N2O: C, 72.87; H, 6.59; N, 13.07; Found: C, 72.67; H, 6.63; N, 

13.11. 

 

 

N-Phenyl-5-methyl-4-hexenamide (3m). White solid, mp: 86-88 °C; 
1
H NMR (400 

MHz, CDCl3): δ 7.49 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.26 (br, 1H), 7.09 (t, J 

= 7.2 Hz, 1H), 5.16-5.17 (m, 1H),  2.36-2.43 (m, 4H), 1.72 (s, 3H), 1.65 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 171.5, 138.2, 133.5, 128.9, 124.2, 122.7, 120.0, 37.6, 25.7, 

24.3, 17.8; IR (KBr): ν (cm
-1

) 3297, 2914, 1661, 1600, 1545, 1443, 1310, 753; ESI-MS: 

(m/z) 226 (M
+
+Na); HRMS calcd for C13H17NNaO (M+Na): 226.1202, found 226.1205. 

 

  

(E)-5-Cyclopropyl-N-phenyl-4-pentenamide (5). Yellow oil; 
1
H NMR (400 MHz, 

CDCl3): δ 7.51 (d, J = 8.0 Hz, 2H), 7.32 (t, J = 8.0 Hz, 2H), 7.26 (br, 1H), 7.10 (t, J = 7.6 

Hz, 1H), 5.33-5.39 (m, 1H), 4.86 (t, J = 10.4 Hz, 1H), 2.58-2.64 (m, 2H), 2.47 (t, J = 7.2 

Hz, 2H), 1.58 (s, 1H), 0.72-0.77 (m, 2H), 0.32-0.36 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 171.3, 138.1, 135.9, 128.9, 125.7, 124.2, 120.1, 37.6, 23.8, 9.7, 7.0; IR (neat): 

ν (cm
-1

) 3299, 3006, 1667, 1600, 1538, 1444, 1309, 1257, 755; ESI-MS: (m/z) 238 

(M
+
+Na); HRMS calcd for C14H17NNaO (M+Na): 238.1202, found 238.1206. 
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N-(4-Cyanophenyl)-4-methylpentanamide (8b). White solid, 72-74 °C; 
1
H NMR (400 

MHz, CDCl3): δ 7.66 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.33 (br, 1H), 2.40 (t, 

J = 7.6 Hz, 2H), 1.62-1.65 (m, 3H), 0.94 (d, J = 6.4 Hz, 6H);
 13

C NMR (100 MHz, 

CDCl3): δ 172.7, 142.6, 133.2, 119.6, 119.1, 106.5, 35.7, 34.3, 27.8, 22.3; IR (KBr): ν 

(cm
-1

) 3242, 2953, 2222, 1668, 1594, 1531, 1406, 1312, 842; ESI-MS: (m/z) 239 

(M
+
+Na); HRMS calcd for C13H16N2NaO (M+Na): 239.1155, found 239.1155. 

 

 

2. Typical Procedure for Radical Aminofluorination 

 

Typical Procedure for Silver-Catalyzed Radical Aminofluorination of Alkenes. 

N-phenyl-4-pentenamide (1a, 52.5 mg, 0.3 mmol), AgNO3 (5.1 mg, 0.03 mmol) and 

Selectfluor (212 mg, 0.6 mmol) were placed in a Schlenk-tube under nitrogen atmosphere. 

Dichloromethane (3 mL) and water (3 mL) was then added successively at room 

temperature. The reaction mixture was then refluxed with stirring for 12 h. The resulting 

mixture was cooled down to room temperature and extracted with dichloromethane (15 

mL × 3). The combined organic phase was dried over anhydrous Na2SO4. After the 

removal of solvent under reduced pressure, the crude product was purified by column 

chromatography on silica gel with hexane/ethyl acetate/CH2Cl2 (2:1:1, v:v:v) as the 

eluent to give the pure product 5-(fluoromethyl)-1-phenylpyrrolidin-2-one (2a) as a 

yellow oil. Yield: 52.6 mg (91%). 

 

 

3. Characterizations of Products. 
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N

O

F  

5-(Fluoromethyl)-1-phenylpyrrolidin-2-one (2a). Yellow oil; 
1
H NMR (400 MHz, 

CDCl3): δ 7.36-7.43 (m, 4H), 7.23-7.26 (m, 1H), 4.30-4.52 (m, 3H), 2.67-2.76 (m, 1H), 

2.52-2.60 (m, 1H), 2.34-2.41 (m, 1H), 2.14-2.22 (m, 1H); 
13

C NMR (100 MHz, CDCl3): 

δ 174.6, 137.1, 129.3, 126.6, 124.7, 82.3 (d, J = 173.5 Hz), 59.7 (d, J = 20.4 Hz), 31.1, 

20.7 (d, J = 4.4 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -231.0 (m, 1F); IR (neat): ν (cm

-1
) 

2960, 1697, 1597, 1499, 1391, 1292, 1222, 1056, 761, 695; EIMS: m/z (rel intensity) 193 

(M
+
, 40), 160 (100), 132 (12), 117 (8), 104 (14), 91 (7), 77 (24), 51 (7); HRMS calcd for 

C11H12FNO: 193.0903, found 193.0905. 

