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General Information: HFIP was obtained from Oakwood. Pd(OAc)2, Pd(TFA)2, and Ag2O were 

obtained from Strem. Ag2CO3, NaOAc, and Mo(CO)6 were purchased from Sigma-Aldrich. 

Pentafluorostyrene was purchased from Combi-Blocks. Free aliphatic primary and secondary 

amines were obtained from the commercial sources or synthesized following literature procedures. 

Other reagents were purchased at the highest commercial quality and used without further 

purification, unless otherwise stated. Analytical thin layer chromatography was performed on 0.25 

mm silica gel 60-F254. Visualization was carried out with short-wave UV light or KMnO4 and 

heat as developing agents. 1H NMR spectra were recorded on Bruker DRX-600 instrument. 

Chemical shifts were quoted in parts per million (ppm) referenced to 0.00 ppm for TMS. The 

following abbreviations (or combinations thereof) were used to explain multiplicities: s = singlet, 

d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. Coupling constants, J, were reported 

in Hertz unit (Hz). 13C NMR spectra were recorded on Bruker DRX-600 and were fully decoupled 

by broad band proton decoupling. Chemical shifts were reported in ppm referenced to the center 

line of a triplet at 77.16 ppm of CDCl3. Column chromatography was performed using E. Merck 

silica (60, particle size 0.043–0.063 mm), and pTLC was performed on Merck silica plates (60F-

254). High-resolution mass spectra (HRMS) were recorded on an Agilent Mass spectrometer using 

ESI-TOF (electrospray ionization-time of flight). Enantiomeric ratios (er) were determined on the 

Agilent Technologies supercritical fluid chromatography (SFC) system using commercially 

available chiral columns.  
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Preparation of aliphatic primary and secondary amines 

 

Aliphatic primary and secondary amines were obtained from the commercial sources or 

synthesized following literature procedures1–3. 
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General procedure of the preparation of thioether ligands 

 

Thioether ligands (L6 and L8 to L14) were synthesized following literature procedure4 with 

slight modification: 

 

To the t-BuOH (10.0 mL) solution of thiophenol (15.0 mmol, 1.54 mL) was added t-BuOK (11.0 

mmol, 1.23 g) and the mixture was stirred at rt for 10 min. Then Evans oxazolidone chiral auxiliary 

(10.0 mmol, 1.29 g) was added to the solution and the mixture was stirred under reflux for 12 h. 

After being allowed to cool to room temperature, Ac2O (15.0 mmol, 1.42 mL) was added to the 

solution and the mixture was stirred at rt for 1 h. The mixture was then concentrated in vacuo, 

diluted with EA, and washed with saturated NH4Cl and NaHCO3. The organic layer was dried over 

MgSO4, concentrated in vacuo and then purified by recrystallization in EA to yield thioether 

ligand L6 (2.18 g, 92% yield). The NMR data matches the reported data5. 
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Table S1. Ligand investigation for γ-C(sp3)–H arylationa,b 

 
aConditions: 1a (0.1 mmol), Pd(TFA)2 (10 mol%), ligand (L) (10 mol%), 4-iodotoluene 2a (2.0 equiv.), Ag2O (2.0 

equiv.), HFIP (0.2 mL), 90 °C, 12 h. bThe yields were determined by 1H NMR analysis of the crude product using 

CH2Br2 as the internal standard. The er values were determined on the SFC system using commercially available 

chiral columns. 
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Table S2. Pd source investigation for γ-C(sp3)–H arylationa,b 

 
aConditions: 1a (0.1 mmol), Pd source (10 mol%), L6 (10 mol%), 4-iodotoluene 2a (2.0 equiv.), Ag2CO3 (2.0 equiv.), 

HFIP (0.3 mL), 90 °C, 12 h. bThe yields were determined by 1H NMR analysis of the crude product using CH2Br2 as 

the internal standard. The er values were determined on the SFC system using commercially available chiral columns. 
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Table S3. Ag salt investigation for γ-C(sp3)–H arylationa,b 

 

aConditions: 1a (0.1 mmol), Pd(TFA)2 (10 mol%), L6 (10 mol%), 4-iodotoluene 2a (2.0 equiv.), Ag salt (2.0 equiv.), 

HFIP (0.3 mL), 90 °C, 12 h. bThe yields were determined by 1H NMR analysis of the crude product using CH2Br2 as 

the internal standard. The er values were determined on the SFC system using commercially available chiral columns. 
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Table S4. Concentration investigation for γ-C(sp3)–H arylationa,b 

 
aConditions: 1a (0.1 mmol), Pd(TFA)2 (10 mol%), L6 (10 mol%), 4-iodotoluene 2a (2.0 equiv.), Ag2O (2.0 equiv.), 

HFIP (x mL), 90 °C, 12 h. bThe yields were determined by 1H NMR analysis of the crude product using CH2Br2 as 

the internal standard. The er values were determined on the SFC system using commercially available chiral columns. 
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Table S5. Thioether ligand investigation for γ-C(sp3)–H arylationa,b 

 
aConditions: 1a (0.1 mmol), Pd(TFA)2 (10 mol%), ligand (L) (10 mol%), 4-iodotoluene 2a (2.0 equiv.), Ag2O (2.0 

equiv.), HFIP (0.2 mL), 90 °C, 12 h. bThe yields were determined by 1H NMR analysis of the crude product using 

CH2Br2 as the internal standard. The er values were determined on the SFC system using commercially available 

chiral columns. 
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Table S6. Aryl iodide loading investigation for γ-C(sp3)–H arylationa,b 

 
aConditions: 1a (0.1 mmol), Pd(TFA)2 (10 mol%), L6 (10 mol%), 4-iodotoluene 2a (x equiv.), Ag2O (2.0 equiv.), 

HFIP (0.2 mL), 90 °C, 12 h. bThe yields were determined by 1H NMR analysis of the crude product using CH2Br2 as 

the internal standard. The er values were determined on the SFC system using commercially available chiral columns. 

cIsolated yield of the corresponding Boc-protected amine. 
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Table S7. Optimization of conditions for γ-C(sp3)–H carbonylationa,b 

 
aConditions: 1u (0.1 mmol), Pd source (x mol%), L6 (x mol%), Mo(CO)6 (x equiv.), Ag2O (2.0 equiv.), NaOAc (x 

equiv,), HFIP (x mL), 90 °C, 12 h. bThe yields were determined by 1H NMR analysis of the crude product using 

CH2Br2 as the internal standard. The er values were determined on the SFC system using commercially available 

chiral columns. cIsolated yield. 
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Table S8. Optimization of conditions for γ-C(sp3)–H olefinationa,b 

 
aConditions: 1i (0.1 mmol), Pd source (x mol%), L6 (x mol%), Ag2O (2.0 equiv.), HFIP (x mL), 90 °C, x h. bThe 

yields were determined by 1H NMR analysis of the crude product using CH2Br2 as the internal standard. The er values 

were determined on the SFC system using commercially available chiral columns. cIsolated yield of the corresponding 

Boc-protected amine. 
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Table S9. Selected other substrates for γ-C(sp3)–H arylation 
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General procedure for γ-C(sp3)–H arylation 

 

General Procedure A: In the culture tube, Pd(TFA)2 (10 mol%, 3.3 mg), ligand L6 (10 mol%, 

2.4 mg), (hetero)aryl iodide (3.0 equiv.), Ag2O (2.0 equiv., 46.3 mg), and free aliphatic amine 1 

(0.1 mmol) in order were weighed in air and placed with a magnetic stir bar. Then HFIP (0.2 mL) 

were added. The reaction mixture was stirred at rt for 3 min, and then heated to 90 oC for 12 h (150 

rpm). After being allowed to cool to room temperature, the mixture was diluted with DCM, filtered 

through a Celite plug, and concentrated in vacuo. The resulting mixture was dissolved in DCM 

