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General information 

All reactions were carried out under nitrogen atmosphere and anhydrous conditions 

unless otherwise indicated. All manipulations of air- sensitive or moisture-sensitive 

compounds were performed in a glovebox under an atmosphere of nitrogen. Unless 

otherwise noted, all catalytic reactions were run in dried glassware. Toluene and THF 

were distilled from sodium/benzophenone. DCM was distilled over CaH2. Ni(cod)2 

(CAS 1295-35-8) was purchased from Sinocompound. Manganese powder (7439-96-

5, 325 mesh) was purchased from Alfa Aesar; LiBr (7550-35-8) and C7H15I (4282-40-

0) were purchased from Adamas. N,N-Dimethylformamide (DMF, CAS 68-12-2) was 

purchased from Adamas (99.8%, SafeDry, with molecular sieves, Water ≤ 50 ppm (by 

K.F.), SafeSeal); Other commercial reagents were purchased from Bidepharm, Energy 

Chemical, 9dingchem, Adamas-beta China and were used as received. Reactions were 

monitored by thin-layer chromatography (TLC) carried out on 0.20 mm Huanghai silica 

gel plates (HSGF 254) using UV light as the visualizing agent and Iodine and KMnO4 

with heat as the developing agents. All new compounds were characterized by means 

of GC, 1H-NMR, 13C-NMR, and HR-MS. GC analysis was performed on Agilent 

Technologies 7820A GC system. GC runs were performed with the following method: 

GC; HP-5 column; inlet temperature 100 °C; column temperature 100 °C for 1 min, 

then 50 °C/min to 280 °C, then 280 °C for 6 min. HPLC was performed on SHIMADZU 

LC-2030 Plus and SIL-20A. Optical rotations were recorded on 

digital automatic polarimeter (WZZ-2S). X-ray analysis was performed on Bruker D8 

Venture diffractometer. NMR spectra were recorded using a Bruker AVANCE Ⅲ 400 

MHz NMR spectrometer and can be found at the end of the paper. High-resolution mass 

spectra (HRMS) were recorded on a Waters GCT Premier mass spectrometer using EI-

TOF (electron ionization-time of flight), Agilent Technologies 7250 GCQTOF (EI), and 

JEOC AccuTOF LC-plus 4G (ESI). All 1H-NMR data are reported in δ units, parts per 

million (ppm), and were calibrated relative to the signals for residual chloroform (7.26 

ppm) in deuterochloroform (CDCl3). All 13C-NMR data are reported in ppm relative to 

CDCl3 (77.16 ppm) and were obtained with 1H decoupling. The following abbreviations 

or combinations thereof were used to explain the multiplicities: s = singlet, bs = broad 

singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sept = septet, m = multiplet. 
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Variations from the standard condition 

 
aReaction conditions: 1a (0.1 mmol), 2a (3.0 equiv., 0.3 mmol), Ni(cod)2 (15 mol%, 0.015 mmol), 

ligand (18 mol%, 0.018 mmol), Mn (4.0 equiv., 0.4 mmol), LiBr (1.0 equiv., 0.1 mmol), solvent 

(0.5 mL) under 0 oC for 48 h. bCorrected GC yield. cDetermined by HPLC-analysis on a chiral 

stationary phase. 

 

 

Figure S1. The failed substrate scope 
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Experimental procedures and characterization data for substrates 

Compounds 1a,1 2g,2 2h,3 2k,4 2m,5 2q,6 2s6 were synthesized according to the 

published procedures. 

General procedure for carbamoyl chloride synthesis: 

General procedure A for carbamoyl chloride synthesis 

 

To a solution of amine (5.0 equiv.) and 4-bromo-1-butene (1.0 equiv.) in EtOH (0.5M) 

was added NaI (0.1 equiv.). The mixture was stirred in reflux overnight. Then the 

solvent was removed in vacuo, DCM followed by KOH (1.0 M, 2 mL/mmol) were 

added, and the two-phase mixture was separated. The organic phase was washed with 

water and brine, dried over Na2SO4, filtered, and evaporated in vacuo. The residue was 

purified by flash chromatography (PE/EtOAc = 5/1) to give S1 as a yellow oil. 

To a solution of S1 (1.0 equiv.) in DCM was added pyridine (1.0 equiv.) and 

triphosgene (0.5 equiv.) in sequence at -78 °C. The mixture was then allowed to warm 

to room temperature. The reaction was quenched with 1 M HCl when the starting 

material was consumed, extracted with DCM, dried over Na2SO4. After removing the 

solvent, the residue was purified by column chromatography to give substrate 1. 

General procedure B for carbamoyl chloride synthesis 

 

This procedure was performed according to the known literature.7 To a solution of 

amine hydrochloride (2.0 equiv.) in acetonitrile (0.33 M) was added K2CO3 (3.0 equiv.). 

The mixture was stirred for 1 h at room temperature, then 4-bromo-1-butene (1.0 equiv.) 

was added, and the mixture was stirred at 45 °C for 48 h. The insoluble material was 

filtered off and the filtrate concentrated under reduced pressure. DCM and H2O were 

added, the two-phase mixture was separated, and the aqueous phase was extracted twice 

with DCM. The combined organic phases were dried over Na2SO4, filtered, and 

evaporated in vacuo. The residue was purified by flash chromatography (PE/EtOAc = 

5/1) to give S2. Procedure of carbamoyl chloride is consistent with procedure A.  
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General procedure C for carbamoyl chloride synthesis 

 

This procedure was performed according to the published literature.8 A round-

bottomed flask equipped with a stirring bar was charged with alkylamine (1.2 equiv.), 

K2CO3 (2 equiv.), and dry DMF (0.33 M). Homoallyl bromide (1.0 equiv.) was slowly 

added to the mixture and heated to 80 °C.When the starting matiral was consumed as 

monitored by TLC, the reaction mixture was cooled to room temperature, diluted with 

ethyl acetate and washed with H2O for three times. The combined organic layers were 

then dried over anhydrous Na2SO4, filtered, concentrated. The residue was purified by 

flash chromatography (PE/EtOAc = 5/1) to give S3. Procedure of carbamoyl chloride 

is consistent with procedure A. 

Characterization data for carbamoyl chloride substrates: 

But-3-en-1-yl(phenyl)carbamic chloride (1t) 

General procedure A was followed with aniline on 5.0 mmol and 

purification by flash column chromatography on silica gel (PE/EA = 

20/1) afforded 1t as yellow oil (585 mg, 56% over 2 steps); Rf = 0.58 

(PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.46–7.38 (m, J = 8.4 Hz, 3H), 

7.23 (d, J = 7.2 Hz, 2H), 5.80–5.70 (m, 1H), 5.14–5.07 (m, 2H), 3.81 (t, J = 7.6 Hz, 

2H), 2.39–2.33 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 149.3, 141.8, 134.2, 129.7, 

128.8, 128.6, 117.8, 52.3, 32.0; HRMS (EI): Calcd for C11H12ClNO: 209.0607; found: 

209.0599. 

 

But-3-en-1-yl(4-methoxyphenyl)carbamic chloride (1u) 

General procedure A was followed with 4-methoxyaniline on 5.0 

mmol and purification by flash column chromatography on silica 

gel (PE/EA = 20/1) afforded 1u as yellow oil (674 mg, 56% over 

2 steps); Rf = 0.32 (PE/EtOAc = 10/1); 1H NMR (400 MHz, 

CDCl3): δ 7.13 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 9.2 Hz, 2H), 5.75 (ddt, J = 17.2, 10.4, 

6.8 Hz, 1H), 5.12–5.08 (m, 2H), 3.84 (s, 3H), 3.77 (t, J = 7.2 Hz, 2H), 2.37–2.32 (m, 

2H); 13C NMR (100 MHz, CDCl3): δ 159.6, 149.8, 134.7, 134.4, 129.6, 117.7, 114.8, 

55.6, 52.4, 32.0; HRMS (EI): Calcd for C12H14ClNO2: 239.0713; found: 239.0712. 
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But-3-en-1-yl(naphthalen-2-yl)carbamic chloride (1v)  

General procedure A was followed with naphthalen-2-amine on 

5.0 mmol and purification by flash column chromatography on 

silica gel (PE/EA = 20/1) afforded 1v as a yellow oil (279 mg, 22% 

over 2 steps); Rf = 0.46 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.92–7.85 

(m, 3H), 7.72 (s, 1H), 7.57–7.55 (m, 2H), 7.32 (d, J = 8.8 Hz, 1H), 5.76 (ddt, J = 17.2, 

10.4, 6.8 Hz, 1H), 5.15–5.10 (m, 2H), 3.90 (t, J = 7.2 Hz, 2H), 2.43–2.38 (m, 2H); 13C 

NMR (100 MHz, CDCl3): δ 149.5, 139.1, 134.3, 133.5, 132.9, 129.7, 128.2, 128.0, 

127.4, 127.3, 127.1, 126.2, 117.9, 52.5, 32.1; HRMS (EI): Calcd for C15H14ClNO: 

259.0764; found: 259.0765. 

 

[1,1'-Biphenyl]-4-yl(but-3-en-1-yl)carbamic chloride (1w)  

General procedure A was followed with [1,1'-biphenyl]-4-amine on 

5.0 mmol and purification by flash column chromatography on 

silica gel (PE/EA = 20/1) afforded 1w as yellow solid (257 mg, 18% 

over 2 steps); Rf = 0.52 (PE/EtOAc = 20/1); 1H NMR (400 MHz, 

CDCl3): δ 7.65 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 7.6 Hz, 2H), 7.47 (t, J = 8.0 Hz, 2H), 

7.39 (t, J = 7.2 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 5.83–5.73 (m, 1H), 5.16–5.11 (m, 

2H), 3.85 (t, J = 7.2 Hz, 2H), 2.43–2.38 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 149.3, 

141.7, 140.9, 139.9, 134.2, 129.0, 128.9, 128.3, 128.0, 127.3, 117.8, 52.3, 32.0; HRMS 

(EI): Calcd for C17H16ClNO: 285.0920; found: 285.0919. 

 

But-3-en-1-yl(3-chlorophenyl)carbamic chloride (1x)  

General procedure A was followed with 3-chloroaniline on 5.0 mmol 

and purification by flash column chromatography on silica gel (PE/EA 

= 10/1) afforded 1x as a colorless oil (174 mg, 14% over 2 steps); Rf = 

0.60 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.30–7.29 (m, 

2H), 7.18 (s, 1H), 7.07–7.06 (m, 1H), 5.71–5.61 (m, 1H), 5.05–5.01 (m, 2H), 3.79–3.72 

(m, 2H), 2.30–2.25 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 148.8, 142.7, 135.0, 133.9, 

130.6, 129.1, 128.9, 127.0, 118.0, 52.2, 31.9; HRMS (EI): Calcd for C11H11Cl2NO: 

243.0218; found: 243.0215. 
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But-3-en-1-yl(4-methoxybenzyl)carbamic chloride (1y) 

General procedure A was followed with (4-

methoxyphenyl)methanamine on 3.0 mmol and purification by flash 

column chromatography on silica gel (PE/EA = 10/1) afforded 1y as a 

colorless oil (452 mg, 60% over 2 steps); Product was isolated as a 1:1 mixture of 

rotamers; Rf = 0.53 (PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 7.20 (t, J = 8.4 

Hz, 2H), 6.89 (t, J = 8.8 Hz, 2H), 5.79–5.67 (m, 1H), 5.11–5.05 (m, 2H), 4.65 (s, 1H),  

4.52 (s, 1H), 3.80 (s, 3H), 3.43 (t, J = 7.6 Hz, 1H), 3.38 (t, J = 7.6 Hz, 1H), 2.37–2.29 

(m, 2H); 13C NMR (100 MHz, CDCl3): δ 159.6, 159.5, 150.2, 134.3, 129.7, 127.9, 

117.9, 114.3, 55.4, 54.1, 52.2, 49.5, 48.5, 32.5, 31.6; HRMS (EI): Calcd for 

C13H16ClNO2: 253.0870; found: 253.0871. 

 

But-3-en-1-yl(4-(trifluoromethyl)benzyl)carbamic chloride (1z) 

 General procedure A was followed with (4-

(trifluoromethyl)phenyl)methanamine on 4 mmol and 

purification by flash column chromatography on silica gel 

(PE/EA = 10/1) afforded 1z as a colorless oil (615 mg, 53% over 2 steps); Product was 

isolated as a 1:1 mixture of rotamers. 1H and 13C NMR data listed is for the major 

rotamer. Rf = 0.56 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.64–7.60 (m, 

2H), 7.40–7.38 (m, 2H), 5.80–5.68 (m, 1H), 5.12–5.07 (m, 2H), 4.78 (s, 1H), 4.64 (s, 

1H), 3.49 (t, J = 7.2 Hz, 1H), 3.43 (t, J = 7.2 Hz, 1H), 2.41–2.34 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 150.4, 149.5, 139.9, 134.0, 133.6,130.3 (q, JC-F = 32.4 Hz), 127.3, 

125.9 (q, JC-F = 3.5 Hz), 124.0 (q, JC-F = 270.6 Hz), 118.1, 117.9, 54.2, 52.3, 50.2, 49.2, 

32.6, 31.7. 19F NMR (376 MHz, CDCl3): -62.6; HRMS (EI): Calcd for C13H13ClF3NO: 

291.0638; found: 291.0632. 

 

But-3-en-1-yl(4-(tert-butyl)benzyl)carbamic chloride (1aa)  

General procedure A was followed with (4-(tert-

butyl)phenyl)methanamine on 5.0 mmol and purification by 

flash column chromatography on silica gel (PE/EA = 10/1) 

afforded 1aa as a yellow oil (1.01 g, 72% over 2 steps); Product was isolated as a 1:1 

mixture of rotamers. Rf = 0.64 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.39 

(d, J = 8.4 Hz, 2H), 7.23–7.19 (m, 2H), 5.81–5.69 (m, 1H), 5.12–5.06 (m, 2H), 4.70 (s, 

1H), 4.56 (s, 1H), 3.46 (t, J = 7.2 Hz, 1H), 3.41 (t, J = 7.2 Hz, 1H), 2.40–2.33 (m, 2H), 

1.33 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 151.3, 150.2, 149.6, 134.3, 134.0, 132.7, 
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132.5, 128.0, 127.0, 125.9, 125.9, 117.9, 117.7, 54.3, 52.3, 49.7, 48.7, 34.7, 32.6, 31.7, 

31.4; HRMS (EI): Calcd for C16H22ClNO: 279.1390; found: 279.1393. 

 

But-3-en-1-yl(4-(trifluoromethoxy)benzyl)carbamic chloride (1ab)  

General procedure A was followed with (4-

(trifluoromethoxy)phenyl)methanamine on 5.0 mmol and 

purification by flash column chromatography on silica gel 

(PE/EA = 10/1) afforded 1ab as a yellow oil (791 mg, 52% over 2 steps); Product was 

isolated as a 1:1 mixture of rotamers. Rf = 0.62 (PE/EtOAc = 20/1); 1H NMR (400 MHz, 

CDCl3): δ 7.32–7.29 (m, 2H), 7.24–7.19 (m, 2H), 5.80–5.68 (m, 1H), 5.11–5.06 (m, 

2H), 4.72 (s, 1H), 4.58 (s, 1H), 3.47 (t, J = 7.2 Hz, 1H), 3.41 (t, J = 7.2 Hz, 1H), 2.40–

2.33 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 150.4, 149.5, 149.1, 134.6, 134.4, 134.1, 

133.8 129.6, 128.6, 121.6, 121.5, 120.5 (q, JC-F = 255.7 Hz), 118.2, 118.0, 54.0, 52.0, 

50.0, 49.0, 32.6, 31.7; 19F NMR (376 MHz, CDCl3): -57.9; HRMS (EI): Calcd for 

C13H13ClF3NO2: 307.0587; found: 307.0586. 