 

 

1-(4-(tert-Butyl)phenyl)-5-(fluoromethyl)pyrrolidin-2-one (2b). White solid, mp: 

100-102 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.41 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 

2H), 4.24-4.52 (m, 3H), 2.65-2.72 (m, 1H), 2.50-2.58 (m, 1H), 2.33-2.39 (m, 1H), 

2.15-2.20 (m, 1H), 1.31 (s, 9H); 
13

C NMR (100 MHz, CDCl3): δ 174.7, 149.6, 134.3, 

126.3, 124.4, 82.3 (d, J = 173.5 Hz), 59.9 (d, J = 20.4 Hz), 34.6, 31.3, 31.1, 20.8 (d, J = 

4.4 Hz) ; 
19

F NMR
 
(282 MHz, CDCl3): δ -229.5 (m, 1F); IR (KBr): ν (cm

-1
) 2962, 1698, 

1516, 1394, 127, 1057, 1013, 956, 835; ESI-MS: (m/z) 272 (M
+
+Na); HRMS calcd for 

C15H21FNO (M): 250.1602, found 250.1601. 

 

 

1-(4-Acetoxylphenyl)-5-(fluoromethyl)pyrrolidin-2-one (2c). Yellow solid, mp: 86-88 

o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.39 (d, J = 8.8 Hz, 2H), 7.13 (d, J = 8.8 Hz, 2H), 
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4.25-4.53 (m, 3H), 2.65-2.74 (m, 1H), 2.49-2.57 (m, 1H), 2.28-2.41 (m, 4H), 2.12-2.20 

(m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.7, 169.3, 148.7, 134.6, 125.6, 122.4, 82.2 

(d, J = 174.1 Hz), 59.8 (d, J = 19.9 Hz), 31.0, 21.1, 20.7 (d, J = 4.3 Hz); 
19

F NMR
 
(282 

MHz, CDCl3): δ -233.7 (m, 1F); IR (KBr): ν (cm
-1

) 1755, 1698, 1508, 1387, 1372, 1197, 

1014, 910; ESI-MS: (m/z) 274 (M
+
+Na); HRMS calcd for C13H14FNNaO3 (M+Na): 

274.0855, found 274.0850. 

 

 

5-(Fluoromethyl)-1-(4-(trifluoromethoxy)phenyl)pyrrolidin-2-one (2d). Yellow oil; 

1
H NMR (400 MHz, CDCl3): δ 7.43 (d, J = 8.8 Hz, 2H), 7.26 (d, J = 8.8 Hz, 2H), 

4.31-4.52 (m, 3H), 2.67-2.74 (m, 1H), 2.52-2.59 (m, 1H), 2.35-2.42 (m, 1H), 2.14-2.20 

(m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.6, 147.0, 135.7, 125.8, 121.8, 120.4 (q, J = 

255.9 Hz), 82.2 (d, J = 173.5 Hz), 59.6 (d, J = 20.4 Hz), 30.9, 20.7 (d, J = 4.4 Hz); 
19

F 

NMR
 
(282 MHz, CDCl3): δ -58.8 (s, 3F), -233.5 (m, 1F); IR (neat): ν (cm

-1
) 2962, 1704, 

1510, 1390, 1260, 1222, 1164; ESI-MS: (m/z) 300 (M
+
+Na); HRMS calcd for 

C12H11F4NNaO2 (M+Na): 300.0624, found 300.0632. 

 

 

2-(4-(2-(Fluoromethyl)-5-oxopyrrolidin-1-yl)phenyl)isoindoline-1,3-dione (2e). White 

solid, mp: 186-188 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.94-7.97 (m, 2H), 7.79-7.82 (m, 

2H), 7.58 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 4.36-4.60 (m, 3H), 2.71-2.80 (m, 

1H), 2.54-2.62 (m, 1H), 2.37-2.45 (m, 1H), 2.16-2.25 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3): δ 174.6, 167.1, 136.7, 134.5, 131.7, 129.5, 127.2, 124.5, 123.8, 82.3 (d, J = 

173.5 Hz), 59.5 (d, J = 20.4 Hz), 31.1, 20.8 (d, J = 4.4 Hz); 
19

F NMR
 
(282 MHz, CDCl3): 

δ -233.9 (m, 1F); IR (KBr): ν (cm
-1

) 3311, 1661, 1607, 1537, 1512, 1252, 1212, 1159; 

ESI-MS: (m/z) 361 (M
+
+Na); HRMS calcd for C19H15FN2NaO3 (M+Na): 361.0964, 
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found 274.0974. 

 

 

1-(4-Chlorophenyl)-5-(fluoromethyl)pyrrolidin-2-one (2f). Yellow oil; 
1
H NMR (400 

MHz, CDCl3): δ 7.32-7.38 (m, 4H), 4.28-4.52 (m, 3H), 2.65-2.74 (m, 1H), 2.50-2.58 (m, 

1H), 2.32-2.42 (m, 1H), 2.12-2.19 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.6, 135.7, 

131.8, 129.4, 125.7, 82.3 (d, J = 174.2 Hz), 59.5 (d, J = 20.4), 31.0, 20.6 (d, J = 4.4 Hz); 

19
F NMR

 
(282 MHz, CDCl3): δ -233.8 (m, 1F); IR (neat): ν (cm

-1
) 2960, 1698, 1594, 

1494, 1385, 1292, 1221, 1091, 1012, 830; ESI-MS: (m/z) 250/252 (M
+
+Na); HRMS 

calcd for C11H11ClFNNaO (M+Na): 250.0411; found, 250.0411. 

