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Figure 3.22. 1H-NMR  of 4-Pentenoic Anilide with Different Bu4N[OP(O)(OBu)2] Loadings, 

Related to Figure 3.7 

 

Figure 3.23. 1H-NMR of (E)-But-2-en-1-yl Phenylcarbamate S43 with Different 

Bu4N[OP(O)(OBu)2] Loadings, Related to Figure 3.7 
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Figure 3.24. Binding Curve of Pent-4-enoic Anilide, Kbinding = (32 ± 4) M-1, Related to Figure 3.7 

 

Figure 3.25. Binding Curve of (E)-But-2-en-1-yl Phenylcarbamate, Kbinding = (0.74 ± 0.05) M-1, 

Related to Figure 3.7 

NMR Investigation of Influence of t-BuOH on Amides’ N-H Bond Acidity 

A series of 0.0378 M solutions of 4-pentenoic anilide S1 were prepared with solvents 

combination of t-BuOH/CDCl3 in ratios of 1:2, 1:1, 2:1 and 3:1, respectively. A 1H-NMR was taken 
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for each sample - the spectra are displayed below. As indicated in Figure S9, a significant downfield 

shift was observed with higher t-BuOH ratios. As a potential H-bonding acceptor, this is likely an 

indication of an increase of the N-H bond’s acidity, which we believed is beneficial for the PCET 

step. It is also noteworthy that after the ratio between t-BuOH and CDCl3 reached 2:1, the chemical 

shift change is difficult to appreciate, with this ratio being close to the optimal reaction conditions. 

This suggests that under reaction conditions, both the amount of base and t-BuOH solvent are 

optimal for an easy PCET step. 

 

CDCl3 : t-BuOH 100:0 2:1 1:1 1:2 1:3 
δN-H (ppm) 7.19 8.67 8.87 9.11 9.14 

Figure 3.26. 1H-NMR of 4-Pentenoic Anilide with Different t-BuOH:CDCl3 Solvent Ratios 

Characterization Data 

N-Phenylpent-4-enamide (S1),49 2-methyl-N-phenylpent-4-enamide (S2),57 1-allyl-N-

phenylcyclohexane-1-carboxamide (S4),58 3-methyl-N-phenylpent-4-enamide (S6),57 4-methyl-N-

phenylpent-4-enamide (S7),58 and N-phenylcyclohex-3-ene-1-carboxamide (S8),59 N-(p-tolyl)pent-

4-enamide (S13),60 N-(4-(methoxy)phenyl)pent-4-enamide (S14),61 and N-(4-fluorophenyl)pent-4-

enamide (S15)58  were synthesized following General Procedure I. 2,2-Dimethyl-N-phenylpent-4-

enamide (S3)62, 2-endo-N-phenylbicyclo[2.2.1]hept-5-ene-2-carboxamide (S9),26 N-
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phenylcyclopent-3-ene-1-carboxamide (S11),63 N-(4-(trifluoromethyl)phenyl)pent-4-enamide 

(S16),58 and N-(4-cyanophenyl)pent-4-enamide (S17)58 were prepared via General Procedure II. 

Allyl phenylcarbamate (S41)53 and (4aR, 8R, 8aS)2,2-dimethyl-4,4a,8,8a-tetrahydropyrano[3,2-

d][1,3]dioxin-8-ylphenylcarbamate (S50)26 was synthesized according to General Procedure IV. 

All characterization data match previous literature reports. 

tert-Butyl (S)-(1-Oxo-1-(phenylamino)pent-4-en-2-yl)carbamate (S5): 

Prepared following General Procedure I, starting from N-Boc protected L-allylglycine (1.08 g, 5.00 

mmol).64 The corresponding product was obtained as a white solid (1.14 g, 3.93 mmol, 78% yield), 

upon purification using an automated system (silica gel, hexanes/EtOAc, 0 to 50%). mp = 103-105 

ºC.  1H NMR (500 MHz, CDCl3) δ 8.42 (s, 1H), 7.52 – 7.45 (m, 2H), 7.28 (t, J = 7.8 Hz, 2H), 7.08 

(t, J = 7.4 Hz, 1H), 5.83 (ddt, J = 17.1, 9.8, 7.1 Hz, 1H), 5.28 – 5.03 (m, 3H), 4.33 (s, 1H), 2.68 – 

2.47 (m, 2H), 1.46 (s, 9H) ppm. 13C NMR (126 MHz, CDCl3) δ 169.9, 156.3, 137.7, 133.2, 129.1, 

124.5, 120.1, 119.3, 80.8, 54.7, 36.4, 28.4 ppm. IR (neat, cm-1): 3300, 2980, 1666, 1602, 1530, 

1499, 1444, 1392, 1048, 753. HRMS (ES+) calcd for (C16H23N2O3) [M+H]+ 291.1709, found 

291.1709. 

2-((1R,5S)-5-Hydroxycyclopent-2-en-1-yl)-N-phenylacetamide (S10): 

Prepared following General Procedure III, starting from commercially available (1S,5R)-2-

oxabicyclo[3.3.0]oct-6-en-3-one (500 mg, 4.03 mmol). The corresponding product was obtained 

as a tan solid (638.4 mg, 2.99 mmol, 74% yield), upon purification using an automated system 

(silica gel, hexanes/EtOAc, 0 to 50%). mp = 96-100 ºC.  1H NMR (500 MHz, CDCl3) δ 7.88 (s, 
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1H), 7.50 (d, J = 7.8 Hz, 2H), 7.32 (t, J = 7.9 Hz, 2H), 7.11 (t, J = 7.5 Hz, 1H), 5.77 (dt, J = 4.9, 

2.5 Hz, 1H), 5.58 – 5.54 (m, 1H), 4.59 (td, J = 6.4, 2.7 Hz, 1H), 3.13 (dtt, J = 8.4, 4.2, 2.1 Hz, 2H), 

2.78 – 2.66 (m, 2H), 2.55 (dd, J = 14.1, 4.0 Hz, 1H), 2.40 (dt, J = 17.3, 2.4 Hz, 1H) ppm. 13C NMR 

(126 MHz, CDCl3) δ 172.4, 138.0, 131.8, 129.4, 129.1, 124.6, 120.4, 72.2, 47.7, 41.7, 36.8 ppm. 

IR (neat, cm-1): 3301, 1658, 1534, 1442, 1079, 709. HRMS (ES+) calcd for (C13H16NO2) [M+H]+ 

218.1181, found 218.1178.  

2,2-Difluoro-N-phenylpent-4-enamide (S12): Prepared following General 

Procedure II, starting from commercially available 2,2-difluoropent-4-enoic acid (1.36 g, 10.00 

mmol). The corresponding product was obtained as a white solid (1.3874 g, 6.57 mmol, 65% yield), 

upon purification using an automated system (silica gel, hexanes/EtOAc, 0 to 30%). mp = 42-45 

ºC. 1H NMR (500 MHz, CDCl3) δ 7.91 (s, 1H), 7.56 (d, J = 7.4 Hz, 2H), 7.38 (t, J = 8.0 Hz, 2H), 

7.20 (t, J = 7.4 Hz, 1H), 5.79 (ddt, J = 17.3, 10.2, 7.2 Hz, 1H), 5.40 – 5.26 (m, 2H), 2.97 (td, J = 

16.8, 7.2 Hz, 2H) ppm. 13C NMR (126 MHz, CDCl3) δ 162.0 (t, J = 28.4 Hz), 136.1, 129.3, 127.2 

(t, J = 5.5 Hz), 125.8, 122.2, 120.6, 117.3 (t, J = 254.6 Hz), 38.6 (t, J = 24.0 Hz) ppm. 19F NMR 

(471 MHz, CDCl3) δ -105.3 ppm. IR (neat, cm-1): 3371, 1685, 1599, 1538, 1447, 1178, 1021. 

HRMS (ES+) calcd for (C11H12F2NO) [M+H]+ 212.0887, found 212.0891. 

N-(Thiophen-3-yl)pent-4-enamide (S18): Prepared following General Procedure 

I, starting from commercially available 3-aminothiophene hydrochloride (818.1 mg, 6.0 mmol) and 

1 equiv of Et3N (607.8 mg, 6.0 mmol). The corresponding product was obtained as a white solid 

(667.0 mg, 3.68 mmol, 61% yield), upon purification using an automated system (silica gel, 
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hexanes/EtOAc, 0 to 50%). mp = 107-110 ºC. 1H NMR (500 MHz, CDCl3) δ 7.67 – 7.59 (m, 1H), 

7.56 (dd, J = 3.2, 1.3 Hz, 1H), 7.21 (dd, J = 5.2, 3.2 Hz, 1H), 6.98 (dd, J = 5.2, 1.4 Hz, 1H), 5.87 

(ddt, J = 16.8, 10.3, 6.2 Hz, 1H), 5.11 (dd, J = 17.1, 1.6 Hz, 1H), 5.05 (dd, J = 10.3, 1.4 Hz, 1H), 

2.58 – 2.37 (m, 4H) ppm. 13C NMR (126 MHz, CDCl3) δ 169.9, 136.9, 135.6, 124.6, 121.1, 116.1, 

110.4, 36.4, 29.6 ppm. IR (neat, cm-1): 3287, 3105, 1657, 1641, 1577, 1536, 1427, 1362, 1212, 912, 

839, 776. HRMS(ES+) calcd for (C9H12NOS) [M+H]+ 182.0639, found 182.0640. 

2-Methylbut-3-en-2-yl Phenylcarbamate (S42): Prepared following General 

Procedure IV, starting from commercially available 2-methyl-3-buten-2-ol (910.7 mg, 9.0 mmol) 

and phenyl isocyanate (1.072 g, 9.0 mmol). The corresponding product was obtained as a white 

solid (986.8 mg, 4.77 mmol, 53% yield), upon purification using an automated system (silica gel, 

hexanes/EtOAc, 0 to 20%). mp = 53-57 ºC.  1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 8.0 Hz, 

2H), 7.33 – 7.28 (m, 2H), 7.04 (t, J = 7.4 Hz, 1H), 6.51 (s, 1H), 6.19 (dd, J = 17.5, 10.9 Hz, 1H), 

5.23 (d, J = 17.5 Hz, 1H), 5.13 (d, J = 10.9 Hz, 1H), 1.60 (s, 6H) ppm. 13C NMR (126 MHz, CDCl3) 

δ 152.6, 142.9, 138.4, 129.1, 123.3, 118.8, 112.9, 81.0, 26.9 ppm. IR (neat, cm-1): 3281, 1692, 1544, 

1315, 1242, 1125. HRMS (ES+) calcd for (C12H16NO2) [M+H]+ 206.1181, found 206.1186. 