(1.0 mL) and treated with Boc2O (2.0 equiv., 46 μL) (HFIP residue can catalyze Boc protection of 

free amines6) or Bz2O (2.0 equiv., 45.2 mg). After being stirred at rt for 1 h, the crude mixture was 

concentrated in vacuo and purified by pTLC (hexane/EA or toluene/EA) to afford the 

corresponding Boc- or Bz-protected amine. 
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Substrate scope for γ-C(sp3)–H arylation 

 

tert-Butyl (((1S,2R)-1-benzyl-2-(p-tolyl)cyclopropyl)methyl)carbamate (3a’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 24.0 mg, 68% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 5.50 min (minor) and 5.91 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.35 – 7.31 (m, 2H), 7.29 (d, J = 7.2 Hz, 2H), 7.25 – 7.22 (m, 1H), 

7.05 (d, J = 7.7 Hz, 2H), 7.02 (d, J = 7.7 Hz, 2H), 4.25 (br s, 1H), 2.92 – 2.80 (m, 2H), 2.80 – 2.70 

(m, 2H), 2.29 (s, 3H), 2.15 (dd, J = 8.3, 6.3 Hz, 1H), 1.40 (s, 9H), 1.06 – 1.01 (m, 1H), 0.98 – 0.90 

(m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.94, 139.35, 135.82, 135.20, 129.68, 129.18, 128.68, 128.50, 

126.52, 79.08, 42.85, 41.77, 29.85, 28.54, 27.68, 21.13, 14.67.  

HRMS (ESI-TOF) Calcd for C18H22N [M-Boc]: 252.1752; found: 252.1753. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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S17 

 

 

tert-Butyl (((1R,2R)-1-butyl-2-(p-tolyl)cyclopropyl)methyl)carbamate (3b’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 20.0 mg, 63% yield, 97:3 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (10% IPA/CO2, 2.0 mL/min) with 

retention time 2.54 min (minor) and 2.80 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.07 (s, 4H), 4.22 (br s, 1H), 2.89 (dd, J = 14.1, 6.6 Hz, 1H), 2.81 

(dd, J = 14.1, 5.2 Hz, 1H), 2.31 (s, 3H), 1.96 (dd, J = 8.4, 6.0 Hz, 1H), 1.52 – 1.43 (m, 4H), 1.39 

(s, 9H), 1.35 – 1.31 (m, 2H), 0.99 – 0.90 (m, 4H), 0.77 (dd, J = 8.4, 5.1 Hz, 1H).  

13C NMR (150 MHz, CDCl3) δ 156.02, 135.67, 135.63, 129.15, 128.69, 78.98, 42.41, 36.18, 28.93, 

28.53, 28.26, 27.58, 23.15, 21.13, 15.58, 14.23. 

HRMS (ESI-TOF) Calcd for C15H24N [M-Boc]: 218.1909; found: 218.1913. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-hexyl-2-(p-tolyl)cyclopropyl)methyl)carbamate (3c’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 23.0 mg, 67% yield, 97:3 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (3% IPA/CO2, 2.0 mL/min) with retention 

time 9.27 min (minor) and 10.13 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.11 – 7.00 (s, 4H), 4.22 (br s, 1H), 2.89 (dd, J = 14.4, 6.5 Hz, 1H), 

2.80 (dd, J = 14.4, 5.0 Hz, 1H), 2.30 (s, 3H), 1.96 (t, J = 7.3 Hz, 1H), 1.51 – 1.44 (m, 3H), 1.39 (s, 

9H), 1.36 – 1.24 (m, 7H), 1.00 – 0.92 (m, 1H), 0.89 (t, J = 6.6 Hz, 3H), 0.82 – 0.70 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 156.00, 135.66, 135.62, 129.14, 128.68, 78.97, 42.39, 36.48, 31.96, 

29.77, 28.52, 28.25, 27.57, 26.68, 22.84, 21.13, 15.57, 14.26.  

HRMS (ESI-TOF) Calcd for C17H28N [M-Boc]: 246.2222; found: 246.2225. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-isopentyl-2-(p-tolyl)cyclopropyl)methyl)carbamate (3d’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 18.0 mg, 54% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (10% IPA/CO2, 2.0 mL/min) with 

retention time 2.37 min (minor) and 2.54 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.07 (s, 4H), 4.20 (br s, 1H), 2.90 (dd, J = 14.2, 6.7 Hz, 1H), 2.80 

(dd, J = 14.2, 5.2 Hz, 1H), 2.31 (s, 3H), 1.95 (dd, J = 8.4, 6.0 Hz, 1H), 1.56 – 1.48 (m, 1H), 1.48 

– 1.43 (m, 2H), 1.39 (s, 9H), 1.36 – 1.27 (m, 2H), 0.94 (t, J = 5.6 Hz, 1H), 0.91 (d, J = 6.6 Hz, 6H), 

0.76 (dd, J = 8.3, 5.1 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.98, 135.68, 135.63, 129.15, 128.69, 78.97, 42.34, 35.74, 34.16, 

28.53, 28.46, 28.33, 27.74, 22.82, 22.73, 21.14, 15.59.  

HRMS (ESI-TOF) Calcd for C16H26N [M-Boc]: 232.2065; found: 232.2066. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-(cyclobutylmethyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3e’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (toluene/EA) afforded 

the title compound (colorless oil, 20.0 mg, 61% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (10% IPA/CO2, 2.0 mL/min) with 

retention time 3.04 min (minor) and 3.33 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.06 (s, 4H), 4.23 (br s, 1H), 2.85 – 2.75 (m, 2H), 2.57 (dt, J = 16.6, 

7.8 Hz, 1H), 2.30 (s, 3H), 2.19 – 2.06 (m, 2H), 2.03 – 1.95 (m, 1H), 1.95 – 1.85 (m, 1H), 1.84 – 

1.73 (m, 2H), 1.73 – 1.63 (m, 2H), 1.40 (s, 10H), 0.91 (t, J = 5.3 Hz, 1H), 0.75 (dd, J = 8.3, 5.3 

Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.99, 135.69, 135.58, 129.13, 128.73, 79.00, 43.39, 42.93, 34.28, 

29.64, 29.56, 28.54, 27.59, 26.33, 21.14, 19.25, 14.92. 

HRMS (ESI-TOF) Calcd for C16H24N [M-Boc]: 230.1909; found: 230.1910. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-(cyclopentylmethyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3f’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 19.0 mg, 55% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (7% IPA/CO2, 2.0 mL/min) with retention 

time 3.89 min (minor) and 4.37 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.08 (s, 4H), 4.23 (br s, 1H), 2.98 – 2.89 (m, 1H), 2.89 – 2.80 (m, 

1H), 2.31 (s, 3H), 2.10 – 2.02 (m, 1H), 2.02 – 1.95 (m, 1H), 1.95 – 1.86 (m, 1H), 1.86 – 1.80 (m, 

1H), 1.67 – 1.60 (m, 2H), 1.59 – 1.51 (m, 3H), 1.39 (s, 9H), 1.24 – 1.15 (m, 1H), 1.15 – 1.07 (m, 

1H), 0.96 (t, J = 5.6 Hz, 1H), 0.90 – 0.81 (m, 1H), 0.77 (dd, J = 8.2, 5.9 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.99, 135.69, 135.63, 129.14, 128.67, 79.01, 42.52, 38.22, 33.56, 

33.40, 29.85, 28.52, 28.30, 26.94, 25.12, 21.14, 15.51 (1 carbon signal was not assigned due to 

overlaps). 