 

 

5-Fluoromethyl-1-(4-fluorophenyl)pyrrolidin-2-one (2g). Yellow oil; 
1
H NMR (400 

MHz, CDCl3): δ 7.32 (dd, J = 8.8, 4.8 Hz, 2H), 7.10 (t, J = 8.8 Hz, 2H), 4.22-4.50 (m, 

3H), 2.64-2.73 (m, 1H), 2.50-2.59 (m, 1H), 2.32-2.42 (m, 1H), 2.12-2.20 (m, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ 174.8, 161.0 (d, J = 245 Hz), 133.0 (d, J = 2.2), 126.9 (d, J = 

8.8 Hz), 116.2 (d, J = 21.6 Hz), 82.2 (d, J = 173.5 Hz), 60.0 (d, J = 19.7 Hz), 30.9, 20.6 

(d, J = 4.4 Hz); 
19

F NMR
 
(282 MHz, CDCl3) δ -116.5 (s, 1F), -233.8 (m, 1F); IR (neat): ν 

(cm
-1

) 2961, 1698, 1510, 1393, 1228, 836; ESI-MS: (m/z) 234 (M
+
+Na); HRMS calcd for 

C11H11F2NNaO (M+Na): 234.0706, found 234.0705. 

 

 

5-(Fluoromethyl)-1-(4-(trifluoromethyl)phenyl)pyrrolidin-2-one (2h). White solid, 
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mp: 58-60 
o
C; 

1
H NMR δ 7.66 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 4.35-4.55 (m, 

3H), 2.70-2.77 (m, 1H), 2.53-2.61 (m, 1H), 2.37-2.42 (m, 1H), 2.16-2.22 (m, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ 174.7, 140.5, 127.8 (q, J = 32.0 Hz), 126.4 (q, J = 3.7 Hz), 

123.9 (q, J = 268.7 Hz), 123.5, 82.3 (d, J = 175.0 Hz), 59.1 (d, J = 20.4 Hz), 31.2, 20.6 (d, 

J = 4.4 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -62.8 (s, 3F), -233.3 (m, 1F); IR (KBr): ν 

(cm
-1

) 2963, 1705, 1614, 1520, 1383, 1292, 1166, 1068, 1014, 843; ESI-MS: (m/z) 284 

(M
+
+Na); HRMS calcd for C12H11F4NNaO (M+Na): 284.0674, found 284.0669. 

 

 

1-(4-Acetylphenyl)-5-(fluoromethyl)pyrrolidin-2-one (2i). Yellow solid, mp: 58-60 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 8.00 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 

4.36-4.57 (m, 3H), 2.71-2.81 (m, 1H), 2.54-2.62 (m, 4H), 2.35-2.45 (m, 1H), 2.15-2.22 

(m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 197.0, 174.6, 141.6, 134.2, 129.5, 122.7, 82.4 

(d, J = 175.0 Hz), 58.9 (d, J = 20.5 Hz), 31.3, 26.5, 20.7 (d, J = 4.4 Hz); 
19

F NMR
 
(282 

MHz, CDCl3): δ -233.1 (m, 1F); IR (KBr): ν (cm
-1

) 2925, 1702, 1600, 1509, 1459, 1377, 

1264, 1015, 838; ESI-MS: (m/z) 258 (M
+
+Na); HRMS calcd for C13H14FNNaO2 (M+Na): 

258.0906, found 258.0909. 

 

 

5-(Fluoromethyl)-1-(4-(ethoxycarbonyl)phenyl)pyrrolidin-2-one (2j). Yellow oil; 
1
H 

NMR (400 MHz, CDCl3): δ 8.05 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 4.32-4.53 

(m, 5H), 2.67-2.77 (m, 1H), 2.50-2.58 (m, 4H), 2.31-2.41 (m, 1H), 2.12-2.18 (m, 1H), 

1.36 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 174.6, 165.9, 141.4, 130.7, 

127.6, 122.6, 82.3 (d, J = 174.2 Hz), 61.0, 58.9 (d, J = 20.4 Hz), 31.3, 20.6 (d, J = 4.3 

Hz), 14.3; 
19

F NMR
 
(282 MHz, CDCl3): δ -233.4 (m, 1F); IR (neat): ν (cm

-1
) 2981, 1720, 

1704, 1605, 1512, 1379, 1184, 1018, 772; ESI-MS: (m/z) 288 (M
+
+Na); HRMS calcd for 
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C14H16FNNaO3 (M+Na): 288.1012, found 288.0999. 

 

 

4-(2-(Fluoromethyl)-5-oxopyrrolidin-1-yl)benzoic acid (2k). Gray solid; mp: 179-181 

o
C; 

1
H NMR (400 MHz, DMSO-d6): δ 12.74 (br, 1H), 7.95 (d, J = 8.4 Hz, 2H), 7.70 (d, J 

= 8.4 Hz, 2H), 4.69-4.79 (m, 1H), 4.41-4.59 (m, 2H), 2.56-2.66 (m, 1H), 2.26-2.48 (m, 

2H), 1.96-2.04 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.8, 167.3, 142.2, 130.6, 

127.3, 122.3, 83.4 (d, J = 169.1 Hz), 58.3 (d, J = 19.0 Hz), 31.5, 20.4 (d, J = 4.4 Hz); 
19

F 

NMR
 
(282 MHz, DMSO-d6): δ -232.3 (m, 1F); IR (KBr): ν (cm

-1
) 2966, 1699, 1673, 

1606, 1514, 1376, 1289, 1267, 1210, 1015, 860, 776; ESI-MS: (m/z) 236 (M
+
); HRMS 

calcd for C12H11FNO3 (M-H): 236.0723, found 236.0727. 

 

 

1-(4-Cyanophenyl)-5-(fluoromethyl)pyrrolidin-2-one (2l). White solid, mp: 84-86 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.63-7.69 (m, 4H), 4.37-4.58 (m, 3H), 2.72-2.81 (m, 1H), 

2.54-2.62 (m, 1H), 2.35-2.45 (m, 1H), 2.15-2.21 (m, 1H); 
13

C NMR (100 MHz, CDCl3): 

δ 174.7, 141.5, 133.2, 122.9, 118.5, 108.8, 82.4 (d, J = 174.3 Hz), 58.6 (d, J = 20.4 Hz), 

31.3, 20.6 (d, J = 4.4 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -232.3 (m, 1F); IR (KBr): ν 

(cm
-1

) 2962, 2226, 1716, 1603, 1507, 1375, 1298, 1217, 1014, 840; ESI-MS: (m/z) 241 

(M
+
+Na); HRMS calcd for C12H11FN2NaO (M+Na): 241.0753, found 241.0747. 