(E)-But-2-en-1-yl Phenylcarbamate (S43): Prepared following General 

Procedure IV, starting from commercially available crotyl alcohol (360.6 mg, 5.0 mmol) and 

phenyl isocyanate (596 mg, 5.0 mmol).  The corresponding product was obtained as a white solid 

(852 mg, 4.45 mmol, 89% yield), upon purification using an automated system (silica gel, 

hexanes/EtOAc, 0 to 20%). mp = 72-75 ºC. 1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 8.0 Hz, 2H), 
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7.33 – 7.28 (m, 2H), 7.08 – 7.04 (m, 1H), 6.61 (s, 1H), 5.90 – 5.78 (m, 1H), 5.65 (m, 1H), 4.60 (dd, 

J = 6.6, 1.2 Hz, 2H), 1.74 (d, J = 6.6, 3H) ppm.13C NMR (126 MHz, CDCl3) δ 153.5, 138.0, 131.7, 

129.2, 125.4, 123.6, 118.8, 66.1, 17.9 ppm. IR (neat, cm-1): 3321, 2944, 1707, 1600, 1540, 1444, 

1314, 1220, 1049, 1028, 754. HRMS (ES+) calcd for (C11H14NO2) [M+H]+ 192.1025, found 

192.1042. 

(E)-But-2-en-1-yl (4-Acetyl)carbamate (S44): Prepared following 

General Procedure IV, starting from commercially available crotyl alcohol (360.6 mg, 5.0 mmol) 

and 4-acetylphenyl isocyanate (806 mg, 5.0 mmol).  The corresponding product was obtained as a 

white solid (1.150 g, 4.90 mmol, 98% yield), upon purification using an automated system (silica 

gel, hexanes/EtOAc, 0 to 50%) obtaining the corresponding product. mp = 97-99 ºC. 1H NMR (500 

MHz, CDCl3) δ 7.92 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 6.96 (s, 1H), 5.91 – 5.79 (m, 

1H), 5.63 (dddt, J = 15.1, 6.6, 4.9, 1.7 Hz, 1H), 4.61 (dt, J = 6.6, 1.1 Hz, 2H), 2.56 (s, 3H), 1.74 (d, 

J = 6.5 Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 153.3, 137.2, 132.1, 132.0, 125.2, 120.3, 

116.0, 66.3, 17.9 ppm. IR (neat, cm-1): 3300, 1695, 1594, 1522, 1214, 1073, 906, 820, 730, 502. 

HRMS (ES+) calcd for (C13H16NO3) [M+H]+ 234.1130, found 234.1129. 

(E)-But-2-en-1-yl (4-Methoxyphenyl)carbamate (S45): Prepared 

following General Procedure IV, starting from commercially available crotyl alcohol (360.6 mg, 

5.0 mmol) and 4-methoxyphenyl isocyanate (745.7 mg, 5.0 mmol).  The corresponding product 
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was obtained as a white solid (1.302 g, 4.65 mmol, 93% yield), upon purification using an 

automated system (silica gel, hexanes/EtOAc, 0 to 40%). mp = 61-63 ºC. 1H NMR (500 MHz, 

CDCl3) δ 7.28 (s, 2H), 6.85 (d, J = 9.0 Hz, 2H), 6.45 (s, 1H), 5.89 – 5.79 (m, 1H), 5.69 – 5.58 (m, 

1H), 4.58 (d, J = 6.6 Hz, 2H), 3.78 (s, 3H), 1.74 (d, J = 6.2 Hz, 3H) ppm. 13C NMR (126 MHz, 

CDCl3) δ 197.0, 153.1, 142.6, 132.3, 132.2, 130.0, 125.1, 117.7, 66.4, 26.5, 17.9 ppm. IR (neat, 

cm-1): 3309, 1735, 1712, 1666, 1593, 1532, 1411, 1274, 1214, 1043, 840. HRMS (ES+) calcd for 

(C12H16NO3) [M+H]+ 222.1130, found 222.1140. 

(E)-But-2-en-1-yl (4-Bromophenyl)carbamate (S46): Prepared following 

General Procedure IV, starting from commercially available crotyl alcohol (360.6 mg, 5.0 mmol) 

and 4-bromophenyl isocyanate (990 mg, 5.0 mmol).  The corresponding product was obtained as a 

white solid (1.211 g, 4.50 mmol, 90% yield), upon purification using an automated system (silica 

gel, hexanes/EtOAc, 0 to 20%). mp = 99-101 ºC. 1H NMR (500 MHz, CDCl3) δ 7.46 – 7.35 (m, 

2H), 7.31 – 7.22 (m, 2H), 6.65 (s, 1H), 5.90 – 5.80 (m, 1H), 5.63 (m, 1H), 4.59 (d, J = 6.5 Hz, 2H), 

1.74 (d, J = 6.2 Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 153.3, 137.2, 132.1, 132.0, 125.2, 

120.3, 116.0, 66.3, 17.9 ppm. IR (neat, cm-1): 3300, 1695, 1594, 1522, 1214, 1073, 906, 820, 730, 

502. HRMS (ES+) calcd for (C11H13BrNO2) [M+H]+ 270.0130, found 270.0150. 

(E)-But-2-en-1-yl (4-Cyanophenyl)carbamate (S47): Prepared following 

General Procedure IV, starting from commercially available crotyl alcohol (360.6 mg, 5.0 mmol) 

and 4-isocyanatobenzonitrile (720.6 mg, 5.0 mmol).  The corresponding product was obtained as a 
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white solid (822.5 mg, 3.8 mmol, 76% yield), upon purification using an automated system (silica 

gel, hexanes/EtOAc, 0 to 40%). mp = 132-138 ºC. 1H NMR (500 MHz, CDCl3) δ 7.59 (d, J = 8.8 

Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 6.81 (s, 1H), 6.00 – 5.82 (m, 1H), 5.70 – 5.59 (m, 1H), 4.62 (d, 

J = 6.7 Hz, 2H), 1.75 (d, J = 6.5 Hz, 3H) ppm.  13C NMR (126 MHz, CDCl3) δ 152.9, 142.3, 133.5, 

132.4, 124.9, 119.1, 118.4, 106.3, 66.6, 17.9 ppm. IR (neat, cm-1): 3320, 2225, 1703, 1315, 1221. 

HRMS (EI+) calcd for (C12H12N2O2) [M]+ 216.0899, found 216.0899. 

(E)-1-(But-2-en-1-yl)-1-butyl-3-phenylurea (S51): Prepared following 

General Procedure V, starting from (E)-N-butylbut-2-en-1-amine65 (159 mg, 1.25 mmol) and 

phenyl isocyanate (149 mg, 1.25 mmol). The corresponding product was obtained as a white solid 

(210 mg, 1.06 mmol, 85% yield), upon purification using an automated system (silica gel, 

hexanes/EtOAc, 0 to 40%). mp = 59-61 ºC. 1H NMR (500 MHz, CDCl3) δ 7.32 (d, J = 8.4 Hz, 2H), 

7.25 (t, J = 7.9 Hz, 2H), 6.98 (t, J = 7.3 Hz, 1H), 6.48 (s, 1H), 5.81 – 5.70 (m, 1H), 5.60 – 5.48 (m, 

1H), 3.92 – 3.79 (m, 2H), 3.40 – 3.27 (m, 2H), 1.81 – 1.73 (m, 3H), 1.64 – 1.52 (m, 2H), 1.35 (m, 

2H), 0.94 (t, J = 7.5, Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 155.5, 139.5, 128.9, 128.6, 

127.5, 122.7, 119.6, 49.8, 47.7, 30.9, 20.3, 17.8, 14.0 ppm. IR (neat, cm-1): 3331, 2958, 2872, 1637, 

1595, 1499, 1377, 1309, 1221, 692. HRMS (ES+) calcd for (C15H23N2O) [M+H]+ 247.1810, found 

247.1810. 

1,1-di((E)-But-2-en-1-yl)-3-phenylurea (S52): Prepared following 

General Procedure V, starting from a ~1:1 mixture of (E)-but-2-en-1-amine and di((E)-but-2-en-1-

yl)amine65 (294.5 mg, 3 mmol) and phenyl isocyanate (357.0 mg, 3 mmol). The corresponding 
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product was obtained as a white solid (142.0 mg, 0.57 mmol, 19% yield) upon purification using 

an automated system (silica gel, hexanes/EtOAc, 0 to 70%). mp = 55-57 ºC. 1H NMR (500 MHz, 

CDCl3) δ 7.32 (d, J = 7.4 Hz, 2H), 7.26 (t, J = 7.9 Hz, 2H), 7.00 (t, J = 7.3 Hz, 1H), 6.57 (s, 1H), 

5.78 – 5.66 (m, 2H), 5.58 – 5.46 (m, 2H), 3.87 (dd, J = 5.7, 0.7 Hz, 4H), 1.75 (dd, J = 6.4, 1.6 Hz, 

6H) ppm. 13C NMR (126 MHz, CDCl3) δ 155.7, 139.5, 129.0, 128.7, 127.3, 122.8, 119.5, 49.1, 

17.8 ppm. IR (neat, cm-1): 3333, 2917, 1640, 1596, 1531, 1500, 1476, 1443, 1310, 964, 751. HRMS 

(ES+) calcd for (C15H21N2O) [M+H]+
 245.1654, found 245.1660. 

N-Phenyl-N-(Phenylthio)pent-4-enamide (S54):  Prepared following General 

Procedure VII using N-phenylpent-4-enamide (701.0 mg, 4.0 mmol). Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 20%) gave the product as a colorless oil (591.9 mg, 

2.08 mmol, 52% yield).  Rotamers were observed in 1H and 13C NMRs. 1H NMR (500 MHz, CDCl3) 

δ 7.37 – 7.31 (m, 6H), 7.29 – 7.24 (m, 2H), 7.17 (d, J = 7.7 Hz, 2H), 5.90 – 5.74 (m, 1H), 5.03 (d, 

J = 17.1 Hz, 1H), 4.98 (d, J = 10.2 Hz, 1H), 2.67 (s, 2H), 2.43 (dd, J = 7.2, 7.2 Hz, 2H) ppm. 13C 

NMR (126 MHz, CDCl3) δ 176.0 (br), 145.1, 137.2, 129.4, 129.4, 127.8, 127.8, 127.1, 126.7 (br), 

115.7, 33.9, 29.7 ppm. IR (neat, cm-1): 1686, 1489, 1259, 1152, 737. HRMS (ES+) calcd for 

(C17H18NOS) [M+H]+ 284.1109, found 284.1112. 

(E)-But-2-en-1-yl phenyl(phenylthio)carbamate (S55): Prepared following General 

Procedure VII using but-2-en-1-yl phenylcarbamate (708.8 mg, 4.0 mmol). Silica gel purification 

using an automated system (hexanes/EtOAc, 0 to 20%) gave the product as a white solid (676.2 

mg, 2.24 mmol, 56% yield). mp = 43-45 ºC. 1H NMR (500 MHz, CDCl3) δ 7.40 – 7.34 (m, 4H), 
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7.33 – 7.27 (m, 3H), 7.24 – 7.20 (m, 3H), 5.82 – 5.70 (m, 1H), 5.67 – 5.53 (m, 1H), 4.63 (d, J = 6.4 

Hz, 2H), 1.70 (dd, J = 6.5, 1.5 Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 157.1, 145.0, 138.2, 

131.7, 129.2, 129.0, 127.8, 127.1, 127.0, 126.6, 125.1, 68.3, 17.9 ppm. IR (neat, cm-1): 1706, 1490, 

1268, 1220, 1053, 969. HRMS (ES+) calcd for (C17H18NO2S) [M+H]+ 300.1058, found 300.1066.  