 

But-3-en-1-yl(4-fluorobenzyl)carbamic chloride (1ac)  

General procedure A was followed with (4-

fluorophenyl)methanamine on 5 mmol and purification by flash 

column chromatography on silica gel (PE/EA = 10/1) afforded 1ac 

as a colorless oil (560 mg, 46% over 2 steps); Product was isolated as a 1:1 mixture of 

rotamers. Rf = 0.55 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.28–7.23 (m, 

2H), 7.09–7.02 (m, 2H), 5.79–5.67 (m, 1H), 5.11–5.06 (m, 2H), 4.68 (s, 1H), 4.55 (s, 

1H), 3.45 (t, J = 7.2 Hz, 1H), 3.39 (t, J = 7.2 Hz, 1H), 2.38–2.31 (m, 2H); 13C NMR 

(100 MHz, CDCl3): 162.5 (d, JC-F = 245.5 Hz), 150.2, 149.3, 134.0, 133.7, 131.5 (d, JC-

F = 3.2 Hz), 131.2 (d, JC-F = 3.2 Hz), 129.9 (d, JC-F = 8.3 Hz), 128.9 (d, JC-F = 8.1 Hz), 

118.0, 117.7, 115.9 (d, JC-F = 21.8 Hz), 115.8 (d, JC-F = 21.6 Hz), 53.9, 51.9, 49.7, 48.7, 

32.5, 31.5; 19F NMR (376 MHz, CDCl3): -113.7–113.8 (m); HRMS (EI): Calcd for 

C12H13ClFNO: 241.0664; found: 241.0658. 

 

But-3-en-1-yl(4-chlorobenzyl)carbamic chloride (1ad) 

General procedure A was followed with (4-

chlorophenyl)methanamine on 4 mmol and purification by flash 

column chromatography on silica gel (PE/EA = 10/1) afforded 

1ad as a colorless oil (530 mg, 52% over 2 steps); Product was isolated as a 1:1 mixture 



S9 

 

of rotamers; Rf = 0.57 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.43–7.39 

(m, 2H), 7.30–7.26 (m, 2H), 5.86–5.74 (m, 1H), 5.18–5.13 (m, 2H), 4.75 (s, 1H), 4.61 

(s, 1H), 3.52 (t, J = 7.6 Hz, 1H), 3.47 (t, J = 7.2 Hz, 1H), 2.46–2.38 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ
 
150.3, 149.5, 134.1, 129.5, 129.2, 129.1, 128.5, 118.1, 117.9, 54.0, 

52.1, 49.9, 49.0, 32.6, 31.7; HRMS (EI): Calcd for C12H13Cl2NO: 257.0374; found: 

257.0376. 

 

(2-Bromobenzyl)(but-3-en-1-yl)carbamic chloride (1ae)  

General procedure A was followed with (2-

bromophenyl)methanamine on 5.0 mmol and purification by flash 

column chromatography on silica gel (PE/EA = 20/1) afforded 1ae 

as a yellow oil (616 mg, 42% over 2 steps); Product was isolated as a 1:1 mixture of 

rotamers. Rf = 0.55 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 7.55 (t, J = 7.2 

Hz, 1H), 7.35–7.13 (m, 3H), 5.79–5.68 (m, 1H), 5.12–5.06 (m, 2H), 4.76 (s, 1H), 4.69 

(s, 1H), 3.47 (t, J = 7.6 Hz, 1H), 3.42 (t, J = 7.6 Hz, 1H), 2.40–2.35 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 149.9, 149.7, 134.6, 134.5, 133.9, 133.6, 133.0, 133.0, 129.5, 

129.3, 129.1, 127.9, 127.9, 127.6, 123.4, 122.7, 117.9, 117.8, 54.5, 52.2, 49.9, 49.1, 

32.5, 31.6; HRMS (EI): [M-Br]+ Calcd for C12H13ClNO+: 222.0686; found: 222.0686.  

 

But-3-en-1-yl(furan-2-ylmethyl)carbamic chloride (1af) 

General procedure A was followed with furan-2-ylmethanamine on 

4.0 mmol and purification by flash column chromatography on silica 

gel (PE/EA = 10/1) afforded 1af as a colorless oil (464 mg, 54% over 

2 steps); Rf = 0.38 (PE/EtOAc = 20/1); Product was isolated as a 1:1 mixture of 

rotamers; 1H NMR (400 MHz, CDCl3): δ 7.39 (d, J = 4.0 Hz, 1H), 6.35–6.33 (m, 2H), 

5.79–5.68 (m, 1H), 5.11–5.05 (m, 2H), 4.64 (s, 1H), 4.54 (s, 1H), 3.53 (t, J = 7.6 Hz, 

1H), 3.47 (t, J = 7.6 Hz, 1H), 2.36–2.29 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 149.8, 

149.2, 149.2, 142.9, 142.9, 134.2, 133.9, 117.9, 117.7, 110.8, 110.7, 109.9, 109.1, 50.1, 

49.1, 47.9, 45.5, 32.6, 31.7; HRMS (EI): Calcd for C10H12ClNO2: 213.0557; found: 

213.0558. 

 

But-3-en-1-yl(butyl)carbamic chloride (1ag)  

General procedure A was followed with butan-1-amine on 5.0 mmol and 

purification by flash column chromatography on silica gel (PE/EA = 20/1) 

afforded 1ag as a yellow oil (179 mg, 19% over 2 steps); Rf = 0.56 
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(PE/EtOAc = 20/1); Product was isolated as a 1:1 mixture of rotamers; 1H NMR (400 

MHz, CDCl3): δ 5.82–5.70 (m, 1H), 5.15–5.06 (m, 2H), 3.49–3.32 (m, 4H), 2.42–2.34 

(m, 2H), 1.65–1.55 (m, 2H), 1.38–1.27 (m, 2H), 0.95 (t, J = 7.6 Hz, 3H); 13C NMR 

(100 MHz, CDCl3): δ 149.3, 149.1, 134.4, 134.0, 117.9, 117.7, 51.4, 50.7, 50.0, 49.4, 

33.0, 32.0, 30.6, 29.6, 20.0, 20.0, 13.9, 13.8. HRMS (EI): Calcd for C9H16ClNO: 

189.0920; found: 189.0919. 

 

But-3-en-1-yl(phenethyl)carbamic chloride (1ah)  

General procedure A was followed with 2-phenylethan-1-amine on 

4.0 mmol and purification by flash column chromatography on silica 

gel (PE/EA = 10/1) afforded 1ah as a colorless oil (287 mg, 30 % 

over 2 steps); Rf = 0.52 (PE/EtOAc = 20/1); Product was isolated as a 1:1 mixture of 

rotamers; 1H NMR (400 MHz, CDCl3): δ 7.35–7.21 (m, 5H), 5.79–5.69 (m, 1H), 5.12–

5.07 (m, 2H), 3.63 (t, J = 7.6 Hz, 1H), 3.57 (t, J = 7.2 Hz, 1H), 3.38–3.33 (m, 2H), 

2.97–2.91 (m, 2H), 2.38–2.31 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 149.2, 138.1, 

137.7, 134.2, 133.9, 128.9, 128.9, 128.8, 127.0, 126.8, 118.0, 117.8, 53.2, 52.1, 51.4, 

49.9, 35.1, 33.7, 32.9, 32.0; HRMS (EI): [M-Cl]+ Calcd for C13H16NO: 202.1232; 

found: 202.1222. 

 

But-3-en-1-yl(3,4-dimethoxyphenethyl)carbamic chloride (1ai) 

General procedure A was followed with 2-(3,4-

dimethoxyphenyl)ethan-1-amine on 5.0 mmol and 

purification by flash column chromatography on silica gel 

(PE/EA = 10/1) afforded 1ai as a yellow oil (757 mg, 51% 

over 2 steps). Product was isolated as a 1:1 mixture of rotamers. Rf = 0.43 (PE/EtOAc 

= 5/1); 1H NMR (400 MHz, CDCl3): δ 6.81 (dd, J = 8.0, 2.8 Hz, 1H), 6.75–6.70 (m, 

2H), 5.78–5.67 (m, 1H), 5.11–5.05 (m, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 3.60 (t, J = 7.6 

Hz, 1H), 3.53 (t, J = 7.2 Hz, 1H), 3.35–3.31 (m, 2H), 2.90–2.84 (m, 2H), 2.34–2.30 (m, 

2H); 13C NMR (100 MHz, CDCl3): δ 149.2, 149.1,148.1, 147.9, 134.3, 133.9, 130.6, 

130.3, 120.9, 120.8, 118.0, 117.8, 112.1, 112.0, 111.5, 111.4, 56.0, 53.4, 52.3, 51.5, 

50.0, 34.7, 33.3, 32.9, 32.0; HRMS (EI): [M-Cl]+ Calcd for C15H20NO3: 262.1443; 

found: 262.1435. 
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Methyl N-(but-3-en-1-yl)-N-(chlorocarbonyl)glycinate (1aj)  

General procedure B was followed with methyl glycinate 

hydrochloride on 8.0 mmol and purification by flash column 

chromatography on silica gel (PE/EA = 20/1) afforded 1aj as a 

colorless oil (727 mg, 44% over 2 steps). Product was isolated as a 1:1 mixture of 

rotamers. Rf = 0.34 (PE/EtOAc = 20/1); 1H NMR (400 MHz, CDCl3): δ 5.80–5.67 (m, 

1H), 5.14–5.05 (m, 2H), 4.16 (s, 1H), 4.07 (s, 1H), 3.77 (s, 3H), 3.57 (t, J = 7.2 Hz, 1H), 

3.49 (t, J = 7.2 Hz, 1H), 2.41–2.32 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 168.6, 

168.3, 150.4, 149.6, 134.0, 133.7, 118.2, 117.9, 52.7, 52.6 52.5, 51.8, 50.7, 50.4, 32.6, 

31.8; HRMS (EI): Calcd for C8H12ClNO3: 205.0506; found: 205.0508. 

 

Methyl 3-(but-3-en-1-yl(chlorocarbonyl)amino)propanoate (1ak)  

General procedure B was followed with methyl 3-

aminopropanoate hydrochloride on 4.0 mmol and purification by 

flash column chromatography on silica gel (PE/EA = 10/1) 

afforded 1ak as a colorless oil (604 mg, 69% over 2 steps); Product was isolated as a 

1:1 mixture of rotamers. Rf = 0.29 (PE/EtOAc = 10/1); 1H NMR (400 MHz, CDCl3): δ 

5.81–5.69 (m, 1H), 5.14–5.07 (m, 2H), 3.74–3.69 (m, 4H), 3.61 (t, J = 7.2 Hz, 1H), 

3.55 (t, J = 7.2 Hz, 1H), 3.44 (t, J = 7.2 Hz, 1H), 2.70–2.65 (m, 2H), 2.41–2.33 (m, 2H); 

13C NMR (100 MHz, CDCl3): δ 171.8, 171.4, 149.5, 149.1, 134.1, 133.8, 118.2, 118.0, 

52.2, 52.1, 51.6, 49.9, 47.1, 46.2, 33.5, 33.0, 32.2, 32.0; HRMS (EI): [M-COCl] Calcd 

for C8H14NO2: 156.1025; found: 156.1026. 

 

But-3-en-1-yl(2-(1-methyl-1H-indol-3-yl)ethyl)carbamic chloride (1al) 

General procedure C was followed with 2-(1-methyl-1H-

indol-3-yl)ethan-1-amine9 on 5.0 mmol and purification by 

flash column chromatography on silica gel (PE/EA = 10/1) 

afforded 1al as a yellow oil (100 mg, 7% over 2 steps); Rf = 

0.6 (PE/EtOAc = 5/1); Product was isolated as a 1:1 mixture of rotamers. 1H NMR 

(400 MHz, CDCl3): δ 7.63–7.60 (m, 1H), 7.33–7.30 (m, 1H), 7.27–7.22 (m, 1H), 7.16–

7.12 (m, 1H), 6.90 (s, 1H), 5.78–5.68 (m, 1H), 5.10–5.06 (m, 1H), 3.77 (s, 3H), 3.70–

3.60 (m, 2H), 3.43–3.38 (m, 2H), 3.12–3.06 (m, 2H), 2.38–2.33 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 149.2, 149.1, 137.1, 137.0, 134.2, 133.9, 127.6, 127.5, 126.9, 

121.9, 121.8, 119.2, 119.1, 118.7, 118.6, 117.9, 117.7, 110.6, 110.3, 110.2, 109.5, 109.4, 

52.4, 51.3, 51.3, 49.8, 48.1, 32.9, 32.7, 32.0, 24.6, 23.3; HRMS (EI): [M-HCl]+ Calcd 

for C16H18N2O: 254.1414; found: 254.1418. 
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Cabamoyl chloride (1am)  

General procedure A was followed with 

((1R,4aS,10aR)-7-isopropyl-1,4a-dimethyl-

1,2,3,4,4a,9,10,10a-octahydrophenanthren-1-

yl)methanamine hydrochloride on 5.0 mmol and 

purification by flash column chromatography on silica gel (PE/EA = 50/1) afforded 

1am as a colorless oil (179.9 mg, 10% over 2 steps); Rf = 0.49 (PE/EtOAc = 50/1); 1H 

NMR (400 MHz, CDCl3): δ 7.16 (d, J = 8.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.90 (s, 

1H), 5.81–5.70 (m, 1H), 5.15–5.09 (m, 2H), 3.79–3.59 (m, 1H), 3.43–3.12 (m, 3H), 

2.98–2.79 (m, 3H), 2.43–2.28 (m, 3H), 1.90–1.69 (m, 4H), 1.47–1.34 (m, 4H), 1.29–

1.22 (m, 9H), 0.98 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 150.7, 147.3, 145.9, 134.6, 

134.0, 127.1, 124.0, 118.0, 59.9, 53.1, 45.3, 40.6, 38.2, 37.8, 37.5, 33.6, 32.8, 30.0, 26.0, 

24.1, 24.1, 19.6, 18.9, 18.6; HRMS (EI): [M-COCl] Calcd for C21H30N: 401.2485; 

found: 401.2492. 

 

General procedure for alkyl iodide synthesis  

A mixture of alkyl bromide (1.0 equiv.) and NaI (2.0 equiv.) in acetone (0.5 M) 

was refluxed overnight under N2 atmosphere. The reaction mixture was filtered, and 

washed with acetone. The combined filtrate was concentrated under reduced pressure. 

The residue was diluted with DCM and successively washed with H2O and brine. The 

organic layer was dried over anhydrous Na2SO4 and concentrated under reduced 

pressure. The crude product was purified by flash silica gel column chromatography to 

give the corresponding alkyl iodides. 