 

 

5-(Fluoromethyl)-1-(4-nitrophenyl)pyrrolidin-2-one (2m). Yellow solid, mp: 110-112 
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o
C; 

1
H NMR (400 MHz, CDCl3): δ 8.27 (d, J = 9.2 Hz, 2H), 7.73 (d, J = 9.6 Hz, 2H), 

4.40-4.63 (m, 3H), 2.75-2.84 (m, 1H), 2.56-2.65 (m, 1H), 2.40-2.46 (m, 1H), 2.17-2.24 

(m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.7, 144.4, 143.3, 124.8, 122.3, 82.4 (d, J = 

175.7 Hz), 58.7 (d, J = 20.4 Hz), 31.3, 20.6 (d, J = 4.3 Hz); 
19

F NMR
 
(282 MHz, CDCl3): 

δ -232.0 (m, 1F); IR (KBr): ν (cm
-1

) 2992, 1703, 1598, 1498, 1379, 1291, 1206, 851, 751; 

ESI-MS: (m/z) 261 (M
+
+Na); HRMS calcd for C11H11FN2NaO3 (M+Na): 261.0651, 

found 241.0640. 

 

 

5-(Fluoromethyl)-1-(3-fluorophenyl)pyrrolidin-2-one (4a). Yellow oil; 
1
H NMR (400 

MHz, CDCl3): δ 7.34 (dd, J = 8.0, 14.8 Hz, 1H), 7.26 (dt, J = 10.8, 2.0 Hz, 1H), 7.16 (d, 

J = 8.4 Hz, 1H), 6.90-6.95 (m, 1H), 4.31-4.54 (m, 3H), 2.66-2.75 (m, 1H), 2.49-2.57 (m, 

1H), 2.31-2.41 (m, 1H), 2.11-2.19 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.6, 162.9 

(d, J = 244.3 Hz), 138.8 (d, J = 9.5 Hz), 130.3 (d, J = 9.5 Hz), 119.1 (d, J = 2.9 Hz), 

113.0 (d, J = 21.1 Hz), 111.4 (d, J = 24.7 Hz), 82.2 (d, J = 173.6 Hz), 59.3 (d, J = 20.4 

Hz), 31.2, 20.6 (d, J = 4.4 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -112.5 (s, 1F), -233.4 (m, 

1F); IR (neat): ν (cm
-1

) 2962, 1713, 1614, 1590, 1494, 1454, 1319, 1231, 1058, 1014, 834, 

779; ESI-MS: (m/z) 234 (M
+
+Na); HRMS calcd. for C11H11F2NNaO (M+Na): 234.0706, 

found, 234.0702. 

 

 

1-(3-Cyanophenyl)-5-(fluoromethyl)pyrrolidin-2-one (4b). White solid, mp: 80-82 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.77 (s, 1H), 7.70-7.73 (m, 1H), 7.50-7.52 (m, 2H), 

4.35-4.54 (m, 3H), 2.70-2.79 (m, 1H), 2.54-2.62 (m, 1H), 2.36-2.46 (m, 1H), 2.14-2.22 

(m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.6, 138.3, 130.2, 129.4, 128.1, 127.0, 118.2, 
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113.5, 82.3 (d, J = 175.0 Hz), 59.0 (d, J = 20.4 Hz), 31.0, 20.6 (d, J = 4.4 Hz); 
19

F NMR
 

(282 MHz, CDCl3): δ -232.5 (m, 1F); IR (KBr): ν (cm
-1

) 2960, 2230, 1704, 1600, 1582, 

1487, 1461, 1383, 1255, 1119, 797; ESI-MS: (m/z) 241 (M
+
+Na); HRMS calcd for 

C12H11FN2NaO (M+Na): 241.0753, found 241.0755. 

 

N

O

F

F

 

5-(Fluoromethyl)-1-(2-fluorophenyl)pyrrolidin-2-one (4c). Yellow oil; 
1
H NMR (400 

MHz, CDCl3): δ 7.27-7.38 (m, 2H), 7.13-7.21 (m, 2H), 4.22-4.42 (m, 3H), 2.51-2.71 (m, 

2H), 2.37-2.44 (m, 1H), 2.13-2.20 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 175.0, 157.9 

(d, J = 248.6 Hz), 130.0, 129.4 (d, J = 8.0 Hz), 124.8 (d, J = 3.7 Hz), 124.4 (d, J = 12.4 

Hz), 116.6 (d, J = 19.7 Hz), 82.5 (d, J = 174.3 Hz), 59.7 (dd, J = 19.7, 3.0 Hz), 30.2, 21.0 

(d, J = 4.3 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -120.8 (s 1F,), -233.4 (m 1F,); IR (neat): ν 

(cm
-1

) 2959, 1704, 1610, 1589, 1503, 1459, 1397, 1262, 1224, 1057, 811, 759; ESI-MS: 

(m/z) 234 (M
+
+Na); HRMS calcd for C11H11F2NNaO (M+Na): 234.0706, found 

234.0708. 