Allyl phenyl(phenylthio)carbamate (S56): Prepared following General Procedure 

VII using allyl phenylcarbamate (634.3 mg, 3.58 mmol). Silica gel purification using an automated 

system (hexanes/EtOAc, 0 to 20%) gave the product as a colorless oil (492.3 mg, 1.72 mmol, 48% 

yield). 1H NMR (500 MHz, CDCl3) δ 7.48 – 7.15 (m, 10H), 5.92 (ddt, J = 16.2, 10.6, 5.4 Hz, 1H), 

5.27 (d, J = 17.4 Hz, 1H), 5.21 (d, J = 10.4 Hz, 1H), 4.72 (d, J = 5.5 Hz, 2H) ppm. 13C NMR (126 

MHz, CDCl3) δ 156.8, 144.8, 137.8, 131.9, 129.1, 128.9, 127.7, 127.1, 127.0, 126.5, 118.1, 67.9 

ppm. IR (neat, cm-1): 1715, 1267, 1226, 1212, 688. HRMS (ES+) calcd for (C16H16NO2S) [M+H]+ 

286.0902, found 286.0898.  

4-((5-Oxo-1-Phenylpyrrolidin-2-yl)methyl)benzonitrile (1): Prepared 

following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 

4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 

mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 40%) gave the product as a white solid (65.0 mg, 0.23 

mmol, 78% yield). mp = 108-111 ºC. 1H NMR (500 MHz, CDCl3) δ 7.57 (d, J = 7.9 Hz, 2H), 7.48 
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– 7.40 (m, 4H), 7.25 (t, J = 8.7 Hz, 1H), 7.21 (d, J = 7.9 Hz, 2H), 4.51 (tt, J = 8.3, 4.2 Hz, 1H), 3.04 

(dd, J = 13.7, 3.8 Hz, 1H), 2.74 (dd, J = 13.7, 8.4 Hz, 1H), 2.44 (m, 2H), 2.26 – 2.14 (m, 1H), 1.85 

(ddt, J = 13.6, 9.9, 5.3 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.1, 142.6, 137.4, 132.5, 

130.2, 129.4, 126.2, 123.9, 118.7, 111.0, 60.2, 39.8, 31.0, 23.4 ppm. IR (neat, cm-1): 2226, 1689, 

1595, 1497, 1391, 1354, 1225, 758, 556. HRMS (ES+) calcd for (C18H17N2O) [M+H]+ 277.1368, 

found 277.1373. 

4-((4-Methyl-5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzonitrile 

(2): Prepared following General Procedure VI using 2-methyl-N-phenylpent-4-enamide (68.1 mg, 

0.36 mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

24 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave two 

diastereoisomers with a ratio of 2.4:1. Isomer 1 is a white solid, 49.6 mg, 0.17 mmol ; isomer 2 is 

colorless oil, 21.0 mg, 0.072 mmol. 81% yield in total. Isomer 1: mp = 119-122 ºC.  1H NMR (500 

MHz, CDCl3) δ 7.57 (m, 4H), 7.43 (t, J = 7.7 Hz, 2H), 7.24 (m, 3H), 4.50 (td, J = 8.3, 4.0 Hz, 1H), 

3.01 (dd, J = 13.7, 3.8 Hz, 1H), 2.80 (dd, J = 13.7, 8.3 Hz, 1H), 2.51 – 2.36 (m, 1H), 2.13 (ddd, J 

= 11.3, 8.7, 2.3 Hz, 1H), 1.85 (dt, J = 12.8, 9.0 Hz, 1H), 1.21 (d, J = 7.0 Hz, 3H) ppm. 13C NMR 

(126 MHz, CDCl3) δ 176.2, 142.7, 137.5, 132.3, 130.0, 129.2, 125.5, 122.8, 118.5, 110.8, 76.9, 

76.7, 57.8, 38.8, 36.0, 31.6, 16.1 ppm. IR (neat, cm-1): 2968, 2227, 1692, 1597, 1498, 1457, 1394, 

1226, 757, 693. HRMS (EI) calcd for (C19H18N2O) [M]+ 290.1407, found 290.1419. Isomer 2: 1H 

NMR (500 MHz, CDCl3) δ 7.56 (d, J = 8.1 Hz, 2H), 7.42 (dd, J = 8.4, 7.3 Hz, 2H), 7.37 – 7.33 (m, 

2H), 7.27 – 7.23 (m, 1H), 7.18 (d, J = 7.9 Hz, 2H), 4.35 (tdd, J = 8.7, 6.6, 4.0 Hz, 1H), 3.15 (dd, J 



 

 152 

= 13.6, 4.0 Hz, 1H), 2.63 – 2.52 (m, 2H), 2.33 (ddd, J = 12.8, 8.9, 6.7 Hz, 1H), 1.40 (ddd, J = 12.8, 

10.2, 8.3 Hz, 1H), 1.25 (d, J = 7.1 Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 176.8, 142.6, 

137.4, 132.4, 130.1, 129.3, 126.4, 124.8, 118.8, 110.9, 58.0, 40.8, 36.9, 33.7, 16.7 ppm. IR (neat, 

cm-1): 2925, 2227, 1693, 1494, 1385, 1225, 910, 756, 693. HRMS (ES+) calcd for (C19H19N2O) 

[M+H]+ 291.1497, found 291.1489. 

4-((4,4-Dimethyl-5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzonitrile 

(3): Prepared following General Procedure VI using 2-methyl-N-phenylpent-4-enamide (73.2 mg, 

0.36 mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

24 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 30%) gave the product 

as a white solid (66.6 mg, 0.22 mmol, 73% yield). mp = 139-141 ºC.  1H NMR (500 MHz, CDCl3) 

δ 7.57 (d, J = 7.8 Hz, 2H), 7.42 (t, J = 7.7 Hz, 2H), 7.38 (d, J = 7.9 Hz, 2H), 7.24 (t, J = 7.4 Hz, 

1H), 7.20 (d, J = 7.8 Hz, 2H), 4.37 (tt, J = 11.1, 6.7 Hz, 1H), 3.16 (dd, J = 13.6, 4.0 Hz, 1H), 2.59 

(dd, J = 13.5, 9.2 Hz, 1H), 1.98 (dd, J = 12.9, 7.0 Hz, 1H), 1.67 (dd, J = 12.8, 7.8 Hz, 1H), 1.25 (s, 

3H), 1.17 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 179.1, 142.7, 137.6, 132.4, 130.1, 129.2, 

126.3, 124.5, 118.8, 110.9, 56.6, 40.9, 40.7, 40.0, 25.9, 25.2 ppm. IR (neat, cm-1): 2959, 2228, 1688, 

1596, 1493, 1394, 1363, 1234, 754, 553. HRMS (EI) calcd for (C20H20N2O) [M]+ 304.1580, found 

304.1576. 
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4-((1-Oxo-2-phenyl-2-azaspiro[4.5]decan-3-yl)methyl)benzonitrile 

(4): Prepared following General Procedure VI using 1-allyl-N-phenylcyclohexane-1-carboxamide 

(146.0 mg, 0.6 mmol, 1.2 equiv), 4-bromobenzonitrile (91.0 mg, 0.5 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (14.1 mg, 0.03 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (15.1 

mg, 0.015 mmol, 3 mol %), Bu4N[OP(O)(OBu)2]  (564.6 mg, 1.25 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 10.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

16 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as a white solid (109.3 mg, 0.19 mmol, 63% yield). mp = 112-119 ºC.  1H NMR (500 MHz, CDCl3) 

δ 7.59 (d, J = 7.8 Hz, 2H), 7.46 – 7.36 (m, 4H), 7.26 – 7.18 (m, 3H), 4.49 – 4.33 (m, 1H), 3.15 (dd, 

J = 13.6, 3.9 Hz, 1H), 2.61 (dd, J = 13.6, 9.1 Hz, 1H), 2.15 (dd, J = 13.1, 7.5 Hz, 1H), 1.87 (td, J = 

12.7, 3.8 Hz, 1H), 1.78 – 1.58 (m, 5H), 1.47 (d, J = 13.0 Hz, 1H), 1.39 (d, J = 12.9 Hz, 1H), 1.35 – 

1.23 (m, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 178.8, 142.9, 137.6, 132.4, 130.2, 129.3, 126.2, 

124.5, 118.9, 110.8, 56.9, 45.5, 40.8, 35.5, 34.7, 32.6, 25.5, 22.2 ppm. IR (neat, cm-1): 2927, 2852, 

2232, 1674, 1496, 1394. HRMS (ES+) calcd for (C23H25N2O) [M+H]+ 345.1967, found 345.1982. 

tert-Butyl ((3S)-5-(4-Cyanobenzyl)-2-oxo-1-phenylpyrrolidin-3-

yl)carbamate (5): Prepared following General Procedure VI using tert-butyl (S)-(1-oxo-1-

(phenylamino)pent-4-en-2-yl)carbamate (104.5 mg, 0.36 mmol, 1.2 equiv), 4-bromobenzonitrile 

(54.6 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), 

[[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 

0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under 
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blue LED irradiation at rt for 36 h. Silica gel purification using an automated system 

(hexanes/EtOAc, 0 to 50%) gave two diastereoisomeric (5:1) products as off-white sticky oils (89.0 

mg, 0.23 mmol and 17.8 mg, 0.045 mmol, respectively; 91% yield in total). Isomer 1:  1H NMR 

(500 MHz, CDCl3) δ 7.58 (d, J = 8.1 Hz, 2H), 7.53 (d, J = 8.1 Hz, 2H), 7.44 (t, J = 7.9 Hz, 2H), 

7.26 – 7.20 (m, 3H), 5.09 (s, 1H), 4.52 (td, J = 8.8, 3.8 Hz, 1H), 4.15 (s, 1H), 3.02 (dd, J = 13.7, 

3.8 Hz, 1H), 2.83 (dd, J = 13.6, 8.6 Hz, 1H), 2.57 (d, J = 10.6 Hz, 1H), 2.08 (ddd, J = 15.2, 8.8, 6.5 

Hz, 1H), 1.44 (s, 9H) ppm. 13C NMR (126 MHz, CDCl3) δ 171.5, 155.9, 142.4, 137.1, 132.6, 130.2, 

129.6, 126.3, 122.7, 118.7, 111.2, 80.3, 60.5, 51.9, 38.7, 32.0, 28.4 ppm. IR (neat, cm-1): 3333, 

2975, 2227, 1692, 1495, 1365, 1245, 1162, 1048, 910, 754, 557. HRMS (ES+) calcd for 

(C23H26N3O3) [M+H]+ 392.1974, found 392.1988. Isomer 2: 1H NMR (500 MHz, CDCl3) δ 7.58 – 

7.54 (m, 2H), 7.44 (dd, J = 8.4, 7.3 Hz, 2H), 7.36 – 7.33 (m, 2H), 7.32 – 7.27 (m, 1H), 7.17 – 7.13 

(m, 2H), 5.18 (s, 1H), 4.35 (tdd, J = 9.4, 6.0, 4.1 Hz, 1H), 4.23 (ddd, J = 9.7, 8.7, 4.7 Hz, 1H), 3.14 

(dd, J = 13.6, 4.1 Hz, 1H), 2.71 (s, 1H), 2.62 (dd, J = 13.6, 8.9 Hz, 1H), 1,57 (m, 1H), 1.44 (s, 9H) 

ppm. 13C NMR (126 MHz, CDCl3) δ 171.8, 155.9, 141.9, 136.6, 132.5, 130.1, 129.5, 127.1, 124.9, 

118.7, 111.1, 80.3, 56.7, 52.6, 40.2, 34.3, 28.5 ppm. IR (neat, cm-1): 3425, 2978, 2228, 1699, 1597, 

1495, 1455, 1366, 1165, 732. HRMS (ES+) calcd for (C23H26N3O3) [M+H]+ 392.1974, found 

392.1999. 