HRMS (ESI-TOF) Calcd for C17H26N [M-Boc]: 244.2065; found: 244.2065. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-(cyclohexylmethyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3g’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 25.0 mg, 70% yield, 98:2 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (7% IPA/CO2, 2.0 mL/min) with retention 

time 4.19 min (minor) and 4.70 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.08 (s, 4H), 4.21 (br s, 1H), 3.01 (dd, J = 14.3, 6.9 Hz, 1H), 2.78 

(dd, J = 14.3, 4.9 Hz, 1H), 2.31 (s, 3H), 1.98 – 1.89 (m, 1H), 1.89 – 1.75 (m, 2H), 1.75 – 1.63 (m, 

3H), 1.63 – 1.58 (m, 1H), 1.39 (s, 9H), 1.33 – 1.21 (m, 4H), 1.20 – 1.11 (m, 1H), 0.98 (t, J = 5.6 

Hz, 1H), 0.96 – 0.85 (m, 2H), 0.75 (dd, J = 8.1, 5.3 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.94, 135.66, 135.60, 129.15, 128.58, 78.98, 44.42, 42.19, 35.52, 

34.11, 34.07, 28.52, 28.39, 26.77, 26.42, 25.78, 21.12, 15.70 (1 carbon signal was not assigned 

due to overlaps). 

HRMS (ESI-TOF) Calcd for C18H28N [M-Boc]: 258.2222; found: 258.2226. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-((tetrahydro-2H-pyran-4-yl)methyl)-2-(p-tolyl)cyclopropyl)methyl) 

carbamate (3h’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 21.0 mg, 58% yield, 98.5:1.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 9.44 min (major) and 11.63 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.09 (d, J = 8.2 Hz, 2H), 7.07 (d, J = 8.2 Hz, 2H), 4.18 (br s, 1H), 

4.00 – 3.92 (m, 2H), 3.47 – 3.39 (m, 2H), 3.09 (dd, J = 14.3, 7.0 Hz, 1H), 2.75 (dd, J = 14.3, 4.9 

Hz, 1H), 2.31 (s, 3H), 1.98 – 1.88 (m, 2H), 1.76 – 1.66  (m, 2H), 1.39 (s, 9H), 1.38 – 1.31 (m, 2H), 

1.31 – 1.24 (m, 2H), 0.99 (t, J = 5.6 Hz, 1H), 0.79 (dd, J = 8.5, 5.3 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.95, 135.88, 135.28, 129.25, 128.53, 79.12, 68.19, 68.15, 43.89, 

41.98, 33.93, 33.59, 32.92, 28.51, 25.59, 21.13, 15.56, 13.76. 

HRMS (ESI-TOF) Calcd for C17H26NO [M-Boc]: 260.2014; found: 260.2020. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-(4-fluorobutyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3i’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 22.0 mg, 66% yield, 97:3 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (5% IPA/CO2, 2.0 mL/min) with retention 

time 6.92 min (major) and 8.81 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.08 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 4.47 (dt, J = 47.3, 

6.2 Hz, 2H), 4.21 (br s, 1H), 2.94 (dd, J = 14.3, 6.8 Hz, 1H), 2.78 (dd, J = 14.3, 5.3 Hz, 1H), 2.31 

(s, 3H), 1.98 (dd, J = 8.5, 6.0 Hz, 1H), 1.79 – 1.67 (m, 2H), 1.66 – 1.60 (m, 2H), 1.53 – 1.46 (m, 

1H), 1.42 – 1.36  (m, 10H), 0.97 (t, J = 5.6 Hz, 1H), 0.79 (dd, J = 8.5, 5.2 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 156.04, 135.81, 135.36, 129.20, 128.67, 84.29 (d, J = 164.1 Hz), 

79.09, 42.24, 36.10, 30.79 (d, J = 19.4 Hz), 28.51, 28.26, 22.52 (d, J = 6.2 Hz), 21.13, 18.72, 15.49. 

HRMS (ESI-TOF) Calcd for C15H23FN [M-Boc]: 236.1815; found: 236.1818.  

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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tert-Butyl (((1R,2R)-2-(p-tolyl)-1-(5,5,5-trifluoropentyl)cyclopropyl)methyl)carbamate (3j’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 25.0 mg, 65% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak OD column (3% IPA/CO2, 2.0 mL/min) with retention 

time 4.04 min (minor) and 4.72 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.09 (d, J = 8.1 Hz, 2H), 7.06 (d, J = 8.1 Hz, 2H), 4.20 (br s, 1H), 

2.95 (dd, J = 14.2, 6.8 Hz, 1H), 2.76 (dd, J = 14.2, 5.2 Hz, 1H), 2.31 (s, 3H), 2.16 – 2.05 (m, 2H), 

1.96 (dd, J = 8.5, 6.0 Hz, 1H), 1.65 – 1.54 (m, 5H), 1.42 – 1.34 (m, 10H), 0.96 (t, J = 5.6 Hz, 1H), 

0.78 (dd, J = 8.5, 5.2 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 156.06, 135.88, 135.27, 129.23, 128.64, 127.38 (q, J = 276.3 Hz), 

79.15, 42.10, 35.98, 33.83 (q, J = 28.6 Hz), 28.49, 28.33, 27.53, 25.84, 22.18 (q, J = 3.0 Hz), 21.13, 

15.42. 

HRMS (ESI-TOF) Calcd for C16H23F3N [M-Boc]: 286.1783; found: 286.1785. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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tert-Butyl (((1R,2R)-1-(3-(benzyloxy)propyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3k’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 19.5 mg, 48% yield, 97:3 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak OD column (20% IPA/CO2, 2.0 mL/min) with 

retention time 3.77 min (minor) and 4.27 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.38 – 7.30 (m, 4H), 7.31 – 7.26 (m, 1H), 7.06 (s, 4H), 4.52 (s, 2H), 

4.26 (br s, 1H), 3.52 (t, J = 6.4 Hz, 2H), 2.91 (dd, J = 14.6, 6.7 Hz, 1H), 2.80 (dd, J = 14.6, 4.6 Hz, 

1H), 2.30 (s, 3H), 1.98 (t, J = 7.4 Hz, 1H), 1.90 – 1.72 (m, 3H), 1.49 – 1.41 (m, 1H), 1.38 (s, 9H), 

1.00 – 0.91 (m, 1H), 0.84 – 0.73 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 156.04, 138.75, 135.74, 135.43, 129.17, 128.69, 128.50, 127.80, 

127.65, 79.04, 72.97, 70.49, 42.32, 32.93, 28.52, 28.24, 27.28, 27.00, 21.13, 15.59. 

HRMS (ESI-TOF) Calcd for C21H28NO [M-Boc]: 310.2171; found: 310.2171. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-(3-methoxypropyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3l’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 18.0 mg, 54% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (10% IPA/CO2, 2.0 mL/min) with 

retention time 3.88 min (minor) and 4.53 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.07 (s, 4H), 4.26 (br s, 1H), 3.42 (t, J = 6.3 Hz, 2H), 3.34 (s, 3H), 

2.92 (dd, J = 15.1, 6.2 Hz, 1H), 2.84 – 2.74 (m, 1H), 2.31 (s, 3H), 1.99 (dd, J = 8.5, 6.1 Hz, 1H), 

1.85 – 1.71 (m, 2H), 1.72 – 1.62 (m, 1H), 1.56 – 1.49 (m, 1H), 1.39 (s, 9H), 0.97 (t, J = 5.7 Hz, 

1H), 0.80 (dd, J = 8.5, 5.2 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 156.05, 135.76, 135.43, 129.18, 128.69, 79.04, 72.85, 58.62, 42.28, 

32.87, 28.51, 28.27, 26.84, 21.13, 15.57, 10.64. 

HRMS (ESI-TOF) Calcd for C15H24NO [M-Boc]: 234.1858; found: 234.1863. 

The absolute stereochemistry was assigned by analogy to compound 3t’.