 

N

O

F

Cl

 

1-(2-Chlorophenyl)-5-(fluoromethyl)pyrrolidin-2-one (4d). Yellow oil; 
1
H NMR (400 

MHz, CDCl3): δ 7.48 (d, J = 6.4 Hz, 1H), 7.25-7.32 (m, 3H), 4.22-4.41 (m, 3H), 

2.52-2.69 (m, 2H), 2.39-2.47 (m, 1H), 2.19-2.22 (m, 1H); 
13

C NMR (100 MHz, CDCl3): 

δ 175.2, 134.4, 132.6, 131.1, 130.5, 129.6, 127.9, 82.5 (d, J = 174.3 Hz), 59.5 (d, J = 19.7 

Hz), 30.2, 21.2 (d, J = 5.1 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -233.0 (m, 1F); IR (neat): 

ν (cm
-1

) 2958, 1705, 1588, 1481, 1395, 1226, 759; ESI-MS: (m/z) 250 (M
+
+Na); HRMS 

calcd for C11H11ClFNNaO (M+Na): 250.0411; found 250.0405. 
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1-(3,4-Diacetoxylphenyl)-5-(fluoromethyl)pyrrolidin-2-one (4e). Yellow solid, mp: 

112-114 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 2.0 Hz, 1H), 7.32 (dd, J = 8.8, 

2.0 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 4.29-4.59 (m, 3H), 2.67-2.76 (m, 1H), 2.50–2.58 

(m, 1H), 2.28–2.41 (m, 7H), 2.12–2.21 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.6, 

168.1, 168.0, 142.4, 139.9, 135.4, 123.8, 121.6, 119.0, 82.2 (d, J = 174.2 Hz), 59.4 (d, J = 

20.4 Hz), 31.1, 20.6 (d, J = 7.3 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -233.5 (m, 1F); IR 

(KBr): ν (cm
-1

) 3061, 2961, 1770, 1694, 1682, 1614, 1514, 1372, 1104, 1058, 903, 735; 

ESI-MS: (m/z) 332 (M
+
+Na); HRMS calcd. for C15H16FNNaO5 (M+Na): 332.0910, 

found 332.0902. 

 

 

1-(2,4-Dichlorophenyl)-5-(fluoromethyl)pyrrolidin-2-one (4f). Yellow solid, mp: 

88-90 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.50 (d, J = 2.0 Hz, 1H), 7.32 (dd, J = 2.0, 8.4 

Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 4.20-4.43 (m, 3H), 2.52-2.69 (m, 2H), 2.39-2.47 (m, 

1H), 2.15-2.22 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 175.2, 134.9, 135.5, 133.1, 

131.9, 130.4, 128.3, 82.5 (d, J = 174.2 Hz), 59.4 (d, J = 19.7 Hz), 30.1, 21.2 (d, J = 5.1 

Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -231.6 (m, 1F); IR (KBr): ν (cm

-1
) 1705, 1481, 1397; 

ESI-MS: (m/z) 284 (M+Na); HRMS calcd for C11H10Cl2FNNaO (M+Na): 284.0021, 

found 284.0025. 

 

 

1-(3-Chloro-4-(acetoxy)phenyl)-5-(fluoromethyl)pyrrolidin-2-one (4g). Yellow oil; 
1
H 
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NMR (400 MHz, CDCl3): δ 7.57 (d, J = 2.4 Hz, 1H), 7.33 (dd, J = 8.8, 2.0 Hz, 1H), 7.16 

(d, J = 8.8 Hz, 1H), 4.28-4.55 (m, 3H), 2.66-2.74 (m, 1H), 2.49-2.58 (m, 1H), 2.31-2.39 

(m, 4H), 2.13–2.22 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 174.6, 168.4, 144.9, 135.7, 

127.5, 125.9, 124.1, 123.4, 82.2 (d, J = 174.3 Hz), 59.5 (d, J = 20.4 Hz), 31.0, 20.6 (d, J 

= 4.3 Hz), 20.5; 
19

F NMR
 
(282 MHz, CDCl3): δ -233.3 (m, 1F); IR (neat): ν (cm

-1
) 2961, 

1770, 1694, 1604, 1495, 1372, 1196, 1056, 1011, 907, 740; ESI-MS: (m/z): 308 (M
+
+Na); 

HRMS calcd for C13H13ClFNNaO3 (M+Na): 308.0466; found, 308.0455. 

 

 

1-(4-Chlorophenyl)-5-fluoromethyl-3,3-dimethylpyrrolidin-2-one (4h). White solid, 

mp: 62-64 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.36–7.38 (m, 2H), 7.28 (d, J = 8.8 Hz, 

2H), 4.22–4.52 (m, 3H), 2.17 (dd, J = 13.2, 8.0 Hz, 1H), 1.99 (dd, J = 13.2, 7.2 Hz, 1H), 

1.32 (s, 3H), 1.25 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 179.4, 135.8, 132.0, 129.3, 

126.2, 81.6 (d, J = 175.0 Hz), 56.0 (d, J = 20.4 Hz), 40.6, 35.7 (d, J = 4.4 Hz), 25.6 (d, J 

= 5.1 Hz); 
19

F NMR
 
(282 MHz, CDCl3) δ -231.7 (m, 1F); IR (KBr): ν (cm

-1
) 2965, 1697, 

1594, 1494, 1459, 1374, 1321, 1233, 1033, 1014, 838; ESI-MS: (m/z) 278 (M
+
+Na); 

HRMS calcd for C13H15ClFNNaO: 278.0724, found 278.0724. 