4-((3-Methyl-5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzonitrile (6): 

Prepared following General Procedure VI using 3-methyl-N-phenylpent-4-enamide (56.8 mg, 0.36 

mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-
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BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

72 h. 1H NMR of the crude mixture showed a 3:2 dr. Silica gel purification using an automated 

system (hexanes/EtOAc, 0 to 40%) gave two different diastereomeric products (first eluting isomer 

(white solid): 35.6 mg, 0.12 mmol, 41% yield; second eluting isomer (white solid): 26.4 mg, 0.090 

mmol, 30% yield). mp (first isomer) = 75-80 ºC. mp (second isomer) = 128-130 ºC.  First eluting 

diastereomer: 1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 7.8 Hz, 2H), 7.47 – 7.37 (m, 4H), 7.23 (t, 

J = 7.0 Hz, 1H), 7.17 (d, J = 7.7 Hz, 2H), 4.07 (dt, J = 7.8, 3.9 Hz, 1H), 3.00 (dd, J = 13.9, 4.1 Hz, 

1H), 2.83 (dd, J = 13.9, 7.7 Hz, 1H), 2.60 (dd, J = 17.0, 8.4 Hz, 1H), 2.25 – 2.18 (m, 1H), 2.12 (dd, 

J = 17.1, 4.7 Hz, 1H), 1.07 (d, J = 6.8 Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 173.4, 142.8, 

137.6, 132.4, 130.3, 129.4, 126.1, 123.9, 118.8, 110.9, 67.7, 39.3, 39.0, 30.5, 20.6 ppm. Second 

eluting diastereoisomer: 1H NMR (500 MHz, CDCl3) δ 7.45 (d, J = 8.3 Hz, 2H), 7.29 – 7.26 (m, 

4H), 7.17 (d, J = 8.2 Hz, 2H), 7.15 – 7.12 (m, 1H), 4.59 (q, J = 6.8 Hz, 1H), 2.97 – 2.86 (m, 2H), 

2.73 – 2.58 (m, 2H), 2.29 (dd, J = 16.2, 7.9 Hz, 1H), 1.12 (d, J = 6.8 Hz, 3H) ppm. 13C NMR (126 

MHz, CDCl3) δ 173.7, 143.6, 137.7, 132.2, 129.8, 129.1, 126.2, 124.5, 118.8, 110.4, 63.8, 39.5, 

35.4, 31.2, 15.3 ppm. IR (neat, cm-1): (first isomer) 2225, 1683, 1497, 1394, 1287, (second isomer) 

2225, 1674, 1407, 1359, 1221, 1115. HRMS (ES+) calcd for (C19H19N2O) [M+H]+ 291.1497, found 

291.1505. 

4-((2-Methyl-5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzonitrile (7): 

Prepared following General Procedure VI using 4-methyl-N-phenylpent-4-enamide (68.1 mg, 0.36 

mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-
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BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

72 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as a colorless oil (52.9 mg, 0.18 mmol, 61% yield). 1H NMR (500 MHz, CDCl3) δ 7.60 (d, J = 7.8 

Hz, 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.41 (t, J = 7.4 Hz, 1H), 7.28 (d, J = 7.9 Hz, 2H), 7.24 (d, J = 7.7 

Hz, 2H), 3.00 (d, J = 13.1 Hz, 1H), 2.83 (d, J = 13.1 Hz, 1H), 2.53 (ddd, J = 16.9, 9.4, 5.8 Hz, 1H), 

2.41 (ddd, J = 16.9, 9.1, 7.3 Hz, 1H), 2.25 (ddd, J = 12.8, 9.1, 5.8 Hz, 1H), 1.81 (ddd, J = 12.8, 9.3, 

7.3 Hz, 1H), 1.26 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.9, 142.3, 136.1, 132.1, 131.1, 

129.5 (2C), 128.3, 118.6, 111.0, 65.3, 46.2, 31.7, 29.9, 25.9 ppm. IR (neat, cm-1): 2226, 1687, 1497, 

1375, 698. HRMS (ES+) calcd for (C19H19N2O) [M+H]+ 291.1497, found 291.1508. 

cis-4-(cis-7-Oxo-6-phenyl-6-azabicyclo[3.2.1]octan-4-yl)benzonitrile 

(8): Prepared following General Procedure VI using N-phenylcyclohex-3-ene-1-carboxamide (72.5 

mg, 0.36 mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (17.0 mg, 0.0036 mmol, 12 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

72 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as a white solid (29.8 mg, 0. 099 mmol, 33% yield). mp = 179-185 ºC. 1H NMR (500 MHz, CDCl3) 

δ 7.75 (d, J = 7.8 Hz, 2H), 7.68 (d, J = 8.0 Hz, 2H), 7.50 – 7.38 (m, 4H), 7.20 (t, J = 7.4 Hz, 1H), 

4.57 – 4.41 (m, 1H), 3.47 (s, 1H), 2.86 – 2.60 (m, 1H), 2.28 – 1.95 (m, 5H), 1.68 (d, J = 11.6 Hz, 

1H) ppm. 13C NMR (126 MHz, CDCl3) δ 176.3, 148.1, 138.1, 132.6, 129.5, 128.6, 125.0, 120.5, 

118.7, 110.7, 62.9, 42.1, 38.7, 30.0, 24.3, 21.6 ppm. IR (neat, cm-1): 2214, 1686, 1597, 1394, 1217, 

1176. HRMS (ES+) calcd for (C20H19N2O) [M+H]+ 303.1497, found 303.1482. 
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4-((6-exo)-2-Oxo-1-phenyloctahydro-3,5-methanocyclopenta[b]pyrrol-6-

yl)benzonitrile (9): Prepared following General Procedure VI using (2-exo)-N-

phenylbicyclo[2.2.1]hept-5-ene-2-carboxamide (76.8 mg, 0.36 mmol, 1.2 equiv), 4-

bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (17.0 mg, 0.0036 

mmol, 12 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2]  (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 48 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 30%) gave the product as a white solid (67.8 mg, 0.22 

mmol, 72% yield). mp = 178-181 ºC.  1H NMR (500 MHz, CDCl3) δ 7.66 (d, J = 7.9 Hz, 2H), 7.36 

(d, J = 8.1 Hz, 2H), 7.33 – 7.27 (m, 4H), 7.09 (t, J = 7.4 Hz, 1H), 4.46 (d, J = 5.0 Hz, 1H), 3.25 (d, 

J = 5.2 Hz, 1H), 2.96 (s, 1H), 2.73 (dd, J = 11.4, 4.5 Hz, 1H), 2.59 – 2.49 (m, 1H), 2.20 – 2.08 (m, 

1H), 1.90 (t, J = 11.8 Hz, 2H), 1.55 (d, J = 11.4 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 177.7, 

147.9, 138.8, 132.7, 129.2, 128.4, 124.5, 119.8, 118.8, 110.9, 65.9, 54.4, 45.4, 44.3, 43.9, 35.8, 

34.1 ppm. IR (neat, cm-1): 2958, 2225, 1700, 1597, 1493, 1389, 1219, 1118, 1020, 824, 756, 557. 

HRMS (ES+) calcd for (C21H19N2O) [M+H]+ 315.1497, found 315.1491. 

4-((3aR,4S,6R,6aR)-4-Hydroxy-2-oxo-1-

phenyloctahydrocyclopenta[b]pyrrol-6-yl)benzonitrile (10): Prepared following General 

Procedure VI using 2-((1R,5S)-5-hydroxycyclopent-2-en-1-yl)-N-phenylacetamide (78.2 mg, 0.36 
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mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

16 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 60%) gave the product 

as a brown solid (51.5 mg, 0.16 mmol, 54% yield). mp = 165-170 ºC.  1H NMR (500 MHz, CDCl3) 

δ 7.52 – 7.46 (m, 2H), 7.20 (t, J = 7.3 Hz, 2H), 7.16 – 7.09 (m, 3H), 6.99 (d, J = 7.8 Hz, 2H), 4.70 

(dd, J = 9.0, 5.0 Hz, 1H), 4.51 (s, 1H), 3.37 (dt, J = 11.7, 6.0 Hz, 1H), 3.14 – 3.04 (m, 1H), 2.93 

(dd, J = 17.7, 2.7 Hz, 1H), 2.72 (dd, J = 17.6, 10.3 Hz, 1H), 2.50 (s, 1H), 2.27 (dd, J = 13.6, 7.0 

Hz, 1H), 2.02 – 1.92 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 173.9, 149.3, 137.2, 132.4, 

128.9, 128.3, 126.2, 124.6, 118.9, 110.4, 73.2, 71.9, 50.0, 44.2, 41.4, 31.9 ppm. IR (neat, cm-1): 

3357, 2215, 1659, 1498, 1398, 1082. HRMS (ES+) calcd for (C20H19N2O2) [M+H]+ 319.1447, 

found 319.1454. 