S38 

 

 

 

 

 

  



S39 

 

 

tert-Butyl (((1S,2R)-1-(2-phenoxyethyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3m’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 17.0 mg, 45% yield, 96.5:3.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (15% IPA/CO2, 2.0 mL/min) with retention 

time 4.62 min (minor) and 5.10 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.29 (dd, J = 8.8, 7.2 Hz, 2H), 7.10 (d, J = 8.2 Hz, 2H), 7.07 (d, J 

= 8.2 Hz, 2H), 7.00 – 6.90 (m, 3H), 4.49 (br s, 1H), 4.27 – 4.20 (m, 1H), 4.20 – 4.12 (m, 1H), 2.93 

(dd, J = 14.4, 6.7 Hz, 1H), 2.87 (dd, J = 14.4, 5.2 Hz, 1H), 2.31 (s, 3H), 2.18 – 2.12 (m, 1H), 2.07 

– 2.00 (m, 1H), 1.89 – 1.81 (m, 1H), 1.39 (s, 9H), 1.04 (t, J = 5.7 Hz, 1H), 0.91 (dd, J = 8.5, 5.3 

Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 158.92, 135.92, 135.14, 129.61, 129.21, 128.82, 120.81, 114.67, 

114.56, 79.12, 66.07, 42.98, 35.99, 28.53, 28.31, 27.57, 21.15, 15.47. 

HRMS (ESI-TOF) Calcd for C19H24NO [M-Boc]: 282.1858; found: 282.1864. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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tert-Butyl (((1R,2R)-1-(2,6-difluorophenyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3n’) 

Following General Procedurea A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 18.0 mg, 48% yield, 99:1 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 4.67 min (minor) and 5.40 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.31 (d, J = 7.8 Hz, 2H), 7.25 – 7.16 (m, 1H), 7.15 (d, J = 7.8 Hz, 

2H), 6.89 (t, J = 8.3 Hz, 2H), 4.43 (br s, 1H), 3.17 (dd, J = 14.2, 7.2 Hz, 1H), 2.91 (dd, J = 14.2, 

4.8 Hz, 1H), 2.53 – 2.42 (m, 1H), 2.34 (s, 3H), 1.52 (t, J = 6.3 Hz, 1H), 1.38 – 1.33 (m, 1H), 1.28 

(s, 9H). 

13C NMR (150 MHz, CDCl3) δ 162.97 (dd, J = 248.4, 7.9 Hz), 155.82, 136.36, 134.26, 129.31, 

129.04, 128.79 (t, J = 10.5 Hz), 119.48 (t, J = 17.3 Hz), 111.58 (dd, J = 25.9, 3.4 Hz), 78.96, 44.81, 

28.38, 28.24, 22.66, 21.22, 15.65. 

HRMS (ESI-TOF) Calcd for C17H18F2N [M-Boc]: 274.1407; found: 274.1407. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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tert-Butyl (((1S,2R)-1-(4-fluorobenzyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3o’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 22.5 mg, 61% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak OJ column (5% IPA/CO2, 2.0 mL/min) with retention 

time 4.30 min (minor) and 5.01 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.31 – 7.19 (m, 2H), 7.06 (d, J = 7.7 Hz, 2H), 7.05 – 6.94 (m, 4H), 

4.22 (br s, 1H), 2.88 (dd, J = 14.0, 6.5 Hz, 1H), 2.83 – 2.68 (m, 3H), 2.30 (s, 3H), 2.13 (dd, J = 

8.6, 6.0 Hz, 1H), 1.40 (s, 9H), 1.03 (t, J = 6.0 Hz, 1H), 0.97 – 0.90 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 161.21 (d, J = 244.1 Hz), 155.32, 135.35, 134.47, 134.45, 130.40 

(d, J = 8.0 Hz), 128.64, 128.03, 114.67 (d, J = 21.2 Hz), 78.55, 42.02, 40.32, 33.88, 27.92, 27.07, 

20.53, 14.10. 

HRMS (ESI-TOF) Calcd for C18H21FN [M-Boc]: 270.1658; found: 270.1659. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-(2-chlorobenzyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3p’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 28.0 mg, 73% yield, 97:3 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 6.57 min (minor) and 8.17 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.38 (d, J = 7.7 Hz, 1H), 7.35 (dd, J = 7.5, 1.5 Hz, 1H), 7.23 (td, J 

= 7.5, 1.2 Hz, 1H), 7.18 (td, J = 7.7, 1.5 Hz, 1H), 7.07 (s, 4H), 4.38 (br s, 1H), 3.21 (d, J = 13.5 

Hz, 1H), 3.04 (dd, J = 14.3, 7.5 Hz, 1H), 2.91 (d, J = 13.5 Hz, 1H), 2.78 (dd, J = 14.3, 4.4 Hz, 1H), 

2.30 (s, 3H), 2.04 – 1.98 (m, 1H), 1.40 (s, 9H), 1.06 – 1.01 (m, 1H), 0.87 – 0.80 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 156.12, 136.66, 135.82, 135.16, 134.92, 131.81, 129.72, 129.19, 

128.67, 128.01, 126.84, 79.11, 43.71, 37.45, 28.54, 27.27, 26.55, 21.14, 13.52. 

HRMS (ESI-TOF) Calcd for C18H21ClN [M-Boc]: 286.1363; found: 286.1369. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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tert-Butyl (((1S,2R)-1-(3-methoxybenzyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3q’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 25.0 mg, 66% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (20% IPA/CO2, 2.0 mL/min) with retention 

time 4.15 min (minor) and 4.68 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.25 – 7.22 (m, 1H), 7.06 (d, J = 7.9 Hz, 2H), 7.03 (d, J = 7.9 Hz, 

2H), 6.88 (d, J = 7.5 Hz, 1H), 6.85 (s, 1H), 6.79 (ddd, J = 8.2, 2.6, 0.9 Hz, 1H), 4.25 (br s, 1H), 

3.82 (s, 3H), 2.90 (dd, J = 13.9, 6.2 Hz, 1H), 2.85 – 2.60 (m, 3H), 2.29 (s, 3H), 2.19 – 2.11 (m, 

1H), 1.39 (s, 9H), 1.05 (t, J = 5.7 Hz, 1H), 0.98 – 0.91 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 159.72, 155.93, 140.93, 135.83, 135.18, 129.42, 129.18, 128.68, 

122.03, 115.31, 112.04, 79.05, 55.33, 42.79, 41.89, 28.51, 28.50, 27.82, 21.13, 14.73. 

HRMS (ESI-TOF) Calcd for C19H24NO [M-Boc]: 282.1858; found: 282.1864. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-phenethyl-2-(p-tolyl)cyclopropyl)methyl)carbamate (3r’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 19.0 mg, 52% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (15% IPA/CO2, 2.0 mL/min) with retention 

time 3.78 min (minor) and 4.54 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.33 – 7.26 (m, 2H), 7.23 (d, J = 7.0 Hz, 2H), 7.20 – 7.16 (m, 1H), 

7.08 (d, J = 7.5 Hz, 2H), 7.02 (d, J = 7.5 Hz, 2H), 4.25 (br s, 1H), 3.05 (dd, J = 14.5, 6.9 Hz, 1H), 

2.92 – 2.73 (m, 3H), 2.31 (s, 3H), 2.03 – 1.95 (m, 1H), 1.78 – 1.66 (m, 2H), 1.42 (s, 9H), 1.01 – 

0.94 (m, 1H), 0.83 – 0.75 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 156.10, 142.64, 135.83, 135.32, 129.19, 128.70, 128.63, 128.47, 

125.83, 79.14, 42.10, 38.92, 33.22, 28.55, 27.75, 27.57, 21.14, 15.54. 

HRMS (ESI-TOF) Calcd for C19H24N [M-Boc]: 266.1909; found: 266.1909. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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tert-Butyl (((1R,2R)-1-(3-phenylpropyl)-2-(p-tolyl)cyclopropyl)methyl)carbamate (3s’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 28.0 mg, 74% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (15% IPA/CO2, 2.0 mL/min) with retention 

time 4.05 min (major) and 4.61 min (minor).  