 

 

3-(Fluoromethyl)-2-phenyl-2-azaspiro[4.5]decan-1-one (4i). Yellow oil; 
1
H NMR (400 

MHz, CDCl3): δ 7.32 (t, J = 8.0 Hz, 2H), 7.25 (d, J = 7.2 Hz, 2H), 7.16 (t, J = 7.2 Hz, 

1H), 4.17-4.33 (m, 3H), 2.24 (dd, J = 13.2, 8.8 Hz, 1H), 1.89 (dd, J = 13.2, 6.8 Hz, 1H), 

1.45-1.82 (m, 8H), 1.24-1.35 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ 179.0, 137.2, 

129.1, 126.4, 125.0, 82.0 (d, J = 174.2 Hz), 56.4 (d, J = 20.4 Hz), 45.2, 34.0, 33.1, 31.7, 

29.7, 25.4, 22.2 (d, J = 3.6 Hz); 
19

F NMR
 
(282 MHz, CDCl3) δ -227.7 (m, 1F); IR (neat): 
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ν (cm
-1

) 3054, 2932, 2856, 1694, 1597, 1496, 1386, 1266, 750, 727, 706; ESI-MS: (m/z) 

284 (M
+
+Na); HRMS calcd for C16H20FNNaO (M+Na): 284.1427, found 284.1429. 

 

 

1-(4-Cyanophenyl)-5-(fluoromethyl)-5-methylpyrrolidin-2-one (4j). White solid, mp: 

156-158 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.75 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 

2H), 4.10-4.31 (m, 2H), 2.55-2.73 (m, 2H), 2.39-2.46 (m, 1H), 2.01-2.09 (m, 1H), 1.22 (d, 

J = 2.4 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 175.6, 140.3, 133.3, 130.5, 118.1, 112.2, 

85.6 (d, J = 177.9 Hz), 64.7 (d, J = 17.5 Hz), 30.0, 29.9 (d, J = 2.9 Hz), 22.0 (d, J = 5.9 

Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -233.0 (t, J = 47.4 Hz, 1F); IR (KBr): ν (cm

-1
) 2966, 

2229, 1684, 1601, 1507, 1241, 983; ESI-MS: (m/z) 255 (M
+
+Na); HRMS calcd for 

C13H13FN2NaO (M+Na): 255.0910, found 255.0901. 

 

N

O

F  

5-(Fluoromethyl)-4,4-dimethyl-1-phenylpyrrolidin-2-one (4k). Yellow oil; 
1
H NMR 

(400 MHz, CDCl3): δ 7.39-7.41 (m, 4H), 7.22-7.26 (m, 1H), 4.39-4.59 (m, 2H), 3.72 (dt, 

J = 30.8, 2.4 Hz, 1H), 2.63 (dd, J = 16.8, 2.0 Hz, 1H), 2.25 (d, J = 16.8 Hz, 1H), 1.34 (s, 

3H), 1.30 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 173.7, 137.5, 129.3, 126.5, 124.6, 80.3 

(d, J = 173.6 Hz), 69.7 (d, J = 18.9 Hz), 46.5, 35.3, 29.9, 23.0 (d, J = 1.5 Hz); 
19

F NMR
 

(282 MHz, CDCl3): δ -232.1 (m, 1F); IR (neat): ν (cm
-1

) 2962, 1712, 1597, 1499, 1398, 

1379, 1307, 1258, 1139, 1070, 762, 694; ESI-MS: (m/z) 244 (M
+
+Na); HRMS calcd for 

C13H16FNNaO (M+Na): 244.1114, found 244.1108. 
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N

O

F  

5-(1-Fluoroethyl)-1-phenylpyrrolidin-2-one (4l). This compound was isolated as a 1:1 

mixture of two stereoisomers. Yellow oil; 
1
H NMR (400 MHz, CDCl3): δ 7.25-7.34 (m, 

4H), 7.13-7.21 (m, 1H), 4.69-4.73 (m, 0.5H), 4.56-4.61 (m, 0.5H), 4.38-4.45 (m, 0.5H), 

4.00-4.10 (m, 0.5H), 2.54-2.63 (m, 1H), 2.39-2.49 (m, 1H), 1.94-2.27 (m, 2H), 1.08-1.23 

(m, 3H); 
13

C NMR (100 MHz, CDCl3): δ 174.7/174.5, 138.1/137.2, 129.3/129.1, 

126.6/126.5, 125.2/124.2, 90.4 (d, J = 170.6 Hz)/87.7 (d, J = 173.5 Hz), 63.9 (d, J = 19.6 

Hz)/62.0 (d, J = 25.5 Hz), 31.1, 19.6 (d, J = 2.9 Hz)/17.7 (d, J = 5.1 Hz), 16.8 (d, J = 21.9 

Hz)/15.7 (d, J = 22.6 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -183.0/-193.0 (2m, 1F,); IR 

(neat): ν (cm
-1

) 3064, 2984, 2935, 1713, 1693, 1682, 1597, 1393, 1384, 1290, 1162, 1072, 

758, 696; ESI-MS: (m/z) 230 (M
+
+Na); HRMS calcd for C12H14FNNaO (M+Na): 

230.0957, found 230.0950. 

 

 

5-(2-Fluoropropan-2-yl)-1-phenylpyrrolidin-2-one (4m). Yellow solid, mp: 88-90 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.33-7.40 (m, 4H), 7.21 (t, J = 7.2 Hz, 1H), 4.37-4.43 (m, 

1H), 2.63-2.72 (m, 1H), 2.47-2.55 (m, 1H), 2.28-2.39 (m, 1H), 1.98-2.06 (m, 1H), 1.28 (d, 

J = 10.0 Hz, 3H), 1.23 (d, J = 10.4 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 175.0, 

139.1, 128.9, 126.3, 125.1, 97.7 (d, J = 171.3 Hz), 66.6 (d, J = 24.0 Hz), 30.9, 24.0 (d, J 

= 24.1 Hz), 23.5 (d, J = 24.8 Hz), 20.7 (d, J = 6.6 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ 