4-(6-exo-3-Oxo-2-phenyl-2-azabicyclo[2.2.1]heptan-6-

yl)benzonitrile (11): Prepared following General Procedure VI using N-phenylcyclopent-3-ene-1-

carboxamide (67.4 mg, 0.36 mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 

equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), 

[[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 

0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under 

blue LED irradiation at rt for 36 h. Silica gel purification using an automated system 

(hexanes/EtOAc, 0 to 40%) gave the product as a white solid (59.7 mg, 0.21 mmol, 69% yield). mp 

= 162-164 ºC.  1H NMR (500 MHz, CDCl3) δ 7.70 – 7.65 (m, 2H), 7.57 – 7.52 (m, 2H), 7.42 (d, J 

= 8.2 Hz, 2H), 7.41 – 7.36 (m, 2H), 7.14 (t, J = 7.4 Hz, 1H), 4.48 (d, J = 2.0 Hz, 1H), 3.51 (dd, J = 

9.2, 5.3 Hz, 1H), 3.08 (dd, J = 4.0, 1.9 Hz, 1H), 2.38 (ddd, J = 13.2, 9.0, 2.3 Hz, 1H), 2.21 – 2.10 
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(m, 2H), 1.85 (dt, J = 10.0, 1.6 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 175.9, 147.4, 137.8, 

132.8, 129.4, 128.2, 124.4, 119.2, 118.7, 111.0, 65.3, 47.2, 46.3, 36.8, 32.7 ppm. IR (neat, cm-1): 

2227, 1704, 1606, 1597, 1377, 1302, 1179, 1129, 911, 758, 558. HRMS (ES+) calcd for 

(C19H17N2O) [M+H]+ 289.1349, found 289.1341. 

4-((4,4-Difluoro-5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzonitrile 

(12):  Prepared following General Procedure VI using 2,2-difluoro-N-phenylpent-4-enamide (76.0 

mg, 0.36 mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

96 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 25%) gave the product 

as a colorless oil (45.8 mg, 0.15 mmol,  49% yield). 1H NMR (500 MHz, CDCl3) δ 7.60 (d, J = 7.8 

Hz, 2H), 7.48 (m, 4H), 7.35 (q, J = 4.3 Hz, 1H), 7.22 (d, J = 7.9 Hz, 2H), 4.51 (ddt, J = 11.7, 7.4, 

3.7 Hz, 1H), 3.18 (dd, J = 13.8, 4.1 Hz, 1H), 2.72 (dd, J = 13.8, 9.7 Hz, 1H), 2.61 (qd, J = 15.8, 7.9 

Hz, 1H), 2.35 (ddd, J = 26.7, 14.2, 3.5 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 162.6 (t, J = 

31.3 Hz), 141.2, 135.7, 132.8, 130.1, 129.8, 127.7, 123.9, 118.5, 117.3 (t, J = 249.8 Hz), 111.6, 

55.2 (m), 39.8, 34.0 (t, J = 22.2 Hz) ppm. 19F NMR (471 MHz, CDCl3) δ -100.3 (d, J = 271.8 Hz), 

-105.5 (d, J = 271.9 Hz) ppm. IR (neat, cm-1): 2230, 1723, 1495, 1328, 1315, 1135, 1090. HRMS 

(EI+) calcd for (C18H14F2N2O) [M]+ 312.1074, found 312.1084. 
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4-((5-Oxo-1-(p-tolyl)pyrrolidin-2-yl)methyl)benzonitrile (13): Prepared 

following General Procedure VI using N-(p-tolyl)pent-4-enamide (68.1 mg, 0.36 mmol, 1.2 equiv), 

4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 

mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 40%) gave the product as a colorless oil (42.5 mg, 0.15 

mmol, 49% yield). 1H NMR (500 MHz, CDCl3) δ 7.57 (d, J = 7.8 Hz, 2H), 7.37 – 7.29 (m, 2H), 

7.22 (m, 4H), 4.45 (tt, J = 8.0, 4.0 Hz, 1H), 3.03 (dd, J = 13.7, 3.8 Hz, 1H), 2.72 (dd, J = 13.7, 8.6 

Hz, 1H), 2.47 – 2.39 (m, 2H), 2.36 (s, 3H), 2.20 – 2.14 (m, 1H), 1.89 – 1.78 (m, 1H) ppm. 13C NMR 

(126 MHz, CDCl3) δ 174.1, 142.7, 136.1, 134.7, 132.4, 130.1, 130.0, 124.0, 118.7, 110.9, 60.3, 

39.7, 30.9, 23.4, 21.1 ppm. IR (neat, cm-1): 2974, 2228, 1692, 1388, 1295, 1115. HRMS (ES+) 

calcd for (C19H19N2O) [M+H]+ 291.1497, found 291.1500. 

4-((5-Oxo-1-(p-methoxyphenyl)pyrrolidin-2-yl)methyl)benzonitrile 

(14):  Prepared following General Procedure VI using N-(4-methoxyphenyl)pent-4-enamide (73.9 

mg, 0.36 mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

36 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 
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as a colorless oil (51.5 mg, 0.17 mmol, 56% yield). 1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 8.1 

Hz, 2H), 7.30 (d, J = 9.0 Hz, 2H), 7.19 (d, J = 8.1 Hz, 2H), 6.94 (d, J = 8.9 Hz, 2H), 4.38 (tt, J = 

8.5, 4.4 Hz, 1H), 3.81 (s, 3H), 3.00 (dd, J = 13.6, 3.9 Hz, 1H), 2.68 (dd, J = 13.7, 8.7 Hz, 1H), 2.51 

– 2.33 (m, 2H), 2.16 (ddt, J = 13.0, 9.7, 7.4 Hz, 1H), 1.81 (dddd, J = 13.5, 9.2, 6.6, 4.8 Hz, 1H) 

ppm. 13C NMR (126 MHz, CDCl3) δ 174.2, 157.9, 142.7 (2C), 132.4, 130.1, 125.9, 118.7, 114.7, 

110.8, 60.8, 55.6, 39.9, 30.8, 23.5 ppm. IR (neat, cm-1): 2925, 2227, 1684, 1607, 1509, 1463, 1395, 

1245, 1178, 1031, 729, 556. HRMS (ES+) calcd for (C19H19N2O2) [M+H]+ 307.1447, found 

307.1447. 

4-((5-Oxo-1-(p-fluorophenyl)pyrrolidin-2-yl)methyl)benzonitrile (15): 

Prepared following General Procedure VI using N-(4-fluorophenyl)pent-4-enamide (69.6 mg, 0.36 

mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

24 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as a white solid (64.5 mg, 0.17 mmol, 56% yield). mp = 139-141 ºC.  1H NMR (500 MHz, CDCl3) 

δ 7.62 – 7.55 (m, 2H), 7.48 – 7.37 (m, 2H), 7.25 – 7.16 (m, 2H), 7.12 (td, J = 8.7, 2.6 Hz, 2H), 4.44 

(tt, J = 8.4, 4.3 Hz, 1H), 3.02 (dd, J = 13.7, 4.0 Hz, 1H), 2.71 (dd, J = 13.6, 8.5 Hz, 1H), 2.55 – 

2.33 (m, 2H), 2.19 (ddt, J = 12.7, 9.4, 7.3 Hz, 1H), 1.85 (dddd, J = 13.2, 8.8, 6.3, 4.5 Hz, 1H) ppm. 

13C NMR (126 MHz, CDCl3) δ 174.2, 160.6 (d, J = 246.2 Hz), 142.4, 133.4, 132.5, 130.1, 125.9 

(d, J = 8.3 Hz), 118.7, 116.3 (d, J = 22.5 Hz), 111.1, 60.5, 39.8, 30.8, 23.5 ppm. 19F NMR (471 

MHz, CDCl3) δ -115.24 ppm. IR (neat, cm-1): 2227, 1690, 1506, 1391, 1228, 1117, 833, 557. 

HRMS (EI) calcd for (C18H15FN2O) [M]+ 294.1168, found 294.1178. 
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4-((5-Oxo-1-(p-trifluomethylphenyl)pyrrolidin-2-yl)methyl)benzonitrile 

(16): Prepared following General Procedure VI using N-(4-trifluoromethylphenyl)pent-4-enamide 

(87.6 mg, 0.36 mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(dFbpy)]PF6] 

(9.3 mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

24 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as an off-white oil (30.1 mg, 0.09 mmol, 29% yield).   1H NMR (500 MHz, CDCl3) δ 7.76 – 7.64 

(m, 4H), 7.63 – 7.53 (m, 2H), 7.25 – 7.16 (m, 2H), 4.60 (tt, J = 8.0, 3.9 Hz, 1H), 3.05 (dd, J = 13.8, 

3.9 Hz, 1H), 2.78 (dd, J = 13.7, 8.3 Hz, 1H), 2.53 – 2.32 (m, 2H), 2.29 – 2.19 (m, 1H), 1.89 (dddd, 

J = 13.1, 9.4, 5.5, 4.0 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.3, 142.1, 140.7, 132.6, 

130.2, 127.5 (q, J = 32.9 Hz), 126.5 (q, J = 3.7 Hz), 124.0 (q, J = 271.9 Hz), 122.9, 118.6, 111.3, 

59.5, 39.4, 31.0, 23.1 ppm. 19F NMR (471 MHz, CDCl3) δ -62.37 ppm.  IR (neat, cm-1): 2929, 2229, 

1701, 1612, 1519, 1323, 1164, 1119, 841. HRMS (ES+) calcd for (C19H16F3N2O) [M+H]+ 

345.1215, found 345.1192. 

4-((5-Oxo-1-(p-cyanophenyl)pyrrolidin-2-yl)methyl)benzonitrile (17): 

Prepared following General Procedure VI using N-(4-cyanophenyl)pent-4-enamide (69.6 mg, 0.36 

mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-
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BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

36 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as a white solid (18.1 mg, 0.06 mmol, 20% yield). mp = 116-119 ºC.   1H NMR (500 MHz, CDCl3) 

δ 7.74 (m, 4H), 7.62 (d, J = 7.1 Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H), 4.63 (tt, J = 7.9, 3.6 Hz, 1H), 

3.08 (dd, J = 13.9, 3.6 Hz, 1H), 2.82 (dd, J = 13.9, 8.3 Hz, 1H), 2.53 – 2.44 (m, 1H), 2.38 (dt, J = 

16.0, 8.8 Hz, 1H), 2.31 – 2.18 (m, 1H), 1.97 – 1.87 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 

174.4, 141.8, 141.7, 133.4, 132.7, 130.2, 122.3, 118.6, 118.5, 111.5, 108.6, 59.1, 39.1, 31.1, 22.9 

ppm. IR (neat, cm-1): 2219, 1694, 1602, 1506, 1377, 1201, 1143, 803, 543. HRMS (ES+) calcd for 

(C19H16N3O) [M+H]+ 302.1293, found 302.1299. 