1H NMR (600 MHz, CDCl3) δ 7.28 (t, J = 7.6 Hz, 2H), 7.20 (d, J = 7.6 Hz, 2H), 7.19 – 7.14 (m, 

1H), 7.06 (s, 4H), 4.19 (br s, 1H), 2.92 (dd, J = 14.3, 6.5 Hz, 1H), 2.80 (dd, J = 14.3, 4.6 Hz, 1H), 

2.64 (t, J = 7.6 Hz, 2H), 2.30 (s, 3H), 1.94 (dd, J = 8.3, 6.3 Hz, 1H), 1.91 – 1.76 (m, 2H), 1.54 – 

1.47 (m, 1H), 1.46 – 1.40 (m, 1H), 1.39 (s, 9H), 0.95 (t, J = 5.6 Hz, 1H), 0.75 (dd, J = 8.3, 5.1 Hz, 

1H). 

13C NMR (150 MHz, CDCl3) δ 156.00, 142.54, 135.74, 135.44, 129.16, 128.68, 128.56, 128.44, 

125.84, 79.03, 42.38, 36.32, 36.14, 28.53, 28.26, 27.48, 21.13, 15.55, 13.30. 

HRMS (ESI-TOF) Calcd for C20H26N [M-Boc]: 280.2065; found: 280.2071. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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N-(((1R,2S)-2-(p-tolyl)cyclopropyl)methyl)benzamide (3t’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 11.0 mg, 42% yield, 96.5:3.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (30% IPA/CO2, 2.0 mL/min) with 

retention time 3.30 min (major) and 3.97 min (minor).  

The NMR data matches the reported data1. 

The absolute stereochemistry was assigned by the reported compounds1,7. 
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Aryl and heteroaryl iodide scope for γ-C(sp3)–H arylation 

 

tert-Butyl (((1S,2R)-1-benzyl-2-phenylcyclopropyl)methyl)carbamate (4b’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 24.0 mg, 71% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 5.07 min (minor) and 5.49 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.35 – 7.32 (m, 2H), 7.29 (d, J = 7.4 Hz, 2H), 7.28 – 7.22 (m, 3H), 

7.19 – 7.11 (m, 3H), 4.24 (br s, 1H), 2.87 (d, J = 16.3 Hz, 2H), 2.83 – 2.77 (m, 1H), 2.74 (d, J = 

14.0 Hz, 1H), 2.20 (dd, J = 8.5, 6.1 Hz, 1H), 1.40 (s, 9H), 1.08 (t, J = 5.7 Hz, 1H), 0.99 – 0.93 (m, 

1H). 

13C NMR (150 MHz, CDCl3) δ 155.94, 139.26, 138.35, 129.68, 128.81, 128.53, 128.47, 126.57, 

126.33, 79.11, 42.85, 41.77, 28.74, 28.53, 28.01, 14.75. 

HRMS (ESI-TOF) Calcd for C17H20N [M-Boc]: 238.1596; found: 238.1594. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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tert-Butyl (((1S,2R)-1-benzyl-2-(4-isopropylphenyl)cyclopropyl)methyl)carbamate (4c’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 23.0 mg, 61% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 5.04 min (minor) and 5.42 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.39 – 7.34 (m, 2H), 7.34 – 7.29 (m, 2H), 7.28 – 7.25 (m, 1H), 7.13 

(d, J = 7.8 Hz, 2H), 7.08 (d, J = 7.8 Hz, 2H), 4.29 (br s, 1H), 2.95 – 2.79 (m, 4H), 2.73 (d, J = 14.4 

Hz, 1H), 2.24 – 2.15 (m, 1H), 1.43 (s, 9H), 1.24 (d, J = 6.9 Hz, 6H), 1.08 (t, J = 5.7 Hz, 1H), 1.01 

– 0.93 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.98, 146.88, 139.39, 135.56, 129.64, 128.75, 128.51, 126.53, 

126.51, 79.05, 42.87, 41.86, 33.81, 28.54, 27.77, 24.14, 14.86 (1 carbon signal was not assigned 

due to overlaps). 

HRMS (ESI-TOF) Calcd for C20H26N [M-Boc]: 280.2065; found: 280.2065. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(4-(trifluoromethyl)phenyl)cyclopropyl)methyl)carbamate 

(4d’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 29.0 mg, 72% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (5% IPA/CO2, 2.0 mL/min) with retention 

time 5.01 min (minor) and 5.91 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.30 – 7.26 (m, 

3H), 7.23 (d, J = 8.0 Hz, 2H), 4.27 (br s, 1H), 2.94 (d, J = 14.0 Hz, 1H), 2.87 – 2.74 (m, 2H), 2.70 

(d, J = 14.0 Hz, 1H), 2.28 – 2.18 (m, 1H), 1.40 (s, 9H), 1.17 (t, J = 5.3 Hz, 1H), 1.08 – 0.99 (m, 

1H). 

13C NMR (150 MHz, CDCl3) δ 155.88, 142.69, 138.89, 129.59, 129.10, 128.66, 126.78, 125.35 

(q, J = 4.0 Hz), 124.37 (q, J = 271.9 Hz), 79.34, 42.72, 41.76, 29.34, 28.49, 27.83, 15.32. 

HRMS (ESI-TOF) Calcd for C18H19F3N [M-Boc]: 306.1470; found: 306.1476. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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Methyl 4-((1R,2S)-2-benzyl-2-(((tert-butoxycarbonyl)amino)methyl)cyclopropyl)benzoate 

(4e’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 18.0 mg, 46% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (20% IPA/CO2, 2.0 mL/min) with retention 

time 5.68 min (minor) and 6.42 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.93 (d, J = 8.2 Hz, 2H), 7.38 – 7.32 (m, 2H), 7.31 – 7.26 (m, 3H), 

7.20 (d, J = 8.1 Hz, 2H), 4.22 (br s, 1H), 3.89 (s, 3H), 2.95 – 2.83 (m, 2H), 2.82 – 2.73 (m, 2H), 

2.25 – 2.18 (m, 1H), 1.39 (s, 9H), 1.17 (t, J = 5.8 Hz, 1H), 1.07 – 0.99 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 167.09, 155.86, 144.11, 138.89, 129.75, 129.65, 128.73, 128.59, 

128.21, 126.71, 79.27, 52.15, 42.69, 41.67, 29.65, 28.49, 28.05, 15.21. 

HRMS (ESI-TOF) Calcd for C19H22NO2 [M-Boc]: 296.1651; found: 296.1651. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(4-fluorophenyl)cyclopropyl)methyl)carbamate (4f’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (toluene/EA) afforded 

the title compound (colorless oil, 18.0 mg, 51% yield, 97.5:2.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 4.36 min (minor) and 4.79 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.40 – 7.34 (m, 2H), 7.32 – 7.27 (m, 3H), 7.10 (dd, J = 8.0, 5.6 Hz, 

2H), 6.96 (t, J = 8.5 Hz, 2H), 4.28 (br s, 1H), 2.92 (d, J = 14.2 Hz, 1H), 2.88 – 2.77 (m, 2H), 2.71 

(d, J = 14.2 Hz, 1H), 2.24 – 2.15 (m, 1H), 1.43 (s, 9H), 1.07 (t, J = 5.7 Hz, 1H), 1.03 – 0.95 (m, 

1H). 

13C NMR (150 MHz, CDCl3) δ 161.58 (d, J = 244.9 Hz), 155.91, 139.18, 134.00, 130.27 (d, J = 

7.8 Hz), 129.61, 128.59, 126.65, 115.28 (d, J = 21.5 Hz), 79.22, 42.86, 41.72, 28.58, 28.52, 27.25, 

15.14. 