N,N-Dibenzyl-11-iodoundecanamide (2l) 

Typical iodination procedure was followed on 10.0 mmol to give 2l as a 

yellow solid (4.84 g, 99%); Rf = 0.61 (PE/EtOAc = 3/1); 1H NMR (400 

MHz, CDCl3): δ 7.37 (t, J = 7.2 Hz, 2H), 7.31–7.26 (m, 4H), 7.21 (d, J = 7.2 Hz, 2H), 

7.15 (d, J = 7.2 Hz, 2H), 4.60 (s, 2H), 4.45 (s, 2H), 3.18 (t, J = 7.2 Hz, 2H), 2.41 (t, J = 

7.6 Hz, 2H), 1.81 (quin, J = 7.2 Hz, 2H), 1.71 (quin, J = 7.2 Hz, 2H), 1.39–1.27 (m, 

12H); 13C NMR (100 MHz, CDCl3): δ 173.9, 137.7, 136.8, 129.1, 128.7, 128.4, 127.7, 

127.5, 126.5, 50.1, 48.2, 33.7, 33.4, 30.6, 29.5, 29.5, 28.6, 25.6, 7.4; HRMS (ESI): 

[M+H]+ Calcd for C25H35NOI+: 492.1758; found: 492.1746. 
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4-((8-Iodooctyl)oxy)benzaldehyde (2n) 

To a solution of salicylaldehyde (6.0 mmol) in acetone (12 mL) 

was added K2CO3 (1.5 equiv.). After stirring at room temperature 

for 1 h, 1,8-dibromooctane (2.0 equiv.) was then added and the 

mixture was stirred overnight. The reaction mixture was filtered and concentrated. The 

crude residue was purified by silica gel column to give 4-((8-

bromooctyl)oxy)benzaldehyde. Typical iodination procedure was followed and 

purification by flash column chromatography on silica gel (PE/EA = 10/1) afforded 2n 

as a white solid (1.48 g, 69% over 2 steps); Rf = 0.55 (PE/EtOAc = 10/1); 1H NMR 

(400 MHz, CDCl3): δ 9.88 (s, 1H), 7.83 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 

4.04 (t, J = 6.4 Hz, 2H), 3.19 (t, J = 7.2 Hz, 2H), 1.87–1.78 (m, 4H), 1.50–1.37 (m, 8H); 

13C NMR (100 MHz, CDCl3): δ 190.9, 164.4, 132.1, 130.0, 114.9, 68.5, 33.6, 30.5, 

29.3, 29.2, 28.6, 26.0, 7.3; HRMS (EI): Calcd for C15H21IO2: 360.0586; found: 

360.0592. 

 

4-((8-Iodooctyl)oxy)benzonitrile (2o) 

To a solution of 4-hydroxybenzonitrile (6.0 mmol) in acetone (12 

mL) was added K2CO3 (1.5 equiv.). After stirring at room 

temperature for 1 h, 1,8-dibromooctane (2.0 equiv.) was then added 

and the mixture was stirred overnight. The reaction mixture was filtered and 

concentrated. The crude residue was purified by silica gel column to give 4-((8-

bromooctyl)oxy)benzonitrile. Typical iodination procedure was followed and 

purification by flash column chromatography on silica gel (PE/EA = 10/1) afforded 2o 

as a yellow oil (978 mg, 46% over 2 steps); Rf = 0.52 (PE/EtOAc = 5/1); 1H NMR (400 

MHz, CDCl3): δ 7.57 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 3.99 (t, J = 6.4 Hz, 

2H), 3.19 (t, J = 7.2 Hz, 2H), 1.86–1.76 (m, 4H), 1.49–1.34 (m, 8H); 13C NMR (100 

MHz, CDCl3): δ 162.5, 134.1, 119.5, 115.3, 103.8, 68.4, 33.6, 30.5, 29.2, 29.1, 28.5, 

26.0, 7.4; HRMS (ESI): [M+Na]+ Calcd for C15H20NOINa+: 380.0482; found: 

380.0481. 

 

(4-Chlorophenyl)(8-iodooctyl)sulfane (2p) 

To a solution of 4-chlorobenzenethiol (3.0 mmol) in acetone (6 mL) was added K2CO3 

(1.5 equiv.). After stirring at room temperature for 1 h, 1,8-dibromooctane (2.0 equiv.) 

was then added and the mixture was stirred overnight. The reaction mixture was filtered 
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and concentrated. The crude residue was purified by silica gel 

column to afford (8-bromooctyl)(4-chlorophenyl)sulfane. Typical 

iodination procedure was followed and purification by flash column 

chromatography on silica gel (PE/EA = 50/1) afforded 2p as a yellow oil (849 mg, 74% 

over 2 steps); Rf = 0.65 (PE/EtOAc = 50/1) 1H NMR (400 MHz, CDCl3): δ 7.24 (s, 

4H), 3.20–3.16 (m, 2H), 2.88 (t, J = 7.2 Hz, 2H), 1.84–1.78 (m, 2H), 1.66–1.56 (m, 2H), 

1.42–1.28 (m, 8H); 13C NMR (100 MHz, CDCl3): δ 135.6, 131.7, 130.3, 129.0, 33.9, 

33.6, 30.5, 29.1, 29.0, 28.7, 28.5, 7.4; HRMS (EI): Calcd for C14H20ClSI: 382.0024; 

found: 382.0013. 

 

5-Bromo-1-(10-iododecyl)-1H-indole (2r)  

To a solution of 5-bromo-indole (5.0 mmol) in acetone (10 mL) 

was added K2CO3 (1.5 equiv.). After stirring at room temperature 

for 1 h, 1,10-dibromodecane (2.0 equiv.) was then added and the 

mixture was stirred overnight. The reaction mixture was filtered and concentrated. The 

crude residue was purified by silica gel column to give 5-bromo-1-(10-bromodecyl)-

1H-indole. Typical iodination procedure was followed and purification by flash column 

chromatography on silica gel (PE/EA = 20/1) afforded 2r as a yellow oil (850 mg, 37% 

over 2 steps); Rf = 0.42 (PE/EtOAc = 20/1). 1H NMR (400 MHz, CDCl3): δ 7.81 (d, J 

= 1.6 Hz, 1H), 7.36–7.33 (m, 1H), 7.28–7.25 (m, 1H), 7.16–7.14 (m, 1H), 6.49 (d, J = 

3.2 Hz, 1H), 4.15 (t, J = 7.2 Hz, 2H), 3.25 (t, J = 7.2 Hz, 2H), 1.91–1.83 (m, 4H), 1.45–

1.32 (m, 12H); 13C NMR (100 MHz, CDCl3): δ 134.7, 130.3, 129.1, 124.2, 123.5, 112.6, 

110.9, 100.6, 46.7, 33.6, 30.6, 30.3, 29.4, 29.4, 29.3, 28.6, 27.0, 7.5. HRMS (EI): Calcd 

for C18H25BrIN: 461.0215; found: 461.0210. 
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Experimental procedures and characterization data for ligand 

synthesis 

Ligands L4,10 L5,10 L6,11 L712 were synthesized according to the reported literatures. 

General procedure D for synthesis of chiral quinoline-imidazole ligands 

 

A solution of S410 (1.0 equiv.) in SOCl2 (1.0 M) was refluxed for 12 h. After 

cooling to room temperature, excess thionyl chloride was then evaporated. The residue 

was dissolved in dry diethyl ether and to this solution was added dry triethylamine 

(10.0 equiv.), followed by amine (1.1 equiv.). After stirring for 12 h at room 

temperature, 10% NaOH (20 mL/mmol) was added, the aqueous portion was extracted 

with dichloromethane and the organic layer was washed with brine, dried over Na2SO4, 

and evaporated. The crude product was purified by flash silica gel column 

chromatography eluting with EA-DCM/MeOH = 10/1 to give corresponding ligand. 

General procedure E for synthesis of chiral quinoline-imidazole ligands 

 

A solution of S4 (1.0 equiv.) in chloroform (0.1 M) and thionyl chloride (6.0 equiv.) 

was refluxed for 2 h (completion was confirmed by TLC) to form the 

chloropicolinamide. Phosphorus pentachloride (2.1 equiv.) was added, and the resulting 

suspension was refluxed for another 6 h (reaction completion was monitored by TLC). 

The solution was cooled to 0 °C and a solution of aniline (2.2 equiv.) in triethylamine 

(7.3 equiv.) and chloroform (0.1 M) was added via syringe. The solution was stirred at 

r.t. for 2 h and then refluxed for 12 h. The chloroform was removed in vacuo and 20% 

NaOH (20 mL/mmol) was added to the crude product. The aqueous was extracted with 

dichloromethane. The combined organic layer was washed with brine, and dried over 

anhydrous Na2SO4. After filtration and concentration under reduced pressure, the crude 

javascript:;
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material was purified by flash column chromatography on silica gel with EA/MeOH = 

10/1 to give the corresponding ligand. 

 

(S)-8-(4-(tert-butyl)-1-(p-tolyl)-4,5-dihydro-1H-imidazol-2-yl)quinoline (L8) 

General procedure D was followed with p-toluidine on 1.5 

mmol and purification by flash column chromatography on 

silica gel (EA to DCM/MeOH = 10/1) to afforded L8 as a a pale 

yellow solid (320 mg, 62%); Rf = 0.25 (DCM/MeOH = 10/1). 

1H NMR (400 MHz, CDCl3): δ 8.80 (dd, J = 4.0, 2.0 Hz, 1H), 

8.06 (dd, J = 8.0, 2.0 Hz, 1H), 7.86–7.81 (m, 2H), 7.52 (dd, J = 8.0, 7.2 Hz, 1H), 7.29 

(dd, J = 8.0, 4.0 Hz, 1H), 6.70 (d, J = 8.4 Hz, 2H), 6.56 (d, J = 8.4 Hz, 2H), 4.21–4.14 

(m, 2 H), 3.91-3.83 (m, 1H), 2.08 (s, 3 H), 1.08 (s, 9 H); 13C NMR (100 MHz, CDCl3): 

δ 13C NMR (101 MHz, CDCl3) δ 160.7, 150.7, 146.2, 139.3, 135.9, 132.6, 131.9, 130.8, 

129.7, 129.0, 128.2, 126.2, 121.3, 120.3, 73.6, 53.3, 34.6, 26.2, 20.6; HRMS (ESI): 

[M+H]+ Calcd for C23H26N3
+: 344.2121; found: 344.2122. 

  

(S)-8-(4-(tert-butyl)-1-phenyl-4,5-dihydro-1H-imidazol-2-yl)quinoline (L9) 

General procedure D was followed with aniline on 0.2 mmol and 

purification by flash column chromatography on silica gel (EA to 

DCM/MeOH = 10/1) to afforded L9 as a a pale yellow solid (43.8 

mg, 66%); Rf = 0.38 (DCM/MeOH = 10/1). 1H NMR (400 MHz, 

CDCl3): δ 8.74 (dd, J = 4.0, 1.6 Hz, 1H), 8.07 (dd, J = 8.4, 1.6 Hz, 1H), 7.95 (d, J = 

6.4 Hz, 1H), 7.87 (d, J = 8.4, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.29 (dd, J = 8.0, 4.0 Hz, 

1H), 6.92 (t, J = 8.0 Hz, 2H), 6.77 (d, J = 7.2 Hz, 1H), 6.67 (d, J = 8.0 Hz, 2H), 4.31–

4.19 (m, 2H), 3.96 (t, J = 7.6 Hz, 1H), 1.11 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 

161.2, 150.8, 145.9, 141.0, 136.0, 131.3, 130.4, 128.5, 128.2, 126.3, 123.1, 121.5, 120.5, 

72.3, 53.2, 34.6, 26.1; HRMS (ESI): [M+H]+ Calcd for C22H24N3
+: 330.1965; found: 

330.1967. 

 

(S)-8-(4-(tert-butyl)-1-(4-(tert-butyl)phenyl)-4,5-dihydro-1H-imidazol-2-

yl)quinoline (L10) 

General procedure E was followed with cyclohexylamine on 

0.2 mmol and purification by flash column chromatography on 

silica gel (PE/EA = 1/1-DCM/MeOH = 10/1) to afforded L10 

as a a white solid (55.9 mg, 73%); Rf = 0.35 (DCM/MeOH = 
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10/1). 1H NMR (400 MHz, CDCl3): δ 8.76 (dd, J = 4.4, 2.0 Hz, 1H), 8.08 (dd, J = 8.0, 

1.6 Hz, 1H), 7.92 (dd, J = 7.2, 1.2 Hz, 1H), 7.87 (dd, J = 8.4, 1.2 Hz, 1H), 7.55 (t, J = 

8.0 Hz, 1H), 7.30 (dd, J = 8.4, 4.4 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 6.60 (d, J = 8.8 

Hz, 2H), 4.30–4.18 (m, 2H), 3.95 (dd, J = 8.8, 7.2 Hz, 1H), 1.11 (s, 9H), 1.10 (s, 9H); 

13C NMR (100 MHz, CDCl3): δ 161.4, 150.8, 146.2, 146.0, 138.1, 136.0, 131.3, 130.5, 

128.3, 126.2, 125.4, 121.5, 120.1, 71.8, 53.3, 34.6, 34.2, 31.3, 26.0; HRMS (ESI): 

[M+H]+ Calcd for C26H32N3
+: 386.2591; found: 386.2584. 

 

(S)-8-(4-(tert-butyl)-1-(4-methoxyphenyl)-4,5-dihydro-1H-imidazol-2-

yl)quinoline (L11) 

General procedure E was followed with cyclohexylamine on 

0.2 mmol and purification by flash column chromatography on 

silica gel (PE/EA = 1/1-DCM/MeOH = 10/1) to afforded L11 

as a a white solid (30.0 mg, 42%); Rf = 0.32 (DCM/MeOH = 

10/1).1H NMR (400 MHz, CDCl3): δ 8.80 (dd, J = 4.0, 1.6 Hz, 

1H), 8.05 (dd, J = 8.4, 1.6 Hz, 1H), 7.88 (dd, J = 7.2, 1.6, Hz, 1H), 7.81 (dd, J = 8.4, 

1.6 Hz, 1H), 7.52 (dd, J = 8.0, 7.2 Hz, 1H), 7.30 (dd, J = 8.4, 4.4 Hz, 1H), 6.71 (d, J = 

8.8 Hz, 2H), 6.46 (d, J = 9.2 Hz, 2H), 4.23–4.16 (m, 2H), 3.89–3.84 (m, 1H), 3.59 (s, 

9H), 1.09 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 161.9, 155.9, 150.7, 146.0, 136.0, 

134.9, 131.3, 131.1, 130.0, 128.2, 126.1, 123.4, 121.4, 113.7, 73.0, 55.4, 54.3, 34.6, 

26.1; HRMS (ESI): [M+H]+ Calcd for C23H26N3O
+: 360.2070; found: 360.2066. 

 

(S)-8-(4-(tert-butyl)-1-(4-(trifluoromethyl)phenyl)-4,5-dihydro-1H-imidazol-2-

yl)quinoline (L12) 

General procedure E was followed with 4-

(trifluoromethyl)aniline on 0.2 mmol and purification by flash 

column chromatography on silica gel (PE/EA = 1/1-

DCM/MeOH = 10/1) to afforded L12 as a a white solid (54.6 

mg, 69%); Rf = 0.36 (DCM/MeOH = 10/1). 1H NMR (400 

MHz, CDCl3): δ 8.72 (dd, J = 4.0, 1.6 Hz, 1H), 8.10 (dd, J = 8.4, 1.6 Hz, 1H), 7.90 (d, 

J = 7.6 Hz, 2H), 7.59 (t, J = 7.6 Hz, 1H), 7.31 (dd, J = 8.4, 4.4 Hz, 1H), 7.11 (d, J = 

8.4, 2H), 6.58 (d, J = 8.4 Hz, 2H), 4.19–4.15 (m, 2H), 3.97–3.93 (m, 1H), 1.08 (s, 9H); 

13C NMR (100 MHz, CDCl3): δ 159.3, 150.9, 146.0, 144.2, 136.0, 132.2, 130.7, 130.2, 

128.4, 126.4, 125.6 (q, JC-F = 3.7 Hz), 122.9 (q, JC-F = 33.3 Hz), 121.7, 117.7, 73.5, 

52.2, 34.5, 26.1; 19F NMR (376 MHz, CDCl3): -61.8; HRMS (ESI): [M+H]+ Calcd for 
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C23H23N3F3
+: 398.1839; found: 398.1835. 