4-((5-Oxo-1-(thiophen-3-yl)pyrrolidin-2-yl)methyl)benzonitrile (18): 

Prepared following General Procedure VI using N-(thiophen-3-yl)pent-4-enamide (65.2 mg, 0.36 

mmol, 1.2 equiv), 4-bromobenzonitrile (54.6 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

48 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as a light-yellow oil (38.9 mg, 0.14 mmol, 46% yield).  1H NMR (500 MHz, CDCl3) δ 7.59 (d, J = 

7.9 Hz, 2H), 7.47 (dd, J = 3.1, 1.6 Hz, 1H), 7.36 (dd, J = 5.3, 2.3 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 

4.46 (ddd, J = 8.1, 4.9, 2.9 Hz, 1H), 3.06 (dd, J = 13.8, 3.6 Hz, 1H), 2.92 (dd, J = 13.8, 7.7 Hz, 1H), 

2.44 – 2.31 (m, 1H), 2.30 – 2.08 (m, 2H), 1.89 (tt, J = 9.0, 2.4 Hz, 1H) ppm. 13C NMR (126 MHz, 

CDCl3) δ 173.2, 142.4, 136.1, 132.5, 130.3, 125.4, 121.3, 118.7, 112.4, 111.1, 60.2, 38.9, 30.5, 23.0 

ppm. IR (neat, cm-1): 2927, 2227, 1688, 1536, 1421, 1383, 1277, 1173, 1100, 775, 557. HRMS 

(ES+) calcd for (C16H15N2OS) [M+H]+ 283.0905, found 283.0907. 
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5-(4-Acetylbenzyl)-1-phenylpyrrolidin-2-one (20): Prepared following 

General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 4’-

bromoacetophenone (59.7 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 

mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 50%) gave the product as a colorless oil (59.9 mg, 0.20 

mmol, 68% yield).  1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 7.8 Hz, 2H), 7.50 (d, J = 8.0 Hz, 

2H), 7.43 (t, J = 7.8 Hz, 2H), 7.24 (d, J = 7.4 Hz, 1H), 7.20 (d, J = 7.9 Hz, 2H), 4.52 (tt, J = 8.2, 

3.9 Hz, 1H), 3.03 (dd, J = 13.7, 3.6 Hz, 1H), 2.72 (dd, J = 13.5, 8.5 Hz, 1H), 2.57 (s, 3H), 2.48 – 

2.35 (m, 2H), 2.22 – 2.10 (m, 1H), 1.93 – 1.81 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 197.7, 

174.2, 142.6, 137.5, 135.9, 129.6, 129.3, 128.7, 126.0, 123.8, 60.3, 39.4, 31.1, 26.7, 23.3 ppm. IR 

(neat, cm-1):1678, 1606, 1597, 1498, 1389, 1266, 1183, 1027, 958, 755, 693. HRMS (ES+) calcd 

for (C19H20NO2) [M+H]+ 294.1494, found 294.1517. 

5-(4-Methoxybenzyl)-1-phenylpyrrolidin-2-one (21): Prepared following 

General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 4-

iodoanisole (70.2 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 

mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] 

(338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was 

stirred under blue LED irradiation at rt for 24 h. Silica gel purification using an automated system 



 

 165 

(hexanes/EtOAc, 0 to 50%) gave the product as a colorless oil (43.1 mg, 0.15 mmol, 51% yield).  

1H NMR (500 MHz, CDCl3) δ 7.53 (d, J = 7.9 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.23 (t, J = 7.4 

Hz, 1H), 7.02 (d, J = 8.3 Hz, 2H), 6.83 (d, J = 8.2 Hz, 2H), 4.45 (tt, J = 8.0, 3.8 Hz, 1H), 3.78 (s, 

3H), 2.91 (dd, J = 13.8, 3.5 Hz, 1H), 2.60 (dd, J = 13.8, 8.5 Hz, 1H), 2.48 – 2.28 (m, 2H), 2.23 – 

2.05 (m, 1H), 1.97 – 1.85 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.5, 158.6, 137.8, 130.4, 

129.2, 128.7, 125.7, 123.6, 114.1, 60.7, 55.3, 38.3, 31.2, 23.2 ppm. IR (neat, cm-1): 2930, 1688, 

1596, 1511, 1497, 1388, 1246, 1225, 1177, 1032, 908, 756, 727. HRMS (ES+) calcd for 

(C18H20NO2) [M+H]+ 282.1494, found 282.1499. 

1-Phenyl-5-(4-(trifluoromethoxy)benzyl)pyrrolidin-2-one (22): Prepared 

following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 

1-bromo-4-(trifluoromethoxy)benzene (72.3 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

48 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 30%) gave the product 

as a colorless oil (75.0 mg, 0.23 mmol, 75% yield). 1H NMR (500 MHz, CDCl3) δ 7.51 – 7.46 (m, 

2H), 7.43 (t, J = 8.0 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 7.12 (m, 4H), 4.49 (tt, J = 8.0, 3.9 Hz, 1H), 

2.98 (dd, J = 13.8, 3.7 Hz, 1H), 2.68 (dd, J = 13.7, 8.5 Hz, 1H), 2.43 (td, J = 9.6, 7.1 Hz, 2H), 2.24 

– 2.16 (m, 1H), 1.93 – 1.86 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.3, 148.2, 137.6, 

135.7, 130.7, 129.3, 126.0, 123.8, 121.2, 120.6 (q, J = 257.6 Hz), 60.5, 38.8, 31.1, 23.4 ppm. 19F 

NMR (471 MHz, CDCl3) δ -57.9 ppm. IR (neat, cm-1): 2976, 1697, 1499, 1384, 1221. HRMS (ES+) 

calcd for (C18H17F3NO2) [M+H]+ 336.1211, found 336.1210. 
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5-([1,1'-Biphenyl]-4-ylmethyl)-1-phenylpyrrolidin-2-one (23): Prepared 

following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 

4-bromo-1,1’-biphenyl (69.9 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 

0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 50%) gave the product as a white solid (30.4 mg, 0.093 

mmol, 31% yield). mp = 85-87 ºC. 1H NMR (500 MHz, CDCl3) δ 7.60 – 7.54 (m, 2H), 7.53 (m, 

4H), 7.46 (d, J = 7.7 Hz, 2H), 7.43 (d, J = 7.1 Hz, 2H), 7.34 (t, J = 7.4 Hz, 1H), 7.24 (d, J = 7.3 Hz, 

1H), 7.19 (d, J = 7.9 Hz, 2H), 4.53 (tt, J = 8.0, 4.0 Hz, 1H), 3.04 (dd, J = 13.6, 3.6 Hz, 1H), 2.69 

(dd, J = 13.7, 8.9 Hz, 1H), 2.45 (dd, J = 9.0, 7.3 Hz, 2H), 2.27 – 2.14 (m, 1H), 2.01 – 1.90 (m, 1H) 

ppm. 13C NMR (126 MHz, CDCl3) δ 174.5, 140.8, 139.9, 137.8, 136.0, 129.9, 129.3, 129.1, 128.9, 

127.4, 127.1, 125.9, 123.9, 60.8, 39.1, 31.2, 23.4 ppm. IR (neat, cm-1):1683, 1596, 1487, 1397, 

1300, 1232, 1122, 831, 693. HRMS (ES+) calcd for (C23H22NO) [M+H]+ 328.1701, found 

328.1711. 

N,N-Dimethyl-4-((5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzamide 

(24): Prepared following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 

mmol, 1.2 equiv), 4-bromo-N,N-dimethylbenzamide (68.4 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 
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mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

24 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 60%) gave the product 

as an off-white solid (69.7 mg, 0.22 mmol, 72% yield). mp = 116-120 ºC.  1H NMR (500 MHz, 

CDCl3) δ 7.49 (d, J = 7.9 Hz, 2H), 7.43 (t, J = 7.8 Hz, 2H), 7.35 (d, J = 7.8 Hz, 2H), 7.23 (t, J = 

7.3 Hz, 1H), 7.14 (d, J = 7.7 Hz, 2H), 4.49 (tt, J = 8.2, 4.0 Hz, 1H), 3.10 (s, 3H), 3.02 (dd, J = 13.6, 

3.7 Hz, 1H), 2.96 (s, 3H), 2.66 (dd, J = 13.6, 8.8 Hz, 1H), 2.47 – 2.40 (m, 2H), 2.16 (tt, J = 13.0, 

8.2 Hz, 1H), 1.95 – 1.84 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.3, 171.4, 138.6, 137.7, 

135.0, 129.4, 129.3, 127.6, 126.0, 123.9, 60.6, 39.4, 35.5, 31.1, 23.4 ppm. IR (neat, cm-1): 3460, 

2929, 1688, 1623, 1596, 1496, 1390, 1223, 1080, 758, 694. HRMS (EI) calcd for (C20H22N2O2) 

[M]+ 322.1681, found 322.1676. 

5-(4-Bromobenzyl)-1-phenylpyrrolidin-2-one (25): Prepared following 

General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 1,4-

dibromobenzene (70.8 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 

mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 40%) gave the product as a white solid (54.5 mg, 0.17 

mmol, 55% yield). mp = 101-103 ºC.  1H NMR (500 MHz, CDCl3) δ 7.51 – 7.47 (m, 2H), 7.46 – 

7.43 (m, 2H), 7.43 – 7.39 (m, 2H), 7.24 (tt, J = 7.3, 1.3 Hz, 1H), 6.98 (d, J = 8.3 Hz, 2H), 4.46 (tt, 

J = 8.2, 4.0 Hz, 1H), 2.93 (dd, J = 13.7, 3.6 Hz, 1H), 2.62 (dd, J = 13.7, 8.6 Hz, 1H), 2.50 – 2.32 

(m, 2H), 2.16 (ddt, J = 13.0, 9.8, 7.7 Hz, 1H), 1.87 (dddd, J = 13.3, 9.2, 6.1, 4.4 Hz, 1H) ppm. 13C 

NMR (126 MHz, CDCl3) δ 174.3, 137.6, 135.9, 131.8, 131.1, 129.4, 126.0, 123.8, 120.9, 60.4, 
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38.8, 31.1, 23.3 ppm. IR (neat, cm-1): 2927, 1693, 1596, 1497, 1388, 1293, 1071, 756, 693. HRMS 

(EI) calcd for (C17H16BrNO) [M]+ 329.0415, found 329.0401. 

5-(4-(5,5-Dimethyl-1,3,2-dioxaborinan-2-yl)benzyl)-1-

phenylpyrrolidin-2-one (26): Prepared following General Procedure VI using N-phenylpent-4-

enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 4-bromobenzeneboronic acid neopentyl glycol ester 

(80.7 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), 

[[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 

0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under 

blue LED irradiation at rt for 24 h. Silica gel purification using an automated system 

(hexanes/EtOAc, 0 to 40%) gave the product as a white solid (60.1 mg, 0.17 mmol, 55% yield). mp 

= 146-152 ºC.  1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 7.9 Hz, 2H), 7.54 – 7.50 (m, 2H), 7.44 

(t, J = 7.9 Hz, 2H), 7.25 – 7.21 (m, 1H), 7.11 (d, J = 7.6 Hz, 2H), 4.48 (tt, J = 8.1, 3.9 Hz, 1H), 3.76 

(s, 4H), 3.02 (dd, J = 13.5, 3.5 Hz, 1H), 2.62 (dd, J = 13.5, 9.2 Hz, 1H), 2.41 (dd, J = 8.9, 7.4 Hz, 

2H), 2.12 (tt, J = 13.0, 8.4 Hz, 1H), 1.90 (dtd, J = 12.4, 7.6, 4.3 Hz, 1H), 1.02 (s, 6H) ppm. 13C 

NMR (126 MHz, CDCl3) δ 174.5, 139.6, 137.8, 134.3, 129.3, 128.7, 125.9, 123.9 (3C), 72.5, 60.8, 

39.6, 32.0, 31.2, 23.4, 22.1 ppm. IR (neat, cm-1): 2940, 1681, 1477, 1404, 1300, 1289, 1248, 1128, 

761, 649. HRMS (ES+) calcd for (C22H27BNO3) [M+H]+ 364.2084, found 364.2066. 