HRMS (ESI-TOF) Calcd for C17H19FN [M-Boc]: 256.1502; found: 256.1503. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(4-chlorophenyl)cyclopropyl)methyl)carbamate (4g’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (toluene/EA) afforded 

the title compound (colorless oil, 23.0 mg, 62% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 6.11 min (minor) and 6.76 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.33 (t, J = 7.6 Hz, 2H), 7.30 – 7.23 (m, 3H), 7.21 (d, J = 8.2 Hz, 

2H), 7.05 (d, J = 8.2 Hz, 2H), 4.25 (br s, 1H), 2.89 (d, J = 14.1 Hz, 1H), 2.85 – 2.76 (m, 2H), 2.70 

(d, J = 14.1 Hz, 1H), 2.20 – 2.10 (m, 1H), 1.40 (s, 9H), 1.06 (t, J = 5.7 Hz, 1H), 1.03 – 0.93 (m, 

1H). 

13C NMR (150 MHz, CDCl3) δ 155.90, 139.05, 136.93, 132.09, 130.15, 129.61, 128.59, 128.57, 

126.68, 79.26, 42.79, 41.69, 28.90, 28.52, 27.39, 15.08. 

HRMS (ESI-TOF) Calcd for C17H19ClN [M-Boc]: 272.1206; found: 272.1210. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(m-tolyl)cyclopropyl)methyl)carbamate (4h’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 24.0 mg, 68% yield, 97:3 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 5.05 min (minor) and 5.47 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.38 – 7.22 (m, 5H), 7.13 (t, J = 7.3 Hz, 1H), 7.03 – 6.88 (m, 3H), 

4.24 (br s, 1H), 2.96 – 2.70 (m, 4H), 2.30 (s, 3H), 2.17 – 2.10 (m, 1H), 1.40 (s, 9H), 1.05 (t, J = 

5.3 Hz, 1H), 0.97 – 0.90 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.94, 139.28, 138.26, 137.99, 129.71, 129.57, 128.49, 128.36, 

127.12, 126.53, 125.85, 79.06, 42.93, 41.72, 28.52, 27.87, 21.57, 14.64, 12.98. 

HRMS (ESI-TOF) Calcd for C18H22N [M-Boc]: 252.1752; found: 252.1751. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(3-(trifluoromethoxy)phenyl)cyclopropyl)methyl)carbamate 

(4i’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (toluene/EA)  afforded 

the title compound (colorless oil, 24.0 mg, 57% yield, 94.5:5.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (5% IPA/CO2, 2.0 mL/min) with retention 

time 4.52 min (minor) and 5.09 min (major). 

1H NMR (600 MHz, CDCl3) δ 7.37 – 7.31 (m, 2H), 7.31 – 7.23 (m, 4H), 7.12 – 7.01 (m, 2H), 6.99 

(s, 1H), 4.25 (br s, 1H), 2.90 (d, J = 14.1 Hz, 1H), 2.86 – 2.78 (m, 2H), 2.73 (d, J = 14.1 Hz, 1H), 

2.24 – 2.15 (m, 1H), 1.40 (s, 9H), 1.12 – 1.05 (m, 1H), 1.05 – 0.98 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.90, 149.40, 140.96, 138.92, 129.77, 129.62, 128.62, 127.08, 

126.73, 121.52, 120.58 (q, J = 257.3 Hz), 118.79, 79.27, 42.86, 41.56, 29.07, 28.48, 27.60, 15.13. 

HRMS (ESI-TOF) Calcd for C18H19F3NO [M-Boc]: 322.1419; found: 322.1425. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(3-nitrophenyl)cyclopropyl)methyl)carbamate (4j’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 19.5 mg, 51% yield, 96.5:3.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak OD column (10% IPA/CO2, 2.0 mL/min) with 

retention time 7.18 min (minor) and 7.74 min (major). 

1H NMR (600 MHz, CDCl3) δ 8.10 – 7.98 (m, 2H), 7.51 – 7.39 (m, 3H), 7.36 (t, J = 7.4 Hz, 2H), 

7.29 (d, J = 7.0 Hz, 2H), 4.31 (br s, 1H), 2.96 (d, J = 14.1 Hz, 1H), 2.92 – 2.83 (m, 1H), 2.81 – 

2.65 (m, 2H), 2.26 (t, J = 7.5 Hz, 1H), 1.39 (s, 9H), 1.21 (t, J = 5.7 Hz, 1H), 1.14 – 1.05 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.80, 148.36, 140.75, 138.63, 134.99, 129.57, 129.32, 128.72, 

126.89, 123.80, 121.48, 79.43, 42.80, 41.57, 29.34, 28.45, 27.46, 15.43. 

HRMS (ESI-TOF) Calcd for C17H19N2O2 [M-Boc]: 283.1447; found: 283.1446. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(2-fluoropyridin-4-yl)cyclopropyl)methyl)carbamate (4k’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 15.0 mg, 42% yield, 94.5:5.5 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention time 5.08 min 

(minor) and 5.78 min (major). 

1H NMR (600 MHz, CDCl3) δ 8.07 (d, J = 5.3 Hz, 1H), 7.35 (t, J = 7.5 Hz, 2H), 7.32 – 7.23 (m, 

3H), 6.94 (d, J = 5.3 Hz, 1H), 6.68 (s, 1H), 4.28 (br s, 1H), 2.94 (d, J = 13.9 Hz, 1H), 2.91 – 2.80 

(m, 2H), 2.73 (d, J = 13.9 Hz, 1H), 2.22 – 2.10 (m, 1H), 1.41 (s, 9H), 1.25 – 1.18 (m, 1H), 1.15 – 

1.06 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 164.20 (d, J = 238.6 Hz), 155.83, 154.10 (d, J = 7.0 Hz), 147.45 

(d, J = 15.8 Hz), 138.37, 129.55, 128.77, 126.98, 121.78, 109.36 (d, J = 37.1 Hz), 79.57, 42.40, 

41.66, 30.53, 28.48, 27.25 (d, J = 3.2 Hz), 15.75. 

HRMS (ESI-TOF) Calcd for C21H26FN2O2 [M+H]: 357.1978; found: 357.1982. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(2-chloropyridin-4-yl)cyclopropyl)methyl)carbamate (4l’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 17.0 mg, 46% yield, 96.5:3.5 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention time 6.03 min 

(minor) and 6.45 min (major). 

1H NMR (600 MHz, CDCl3) δ 8.23 (d, J = 5.1 Hz, 1H), 7.35 (t, J = 7.5 Hz, 2H), 7.28 (d, J = 7.5 

Hz, 1H), 7.28 – 7.22 (m, 2H), 7.10 (s, 1H), 6.97 (d, J = 5.2 Hz, 1H), 4.27 (br s, 1H), 2.93 (d, J = 

14.3 Hz, 1H), 2.90 – 2.79 (m, 2H), 2.74 (d, J = 14.3 Hz, 1H), 2.14 – 2.06 (m, 1H), 1.41 (s, 9H), 

1.24 – 1.19 (m, 1H), 1.08 (dd, J = 8.0, 5.7 Hz, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.82, 151.84, 151.55, 149.48, 138.31, 129.56, 128.77, 126.99, 

124.38, 122.70, 79.59, 42.48, 41.61, 30.52, 28.49, 27.02, 15.60. 

HRMS (ESI-TOF) Calcd for C21H26ClN2O2 [M+H]: 373.1683; found: 373.1683. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 

  



S76 

 

 

 

 

 

 

  



S77 

 

 

tert-Butyl (((1S,2R)-1-benzyl-2-(2,6-dichloropyridin-4-yl)cyclopropyl)methyl)carbamate 

(4m’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 15.0 mg, 37% yield, 95.5:4.5 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention time 3.68 min 

(minor) and 4.18 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.36 (t, J = 7.5 Hz, 2H), 7.32 – 7.26 (m, 1H), 7.23 (d, J = 7.5 Hz, 

2H), 7.01 (s, 2H), 4.30 (br s, 1H), 2.98 – 2.88 (m, 2H), 2.88 – 2.79 (m, 1H), 2.74 (d, J = 14.1 Hz, 

1H), 2.11 – 2.01 (m, 1H), 1.42 (s, 9H), 1.23 – 1.18 (m, 1H), 1.13 – 1.08 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.76, 154.29, 150.66, 138.02, 129.55, 128.84, 127.11, 123.00, 

79.72, 42.54, 41.47, 30.96, 28.48, 26.74, 15.91. 