(S)-8-(1-(3,5-bis(trifluoromethyl)phenyl)-4-(tert-butyl)-4,5-dihydro-1H-imidazol-

2-yl)quinoline (L13) 

General procedure E was followed with3,5-

bis(trifluoromethyl)aniline on 0.2 mmol and purification by 

flash column chromatography on silica gel (PE/EA = 1/1-

DCM/MeOH = 10/1) to afforded L13 as a a white solid (39.2 

mg, 42%); Rf = 0.38 (DCM/MeOH = 10/1); 1H NMR (400 

MHz, CDCl3): δ 8.62 (dd, J = 4.0, 1.6 Hz, 1H), 8.10 (dd, J = 8.4, 1.6 Hz, 1H), 7.97 (dd, 

J = 7.2, 1.6 Hz, 1H), 7.93 (dd, J = 8.4, 1.6 Hz, 1H), 7.62 (dd, J = 8.0, 7.2 Hz, 1H), 7.28 

(dd, J = 8.4, 4.0 Hz 1H), 7.11 (s, 1H), 6.85 (s, 2H), 4.23–4.19 (m, 2H), 3.94–3.91 (m, 

1H), 1.11 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 159.0, 150.7, 145.6, 142.4, 135.9, 

131.4 (q, JC-F = 32.8 Hz), 131.3, 130.9, 130.5, 128.3, 126.4, 122.9 (q, JC-F = 271.2 Hz), 

121.6, 117.3, 113.9 (q, JC-F = 3.6 Hz), 73.8, 51.7, 34.4, 26.1; 19F NMR (376 MHz, 

CDCl3): -63.5; HRMS (ESI): [M+H]+ Calcd for C24H22N3F6
+: 466.1712; found: 

466.1722. 

 

(S)-8-(4-(tert-butyl)-1-mesityl-4,5-dihydro-1H-imidazol-2-yl)quinoline (L14) 

General procedure D was followed with 2,4,6-trimethylaniline 

on 0.5 mmol and purification by flash column chromatography 

on silica gel (PE/EA = 1/1 to DCM/MeOH = 10/1) to afforded 

L14 as a a white solid (160.2 mg, 86%); Rf = 0.48 (DCM/MeOH 

= 10/1). 1H NMR (400 MHz, CDCl3): δ 8.82 (dd, J = 4.0, 1.2 

Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 

7.42 (t, J = 8.0 Hz, 1H), 7.28–7.25 (m, 1H), 6.60 (s, 1H), 6.55 (s, 1H), 4.31 (t, J = 10.8 

Hz, 1H), 3.89–3.84 (m, 1H), 3.71 (t, J = 9.6 Hz, 1H), 2.41 (s, 3H), 2.25 (s, 3H), 2.03 

(s, 3H), 1.12 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 163.9, 149.9, 146.0, 137.5, 136.7, 

136.5, 135.8, 135.3, 131.1, 130.7, 130.0, 129.1, 129.1, 127.9, 125.6, 121.2, 73.8, 53.0, 

34.6, 26.4, 20.8, 18.7, 18.6. HRMS (ESI): [M+H]+ Calcd for C25H30N3
+: 372.2434; 

found: 372.2430. 
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(S)-8-(4-(tert-butyl)-1-cyclohexyl-4,5-dihydro-1H-imidazol-2-yl)quinoline (L15) 

General procedure E was followed with cyclohexylamine on 0.2 

mmol and purification by flash column chromatography on silica 

gel (PE/EA = 1/1 to DCM/MeOH = 10/1) to afforded L15 as a a 

white solid (24.1 mg, 36%); Rf = 0.35 (DCM/MeOH = 10/1); 1H 

NMR (400 MHz, CDCl3): δ 8.94 (dd, J = 4.4, 1.6 Hz, 1H), 8.16 (dd, J = 8.0, 1.6 Hz, 

1H), 7.88 (dd, J = 8.4, 1.2 Hz, 1H), 7.81 (dd, J = 7.2, 1.2 Hz, 1H), 7.57 (dd, J = 8.0, 

7.6 Hz, 1H), 7.40 (dd, J = 8.0, 4.0 Hz, 1H), 4.02 (dd, J = 11.2, 8.8 Hz, 1H), 3.65 (dd, J 

= 11.2, 9.6 Hz, 1H), 3.42 (t, J = 9.2 Hz, 1H), 2.80–2.72 (m, 1H), 1.88–1.85 (m, 1H), 

1.65–1.39 (m, 7H), 1.01 (s, 9H), 0.98–0.76 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 

164.0, 150.9, 146.3, 136.2, 131.0, 129.7, 128.2, 126.3, 121.5, 72.7, 55.0, 45.4, 34.8, 

31.5, 30.4, 26.1, 25.7, 25.5. HRMS (ESI): [M+H]+ Calcd for C22H30N3
+: 336.2434; 

found: 336.2432. 

 

  



S20 

 

Experimental procedures and characterization data for products 

General procedure for asymmetric synthesis of 3-alkylated γ-latacm via Ni-

catalyzed reductive cross coupling: 

To a dried 8-mL vial were added ligand (18 mol%), Mn (4.0 equiv.) and carbamoyl 

chloride (1.0 equiv.) (if solid). Then the vial was transferred into glovebox. LiBr (1.0 

equiv.), Ni(cod)2 (15 mol%), DMF (0.2 M), carbamoyl chloride (1.0 equiv.) (if liquid) 

and alkyl halide (3.0 equiv.) were added in sequence inside the glovebox. The vial was 

then taken out from the glovebox, sealed with parafilm, put into cryogenic bath (0 oC) 

and stirred for needed time. After completion, the reaction mixture was quenched with 

H2O, filtered through a pad of celite and extracted with EA for three times. The resulted 

filtrate was separated. The combined organic phase was washed with brine and 

concentrated under reduced pressure to yield the crude product, which was purified by 

silica gel flash column chromatography to afford products 3. 

Comments: The reaction is extremely sensitive to air (oxygen), the set up reaction on 

the glovebox is essential to maintain the reation in the air-free condition. Meanwhile, 

the author suggests that avoid of the monitor reaction by TLC or GC-MS during the 

reaction. Thereby, if different substrates are performed with this methodology, 72 h is 

the recommended reaction time. 

Characterization data for products: 

(S)-1-benzyl-3-octylpyrrolidin-2-one (3a)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3a as a pale yellow oil (49.4 mg, 86%); Rf = 0.20 (PE/EtOAc = 5/1); [α]D
20 = + 

9.60 (c=1.00, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.34–7.21 (m, 5H), 4.45 (abq, J 

= 14.8 Hz, 2H), 3.18–3.14 (m, 2H), 2.46–2.40 (m, 1H), 2.19–2.12 (m, 1H), 1.93–1.91 

(m, 1H), 1.69–1.58 (m, 1H), 1.36–1.27 (m, 13H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3): δ 176.9, 136.8, 128.7, 128.2, 127.5, 46.7, 44.9, 42.0, 31.9, 31.5, 

29.6, 29.6, 29.3, 27.3, 24.8, 22.7, 14.2; HRMS (ESI): [M+H]+ Calcd for C19H30NO+: 

288.2322; found: 288.2328.  

HPLC (Chiralpak IC): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 208 nm, 

tR= 17.262 min (major), tR= 18.548 min (minor); 97:3 e.r. 
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(S)-1-benzyl-3-propylpyrrolidin-2-one (3b)  

General procedure was followed on 0.2 mmol scale with a reaction 

time of 60 hours. The reaction mixture was purified by flash column 

chromatography (silica gel, PE/EtOAc = 5/1) to afford 3b as a pale 

yellow oil (37.5 mg, 86%); Rf = 0.20 (PE/EtOAc = 5/1); [α]D
20 = + 5.60 (c=2.80, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.33–7.20 (m, 5H), 4.44 (abq, J = 14.4 Hz, 2H), 3.18–

3.14 (m, 2H), 2.48–2.41 (m, 1H), 2.19–2.10 (m, 1H), 1.92–1.84 (m, 1H), 1.67–1.58 (m, 

1H), 1.45–1.30 (m, 3H), 0.94 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 177.0, 

136.8, 128.7, 128.2, 127.6, 46.7, 45.0, 41.8, 33.6, 24.9, 20.5, 14.1; HRMS (ESI): 

[M+H]+ Calcd for C14H20NO+: 218.1539; found: 218.1539.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 208 

nm, tR= 7.726 min (major), tR= 9.070 min (minor); 97.5:2.5 e.r. 
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(S)-1-benzyl-3-isopentylpyrrolidin-2-one (3c)  

General procedure was followed on 0.2 mmol scale with a reaction 

time of 72 hours. The reaction mixture was purified by flash 

column chromatography (silica gel, PE/EtOAc = 5/1) to afford 3c 

as a pale yellow oil (20.0 mg, 41%); Rf = 0.48 (PE/EtOAc = 3/1); [α]D
25 = + 5.87 (c=1.50, 

CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.34–7.21 (m, 5H), 4.45 (abq, J = 14.8 Hz, 2H) 

3.20–3.12 (m, 2H), 2.45–2.37 (m, 1H), 2.19–2.11 (m, 1H), 1.97–1.88 (m, 1H), 1.67–

1.51 (m, 2H), 1.40–1.30 (m, 1H), 1.26–1.20 (m, 2H), 0.90 (d, J = 6.8 Hz, 3H), 0.89 (d, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 177.0, 136.8, 128.7, 128.2, 127.6, 

46.8, 45.0, 42.3, 36.5, 29.4, 28.2, 24.9, 22.8, 22.6; HRMS (ESI): [M+Na]+ Calcd for 

C16H23NONa+: 268.1672; found: 268.1680. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 



S23 

 

nm, tR= 7.139 min (major), tR= 8.500 min (minor); 90.5:9.5 e.r. 

 

 

 

 

 

(S)-1-benzyl-3-(4-methylpentyl)pyrrolidin-2-one (3d)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3d as a pale yellow oil (44.0 mg, 85%); Rf = 0.50 (PE/EtOAc = 3/1); [α]D
25 = + 

3.57 (c = 3.70, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.33–7.20 (m, 5H), 4.44 (abq, 

J = 14.8 Hz, 2H), 3.18–3.14 (m, 2H), 2.48–2.40 (m, 1H), 2.19–2.11 (m, 1H), 1.93–1.81 

(m, 1H), 1.68–1.58 (m, 1H), 1.54 (sept, J = 6.8 Hz, 1H), 1.41–1.30 (m, 3H), 1.25–1.17 

(m, 2H), 0.86 (d, J = 6.4 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 177.0, 136.8, 128.7, 128.2, 127.6, 46.7, 45.0, 42.1, 38.9, 31.7, 27.9, 25.0, 

24.9, 22.7, 22.6.; HRMS (ESI): [M+Na]+ Calcd for C17H25NO+: 282.1828; found: 

282.1833. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 
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nm, tR= 6.857 min (major), tR= 8.140 min (minor); 94.5:5.5 e.r. 

 

 

 

 

 

 

 (S)-1-benzyl-3-tridecylpyrrolidin-2-one (3e) 

General procedure was followed on 0.2 mmol scale with a 

reaction time of 63 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3e as a pale yellow solid (61.8 mg, 86%); Rf = 0.40 (PE/EtOAc = 5/1); [α]D
20 = –

69.40 (c=1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.34–7.21 (m, 5H), 4.45 (abq, 

J = 14.4 Hz, 2H), 3.18–3.14 (m, 2H), 2.47–2.40 (m, 1H), 2.19–2.11 (m, 1H), 1.93–1.89 

(m, 1H), 1.68–1.58 (m, 1H), 1.37–1.25 (m, 23H), 0.88 (t, J = 6.8 Hz, 3H); 13C NMR 

(100 MHz, CDCl3): δ 177.0, 136.8, 128.7, 128.2, 127.6, 46.8, 45.0, 42.1, 32.0, 31.5, 

29.8, 29.8, 29.8, 29.7, 29.7, 29.7, 29.5, 27.3, 24.9, 22.8, 14.2; HRMS (ESI): [M+H]+ 

Calcd for C24H40NO+: 358.3104; found: 358.3100.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 208 
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nm, tR= 5.242 min (major), tR= 6.149 min (minor); 96.5:3.5 e.r. 

 

 

 

 

(S)-1-benzyl-3-(7-chloroheptyl)pyrrolidin-2-one (3f)  

General procedure was followed on 0.2 mmol scale with a reaction 

time of 60 hours. The reaction mixture was purified by flash 

column chromatography (silica gel, PE/EtOAc = 5/1) to afford 3f 

as a pale yellow oil (49.9 mg, 81%); Rf = 0.19 (PE/EtOAc = 5/1); [α]D
25 = + 6.40 (c = 

4.00, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.33–7.21 (m, 5H), 4.48 (abq, J = 14.4 

Hz, 2H), 3.52 (t, J = 6.8 Hz, 2H), 3.20–3.12 (m, 2H), 2.46–2.40 (m, 1H), 2.19–2.11 (m, 

1H), 1.92–1.89 (m, 1H), 1.76 (quin, J = 6.8 Hz, 2H), 1.68–1.58 (m, 1H), 1.44–1.35 (m, 

9H); 13C NMR (100 MHz, CDCl3): δ
 
176.8, 136.8, 128.7, 128.1, 127.5, 46.7, 45.2, 44.9, 

42.0, 32.7, 31.4, 29.4, 28.8, 27.1, 26.9, 24.9; HRMS (ESI): [M+H]+ Calcd for 
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C18H27NOCl+: 308.1776; found: 308.1772 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 220 

nm, tR= 6.115 min (major), tR= 7.102 min (minor); 96.5:3.5 er. 

 

 

 

(S)-1-benzyl-3-(4-((tert-butyldimethylsilyl)oxy)butyl)pyrrolidin-2-one (3g)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 42 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3g as a pale yellow oil (57.0 mg, 79%); Rf = 0.38 (PE/EtOAc = 5/1); [α]D
20 = 

+5.00 (c = 5.10, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.34–7.21 (m, 5H), 4.45 (abq, 

J = 14.8 Hz, 2H), 3.62 (t, J = 6.4 Hz, 2H), 3.18–3.12 (m, 2H), 2.48–2.41 (m, 1H), 2.20–

2.12 (m, 1H), 1.96–1.89 (m, 1H), 1.68–1.52 (m, 3H), 1.46–1.34 (m, 3H), 0.89 (s, 9H), 

-0.05 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 176.8, 136.8, 128.7, 128.1, 127.5, 63.0, 
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46.7, 44.9, 42.0, 32.8, 31.2, 26.0, 24.8, 23.6, 18.4, -5.2; HRMS (ESI): [M+Na]+ Calcd 

for C21H35NNaO2Si+: 384.2329; found: 384.2325.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 208 

nm, tR= 4.982 min (major), tR= 5.668 min (minor); 97:3 e.r. 

 

 

(S)-5-(1-benzyl-2-oxopyrrolidin-3-yl)pentyl acetate (3h)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3h as a colorless oil (52.7 mg, 87%); Rf = 0.18 (PE/EtOAc = 3/1); [α]D
20 = +1.50 

(c=3.90, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.33–7.20 (m, 5H), 4.44 (abq, J = 

14.8 Hz, 2H), 4.05 (t, J = 6.8 Hz, 2H), 3.19–3.15 (m, 2H), 2.48–2.41 (m, 1H), 2.20–

2.11 (m, 1H), 2.04 (s, 3H), 1.93–1.87 (m, 1H), 1.67–1.60 (m, 3H), 1.39–1.33 (m, 5H); 
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13C NMR (100 MHz, CDCl3): δ 176.7, 171.3, 136.7, 128.7, 128.1, 127.5, 64.5, 46.7, 

44.9, 41.9, 31.3, 28.5, 26.8, 25.9, 24.8, 21.1.; HRMS (ESI): [M+Na]+ Calcd for 

C18H25NO3Na+: 326.1727; found: 326.1717; 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 220 

nm, tR= 6.685 min (major), tR= 7.908 min (minor). 95:5 e.r. 