-139.3 (m, 1F,); IR (KBr): ν (cm
-1

) 2985, 2962, 1693, 1597, 1498, 1396, 1292, 1226, 882, 

762, 696; ESI-MS: (m/z) 244 (M
+
+Na); HRMS calcd for C13H17FNO (M): 222.1294, 

found 222.1290. 
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4-(Fluoromethyl)-3-phenyloxazolidin-2-one (4n). White solid, mp: 72-74 
o
C; 

1
H NMR 

(400 MHz, CDCl3): δ 7.38-7.44 (m, 4H), 7.21-7.26 (m, 1H), 4.36-4.61 (m, 5H); 
13

C 

NMR (100 MHz, CDCl3): δ 155.7, 136.0, 129.5, 126.1, 122.7, 80.1 (d, J = 175.0 Hz), 

63.6 (d, J = 5.1 Hz), 56.2 (d, J = 21.1 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -236.0 (m, 1F); 

IR (KBr): ν (cm
-1

) 2970, 1749, 1598, 1505, 1409, 1220, 1046, 962, 690; ESI-MS: (m/z) 

218 (M
+
+Na), 196 (M

+
+H); HRMS calcd for C10H10FNNaO2 (M+Na): 218.0593, found 

218.0582. 

 

  

4-Fluoro-3-phenylhexahydrobenzo[d]oxazol-2(3H)-one (4o). This compound was 

isolated as a separable mixture of two stereoisomers in 1:1 ratio. One isomer: White solid, 

mp: 122-124 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 7.6 Hz, 2H), 7.37 (t, J = 7.2 

Hz, 2H), 7.17 (t, J = 7.2 Hz, 1H), 4.70-4.93 (m, 2H), 4.17 (ddd, J = 3.6, 6.8, 23.6 Hz, 1H), 

2.14-2.30 (m, 2H), 1.74-1.91 (m, 2H), 1.35-1.51 (m, 2H); 
13

C NMR (100 MHz, CDCl3): 

δ 156.3, 137.1, 129.3, 125.3, 121.7, 84.9 (d, J = 177.9 Hz), 72.4, 58.2 (d, J = 17.5 Hz), 

26.9 (d, J = 21.2 Hz), 25.7, 12.7 (d, J = 5.1 Hz); 
19

F NMR (282 MHz, CDCl3): δ -194.7 

(m, 1F); IR (KBr): ν (cm
-1

) 2954, 1748, 1601, 1499, 1398, 1198, 1104, 989, 753; ESI-MS: 

(m/z) 258 (M
+
+Na); HRMS calcd for C13H14FNNaO2 (M+Na): 258.0906, found 258.0902. 

The other isomer: White solid, mp: 106-108 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.53 (d, J 

= 7.6 Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.19 (t, J = 7.6 Hz, 1H), 4.67-4.87 (m, 2H), 

4.35-4.42 (m, 1H), 1.64-2.14 (m, 6H); 
13

C NMR (100 MHz, CDCl3): δ 155.5, 137.1 

129.2, 125.5, 121.7, 91.3 (d, J = 176.4 Hz), 73.8 (d, J = 4.3 Hz), 59.7 (d, J = 27.0 Hz), 

26.3 (d, J = 19.7 Hz), 25.4, 15.2 (d, J = 6.6 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -178.2 

(m, 1F); IR (KBr): ν (cm
-1

) 2951, 1759, 1599, 1503, 1396, 1379, 1289, 1216, 1037, 742; 

ESI-MS: (m/z) 258 (M
+
+Na); HRMS calcd for C13H14FNNaO2 (M+Na): 258.0906, found 
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258.0902. 

 

 

1-Allyl-3-(4-chlorophenyl)-4-(fluoromethyl)imidazolidin-2-one (4p). Yellow oil; 
1
H 

NMR (400 MHz, CDCl3): δ 7.41 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H), 5.74-5.84 

(m, 1H), 5.22-5.28 (m, 2H), 4.37-4.50 (m, 3H), 3.81-3.98 (m, 2H), 3.60 (t, J = 9.2 Hz, 

1H), 3.41 (dd, J = 9.2, 4.4 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 157.2, 137.0, 132.6, 

129.3, 129.1, 122.2, 118.3, 81.0 (d, J = 175.0 Hz), 52.8 (d, J = 22.6 Hz), 46.6, 44.1 (d, J = 

4.4 Hz); 
19

F NMR
 
(282 MHz, CDCl3): δ -218.6 (m, 1F); IR (neat): ν (cm

-1
) 2923, 1713, 

1695, 1495, 1444, 1268, 1091, 828, 753; ESI-MS: (m/z) 291 (M
+
+Na); HRMS calcd for 

C13H14CFN2NaO (M+Na): 291.0676, found 291.0670. 

 

 

3-(Fluoromethyl)-2-phenylisoindolin-1-one (4q). White solid, mp: 94-96 
o
C; 

1
H NMR 

(400 MHz, CDCl3): δ 7.95 (d, J = 7.6 Hz, 1H), 7.55-7.66 (m, 5H), 7.46 (t, J = 8.0 Hz, 

2H), 7.27 (t, J = 7.6 Hz, 1H), 5.35 (dt, J = 18.8, 4.4 Hz, 1H), 4.40-4.82 (m, 2H); 
13

C 

NMR (100 MHz, CDCl3): δ 167.4, 141.4, 141.3, 136.7, 132.4, 132.3, 129.4, 129.3, 126.2, 

124.4, 124.0, 122.8, 81.6 (d, J = 176.4 Hz), 60.6 (d, J = 22.6 Hz); 
19

F NMR
 
(282 MHz, 

CDCl3): δ -230.8 (m, 1F); IR (KBr): ν (cm
-1

) 3061, 1694, 1597, 1499, 1379, 1214, 757; 

ESI-MS: (m/z) 264 (M
+
+Na); HRMS calcd for C15H12FNNaO (M+Na): 264.0801, found 

264.0801. 