HRMS (ESI-TOF) Calcd for C21H25Cl2N2O2 [M+H]: 407.1293; found: 407.1297. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(2-bromopyridin-4-yl)cyclopropyl)methyl)carbamate (4n’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 17.0 mg, 41% yield, 96.5:3.5 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention time 6.71 min 

(minor) and 7.14 min (major). 

1H NMR (600 MHz, CDCl3) δ 8.21 (d, J = 5.1 Hz, 1H), 7.35 (t, J = 7.5 Hz, 2H), 7.30 – 7.23 (m, 

4H), 6.99 (d, J = 4.6 Hz, 1H), 4.28 (br s, 1H), 2.92 (d, J = 14.2 Hz, 1H), 2.88 – 2.78 (m, 2H), 2.74 

(d, J = 14.2 Hz, 1H), 2.08 (t, J = 7.0 Hz, 1H), 1.41 (s, 9H), 1.23 – 1.18 (m, 1H), 1.10 – 1.04 (m, 

1H). 

13C NMR (150 MHz, CDCl3) δ 155.82, 151.31, 149.87, 142.59, 138.28, 129.56, 128.77, 128.19, 

126.99, 123.05, 79.59, 42.49, 41.58, 30.54, 28.49, 26.90, 15.59. 

HRMS (ESI-TOF) Calcd for C21H26BrN2O2 [M+H]: 417.1178; found: 417.1171. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(2-methoxypyridin-4-yl)cyclopropyl)methyl)carbamate (4o’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 16.0 mg, 43% yield, 97:3 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak OD column (10% IPA/CO2, 2.0 mL/min) with retention time 6.21 min 

(major) and 6.71 min (minor). 

1H NMR (600 MHz, CDCl3) δ 8.01 (d, J = 5.3 Hz, 1H), 7.34 (t, J = 7.5 Hz, 2H), 7.28 – 7.24 (m, 

3H), 6.66 (d, J = 5.3 Hz, 1H), 6.49 (s, 1H), 4.24 (br s, 1H), 3.90 (s, 3H), 2.94 (dd, J = 14.3, 6.8 Hz, 

1H), 2.89 (d, J = 14.1 Hz, 1H), 2.85 – 2.78 (m, 1H), 2.74 (d, J = 14.1 Hz, 1H), 2.08 (t, J = 7.3 Hz, 

1H), 1.40 (s, 9H), 1.13 (t, J = 5.9 Hz, 1H), 1.04 – 0.97 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 164.60, 155.87, 150.67, 146.71, 138.67, 129.64, 128.65, 126.79, 

117.69, 110.47, 79.36, 53.48, 42.52, 41.61, 29.82, 28.50, 27.21, 15.07. 

HRMS (ESI-TOF) Calcd for C22H29N2O3 [M+H]: 369.2178; found: 369.2172. 

The absolute stereochemistry was assigned by analogy to compound 3t’.
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tert-Butyl (((1S,2R)-1-benzyl-2-(2-(trifluoromethyl)pyridin-4-

yl)cyclopropyl)methyl)carbamate (4p’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 16.0 mg, 39% yield, 96.5:3.5 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention time 6.23 min 

(minor) and 7.44 min (major). 

1H NMR (600 MHz, CDCl3) δ 8.58 (d, J = 5.1 Hz, 1H), 7.45 (s, 1H), 7.39 – 7.33 (m, 2H), 7.31 – 

7.25 (m, 3H), 7.22 (d, J = 4.9 Hz, 1H), 4.27 (br s, 1H), 2.96 (d, J = 14.1 Hz, 1H), 2.92 – 2.85 (m, 

1H), 2.85 – 2.78 (m, 1H), 2.76 (d, J = 14.1 Hz, 1H), 2.26 – 2.12 (m, 1H), 1.39 (s, 9H), 1.32 – 1.27 

(m, 1H), 1.18 – 1.11 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.79, 150.23, 149.94, 148.29 (q, J = 33.9 Hz), 138.26, 129.53, 

128.81, 127.06, 126.23, 121.69 (q, J = 274.4 Hz), 120.93, 79.62, 42.44, 41.71, 30.74, 28.45, 27.31, 

15.80. 

HRMS (ESI-TOF) Calcd for C22H26F3N2O2 [M+H]: 407.1946; found: 407.1941. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2S)-1-benzyl-2-(6-(trifluoromethyl)pyridin-3-

yl)cyclopropyl)methyl)carbamate (4q’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 21.0 mg, 52% yield, 95.5:4.5 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak IC column (20% IPA/CO2, 2.0 mL/min) with retention time 3.07 min 

(minor) and 6.06 min (major).  

1H NMR (600 MHz, CDCl3) δ 8.54 (s, 1H), 7.57 (s, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.31 – 7.22 (m, 

3H), 4.34 (br s, 1H), 3.00 (d, J = 14.3 Hz, 1H), 2.86 (dd, J = 14.9, 4.8 Hz, 1H), 2.76 – 2.63 (m, 

2H), 2.24 (t, J = 7.5 Hz, 1H), 1.39 (s, 9H), 1.29 – 1.24 (m, 1H), 1.18 – 1.10 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 158.86, 155.82, 151.08, 146.11 (q, J = 35.4 Hz), 138.53, 136.81, 

129.44, 128.83, 127.02, 121.79 (q, J = 274.1 Hz), 120.12, 79.58, 42.52, 41.80, 29.83, 28.47, 25.35, 

15.54. 

HRMS (ESI-TOF) Calcd for C22H26F3N2O2 [M+H]: 407.1946; found: 407.1937. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2S)-1-benzyl-2-(6-(trifluoromethyl)pyridin-2-

yl)cyclopropyl)methyl)carbamate (4r’) 

Following General Procedure A on 0.1 mmol scale by using Pd(OAc)2 (15 mol%, 3.4 mg) and 

ligand L6 (15 mol%, 3.6 mg). Purification by pTLC (hexane/EA) afforded the title compound 

(colorless oil, 25.0 mg, 62% yield, 97.5:2.5 er). The enantiomeric purity was determined by SFC 

analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention time 3.72 min 

(major) and 4.07 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.77 (t, J = 7.8 Hz, 1H), 7.50 (d, J = 7.7 Hz, 1H), 7.42 (d, J = 8.2 

Hz, 1H), 7.37 – 7.29 (m, 3H), 7.29 – 7.22 (m, 2H), 4.97 (br s, 1H), 3.39 (dd, J = 14.1, 7.4 Hz, 1H), 

3.04 (d, J = 14.2 Hz, 1H), 2.81 (d, J = 14.2 Hz, 1H), 2.79 – 2.72 (m, 1H), 2.30 – 2.21 (m, 1H), 

1.44 (s, 9H), 1.37 – 1.32 (m, 1H), 1.21 – 1.14 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 160.60, 156.08, 147.55 (q, J = 34.3 Hz), 138.69, 137.63, 129.83, 

128.51, 126.96, 126.62, 121.60 (q, J = 274.5 Hz), 117.77, 78.95, 42.18, 41.60, 30.93, 29.26, 28.50, 

16.55. 