 

 

(S)-1-benzyl-3-(5,5,5-trifluoropentyl)pyrrolidin-2-one (3i)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 60 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3i as a pale yellow oil (38.5 mg, 64%); Rf = 0.29 (PE/EtOAc = 3/1); [α]D
25 = + 

2.80 (c = 2.43, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.33–7.20 (m, 5H), 4.44 (abq, 

J = 14.4 Hz, 2H), 3.19–3.16 (m, 2H), 2.48–2.40 (m, 1H), 2.20–2.02 (m, 3H), 1.94–1.87 
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(m, 1H), 1.67–1.56 (m, 3H), 1.50–1.37 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 176.4, 

136.7, 128.8, 128.2, 127.6, 127.3 (q, JC-F = 274.5 Hz), 46.8, 44.9, 41.7, 33.7 (q, JC-F = 

28.3 Hz), 31.1, 26.3, 24.9, 22.0 (q, JC-F = 2.8 Hz); 19F NMR (376 MHz, CDCl3): -66.3 

(t, J = 10.9 Hz); HRMS (ESI): [M+H]+ Calcd for C16H21NOF3
+: 300.1570; found: 

300.1566. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.231 min (major), tR= 6.535 min (minor); 94:6 e.r. 

 

 

 

 

 

(S)-1-benzyl-3-(4,4,5,5,6,6,6-heptafluorohexyl)pyrrolidin-2-one (3j)  

General procedure was followed on 0.2 mmol scale with 

a reaction time of 72 hours at 5 oC. The reaction mixture 

was purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3j as a colorless oil (30.4 mg, 35%); Rf = 0.41 (PE/EtOAc = 
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3/1); [α]D
25 = + 5.20 (c = 2.00, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.35–7.21 (m, 

5H), 4.45 (abq, J = 14.8 Hz, 2H), 3.20 (dd, J = 8.4, 5.2 Hz, 1H), 2.52–2.44 (m, 1H), 

2.24–2.05 (m, 3H), 2.00–1.93 (m, 1H), 1.75–1.61 (m, 3H), 1.55–1.45 (m, 1H); 13C 

NMR (100 MHz, CDCl3): δ 176.0, 136.6, 128.8, 128.2, 127.7, 46.9, 44.9, 41.7, 31.0, 

30.9 (t, JC-F = 22.5 Hz), 24.8, 18.1(t, JC-F = 3.0 Hz); 19F NMR (376 MHz, CDCl3): -

81.0–-81.1 (m, 3F), -114.5–-114.6 (m, 2F), -124.4–-124.5 (m, 2F), -126.0–-126.1 (m, 

2F); HRMS (ESI): [M+H]+ Calcd for C18H18F9NO+: 436.1317; found: 436.1307;  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 4.676 min (major), tR= 5.260 min (minor); 91:9 e.r. 
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(S)-1-benzyl-3-((R)-4,8-dimethylnon-7-en-1-yl)pyrrolidin-2-one (3k)  

General procedure was followed on 0.2 mmol scale 

with a reaction time of 84 hours. The reaction mixture 

was purified by flash column chromatography (silica 

gel, PE/EtOAc = 5/1) to afford 3k as a pale yellow oil (40.4 mg, 62%); Rf = 0.56 

(PE/EtOAc = 3/1); [α]D
25 = + 11.00 (c = 2.28, CHCl3). 1H NMR (400 MHz, CDCl3): δ 

7.33–7.21 (m, 5H), 5.09 (t, J = 7.2 Hz, 1H), 4.45 (abq, J = 14.8 Hz, 1H), 3.18–3.15 (m, 

2H), 2.48–2.41 (m, 1H), 2.19–2.11 (m, 1H), 2.04–1.84 (m, 3H), 1.68 (s, 3H), 1.66–1.62 

(m, 1H), 1.60 (s, 3H), 1.44–1.28 (m, 6H), 1.18–1.08 (m, 2H), 0.86 (d, J = 6.4 Hz, 3H); 

13C NMR (100 MHz, CDCl3): δ 177.0, 136.8, 131.1, 128.7, 128.2, 127.6, 125.1, 46.8, 

45.0, 42.1, 37.3, 36.9, 32.4, 31.8, 25.8, 25.7, 24.9, 24.7, 19.6, 17.7; HRMS (ESI): 

[M+H]+ Calcd for C22H34NO+: 328.2635; found: 328.2625. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.047 min (major), tR= 6.100 min (minor); 90.5:9.5 d.r. 
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(S)-N,N-dibenzyl-12-(1-benzyl-2-oxopyrrolidin-3-yl)dodecanamide (3l)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 60 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3l as a pale yellow oil (90.6 mg, 82%). Rf = 0.23 (PE/EtOAc = 3/1); [α]D
25 = + 

2.00 (c = 4.56, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.37–7.19 (m, 13H), 7.15 (d, J 

= 7.2 Hz, 2H), 4.59 (s, 2H), 4.43 (abq, J = 14.4 Hz, 2H), 4.43 (s, 2H), 3.18–3.10 (m, 

2H), 2.40 (t, J = 7.2 Hz, 2H), 2.18–2.09 (m, 1H), 1.92–1.84 (m, 1H), 1.73–1.66 (m, 2H), 

1.64–1.57 (m, 1H), 1.37–1.24 (m, 18H); 13C NMR (100 MHz, CDCl3): δ 13C NMR 

(101 MHz, CDCl3) δ 176.9, 173.8, 137.6, 136.8, 136.7, 129.0, 128.7, 128.6, 128.3, 

128.1, 127.6, 127.5, 127.4, 126.4, 49.9, 48.1, 46.7, 44.9, 42.0, 33.3, 31.4, 29.6, 29.6, 

29.5, 29.5, 27.3, 25.5, 24.8; HRMS (ESI): [M+H]+ Calcd for C37H49N2O2
+: 553.3789; 

found: 553.3788. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 210 

nm, tR= 18.444 (major), tR= 24.460 min (minor); 95:5 e.r. 
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Methyl (S)-12-(1-benzyl-2-oxopyrrolidin-3-yl)dodecanoate (3m) 

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3m as a colorless oil (42.5 mg, 55%); Rf = 0.48 (PE/EtOAc = 3/1); [α]D
25 = + 

3.48 (c = 3.10, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.33–7.21(m, 5H), 4.44 (abq, J 

= 14.4 Hz, 2H), 3.67 (s, 3H), 3.18–3.15 (m, 2H), 2.46–2.40 (m, 1H), 2.30 (t, J = 7.6 Hz, 

2H), 2.19–2.11 (m, 1H), 1.93–1.89 (m, 1H), 1.68–1.59 (m, 3H), 1.37–1.26 (m, 17H); 

13C NMR (100 MHz, CDCl3): δ
 177.0, 174.5, 136.8, 128.7, 128.2, 127.6, 51.5, 46.7, 

45.0, 42.0, 34.2, 31.5, 29.6, 29.6, 29.5, 29.3, 29.2, 27.3, 25.0, 24.9; HRMS (ESI): 

[M+Na]+ Calcd for C24H37NO3Na+: 410.2666; found: 410.2667. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.609 min (major), tR= 6.564 min (minor); 95.5:4.5 er. 

 



S34 

 

 

 

 

 

(S)-4-((9-(1-benzyl-2-oxopyrrolidin-3-yl)nonyl)oxy)benzaldehyde (3n) 

General procedure was followed on 0.2 mmol scale with 

a reaction time of 60 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3n as a pale yellow oil (59.2 mg, 70%). Rf = 0.21 (PE/EtOAc 

= 5/1); [α]D
25 = + 3.20 (c = 2.90, CHCl3). 1H NMR (400 MHz, CDCl3): δ 9.85 (s, 1H), 

7.80 (d, J = 8.8 Hz, 2H), 7.32–7.19 (m, 5H), 6.97 (d, J = 8.8 Hz, 2H), 4.43 (abq, J = 

14.8 Hz, 2H), 4.01 (t, J = 6.4 Hz, 2H), 3.17–3.13 (m, 2H), 2.45–2.38 (m, 1H), 2.17–

2.10 (m, 1H), 1.91–1.88 (m, 1H), 1.79 (quin, J = 6.8 Hz, 2H), 1.61 (dq, J = 8.4, 12.8 

Hz, 1H), 1.46–1.41 (m, 2H), 1.36–1.24 (m, 11H); 13C NMR (100 MHz, CDCl3): δ 

190.9, 176.9, 164.3, 136.8, 132.1, 129.8, 128.7, 128.2, 127.6, 114.8, 68.5, 46.7, 45.0, 

42.0, 31.4, 29.6, 29.5, 29.5, 29.4, 29.1, 27.3, 26.0, 24.9; HRMS (ESI): [M+H]+ Calcd 

for C27H36NO3
+: 422.2690; found: 422.2691. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 275 

nm, tR= 14.520 min (major), tR= 19.068 min (minor); 95.5:4.5 e.r. 
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(S)-4-((9-(1-benzyl-2-oxopyrrolidin-3-yl)nonyl)oxy)benzonitrile (3o)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 60 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 

5/1) to afford 3o as a pale yellow oil (73.1 mg, 87%); Rf = 0.21 (PE/EtOAc = 3/1); [α]D
25 

= + 1.00 (c = 5.30, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 8.8 Hz, 2H), 

7.32–7.20 (m, 5H), 6.92 (d, J = 8.8 Hz, 2H), 4.43 (abq, J = 14.4 Hz, 2H), 3.97 (t, J = 

6.4 Hz, 2H), 3.17–3.14 (m, 2H), 2.43–2.39 (m, 1H), 2.18–2.10 (m, 1H), 1.91–1.88 (m, 

1H), 1.78 (quin, J = 6.8 Hz, 2H), 1.62 (dq, J = 8.4, 12.8 Hz, 1H), 1.43–1.30 (m, 13H); 

13C NMR (100 MHz, CDCl3): δ 176.9, 162.5, 136.7, 134.0, 128.7, 128.1, 127.5, 119.4, 

115.2, 103.6, 68.4, 46.7, 44.9, 42.0, 31.4, 29.6, 29.5, 29.4, 29.3, 29.0, 27.2, 25.9, 24.8; 

HRMS (ESI): [M+H]+ Calcd for C27H35N2O2
+: 419.2693; found: 419.2697. 
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HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 220 

nm, tR= 13.939 min (major), tR= 18.392 min (minor); 95:5 e.r. 

 

 

 

 

 

(S)-1-benzyl-3-(9-((4-chlorophenyl)thio)nonyl)pyrrolidin-2-one (3p)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 

5/1) to afford 3p as a pale yellow oil (66.9 mg, 76%); Rf = 0.25 (PE/EtOAc = 5/1); 

[α]D
25 = + 3.10 (c = 3.35, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.33–7.21 (m, 9H), 

4.48 (d, J = 14.4 Hz, 1H), 4.41 (d, J = 14.8 Hz, 1H), 3.18–3.14 (m, 2H), 2.88 (t, J = 7.6 

Hz, 2H), 2.46–2.39 (m, 1H), 2.18–2.10 (m, 1H), 1.92–1.81 (m, 1H), 1.67–1.58 (m, 3H), 

1.39–1.27 (m, 14H); 13C NMR (100 MHz, CDCl3): δ 176.9, 136.8, 135.7, 131.6, 130.2, 

129.0, 128.7, 128.2, 127.6, 46.7, 45.0, 42.0, 33.9, 31.4, 29.6, 29.5, 29.2, 29.1, 28.8, 27.3, 
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24.9; HRMS (ESI): [M+H]+ Calcd for C26H35NOSCl+: 444.2122; found: 444.2123. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm, tR= 12.529 min (major), tR=16.183 min (minor); 94.5:5.5 e.r. 

 

 

 

 

 

(S)-1-benzyl-3-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hexyl)pyrrolidin-

2-one (3q)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 46 hours. The reaction mixture was purified by 

flash column chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3q as a colorless oil (48.3 mg, 63%). Rf = 0.30 (PE/EtOAc = 3/1); [α]D
25

 = + 0.73 

(c = 3.85, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.34–7.21 (m, 5H), 4.44 (abq, J = 

14.4 Hz, 2H), 3.20–3.12 (m, 2H), 2.45–2.39 (m, 1H), 2.19–2.10 (m, 1H), 1.92–1.88 (m, 

1H), 1.63 (dq, J = 12.4, 8.4 Hz, 1H), 1.42–1.28 (m, 9H), 1.24 (s, 12H), 0.77 (t, J = 7.6 
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Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 176.9, 136.8, 128.7, 128.1, 127.5, 82.9, 46.7, 

44.9, 42.0, 32.4, 31.4, 29.4, 27.2, 24.9, 24.8, 24.0; HRMS (ESI): [M+Na]+ Calcd for 

C23H36BNO3Na+: 408.2681; found: 408.2679. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 208 

nm, tR= 6.843 min (major), tR= 9.197 min (minor); 97:3 e.r. 

 

 

(S)-1-benzyl-3-(11-(5-bromo-1H-indol-1-yl)undecyl)pyrrolidin-2-one (3r) 

General procedure was followed on 0.2 mmol scale with 

a reaction time of 60 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3r as a pale yellow oil (46.5 mg, 44%). Rf = 0.36 (PE/EtOAc 

= 3/1); [α]D
25 = + 8.38 (c = 2.10, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.73 (d, J = 

1.2 Hz, 1H), 7.33–7.18 (m, 7H), 7.08 (d, J = 3.2 Hz, 1H), 6.41 (d, J = 3.2 Hz, 1H), 4.44 
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(abq, J = 14.4 Hz, 2H), 4.07 (t, J = 7.2 Hz, 1H), 3.17–3.14 (m, 2H), 2.46–2.39 (m, 1H), 

2.18–2.10 (m, 1H), 1.92–1.89 (m, 1H), 1.83–1.78 (m, 2H), 1.62 (dq, J = 12.8, 8.4 Hz, 

1H), 1.34–1.23 (m, 17H); 13C NMR (100 MHz, CDCl3): δ 177.0, 136.8, 134.7, 130.3, 

129.1, 128.7, 128.2, 127.6, 124.2, 123.4, 112.5, 110.9, 100.6, 46.8, 46.7, 45.0, 42.1, 

31.5, 30.3, 29.6, 29.6, 29.6, 29.6, 29.5, 29.3, 27.3, 27.0, 24.9. HRMS (ESI): [M+H]+ 

Calcd for C30H40N2OBr+:523.2319; found: 523.2308. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 245 

nm, tR= 8.475 min (major), tR= 10.471 min (minor); 93.5:6.5 e.r. 

 

   

 

 

(S)-2-(5-(1-benzyl-2-oxopyrrolidin-3-yl)pentyl)isoindoline-1,3-dione (3s)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 42 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 

to afford 3s as a colorless oil (70.4 mg, 90%); Rf = 0.42 (PE/EtOAc = 1/1); [α]D
20 = 

+1.50 (c=6.20, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.86–7.81 (m, 2H), 7.73–7.69 

(m, 2H), 7.34–7.25 (m, 3H), 7.24–7.21 (m, 2H), 4.44 (abq, J = 14.8 Hz, 2H), 3.68 (t, J 
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= 7.2 Hz, 2H), 3.20–3.13 (m, 2H), 2.47–2.41 (m, 1H), 2.20–2.12 (m, 1H), 1.92–1.86 

(m, 1H), 1.74–1.58 (m, 3H), 1.47–1.33 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 176.6, 

168.4, 136.6, 133.9, 132.1, 128.6, 128.0, 127.4, 123.1, 46.6, 44.8, 41.8, 37.8, 31.2, 28.4, 

26.7, 26.7, 24.7; HRMS (ESI): [M+Na]+ Calcd for C24H26N2O3Na+: 413.1836; found: 

413.1835. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 220 

nm, tR= 15.802 min (major), tR= 22.401 min (minor); 97:3 e.r. 