 

 

  

(E)-5-(4-Fluorobut-1-en-1-yl)-1-phenylpyrrolidin-2-one (6). Yellow oil; 
1
H NMR (400 
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MHz, CDCl3): δ 7.41 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 8.0 Hz, 2H), 7.15 (t, J = 7.2 Hz, 

1H), 5.58-5.66 (m, 1H), 5.49 (dd, J = 7.6, 14.2 Hz, 1H), 4.60-4.65 (m, 1H), 4.27-4.42 (m, 

2H), 2.48-2.68 (m, 2H), 2.31-2.43 (m, 3H), 1.86-1.94 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3): δ 174.3, 138.0, 132.6, 128.7, 128.3 (d, J = 5.8 Hz), 125.3, 123.2, 82.6 (d, J = 

166.9 Hz), 62.1, 33.1 (d, J = 20.4 Hz), 31.1, 26.3; 
19

F NMR
 
(282 MHz, CDCl3): δ -218.7 

(m, 1F); IR (neat): ν (cm
-1

) 1694, 1597, 1499, 1384, 1219, 909; ESI-MS: (m/z) 256 

(M
+
+Na); HRMS calcd for C14H16FNNaO (M+Na): 256.1114, found 256.1113. 

 

 

4-Fluoro-4-methyl-N-phenylpentanamide (9a). White solid, mp: 106-108 °C; 
1
HNMR 

(400 MHz, CDCl3): δ 7.50 (d, J = 7.6 Hz, 2H), 7.42 (br, 1H), 7.31 (t, J = 8.0 Hz, 2H), 7. 

10 (t, J = 7.2 Hz, 1H), 2.47-2.51 (m, 2H), 2.01-2.10 (m, 2H), 1.38 (d, J = 21.6 Hz, 6H); 

13
C NMR (100 MHz, CDCl3): δ 170.9, 137.9, 129.0, 124.3, 119.9, 95.0 (d, J = 165.2 Hz), 

36.4 (d, J = 22.6 Hz), 32.1 (d, J = 3.6 Hz), 26.7 (d, J = 24.4 Hz); 
19

F NMR (282 MHz, 

CDCl3): δ -114.2 (m, 1F); IR (KBr): ν (cm
-1

) 3253, 2981, 1659, 1598, 1545, 1443, 1331, 

965; ESI-MS: (m/z) 232 (M
+
+Na); HRMS calcd for C12H16FNNaO (M+Na): 232.1114, 

found 232.1114. 

 

 

N-(4-Cyanophenyl)-4-fluoro-4-methylpentanamide (9b). White solid, mp: 84-86 °C; 

1
H NMR (400 MHz, CDCl3): δ 7.87 (br, 1), 7.68 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.8 Hz, 

2H), 2.53-2.57 (m, 2H), 2.02-2.11 (m, 2H), 1.39 (d, J = 21.6 Hz, 6H); 
13

C NMR (100 

MHz, CDCl3): δ 171.5, 142.2, 133.3, 119.5, 118.9, 106.8, 95.0 (d, J = 164.7 Hz), 36.2 (d, 

J = 22.6 Hz), 32.1 (d, J = 3.6 Hz), 26.7 (d, J = 24.8 Hz); 
19

F NMR
 
(282 MHz, CDCl3); δ 

-114.3 (m, 1F); IR (KBr): ν (cm
-1

) 3328, 2982, 2226, 1681, 1594, 1525, 1265, 739; 

ESI-MS: (m/z) 257 (M
+
+Na); HRMS calcd for C13H15FN2NaO (M+Na): 257.1066, found 

257.1069.  
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Fluorine Chem. 2007, 128, 540. 
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Compound 1c 
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Compound 1d 
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Compound 1e 

 

 

 

 

    

 

    

 

 

 

 

 

 

 



 

 S31

Compound 1f 
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Compound 1g 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 S33

Compound 1h 
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Compound 1j  
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Compound 1k  
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Compound 1l 
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Compound 1m 
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Compound 1n 
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Compound 3a 
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Compound 3b 
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Compound 3c 
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Compound 3d 
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Compound 3e 
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Compound 3f 
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Compound 3g  
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Compound 3h  
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Compound 3i    
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Compound 3j
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Compound 3k    
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Compound 3l  
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Compound 3m 
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Compound 3n 
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Compound 3o 

 

 

 

 

 

 

    

 

 

 

 



 

 S55

 

Compound 3p 
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Compound 3q 
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Compound 5 
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Compound 8a 
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Compound 8b 
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1
H, 

13
C and 

19
F NMR Spectra of Products. 
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Compound 2a 
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Compound 2b 
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Compound 2c 
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Compound 2d 
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Compound 2e 

 

 

 

 

 

 



 

 S65

Compound 2f 
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Compound 2g 
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Compound 2h 
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Compound 2i 
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Compound 2j 
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Compound 2k 
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Compound 2l 
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Compound 2m 
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Compound 4a 
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Compound 4b 
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Compound 4c 
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Compound 4d 
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Compound 4e 

 

 

 

 

 



 

 S78

 

Compound 4f 
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Compound 4g 
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Compound 4h 
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Compound 4i 
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Compound 4j 
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Compound 4k 
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Compound 4l 
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Compound 4m 
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Compound 4n 
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Compound 4o (one isomer) 
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Compound 4o (the other isomer) 
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Compound 4p 
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Compound 4q 
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Compound 6 
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Compound 7 
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Compound 9a 
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Compound 9b 

 

 

 

 

 