Methyl 4-((5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzoate (27): 

Prepared following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 
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1.2 equiv), methyl 4-bromobenzoate (64.5 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] 

(8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 60%) gave the product as a colorless oil (53.1 mg, 0.17 

mmol, 57% yield).  1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 7.6 Hz, 2H), 7.50 (d, J = 7.8 Hz, 

2H), 7.44 (t, J = 7.6 Hz, 2H), 7.24 (d, J = 7.6 Hz, 1H), 7.18 (d, J = 7.7 Hz, 2H), 4.52 (tt, J = 8.6, 

4.3 Hz, 1H), 3.91 (s, 3H), 3.05 (dd, J = 13.7, 3.7 Hz, 1H), 2.71 (dd, J = 13.7, 8.7 Hz, 1H), 2.51 – 

2.35 (m, 2H), 2.23 – 2.08 (m, 1H), 1.96 – 1.77 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.3, 

167.0, 142.4, 137.6, 130.0, 129.5, 129.4, 129.0, 126.1, 123.9, 60.4, 52.3, 39.6, 31.1, 23.4 ppm. IR 

(neat, cm-1): 2951, 1716, 1694, 1497, 1389, 1279, 1180, 1110, 760, 694. HRMS (EI) calcd for 

(C19H19NO3) [M]+ 309.1365, found 309.1373. 

5-(4-(Methylsulfonyl)benzyl)-1-phenylpyrrolidin-2-one (28): Prepared 

following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 

methyl 1-bromo-4-(methylsulfonyl)benzene (70.5 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

24 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 60%) gave the product 

as an off-white solid (71.1 mg, 0.22 mmol, 72% yield). mp = 122-124 ºC. 1H NMR (500 MHz, 

CDCl3) δ 7.88 – 7.81 (m, 2H), 7.49 – 7.38 (m, 4H), 7.30 (d, J = 8.2 Hz, 2H), 7.26 – 7.20 (m, 1H), 

4.53 (tt, J = 8.3, 4.3 Hz, 1H), 3.08 (dd, J = 13.6, 3.9 Hz, 1H), 3.04 (s, 3H), 2.77 (dd, J = 13.6, 8.5 

Hz, 1H), 2.52 – 2.40 (m, 2H), 2.26 – 2.11 (m, 1H), 1.93 – 1.81 (m, 1H) ppm. 13C NMR (126 MHz, 
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CDCl3) δ 174.1, 143.6, 139.3, 137.5, 130.4, 129.4, 127.8, 126.2, 124.0, 60.3, 44.6, 39.6, 31.0, 23.5 

ppm. IR (neat, cm-1): 2926, 1691, 1596, 1497, 1392, 1297, 1147, 759, 526. HRMS (EI) calcd for 

(C18H19NO3S) [M]+ 329.1086, found 329.1096. 

4-((5-Oxo-1-phenylpyrrolidin-2-yl)methyl)benzaldehyde (29): Prepared 

following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 

4-bromobenzaldehyde (55.5 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 

0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 60%) gave the product as an off-white solid (52.8 mg, 

0.22 mmol, 72% yield). mp = 122-124 ºC. 1H NMR (500 MHz, CDCl3) δ 9.97 (s, 1H), 7.79 (d, J = 

7.7 Hz, 2H), 7.48 (d, J = 8.7 Hz, 2H), 7.42 (t, J = 7.9 Hz, 2H), 7.27 (d, J = 6.1 Hz, 2H), 7.23 (t, J 

= 7.3 Hz, 1H), 4.53 (tt, J = 8.2, 4.2 Hz, 1H), 3.06 (dd, J = 13.6, 3.8 Hz, 1H), 2.74 (dd, J = 13.5, 8.6 

Hz, 1H), 2.49 – 2.34 (m, 2H), 2.17 (ddt, J = 12.8, 9.4, 7.6 Hz, 1H), 1.87 (dddd, J = 13.2, 9.0, 6.1, 

4.3 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 191.8, 174.2, 144.2, 137.5, 135.2, 130.1, 129.4, 

126.1, 123.9, 77.2, 60.3, 39.7, 31.0, 23.4. ppm. IR (neat, cm-1): 2926, 1691, 1596, 1497, 1392, 1297, 

1147, 759, 526. HRMS (ES+) calcd for (C18H18NO2) [M+H]+ 280.1338, found 280.1344. 

5-(3-Methoxybenzyl)-1-phenylpyrrolidin-2-one (30): Prepared following 

General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 1-bromo-
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3-methoxybenzene (56.1 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (17.0 mg, 0.0036 

mmol, 12 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 48 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 30%) gave the product as a colorless oil (65.7 mg, 0.23 

mmol, 78% yield). 1H NMR (500 MHz, CDCl3) δ 7.52 (d, J = 7.9 Hz, 2H), 7.44 (t, J = 7.8 Hz, 2H), 

7.25 – 7.19 (m, 2H), 6.78 (dd, J = 8.3, 2.6 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.64 (s, 1H), 4.57 – 

4.44 (m, 1H), 3.78 (s, 3H), 2.97 (dd, J = 13.7, 3.4 Hz, 1H), 2.62 (dd, J = 13.6, 8.9 Hz, 1H), 2.42 (t, 

J = 7.8 Hz, 2H), 2.20 – 2.15 (m, 1H), 1.95 – 1.91 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 

174.4, 159.8, 138.5, 137.8, 129.7, 129.3, 125.8, 123.7, 121.7, 115.4, 111.9, 60.6, 55.3, 39.3, 31.2, 

23.3 ppm. IR (neat, cm-1): 1689, 1596, 1584, 1497, 1286, 1259. HRMS (ES+) calcd for 

(C18H20NO2) [M+H]+ 282.1494, found 282.1501. 

5-(3-Methylbenzyl)-1-phenylpyrrolidin-2-one (31): Prepared following 

General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), m-

bromotoluene (51.3 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 

6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] 

(338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was 

stirred under blue LED irradiation at rt for 24 h. Silica gel purification using an automated system 

(hexanes/EtOAc, 0 to 60%) gave the product as a colorless oil (37.6 mg, 0.14 mmol, 47% yield). 

1H NMR (500 MHz, CDCl3) δ 7.52 (d, J = 8.0 Hz, 2H), 7.44 (t, J = 7.7 Hz, 2H), 7.24 (t, J = 7.4 Hz, 

1H), 7.18 (t, J = 7.5 Hz, 1H), 7.05 (d, J = 7.6 Hz, 1H), 6.92 (d, J = 8.1 Hz, 2H), 4.47 (tt, J = 8.5, 

3.9 Hz, 1H), 2.97 (dd, J = 13.6, 3.5 Hz, 1H), 2.59 (dd, J = 13.6, 9.0 Hz, 1H), 2.43 (t, J = 8.2 Hz, 
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2H), 2.33 (s, 3H), 2.15 (m, 1H), 1.98 – 1.86 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.5, 

138.3, 137.8, 136.9, 130.2, 129.3, 128.6, 127.6, 126.4, 125.8, 123.8, 60.8, 39.3, 31.2, 23.4, 21.5 

ppm. IR (neat, cm-1): 2923, 1692, 1596, 1497, 1386, 1221, 1113, 753, 693. HRMS (ES+) calcd for 

(C18H20NO) [M+H]+ 266.1543, found 266.1538. 

5-(3-Fluorobenzyl)-1-phenylpyrrolidin-2-one (32): Prepared following General 

Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 1-bromo-3-

fluorobenzene (52.5 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (17.0 mg, 0.0036 

mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 48 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 30%) gave the product as a yellowish oil (35.1 mg, 0.13 

mmol, 43% yield). 1H NMR (500 MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 2H), 7.48 – 7.41 (m, 2H), 

7.25 (t, J = 8.1 Hz, 2H), 6.94 (t, J = 8.5 Hz, 1H), 6.90 (d, J = 7.7 Hz, 1H), 6.83 (d, J = 9.8 Hz, 1H), 

4.50 (dt, J = 8.3, 4.3 Hz, 1H), 3.00 (dd, J = 13.9, 3.6 Hz, 1H), 2.65 (dd, J = 13.7, 8.9 Hz, 1H), 2.45 

(t, J = 8.2 Hz, 2H), 2.24 – 2.15 (m, 1H), 1.96 – 1.85 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 

174.3, 162.9 (d, J = 246.3 Hz), 139.4 (d, J = 7.2 Hz), 137.6, 130.2 (d, J = 8.4 Hz), 129.3, 126.0, 

125.1 (d, J = 2.8 Hz), 123.8, 116.2 (d, J = 21.0 Hz), 113.8 (d, J = 20.9 Hz), 60.4, 39.1 (d, J = 1.1 

Hz), 31.1, 23.3 ppm. 19F NMR (471 MHz, CDCl3) δ -113.0 ppm. IR (neat, cm-1): 2974, 1694, 1588, 

1385, 1291. HRMS (ES+) calcd for (C17H17FNO) [M+H]+ 270.1294, found 270.1309. 
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5-(2-Chlorobenzyl)-1-phenylpyrrolidin-2-one (33): Prepared following 

General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 1-bromo-

2-chlorobenzene (57.4 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 

mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 24 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 60%) gave the product as a colorless oil (30.9 mg, 0.11 

mmol, 36% yield). 1H NMR (500 MHz, CDCl3) δ 7.52 (d, J = 7.9 Hz, 2H), 7.41 (t, J = 7.8 Hz, 2H), 

7.35 (dd, J = 5.6, 3.7 Hz, 1H), 7.22 (t, J = 7.4 Hz, 1H), 7.17 (dd, J = 5.8, 3.6 Hz, 2H), 7.15 – 7.11 

(m, 1H), 4.59 (tt, J = 12.3, 4.3 Hz, 1H), 3.26 (dd, J = 13.4, 4.1 Hz, 1H), 2.72 – 2.55 (m, 2H), 2.48 

(ddd, J = 16.7, 9.6, 6.0 Hz, 1H), 2.10 (ddd, J = 16.8, 13.6, 7.9 Hz, 1H), 1.92 (ddt, J = 13.8, 9.9, 5.3 

Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.3, 137.6, 135.0, 134.4, 131.7, 129.9, 129.2, 128.4, 

127.0, 126.0, 124.0, 59.3, 37.4, 31.2, 23.5 ppm. IR (neat, cm-1): 2923, 1692, 1597, 1497, 1386, 

1223, 1112, 908, 728, 683. HRMS (ES+) calcd for (C17H17ClNO) [M+H]+ 286.0999, found 

286.1015. 