 

 

 

 

 

(S)-3-octyl-1-phenylpyrrolidin-2-one (3t)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 52 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 

to afford 3t as a pale yellow oil (28.8 mg, 53%). Rf = 0.25 (PE/EtOAc = 10/1); [α]D
20 = 

+3.90 (c=2.21, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.63 (d, J = 7.6 Hz, 2H), 7.36 

(t, J = 7.6 Hz, 2H), 7.13 (t, J = 7.2 Hz, 1H), 3.79–3.76 (m, 2H), 2.62–2.55 (m, 1H), 
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2.36–2.28 (m, 1H), 2.00–1.93 (m, 1H), 1.84–1.75 (m, 1H), 1.46–1.28 (m, 13H), 0.88 (t, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 176.3, 139.8, 128.9, 124.4, 119.8, 

46.9, 43.6, 32.0, 31.4, 29.7, 29.6, 29.4, 27.4, 24.9, 22.8, 14.2; HRMS (ESI): [M+H]+ 

Calcd for C18H28NO+: 274.2165; found: 274.2167.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 246 

nm, tR= 7.488 (major), tR= 10.521 min (minor); 94:6 e.r. 

 

 

 

(S)-1-(4-methoxyphenyl)-3-octylpyrrolidin-2-one (3u) 

General procedure was followed on 0.2 mmol scale with 

a reaction time of 60 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3u as a colorless oil (40.4 mg, 67%); Rf = 0.34 (PE/EtOAc 

= 5/1); [α]D
20 = +10.4 (c=1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.52 (d, J = 8.8 
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Hz, 2H), 6.89 (d, J = 9.2 Hz, 2H), 3.79 (s, 3H), 3.75–3.71 (m, 2H), 2.60–2.52 (m, 1H), 

2.34–2.26 (m, 1H), 1.98–1.89 (m, 1H), 1.83–1.74 (m, 1H), 1.45–1.27 (m, 13H), 0.88 (t, 

J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ
 
175.9, 156.5, 133.1, 121.6, 114.1, 55.6, 

47.3, 43.4, 32.0, 31.4, 29.7, 29.6, 29.4, 27.4, 25.0, 22.8, 14.2; HRMS (ESI): [M+H]+ 

Calcd for C19H30NO2
+: 304.2271; found: 304.2270. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 240 nm, 

tR= 18.955 min (major), tR= 19.988 min (minor); 95:5 e.r. 

 

     

 

     

 

(S)-1-(naphthalen-2-yl)-3-octylpyrrolidin-2-one (3v)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3v as a colorless oil (42.5 mg, 66%). Rf = 0.21 (PE/EtOAc 

= 10/1); [α]D
20 = +9.00 (c = 1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.00 (d, J = 
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8.8 Hz, 1H), 7.89 (s, 1H), 7.84–7.79 (m, 3H), 7.48–7.39 (m, 2H), 3.89–3.86 (m, 2H), 

2.67–2.59 (m, 1H), 2.39–2.32 (m, 1H), 2.03–1.97 (m, 1H), 1.88–1.78 (m, 1H), 1.51–

1.29 (m, 13H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 176.5, 137.5, 

133.6, 130.7, 128.6, 127.8, 127.6, 126.4, 125.2, 119.8, 116.6, 47.1, 43.7, 32.0, 31.4, 

29.7, 29.6, 29.41, 27.4, 25.0, 22.8, 14.2; HRMS (ESI): [M+H]+ Calcd for C22H30NO+: 

324.2322; found: 324.2317.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm, tR= 9.775 min (major), tR= 13.518 min (minor); 92:8 e.r. 

 

 

 

 

 

(S)-1-([1,1'-biphenyl]-4-yl)-3-octylpyrrolidin-2-one (3w)  

General procedure was followed on 0.2 mmol scale with 

a reaction time of 72 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 
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PE/EtOAc = 5/1) to afford 3w as a colorless oil (51.7 mg, 74%); Rf = 0.18 (PE/EtOAc 

= 10/1); [α]D
20 = +20.6 (c=1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.73 (d, J = 

8.8 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 7.2 Hz, 2H), 7.44 (t, J = 8.0 Hz, 2H), 

7.33 (d, J = 7.6 Hz, 1H), 3.81 (dd, J = 8.4, 5.2 Hz, 2H), 2.65–2.57 (m, 1H), 2.38–2.30 

(m, 1H), 2.02–1.96 (m, 1H), 1.87–1.77 (m, 1H), 1.52–1.29 (m, 13H), 0.90 (t, J = 6.8 

Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 176.4, 140.6, 139.0, 137.1, 128.9, 127.5, 

127.2, 127.0, 120.0, 46.9, 43.6, 32.0, 31.4, 29.7, 29.6, 29.4, 27.3, 24.9, 22.8, 14.2; 

HRMS (ESI): [M+H]+ Calcd for C24H32NO+: 350.2478; found: 350.2474.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm, tR= 10.252 min (major), tR= 12.259 min (minor); 95.5:4.5 e.r. 
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(S)-1-(3-chlorophenyl)-3-octylpyrrolidin-2-one (3x)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 107 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 

20/1) to afford 3x as a colorless oil (24.3 mg, 40%). Rf = 0.26 (PE/EtOAc = 30/1); [α]D
25 

= +4.60 (c = 2.00, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.70 (t, J = 2.0 Hz, 1H), 

7.56–7.54 (m, 1H), 7.27 (t, J = 8.0 Hz, 1H), 7.11–7.08 (m, 1H), 3.74 (dd, J = 8.4, 5.2 

Hz, 2H), 2.62–2.55 (m, 1H), 2.37–2.30 (m, 1H), 1.98–1.91 (m, 1H), 1.84–1.75 (m, 1H), 

1.49–1.27 (m, 13H), 0.88 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 176.5, 

140.9, 134.6, 129.9, 124.3, 119.7, 117.6, 46.8, 43.6, 32.0, 31.3, 29.7, 29.6, 29.4, 27.3, 

24.8, 22.8, 14.2; HRMS (EI): Calcd for C18H26ClNO: 307.1703; found: 307.1706. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm, tR= 5.797 min (major), tR= 8.226 min (minor); 93:7 e.r. 
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(S)-1-(4-methoxybenzyl)-3-octylpyrrolidin-2-one (3y) 

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3y as a colorless oil (52.9 mg, 

83%). Rf = 0.38 (PE/EtOAc = 3/1); [α]D
25

 = +4.60 (c = 2.00, CHCl3). 1H NMR (400 

MHz, CDCl3): δ 7.15 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 4.38 (abq, J = 14.4 

Hz, 2H), 3.78 (s, 3H), 3.16–3.12 (m, 2H), 2.45–2.37 (m, 1H), 2.18–2.09 (m, 1H), 1.91–

1.86 (m, 1H), 1.61 (dq, J = 12.8, 8.4 Hz, 1H), 1.33–1.25 (m, 13H), 0.87 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ 176.8, 159.1, 129.6, 129.0, 114.1, 55.4, 46.2, 44.9, 

42.2, 32.0, 31.5, 29.7, 29.6, 29.4, 27.3, 24.9, 22.8, 14.2; HRMS (ESI): [M+Na]+ Calcd 

for C20H31NO2Na+: 340.2247; found: 340.2242. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 205 

nm, tR= 8.609 min (major), tR=10.734 min (minor); 97:3 er. 
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(S)-3-octyl-1-(4-(trifluoromethyl)benzyl)pyrrolidin-2-one (3z)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 60 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3z as a pale yellow oil (58.3 mg, 

82%). Rf = 0.50 (PE/EtOAc = 3/1); [α]D
25

 = +3.95 (c = 2.43, CHCl3). 1H NMR (400 

MHz, CDCl3): δ 7.56 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 4.48 (abq, J = 14.8 

Hz), 3.17 (dd, J = 8.4, 5.6 Hz, 1H), 2.47–2.40 (m, 1H), 2.22–2.14 (m, 1H), 1.92–1.89 

(m, 1H), 1.65 (dq, J = 12.8, 8.4 Hz, 1H), 1.35–1.25 (m, 13H), 0.86 (t, J = 6.8 Hz, 3H); 

13C NMR (100 MHz, CDCl3): δ 177.2, 141.0, 129.9 (q, JC-F = 32.3 Hz), 128.4, 125.7 

(q, JC-F = 14.8 Hz), 124.2 (q, JC-F = 270.2 Hz), 46.4, 45.1, 41.9, 32.0, 31.4, 29.7, 29.6, 

29.4, 27.3, 24.9, 22.8, 14.2. 19F NMR (376 MHz, CDCl3): -62.5; HRMS (EI): Calcd 

for C20H28F3NO: 355.2123; found: 355.2121. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 220 nm, 

tR= 7.790 min (major), tR= 8.248 min (minor); 96:4 e.r. 
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(S)-1-(4-(tert-butyl)benzyl)-3-octylpyrrolidin-2-one (3aa)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3aa as a pale yellow oil (60.8 

mg, 88%); Rf = 0.50 (PE/EtOAc = 3/1); [α]D
20 = +5.80 (c=1.00, CH2Cl2). 1H NMR (400 

MHz, CDCl3): δ 7.33 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 4.41 (abq, J = 14.8 

Hz, 2H), 3.19–3.15 (m, 2H), 2.45–2.39 (m, 1H), 2.18–2.10 (m, 1H), 1.93–1.89 (m, 1H), 

1.67–1.58 (m, 1H), 1.45–1.26 (m, 22H), 0.87 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 176.9, 150.4, 133.7, 127.9, 125.6, 46.4, 45.0, 42.1, 34.6, 32.0, 31.5, 31.4, 

29.7, 29.6, 29.4, 27.30, 24.83, 22.75, 14.2; HRMS (ESI): [M+H]+ Calcd for 

C23H38NO+: 344.2948; found: 344.2943. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 220 nm, 

tR= 7.105 min (major), tR= 7.519 min (minor); 94.5:5.5 e.r. 
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(S)-3-octyl-1-(4-(trifluoromethoxy)benzyl)pyrrolidin-2-one (3ab) 

General procedure was followed on 0.2 mmol scale with 

a reaction time of 72 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 3/1) to afford 3ab as a pale yellow oil (62.7 

mg, 84%). [α]D
20 = +2.00 (c=1.00, CHCl3). Rf = 0.38 (PE/EtOAc = 3/1); 1H NMR (400 

MHz, CDCl3): δ 7.24 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 4.46 (abq, J = 14.8 

Hz, 2H), 3.18–3.15 (m, 2H), 2.45–2.39 (m, 1H), 2.20–2.12 (m, 1H), 1.91–1.88 (m, 1H), 

1.69–1.59 (m, 1H) 1.34–1.25 (m, 13H), 0.86 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 177.1, 148.7, 135.6, 129.5, 121.3, 120.5 (q, JC-F = 255.5 Hz), 46.0, 45.0, 41.9, 

32.0, 31.4, 29.7, 29.6, 29.4, 27.3, 24.9, 22.8, 14.2; 19F NMR (376 MHz, CDCl3): -57.9; 

HRMS (ESI): [M+H]+ Calcd for C20H29NO2F3
+: 372.2145; found: 372.2142.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 4.949 min (major), tR= 5.289 min (minor); 94:6 e.r. 
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(S)-1-(4-fluorobenzyl)-3-octylpyrrolidin-2-one (3ac)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 

to afford 3ac as a pale yellow oil (48.9 mg, 80%); Rf = 0.38 

(PE/EtOAc = 3/1); [α]D
20 = +3.80 (c=3.50, CHCl3). 1H NMR (400 MHz, CDCl3): δ 

7.20–7.16 (m, 2H), 7.00–6.96 (m, 2H), 4.40 (abq, J = 14.8 Hz, 2H), 3.17–3.13 (m, 2H), 

2.44–2.38 (m, 1H), 2.18–2.10 (m, 1H), 1.90–1.87 (m, 1H), 1.62 (dq, J = 12.8, 8.2 Hz, 

1H), 1.33–1.25 (m, 13H), 0.86 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

177.0, 162.3 (d, JC-F = 244.1 Hz), 132.6 (d, JC-F = 3.4 Hz), 129.9 (d, JC-F = 8.0 Hz), 

115.6 (d, JC-F = 21.4 Hz), 46.0, 44.9, 42.0, 32.0, 31.4, 29.7, 29.6, 29.4, 27.3, 24.8, 22.8, 

14.2; 19F NMR (376 MHz, CDCl3): -5.34–-5.35 (m). HRMS (ESI): [M+H]+ Calcd for 
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C19H29NOF+: 306.2228; found: 306.2225. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.643 min (major), tR= 6.245 min (minor); 95.5:4.5 e.r. 

 

 

 

 

 

(S)-1-(4-chlorobenzyl)-3-octylpyrrolidin-2-one (3ad)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 60 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 

5/1) to afford 3ad as a pale yellow oil (54.3 mg, 84%). Rf = 

0.5 (PE/EtOAc = 3/1); [α]D
25 = +2.17 (c=3.23, CHCl3). 1H NMR (400 MHz, CDCl3): δ 

7.19 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 4.32 (abq, J = 14.4 Hz, 2H), 3.08–

3.05 (m, 2H), 2.36–2.30 (m, 1H), 2.11–2.03 (m, 1H), 1.82–1.79 (m, 1H), 1.55 (dq, J = 

12.8, 8.8 Hz, 1H), 1.25–1.17 (m, 13H), 0.78 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 
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CDCl3): δ 177.0, 135.4, 133.4, 129.6, 128.9, 46.1, 44.9, 41.9, 31.9, 31.4, 29.6, 29.6, 

29.4, 27.3, 24.9, 22.8, 14.2; HRMS (ESI): [M+H]+ Calcd for C19H29NOCl+: 322.1932; 

found: 322.1930. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 6.029 min (major), tR= 6.636 min (minor); 96:4 e.r. 

 

 

 

 

 

(S)-1-(2-bromobenzyl)-3-octylpyrrolidin-2-one (3ae)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 57 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 

to afford 3ae as a pale yellow oil (45.4 mg, 62%); Rf = 0.5 

(PE/EtOAc = 5/1); [α]D
20 = +3.40 (c = 3.16, CHCl3). 1H NMR (400 MHz, CDCl3): δ 

7.55 (dd, J = 8.0, 0.8 Hz, 1H), 7.28 (td, J = 7.2, 0.8 Hz, 1H), 7.22 (dd, J = 7.6, 1.2 Hz, 
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1H), 7.14 (td, J = 7.2, 1.2 Hz, 1H), 4.59 (abq, J = 15.2 Hz, 2H), 3.26–3.18 (m, 2H), 

2.48–2.42 (m, 1H), 2.23–2.15 (m, 1H), 1.94–1.90 (m, 1H), 1.67 (dq, J = 12.8, 8.4 Hz, 

1H), 1.37–1.27 (m, 13H), 0.88 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

177.2, 135.9, 133.0, 129.8, 129.2, 127.9, 123.8, 46.6, 45.3, 41.9, 32.0, 31.4, 29.7, 29.6, 

29.4, 27.3, 25.0, 22.8, 14.2; HRMS (ESI): [M+H]+ Calcd for C19H29NOBr+: 366.1427; 

found: 366.1422. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.706 min (major), tR= 7.693 min (minor); 94:6 e.r. 

 

 

 

 

 

(S)-1-(furan-2-ylmethyl)-3-octylpyrrolidin-2-one (3af)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 
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to afford 3af as a pale yellow oil (46.7 mg, 84%); Rf = 0.38 (PE/EtOAc = 3/1); [α]D
20 = 

+5.00 (c=1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.33 (s, 1H), 6.29 (s, 1H), 6.20 

(d, J = 2.8 Hz, 1H), 4.43 (s, 2H), 3.29–3.19 (m, 2H), 2.41–2.35 (m, 1H), 2.19–2.10 (m, 

1H), 1.88–1.84 (m, 1H), 1.67–1.58 (m, 1H), 1.31–1.24 (m, 13H), 0.86 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ 176.8, 150.5, 142.4, 110.5, 108.3, 45.3, 42.0, 39.5, 

32.0, 31.4, 29.7, 29.6, 29.4, 27.3, 24.9, 22.8, 14.3; HRMS (ESI): [M+Na]+ Calcd for 

C17H27NO2Na+: 300.1934; found: 300.1927.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.393 min (major), tR= 6.369 min (minor); 96.5:3.5 e.r. 

 

 

 

 

 

(S)-1-butyl-3-octylpyrrolidin-2-one (3ag)  
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General procedure was followed on 0.2 mmol scale with a 

reaction time of 52 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 

to afford 3ag as a pale yellow oil (40.9 mg, 81%); Rf = 0.29 (PE/EtOAc = 5/1); [α]D
20 = 

+9.20 (c=3.35, CHCl3). 1H NMR (400 MHz, CDCl3): δ 3.30–3.18 (m, 4H), 2.36–2.34 

(m, 1H), 2.19–2.11 (m, 1H), 1.90–1.78 (m, 1H), 1.62 (dq, J = 12.4, 8.4 Hz, 1H), 1.49–

1.42 (m, 2H), 1.32–1.23 (m, 15H), 0.90 (t, J = 7.2 Hz, 3H), 0.85 (t, J = 6.8 Hz, 3H); 

13C NMR (100 MHz, CDCl3): δ 176.8, 45.4, 42.4, 42.2, 32.0, 31.5, 29.7, 29.6, 29.5, 

29.4, 27.4, 25.0, 22.8, 20.1, 14.2, 13.9; HRMS (ESI): [M+H]+ Calcd for C16H32NO+: 

254.2478; found: 254.2483. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 208 

nm, tR= 4.644 min (major), tR= 5.146 min (minor); 98:2 e.r. 
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(S)-3-octyl-1-phenethylpyrrolidin-2-one (3ah)  

General procedure was followed on 0.21 mmol scale with a 

reaction time of 60 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 

to afford 3ah as a pale yellow oil (54.5 mg, 85%); Rf = 0.43 (PE/EtOAc = 3/1); [α]D
20 

= -5.80 (c = 1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.30–7.26 (m, 2H), 7.21–

7.19 (m, 3H), 3.61–3.53 (m, 1H), 3.50–3.43 (m, 1H), 3.16–3.11 (m, 2H), 2.83 (t, J = 

7.2 Hz, 2H), 2.36–2.30 (m, 1H), 2.13–2.05 (m, 1H), 1.88–1.73 (m, 1H), 1.56 (dq, J = 

12.8, 8.4 Hz, 1H), 1.33–1.26 (m, 13H), 0.87 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 176.9, 138.9, 128.8, 128.6, 126.5, 46.0, 44.1, 42.0, 33.9, 31.9, 31.4, 29.7, 

29.6, 29.4, 27.2, 25.1, 22.7, 14.2; HRMS (ESI): [M+H]+ Calcd for C20H32NO+: 

302.2478; found: 302.2475. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.303 min (major), tR= 6.295 min (minor); 95:5 e.r. 
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(S)-1-(3,4-dimethoxyphenethyl)-3-octylpyrrolidin-2-one (3ai)  

General procedure was followed on 0.2 mmol scale 

with a reaction time of 72 hours. The reaction 

mixture was purified by flash column 

chromatography (silica gel, PE/EtOAc = 5/1) to 

afford 3ai as a colorless oil (42.5 mg, 59%). Rf = 0.20 (PE/EtOAc = 3/1); [α]D
20 = -3.00 

(c=2.70, CHCl3). 1H NMR (400 MHz, CDCl3): δ 6.78–6.71 (m, 3H), 3.85 (s, 3H), 3.84 

(s, 3H), 3.57–3.41 (m, 2H), 3.16–3.13 (m, 2H), 2.76 (t, J = 7.2 Hz, 2H), 2.35–2.29 (m, 

1H), 2.13–2.04 (m, 1H), 1.81–1.79 (m, 1H), 1.60–1.51 (m, 1H), 1.27–1.24 (m, 13H), 

0.86 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 176.9, 148.9, 147.6, 131.4, 

120.7, 111.9, 111.3, 55.9, 46.0, 44.2, 42.1, 33.4, 31.9, 31.4, 29.7, 29.6, 29.4, 27.3, 25.1, 

22.7, 14.2; HRMS (ESI): [M+H]+ Calcd for C22H36NO3
+: 362.2690; found: 362.2689.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 7.872 min (major), tR= 9.868 min (minor); 95.5:4.5 e.r. 
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Methyl (S)-2-(3-butyl-2-oxopyrrolidin-1-yl)acetate (3aj)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 38 hours. The reaction mixture was purified 

by flash column chromatography (silica gel, PE/EtOAc = 5/1) 

to afford 3aj as a pale yellow oil (30.1 mg, 70%); Rf = 0.43 (PE/EtOAc = 2/1); [α]D
25 = 

+13.37 (c = 1.91, CHCl3). 1H NMR (400 MHz, CDCl3): δ 4.03 (abq, J = 17.6 Hz, 2H), 

3.69 (s, 3H), 3.42–3.32 (m, 2H), 2.43–2.37 (m, 1H), 2.24–2.16 (m, 1H), 1.86–1.83 (m, 

1H), 1.75–1.66 (m, 1H), 1.38–1.22 (m, 5H), 0.87 (t, J = 6.4 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 177.7, 169.3, 52.2, 46.1, 44.1, 41.4, 30.9, 29.4, 25.0, 22.7, 14.1.; 

HRMS (ESI): Calcd for C11H19NO3: 213.1365; found: 213.1363.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 7.386 min (major), tR= 9.273 min (minor); 95.5:4.5 er. 
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Methyl (S)-3-(3-octyl-2-oxopyrrolidin-1-yl)propanoate (3ak)  

General procedure was followed on 0.2 mmol scale with a 

reaction time of 72 hours. The reaction mixture was 

purified by flash column chromatography (silica gel, 

PE/EtOAc = 5/1) to afford 3ak as a colorless oil (40.9 mg, 72%). [α]D
20 = +9.80 (c=1.00, 

CH2Cl2). Rf = 0.29 (PE/EtOAc = 3/1); 1H NMR (400 MHz, CDCl3): δ 3.66 (s, 3H), 

3.55 (t, J = 7.2 Hz, 2H), 3.32–3.28 (m, 2H), 2.54 (t, J = 6.8 Hz, 2H), 2.37–2.30 (m, 1H), 

2.19–2.11 (m, 1H), 1.83–1.81 (m, 1H), 1.67–1.58 (m, 1H), 1.28–1.23 (m, 13H), 0.85 (t, 

J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 177.1, 172.3, 51.9, 46.1, 41.9, 38.8, 

32.6, 31.9, 31.3, 29.6, 29.6, 29.4, 27.3, 25.2, 22.7, 14.2; HRMS (ESI): [M+Na]+ Calcd 

for C16H29NO3Na+: 306.2040; found: 306.2038. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 5.862 min (major), tR= 6.783 min (minor); 94.5:5.5 e.r. 
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(S)-1-(2-(1-methyl-1H-indol-3-yl)ethyl)-3-octylpyrrolidin-2-one (3al) 

General procedure was followed on 0.19 mmol scale 

with a reaction time of 72 hours. The reaction mixture 

was purified by flash column chromatography (silica 

gel, PE/EtOAc = 5/1) to afford 3al as a pale yellow oil 

(49.5mg, 73%). [α]D
20 = -2.00 (c = 4.20, CHCl3). Rf = 0.43(PE/EtOAc = 3/1); 1H NMR 

(400 MHz, CDCl3): δ 7.62 (d, J = 8.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.23 (t, J = 7.2 

Hz, 1H), 7.12 (t, J = 7.2 Hz, 1H), 6.92 (s, 1H), 3.74 (s, 3H), 3.68–3.56 (m, 2H), 3.23 

(dd, J = 8.4, 5.6 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 2.41–2.34 (m, 1H), 2.15–2.05 (m, 

1H), 1.90–1.86 (m, 1H), 1.62–1.53 (m, 1H), 1.31–1.28 (m, 13H), 0.89 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ 176.9, 137.0, 127.9, 126.7, 121.6, 118.8, 111.5, 

109.3, 45.9, 43.2, 42.2, 32.7, 32.0, 31.4, 29.7, 29.6, 29.4, 27.3, 25.0, 23.3, 22.8, 14.2; 

HRMS (ESI): [M+H]+ Calcd for C23H35N2O
+: 355.2744; found: 355.2734. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 6.781 min (major), tR= 7.829 min (minor); 95:5 e.r. 
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2-(5-((S)-1-(((1R,4aS,10aR)-7-isopropyl-1,4a-dimethyl-1,2,3,4,4a,9,10,10a-

octahydrophenanthren-1-yl)methyl)-2-oxopyrrolidin-3-yl)pentyl)isoindoline-1,3-

dione (3am)  

General procedure was followed on 

0.16 mmol scale with a reaction time 

of 72 hours. The reaction mixture 

was purified by flash column 

chromatography (silica gel, PE/DCM = 1/1) to afford 3am as a colorless oil (55.1 mg, 

61%). Rf = 0.35 (PE/DCM = 1/1); [α]D
25 = +5.90 (c = 5.00, CHCl3). 1H NMR (400 MHz, 

CDCl3): δ 7.82 (dd, J = 5.6, 3.2 Hz, 2H), 7.69 (dd, J = 5.6, 3.2 Hz, 2H), 7.15 (d, J = 8.0 

Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.89 (s, 1H), 3.66 (dd, J = 7.2 Hz, 2H), 3.40–3.30 

(m, 2H), 3.16 (d, J = 13.6 Hz, 1H), 3.08 (d, J = 13.6 Hz, 1H), 2.95–2.78 (m, 3H), 2.35–

2.24 (m, 2H), 2.15–2.07 (m, 1H), 2.01–1.96 (m, 1H), 1.86–1.80 (m, 1H), 1.77–1.58 (m, 

6H), 1.47–1.32 (m, 9H), 1.22–1.19 (m, 9H), 0.94 (s, 3H), 0.88 (t, J = 6.8 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 178.3, 168.5, 147.3, 145.5, 134.8, 133.9, 132.2, 127.0, 

124.1, 123.8, 123.2, 55.2, 49.6, 45.6, 41.5, 39.3, 38.3, 37.9, 37.6, 37.4, 33.4, 31.4, 30.3, 

28.5, 26.8, 25.8, 25.4, 24.1, 24.0, 19.2, 19.2, 18.7; HRMS (ESI): Calcd for 

C37H48N2O3: 568.3665; found: 568.3666. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 220 
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nm, tR= 10.181 min (major), tR= 14.386 min (minor); 95.5:4.5 e.r. 
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Experimental procedures and characterization data for 

derivatization 

i) Thiation for amides 

 

To a reaction vial was added 3a (28.7 mg, 0.1 mmol) under air. Subsequently, 

Lawesson’s reagent (20 mg, 0.05 mmol) and anhydrous toluene (0.5 mL) was added 

under nitrogen atmosphere, and the reaction was stirred at 80 ˚C for 6 h. After 

completion, H2O was added and the reaction mixture was extracted with EtOAc for 

three times, and concentrated under reduced pressure. The residue was purified by flash 

chromatography to afford the desired product 4 (29.7 mg, 98%). [α]D
25= +27.00 (c = 

0.40, CHCl3). 1H NMR (400 MHz, CDCl3): δ 7.36–7.26 (m, 5H), 5.01 (abq, J = 14.4 

Hz, 2H), 3.53–3.42 (m, 2H), 2.91–2.84 (m, 1H), 2.26–2.17 (m, 2H), 1.72–1.63 (m, 1H), 

1.47–1.27 (m, 13H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 206.0, 

135.4, 128.9, 128.4, 128.1, 54.2, 52.3, 51.8, 34.4, 32.0, 29.7, 29.7, 29.4, 27.2, 26.0, 22.8, 

14.2. HRMS (ESI): [M+H]+ Calcd for C19H30NS+: 304.2094; found: 304.2097. 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 4.441 min (major), tR= 4.768 min (minor); 95.5:4.5 er. 
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ii) Deprotection of γ-lactam  

 

To a solution of 3y (31.7 mg, 0.1 mmol) in dry acetonitrile (2.0 mL) and H2O (0.4 

mL) was added cerium ammonium nitrate (274 mg, 0.5 mmol) at 0 °C. After it was 

stirred for 1 h at 0 °C (TLC monitored), the reaction mixture was warmed to room 

temperature, and the organic layer was separated. The aqueous phase was washed with 

EtOAc for three times. The combined organic layer was dried over Na2SO4. The crude 

product was purified by column chromatography on silica gel (PE/EtOAc (1% Et3N) = 

1/2) to give 5 (16.6 mg, 84%) as a white solid: Rf = 0.42 (PE/EtOAc = 2/1); [α]D
25 = 

+93.00 (c=0.12, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.31 (s, 1H), 3.31–3.22 (m, 2H), 2.32–2.17 (m, 2H), 

1.81–1.65 (m, 2H), 1.28–1.21 (m, 13H), 0.82 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 181.4, 41.2, 40.6, 31.9, 30.9, 29.6, 29.5, 29.3, 27.5, 27.4, 22.7, 14.1; HRMS 

(ESI): [M+H]+ Calcd for C12H24NO+: 198.1852; found: 198.1855.  

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 220 nm, 

tR= 7.214 min (major), tR= 7.653 min (minor); 96.5:3.5 er. 
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iii) Ring opening to access γ-amino acid derivative 

 

A solution of 5 (19.7 mg, 0.1 mmol) in 0.6 mL of 6 N HCl was heated to 100 oC 

for 12 h. After cooled to rt, the solvent was removed under reduced pressure. Ethyl 

acetate (1 mL) was added, then the mixture was suspended by sonication and stirred at 

rt for 1 h. The white solid product 6 was obtained by filtration with MeOH washing in 

quantative yield (25.0 mg). 1H NMR (400 MHz, CD3OD): δ 2.88 (t, J = 8.0 Hz, 2H), 
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2.38 (m, 1H), 1.92–1.83 (m, 1H), 1.75–1.73 (m, 1H), 1.59–1.58 (m, 1H), 1.49–1.45 (m, 

1H), 1.23 (m, 12H), 0.83 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CD3OD): δ 178.4, 

43.9, 39.0, 33.2, 33.0, 30.6, 30.5, 30.3, 28.1, 23.7, 14.4; HRMS (ESI): [[M-HCl]+H]+ 

Calcd for C12H26NO+: 216.1958; found: 216.1961.  

To a solution of 6 (0.04 mmol, 1.0 equiv.) in acetonitrile (1 mL) was added K2CO3 

(0.12 mmol, 3.0 equiv.). The mixture was stirred for 1 h at room temperature, then 

benzoyl chloride (0.052 mmol, 1.3 equiv.) was added, and the stirring continued at 

45 °C for 12 h. H2O was added and the pH of the reaction mixture was adjusted (pH<1) 

with HCl. the two-phase mixture was separated, and the aqueous phase was extracted 

with EtOAc for several times. The combined organic phases were dried over Na2SO4, 

filtered, and evaporated in vacuo. The residue was purified by flash chromatography 

(PE/EtOAc = 2/1) to give 7 (9.2 mg, 72%). [α]D
25 = +25.65 (c = 0.92, CHCl3). 1H NMR 

(400 MHz, CDCl3): δ 7.77 (d, J = 7.2 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.43 (t, J = 7.2 

Hz, 2H), 6.52 (s, 1H), 3.60–3.47 (m, 2H), 2.51–2.44 (m, 1H), 1.95–1.81 (m, 2H), 1.76–

1.67 (m, 1H), 1.52–1.43 (m, 1H), 1.33–1.24 (m, 12H), 0.87 (t, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 179.8, 168.3, 134.2, 131.9, 128.8, 127.1, 43.4, 38.6, 32.5, 

32.4, 32.0, 29.7, 29.5, 29.4, 27.4, 22.8, 14.2.; HRMS (ESI): Calcd for C19H29NO3: 

319.2147; found: 319.2144.HPLC (Chiralpak AD-H): n-Hexane/EtOH = 90/10, flow 

rate 1.0 mL/min, λ = 210 nm, tR= 9.556 min (minor), tR= 10.280 min (major); 3.5:96.5 

er. 
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Mechanism Study 

a) Stoichiometric reaction of the carbamoyl chloride 1y with nickle catalyst 

i) Stoichiometric Ni(ClO4)2•6H2O was employed as the nickel source  

 

To a dried 8-mL vial were added Ni(ClO4)2•6H2O (18.3 mg, 0.05 mmol, 1.0 equiv.), 

Quinim L8 (20.6 mg, 0.06 mmol, 1.2 equiv.), and Mn (2.8 mg, 0.05 mmol, 1.0 equiv.). 