5-((1-Oxo-2,3-dihydro-1H-inden-5-yl)methyl)-1-phenylpyrrolidin-2-one 

(34): Prepared following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 

mmol, 1.2 equiv), 5-bromo-2,3-dihydro-1H-inden-1-one (63.3 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 
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mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

36 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 60%) gave the product 

as a colorless oil (61.4 mg, 0.20 mmol, 67% yield). 1H NMR (500 MHz, CDCl3) δ 7.66 (d, J = 7.8 

Hz, 1H), 7.47 (d, J = 7.5 Hz, 2H), 7.41 (t, J = 7.8 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.18 (s, 1H), 

7.12 (d, J = 7.8 Hz, 1H), 4.51 (tt, J = 8.3, 4.1 Hz, 1H), 3.07 (m, 3H), 2.71 (dd, J = 13.5, 8.8 Hz, 

1H), 2.68 – 2.64 (m, 2H), 2.43 (dd, J = 9.1, 7.1 Hz, 2H), 2.23 – 2.10 (m, 1H), 1.96 – 1.81 (m, 1H) 

ppm. 13C NMR (126 MHz, CDCl3) δ 206.4, 174.2, 155.7, 144.4, 137.5, 136.0, 129.3, 128.7, 127.6, 

126.0, 123.9, 123.9, 60.5, 39.9, 36.4, 31.0, 25.7, 23.4 ppm. IR (neat, cm-1) 1694, 1610,1598, 1393, 

1284, 1105, 906, 759, 723, 646. HRMS (ES+) calcd for (C20H20NO2) [M+H]+ 306.1494, found 

306.1489. 

3-Chloro-5-((5-oxo-1-phenylpyrrolidin-2-yl)methyl)benzaldehyde (35): 

Prepared following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 

1.2 equiv), 3-bromo-5-chlorobenzaldehyde (65.8 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

48 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 40%) gave the product 

as a yellow oil (52.7 mg, 0.17 mmol, 56% yield). 1H NMR (500 MHz, CDCl3) δ 9.92 (s, 1H), 7.70 

(s, 1H), 7.48 (s, 1H), 7.45 – 7.42 (m, 4H), 7.32 (s, 1H), 7.25 – 7.21 (m, 1H), 4.52 (tt, J = 8.5, 4.4 

Hz, 1H), 3.05 (dd, J = 13.8, 4.0 Hz, 1H), 2.74 (dd, J = 13.8, 8.5 Hz, 1H), 2.53 – 2.44 (m, 2H), 2.28 

– 2.17 (m, 1H), 1.92 – 1.82 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 190.7, 174.2, 140.1, 
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138.0, 137.3, 135.6, 135.1, 129.4, 128.3, 128.3, 126.3, 124.1, 60.2, 39.2, 30.9, 23.5 ppm. IR (neat, 

cm-1): 2973, 1693, 1497, 1384, 1288, 1113. HRMS (ES+) calcd for (C18H17ClNO2) [M+H]+ 

314.0948, found 314.0965. 

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-(4-((5-oxo-1-

phenylpyrrolidin-2-yl)methyl)phenoxy)tetrahydro-2H-pyran-3,4,5-triyl Triacetate (36): 

Prepared following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 

1.2 equiv), 4-iodophenyl β-D-glucopyranoside tetraacetate (165.1 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

48 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 50%) gave the product 

as a yellow oil (104.4 mg, 0.17 mmol, 58% yield). 1H NMR (500 MHz, CDCl3) δ 7.50 (d, J = 8.0 

Hz, 2H), 7.43 (t, J = 7.0 Hz, 2H), 7.23 (t, J = 7.4 Hz, 1H), 7.02 (m, 4H), 5.69 (t, J = 9.8 Hz, 2H), 

5.16 (t, J = 9.7 Hz, 1H), 5.08 – 4.96 (m, 1H), 4.50 – 4.43 (m, 1H), 4.31 – 4.19 (m, 1H), 4.15 – 4.08 

(m, 1H), 4.09 – 4.04 (m, 1H), 3.01 – 2.86 (m, 1H), 2.69 – 2.59 (m, 1H), 2.45 – 2.37 (m, 2H), 2.21 

– 2.12 (m, 1H), 2.13 – 1.97 (m, 12H), 1.94 – 1.86 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 

174.3, 170.6, 170.2, 169.6, 155.2, 137.7, 131.5, 130.6, 129.3, 125.8 (2C), 123.7, 116.9, 94.5, 70.6, 

70.1, 68.4, 68.1, 61.7, 60.6, 38.4, 31.1, 23.2, 20.8, 20.74 (2C), 20.7 ppm. The product was obtained 

as a 1:1 mixture of diastereoisomers according to 13C NMR. Only the peaks for one of the 

diastereoisomers are given for clarity. IR (neat, cm-1): 1747, 1697, 1509, 1383, 1367, 1214. HRMS 

(ES+) calcd for (C31H36NO11) [M+H]+ 598.2288, found 598.2302. 
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5-((5-Oxo-1-phenylpyrrolidin-2-yl)methyl)pyrimidine-2-carbonitrile 

(37): Prepared following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 

mmol, 1.2 equiv), 2-cyano-4-bromopyrimidine (55.2 mg, 0.3 mmol, 1.0 equiv), 

[Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 

mg, 0.009 mmol, 3 mol %), Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-

BuOH/PhCF3 (2:1, 6.0 mL, 0.05 M). The reaction was stirred under blue LED irradiation at rt for 

24 h. Silica gel purification using an automated system (hexanes/EtOAc, 0 to 80%) gave the product 

as an off-white solid (60.1 mg, 0.22 mmol, 72% yield). mp = 155-158 ºC. 1H NMR (500 MHz, 

CDCl3) δ 8.52 (s, 2H), 7.45 – 7.40 (m, 2H), 7.38 – 7.34 (m, 2H), 7.28 – 7.23 (m, 1H), 4.58 (tt, J = 

7.5, 4.9 Hz, 1H), 3.01 (dd, J = 14.3, 4.6 Hz, 1H), 2.88 (dd, J = 14.3, 7.4 Hz, 1H), 2.62 – 2.44 (m, 

2H), 2.37 – 2.30 (m, 1H), 1.83 (dddd, J = 13.1, 9.5, 6.9, 5.2 Hz, 1H) ppm. 13C NMR (126 MHz, 

CDCl3) δ 173.7, 158.4, 143.8, 136.9, 133.6, 129.7, 126.8, 124.2, 115.6, 59.3, 35.0, 30.8, 23.7 ppm. 

IR (neat, cm-1) 1678, 1556, 1498, 1412, 1357, 1228, 850, 692, 551. HRMS (ES+) calcd for 

(C16H15N4O) [M+H]+ 279.1246, found 279.1239. 

1-Phenyl-5-(pyridin-4-ylmethyl)pyrrolidin-2-one (38): Prepared following 

General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 4-

bromopyridine hydrochloride (58.3 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 

0.0018 mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 36 h. Silica gel purification using 
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an automated system (hexanes/EtOAc, 0 to 100%) gave the product as a light-yellow oil (60.6 mg, 

0.24 mmol, 80% yield). 1H NMR (500 MHz, CDCl3) δ 8.59 – 8.40 (m, 2H), 7.47 – 7.38 (m, 4H), 

7.22 (tt, J = 7.1, 1.6 Hz, 1H), 7.11 – 6.96 (m, 2H), 4.50 (tt, J = 8.4, 4.2 Hz, 1H), 2.97 (dd, J = 13.6, 

3.7 Hz, 1H), 2.64 (dd, J = 13.6, 8.7 Hz, 1H), 2.51 – 2.38 (m, 2H), 2.18 (ddt, J = 12.9, 9.1, 7.7 Hz, 

1H), 1.92 – 1.69 (m, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.1, 149.9, 146.1, 137.3, 129.3, 

126.2, 124.7, 123.9, 59.8, 39.0, 30.9, 23.4 ppm. IR (neat, cm-1) 1689, 1598, 1497, 1294, 1223, 1115, 

757, 695. HRMS (ES+) calcd for (C16H17N2O) [M+H]+ 253.1341, found 253.1348. 

1-Phenyl-5-(quinolin-5-ylmethyl)pyrrolidin-2-one (39): Prepared 

following General Procedure VI using N-phenylpent-4-enamide (63.1 mg, 0.36 mmol, 1.2 equiv), 

5-bromoquinoline (62.4 mg, 0.3 mmol, 1.0 equiv), [Ni(dMeObpy)(H2O)2(Br)2] (8.5 mg, 0.0018 

mmol, 6 mol %), [[Ir{dF(CF3)2ppy}2(bpy)]PF6] (9.0 mg, 0.009 mmol, 3 mol %), 

Bu4N[OP(O)(OBu)2] (338.8 mg, 0.75 mmol, 2.5 equiv) and dry t-BuOH/PhCF3 (2:1, 6.0 mL, 0.05 

M). The reaction was stirred under blue LED irradiation at rt for 36 h. Silica gel purification using 

an automated system (hexanes/EtOAc, 0 to 60%) gave the product as a light-yellow oil (40.2 mg, 

0.12 mmol, 40% yield). 1H NMR (500 MHz, CDCl3) δ 8.92 (dd, J = 4.2, 1.6 Hz, 1H), 8.12 (dt, J = 

8.5, 1.2 Hz, 1H), 8.02 (d, J = 8.5 Hz, 1H), 7.63 (dd, J = 8.5, 7.1 Hz, 1H), 7.51 – 7.44 (m, 4H), 7.40 

(dd, J = 8.6, 4.2 Hz, 1H), 7.36 (d, J = 7.0 Hz, 1H), 7.28 (tt, J = 6.7, 2.0 Hz, 1H), 4.57 (ddt, J = 9.8, 

8.0, 4.1 Hz, 1H), 3.53 (dd, J = 14.0, 3.8 Hz, 1H), 2.95 (dd, J = 14.0, 9.8 Hz, 1H), 2.59 (ddd, J = 

17.1, 9.4, 7.6 Hz, 1H), 2.48 (ddd, J = 17.2, 9.6, 5.8 Hz, 1H), 2.10 (ddt, J = 13.1, 9.6, 7.6 Hz, 1H), 

1.92 (dddd, J = 13.4, 9.7, 5.8, 4.3 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) δ 174.2, 150.3, 148.8, 

137.6, 133.8, 131.7, 129.5, 129.2, 129.2, 128.0, 127.2, 126.6, 124.7, 121.2, 60.6, 36.1, 30.9, 24.0 