Then the vial was transferred into glovebox. LiBr (4.4 mg, 0.05 mmol, 1.0 equiv.) and 

DMF (0.5 mL, 0.2 M) were added in sequence, followed by carbamoyl chloride 1y 

(12.7 mg, 0.05 mmol, 1.0 equiv.). The vial was then taken out from the glovebox, sealed 

with parafilm, put into the cryogenic bath (0 oC) and stirred for 19 h. After completion, 

the reaction mixture was quenched with sat. aq. NH4Cl and H2O, filtered through a pad 

of celite, and extracted with EtOAc for three times. The combined organic phase was 

washed with brine and concentrated under reduced pressure to yield the crude product, 

which was purified by silica gel flash column chromatography to afford products 8 (4.5 

mg, 41%). 1H NMR (400 MHz, CDCl3): δ 7.14 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.4 Hz, 

2H), 4.37 (abq, J = 14.4 Hz, 2H), 3.78 (s, 3H), 3.17–3.09 (m, 2H), 2.53–2.44 (m, 1H), 

2.22–2.14 (m, 1H), 1.61–1.51 (m, 1H), 1.21 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 177.3, 159.1, 129.5, 128.9, 114.1, 55.3, 46.2, 44.6, 36.9, 27.1, 16.5; HRMS 

(EI): Calcd for C13H17NO2: 219.1259; found: 219.1261 

HPLC (Chiralpak AD-H): n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 220 

nm, tR= 10.424 min (major), tR= 11.566 min (minor); 97.5:2.5 e.r. 
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ii) Stoichiometric Ni(cod)2 was employed as the nickel source 

 

To a dried 8-mL vial were added Quinim L8 (20.6 mg, 0.06 mmol, 1.2 equiv.). Then 

the vial was transferred into glovebox. Ni(cod)2 (13.8 mg, 0.05 mmol, 1.0 equiv.), LiBr 

(4.4 mg, 0.05 mmol, 1.0 equiv.) and DMF (0.5 mL, 0.2 M) were added in sequence, 

followed by carbamoyl chloride (12.7 mg, 0.05 mmol, 1.0 equiv.). The vial was then 

quickly taken out from the glovebox, sealed with parafilm, put into the cryogenic bath 

(0 oC) and stirred for 19 h. After completion, the reaction mixture was quenched with 

sat. aq. NH4Cl and H2O, filtered through a pad of celite, and extracted with EtOAc for 

three times. The combined organic phase was washed with brine and concentrated 

under reduced pressure to yield the crude product, which was purified by silica gel flash 

column chromatography to afford products 8 (5.5 mg, 50%). HPLC (Chiralpak AD-H): 

n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 210 nm, tR= 10.520 min (major), 

tR= 11.722 min (minor); 73:27 e.r. 
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Comments: When 1.0 equiv of Ni(cod)2 was employed as the nickel source, the e.r. of 

the desired product 8 was dropped down to the 73:27, presumably due to 2 equivalent 

of COD in the reaction which serve as a ligand on the nickel center to diminish the 

enantioselectivity. When 1.0 equivalent Mn powder was used as the reductant to reduce 

the Ni(ClO4)2•6H2O in situ to the Ni(0) species, the reductive cyclized product 8 was 

isolated with high e.r. (97.5:2.5) that is similar to the e.r. (97:3) of the reductive coupling 

product 3y in catalytic reaction of substrate 1y with primary alkyl iodide. 

 

b) Radical cyclization of the carbamoyl chloride 1y with 6-iodohex-1-ene 
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To a dried 8-mL vial were added ligand (6.2 mg, 0.018 mmol, 18 mol%), Mn (22 mg, 

0.4 mmol, 4.0 equiv.). Then the vial was transferred into glovebox. LiBr (8.7 mg, 0.1 

mmol, 1.0 equiv.), Ni(cod)2 (4.2 mg, 0.015 mmol, 15 mol%), DMF (0.5 mL, 0.2 M), 

carbamoyl chloride 1y (25.4 mg, 0.1 mmol, 1.0 equiv.) and alkyl halide (63 mg, 0.3 

mmol, 3.0 equiv.) were added in sequence inside the glovebox. The vial was then taken 

out from the glovebox, sealed with parafilm, put into the cryogenic bath (0 oC) and 

stirred for 68 h. After completion, the reaction mixture was quenched with H2O, filtered 

through a pad of celite and extracted with EtOAc for three times. The combined organic 

phase was washed with brine and concentrated under reduced pressure to yield the 

crude product, which was purified by silica gel flash column chromatography to afford 

product 9 and 10 as an inseperable mixture (9.1 mg, 30%). 13C NMR data listed is for 

the major product 9.
 1H NMR (400 MHz, CDCl3): δ 7.15 (d, J = 8.4 Hz, 3H), 6.85 (d, 

J = 8.8 Hz, 3H), 5.80 (ddt, J = 16.8, 10.4, 6.8 Hz, 1 H), 5.01–4.91 (m, 2H), 4.38 (abq, 

J = 14.4 Hz, 3H), 3.79 (s, 4.5H), 3.17–3.13 (m, 3H), 2.46–2.38 (m, 1.5 H), 2.18–2.09 

(m, 1.5H), 2.06–2.01 (m, 2H), 1.91–1.88 (m, 1.5H), 1.76–1.74 (m, 1.5H), 1.66–1.56 (m, 

3.5H), 1.52–1.47 (m, 1H), 1.43–1.33 (m, 8H); 13C NMR (100 MHz, CDCl3): δ 176.8, 

159.1, 139.2, 129.6, 128.9, 114.4, 114.1, 55.4, 46.2, 44.9, 42.2, 33.8, 31.4, 29.1, 28.9, 

27.1, 24.9. The formation of mixture of 9 and 10 revealed that the reaction proceeded 

in a SET pathway. 

c) Radical trap reaction 

 

To a dried 8-mL vial were added ligand L8 (6.2 mg, 0.018 mmol, 18 mol%), Mn (22 

mg, 0.4 mmol, 4.0 equiv.) and TEMPO (15.6 mg, 0.1 mmol, 1.0 equiv.). Then the vial 

was transferred into glovebox. LiBr (8.7 mg, 0.1 mmol, 1.0 equiv.), Ni(cod)2 (4.2 mg, 

0.015 mmol, 15 mol%), DMF (0.5 mL, 0.2 M), carbamoyl chloride 1a (22.3 mg, 0.1 

mmol, 1.0 equiv.) and 2a (49 μL, 0.3 mmol, 3.0 equiv.) were added in sequence inside 

the glovebox. The vial was then taken out from the glovebox, sealed with parafilm, put 

into the cryogenic bath (0 oC) and stirred for 72 h. The reaction mixture was quenched 

with H2O, extracted with EtOAc, and GC analysis was conducted by using an aliquot 

of the resulting organic phase, dodecane was used as the internal standard. The 

reductive cross-coupling reaction was completely inhibited by the addition of TEMPO, 

which indicated that the reaction might proceed via a radical process. 1a was largely 

remained in 62% GC yield and 3a was not observed by either TLC or GC analysis. The 

trace amount of TEMPO-adduct 11 could be observed at GC and confirmed by GC-MS.  
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Crystallographic Data for Compound 3s  

 
Fig. S1 Crystal data and structure refinement for 3s (CCDC 2007665) 

Empirical formula  C24 H26 N2 O3 

Formula weight  390.47 

Temperature  293(2) K 

Wavelength  1.54178 Å 

Crystal system  Triclinic 

Space group  P 1 

Unit cell dimensions a = 4.78730(10) Å = 95.705(2)°. 

 b = 6.1826(2) Å = 97.548(2)°. 

 c = 17.9738(4) Å  = 95.863(2)°. 

Volume 521.17(2) Å3 

Z 1 

Density (calculated) 1.244 Mg/m3 

Absorption coefficient 0.659 mm-1 

F(000) 208 

Crystal size 0.200 x 0.140 x 0.100 mm3 

Theta range for data collection 12.912 to 72.235°. 

Index ranges -5<=h<=5, -7<=k<=7, -22<=l<=22 

Reflections collected 13683 

Independent reflections 3795 [R(int) = 0.0378] 

Completeness to theta = 67.679° 95.8 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7533 and 0.5433 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3795 / 3 / 263 

Goodness-of-fit on F2 1.039 

Final R indices [I>2sigma(I)] R1 = 0.0334, wR2 = 0.0915 

R indices (all data) R1 = 0.0339, wR2 = 0.0923 

Absolute structure parameter 0.09(8) 

Extinction coefficient 0.12(3) 

Largest diff. peak and hole 0.099 and -0.081 e.Å-3 
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NMR Spectra 

1H NMR-spectrum (400 MHz, CDCl3) of 1t 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1t 
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1H NMR-spectrum (400 MHz, CDCl3) of 1u 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1u 
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1H NMR-spectrum (400 MHz, CDCl3) of 1v 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1v 

 



S77 

 

1H NMR-spectrum (400 MHz, CDCl3) of 1w 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1w 
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1H NMR-spectrum (400 MHz, CDCl3) of 1x 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1x 
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1H NMR-spectrum (400 MHz, CDCl3) of 1y 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1y 
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1H NMR-spectrum (400 MHz, CDCl3) of 1z 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1z 
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19F NMR-spectrum (376 MHz, CDCl3) of 1z 
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1H NMR-spectrum (400 MHz, CDCl3) of 1aa 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1aa 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ab 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ab 
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19F NMR-spectrum (376 MHz, CDCl3) of 1ab 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ac 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ac 
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19F NMR-spectrum (376 MHz, CDCl3) of 1ac 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ad 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ad 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ae 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ae 
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1H NMR-spectrum (400 MHz, CDCl3) of 1af 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1af 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ag 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ag 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ah 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ah 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ai 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ai 
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1H NMR-spectrum (400 MHz, CDCl3) of 1aj 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1aj 
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1H NMR-spectrum (400 MHz, CDCl3) of 1ak 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1ak 
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1H NMR-spectrum (400 MHz, CDCl3) of 1al 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1al 
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1H NMR-spectrum (400 MHz, CDCl3) of 1am 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 1am 

 



S97 

 

1H NMR-spectrum (400 MHz, CDCl3) of L8 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L8 
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1H NMR-spectrum (400 MHz, CDCl3) of L9 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L9 
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1H NMR-spectrum (400 MHz, CDCl3) of L10 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L10 
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1H NMR-spectrum (400 MHz, CDCl3) of L11 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L11 
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1H NMR-spectrum (400 MHz, CDCl3) of L12 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L12 
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19F NMR-spectrum (376 MHz, CDCl3) of L12 
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1H NMR-spectrum (400 MHz, CDCl3) of L13 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L13 
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19F NMR-spectrum (376 MHz, CDCl3) of L13 
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1H NMR-spectrum (400 MHz, CDCl3) of L14 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L14 
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1H NMR-spectrum (400 MHz, CDCl3) of L15 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of L15 
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1H NMR-spectrum (400 MHz, CDCl3) of 3a 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3a 
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1H NMR-spectrum (400 MHz, CDCl3) of 3b 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3b 
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1H NMR-spectrum (400 MHz, CDCl3) of 3c 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3c 
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1H NMR-spectrum (400 MHz, CDCl3) of 3d 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3d 
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1H NMR-spectrum (400 MHz, CDCl3) of 3e 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3e 
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1H NMR-spectrum (400 MHz, CDCl3) of 3f 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3f 
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1H NMR-spectrum (400 MHz, CDCl3) of 3g 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3g 
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1H NMR-spectrum (400 MHz, CDCl3) of 3h 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3h 
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1H NMR-spectrum (400 MHz, CDCl3) of 3i 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3i 
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19F NMR-spectrum (376 MHz, CDCl3) of 3i 
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1H NMR-spectrum (400 MHz, CDCl3) of 3j 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3j 
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19F NMR-spectrum (376 MHz, CDCl3) of 3j 
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1H NMR-spectrum (400 MHz, CDCl3) of 3k 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3k 
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1H NMR-spectrum (400 MHz, CDCl3) of 3l 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3l 
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1H NMR-spectrum (400 MHz, CDCl3) of 3m 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3m 
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1H NMR-spectrum (400 MHz, CDCl3) of 3n 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3n 
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1H NMR-spectrum (400 MHz, CDCl3) of 3o 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3o 
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1H NMR-spectrum (400 MHz, CDCl3) of 3p 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3p 
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1H NMR-spectrum (400 MHz, CDCl3) of 3q 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3q 
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1H NMR-spectrum (400 MHz, CDCl3) of 3r 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3r 
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1H NMR-spectrum (400 MHz, CDCl3) of 3s 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3s 
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1H NMR-spectrum (400 MHz, CDCl3) of 3t 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3t 
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1H NMR-spectrum (400 MHz, CDCl3) of 3u 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3u 
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1H NMR-spectrum (400 MHz, CDCl3) of 3v 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3v 
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1H NMR-spectrum (400 MHz, CDCl3) of 3w 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3w 
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1H NMR-spectrum (400 MHz, CDCl3) of 3x 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3x 
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1H NMR-spectrum (400 MHz, CDCl3) of 3y 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3y 
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1H NMR-spectrum (400 MHz, CDCl3) of 3z 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3z 

 
  



S135 

 

19F NMR-spectrum (376 MHz, CDCl3) of 3z 
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1H NMR-spectrum (400 MHz, CDCl3) of 3aa 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3aa 
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1H NMR-spectrum (400 MHz, CDCl3) of 3ab 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ab 
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19F NMR-spectrum (376 MHz, CDCl3) of 3ab 
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1H NMR-spectrum (400 MHz, CDCl3) of 3ac 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ac 
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19F NMR-spectrum (376 MHz, CDCl3) of 3ac 
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1H NMR-spectrum (400 MHz, CDCl3) of 3ad 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ad 
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1H NMR-spectrum (400 MHz, CDCl3) of 3ae 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ae 
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1H NMR-spectrum (400 MHz, CDCl3) of 3af 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3af 
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1H NMR-spectrum (400 MHz, CDCl3) of 3ag 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ag 
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1H NMR-spectrum (400 MHz, CDCl3) of 3ah 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ah 

 

  



S146 

 

1H NMR-spectrum (400 MHz, CDCl3) of 3ai 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ai 
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1H NMR-spectrum (400 MHz, CDCl3) of 3aj 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3aj 
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1H NMR-spectrum (400 MHz, CDCl3) of 3ak 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3ak 
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1H NMR-spectrum (400 MHz, CDCl3) of 3al 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3al 
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1H NMR-spectrum (400 MHz, CDCl3) of 3am 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 3am 
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1H NMR-spectrum (400 MHz, CDCl3) of 4 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 4 
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1H NMR-spectrum (400 MHz, CDCl3) of 5 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 5 
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1H NMR-spectrum (400 MHz, CDCl3) of 6 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 6 
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1H NMR-spectrum (400 MHz, CDCl3) of 7 

 

 

13C NMR-spectrum (100 MHz, CDCl3) of 7 
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1H NMR-spectrum (400 MHz, CDCl3) of 8 

 

 
13C NMR-spectrum (100 MHz, CDCl3) of 8 
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1H NMR-spectrum (400 MHz, CDCl3) of 9 and 10 

 

 
13C NMR-spectrum (100 MHz, CDCl3) of 9 and 10 

 