HRMS (ESI-TOF) Calcd for C22H26F3N2O2 [M+H]: 407.1946; found: 407.1942. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1S,2R)-1-benzyl-2-(1-tosyl-1H-indol-5-yl)cyclopropyl)methyl)carbamate (4s’) 

Following General Procedure A on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 27.0 mg, 51% yield, 96.5:3.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention 

time 8.82 min (minor) and 9.30 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.83 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 3.7 

Hz, 1H), 7.34 (t, J = 7.6 Hz, 2H), 7.31 – 7.26 (m, 2H), 7.26 – 7.19 (m, 4H), 7.08 (d, J = 8.8 Hz, 

1H), 6.55 (d, J = 3.5 Hz, 1H), 4.24 (br s, 1H), 2.91 (d, J = 15.0 Hz, 1H), 2.86 – 2.77 (m, 1H), 2.76 

– 2.63 (m, 2H), 2.33 (s, 3H), 2.25 (dd, J = 8.6, 6.0 Hz, 1H), 1.38 (s, 9H), 1.07 (t, J = 6.0 Hz, 1H), 

1.00 – 0.94 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.93, 145.01, 139.28, 135.43, 133.56, 133.44, 131.04, 130.05, 

129.65, 128.54, 126.92, 126.70, 126.59, 126.02, 121.08, 113.37, 108.98, 79.14, 42.98, 41.70, 28.58, 

28.50, 27.85, 21.71, 15.08. 

HRMS (ESI-TOF) Calcd for C26H27N2O2S [M-Boc]: 431.1793; found: 431.1783. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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General procedure for γ-C(sp3)–H carbonylation 

 

General Procedure B: In the culture tube, Pd(OAc)2 (15 mol%, 3.4 mg), ligand L6 (15 mol%, 

3.6 mg), Mo(CO)6 (0.3 equiv., 7.9 mg), Ag2O (2.0 equiv., 46.3 mg), NaOAc (1.0 equiv., 8.2 mg), 

and free aliphatic amine 1 (0.1 mmol) in order were weighed in air and placed with a magnetic stir 

bar. Then HFIP (0.1 mL) were added. The reaction mixture was stirred at rt for 3 min, and then 

heated to 90 oC for 12 h (150 rpm). After being allowed to cool to room temperature, the mixture 

was diluted with DCM, filtered through a Celite plug, and concentrated in vacuo. The crude 

mixture was purified by pTLC (hexane/EA) to afford the corresponding γ-lactam product. 
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Substrate scope for γ-C(sp3)–H carbonylation 

 

(1S,5S)-5-Benzyl-3-azabicyclo[3.1.0]hexan-2-one (5a) 

Following General Procedure B on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 8.5 mg, 45% yield, 89.5:10.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (20% IPA/CO2, 2.0 mL/min) with 

retention time 3.78 min (minor) and 4.14 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.36 – 7.28 (m, 2H), 7.26 – 7.22 (m, 1H), 7.21 – 7.14 (m, 2H), 5.18 

(br s, 1H), 3.33 (d, J = 9.9 Hz, 1H), 3.27 (d, J = 9.9 Hz, 1H), 3.00 (d, J = 14.6 Hz, 1H), 2.84 (d, J 

= 14.6 Hz, 1H), 1.79 – 1.71 (m, 1H), 1.19 (dd, J = 8.8, 4.6 Hz, 1H), 0.95 – 0.89 (m, 1H).  

13C NMR (150 MHz, CDCl3) δ 178.47, 138.13, 129.00, 128.77, 126.92, 47.61, 39.34, 27.82, 24.68, 

18.38. 

HRMS (ESI-TOF) Calcd for C12H14NO [M+H]: 188.1075; found: 188.1078. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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(1S,5R)-3-(2,6-Difluorobenzyl)-3-azabicyclo[3.1.0]hexan-2-one (5b) 

Following General Procedure B on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 10.0 mg, 45% yield, 95:5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention 

time 8.36 min (major) and 9.71 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.30 – 7.24 (m, 1H), 6.95 – 6.87 (m, 2H), 4.57 (d, J = 14.4 Hz, 1H), 

4.45 (d, J = 14.4 Hz, 1H), 3.42 (dd, J = 10.4, 5.9 Hz, 1H), 3.19 (d, J = 10.4 Hz, 1H), 1.99 – 1.91 

(m, 1H), 1.85 – 1.77 (m, 1H), 1.08 (td, J = 7.9, 4.7 Hz, 1H), 0.58 – 0.51 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 174.47, 161.82 (dd, J = 249.9, 7.8 Hz), 129.88 (t, J = 10.3 Hz), 

112.26 (t, J = 19.4 Hz), 111.52 (dd, J = 20.9, 5.0 Hz), 48.45, 33.72 (t, J = 3.8 Hz), 20.12, 12.64, 

11.78. 

HRMS (ESI-TOF) Calcd for C12H12F2NO [M+H]: 224.0887; found: 224.0890. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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(1S,5R)-3-(2,6-Dichlorobenzyl)-3-azabicyclo[3.1.0]hexan-2-one (5c) 

Following General Procedure B on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 11.0 mg, 43% yield, 97:3 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AS column (20% IPA/CO2, 2.0 mL/min) with retention 

time 6.30 min (minor) and 7.25 min (major).  

1H NMR (600 MHz, CDCl3) δ 7.32 (d, J = 8.0 Hz, 2H), 7.19 (t, J = 8.0 Hz, 1H), 4.85 (d, J = 14.1 

Hz, 1H), 4.56 (d, J = 14.1 Hz, 1H), 3.36 (dd, J = 10.2, 5.9 Hz, 1H), 2.98 (dd, J = 10.2, 1.7 Hz, 1H), 

1.98 – 1.90 (m, 1H), 1.82 – 1.70 (m, 1H), 1.04 (td, J = 8.0, 4.6 Hz, 1H), 0.60 – 0.51 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 174.36, 136.66, 131.78, 129.81, 128.62, 47.75, 41.33, 20.16, 12.61, 

11.79. 

HRMS (ESI-TOF) Calcd for C12H12Cl2NO [M+H]: 256.0296; found: 256.0299. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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(1S,5R)-3-(2,6-Dimethylbenzyl)-3-azabicyclo[3.1.0]hexan-2-one (5d) 

Following General Procedure B on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 13.5 mg, 63% yield, 95:5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention 

time 8.52 min (major) and 9.32 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.09 (t, J = 7.5 Hz, 1H), 7.01 (d, J = 7.5 Hz, 2H), 4.54 (d, J = 14.4 

Hz, 1H), 4.35 (d, J = 14.4 Hz, 1H), 3.24 (dd, J = 10.3, 6.0 Hz, 1H), 2.94 (dd, J = 10.3, 1.8 Hz, 1H), 

2.29 (s, 6H), 1.98 – 1.91 (m, 1H), 1.79 – 1.71 (m, 1H), 1.04 (td, J = 8.0, 4.8 Hz, 1H), 0.51 – 0.45 

(m, 1H). 

13C NMR (150 MHz, CDCl3) δ 174.41, 137.81, 132.40, 128.57, 127.83, 47.85, 40.17, 20.39, 20.09, 

12.77, 11.81. 

HRMS (ESI-TOF) Calcd for C14H18NO [M+H]: 216.1388; found: 216.1392. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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(1S,5R)-3-(3-Phenylpropyl)-3-azabicyclo[3.1.0]hexan-2-one (5e) 

Following General Procedure B on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 7.0 mg, 33% yield, 93:7 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (30% IPA/CO2, 2.0 mL/min) with retention 

time 8.80 min (major) and 10.91 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.36 – 7.27 (m, 2H), 7.25 – 7.13 (m, 3H), 3.52 (dd, J = 10.2, 5.9 

Hz, 1H), 3.33 – 3.24 (m, 2H), 3.24 – 3.16 (m, 1H), 2.61 (t, J = 7.9 Hz, 2H), 1.97 – 1.91 (m, 1H), 

1.88 – 1.74 (m, 3H), 1.11 (td, J = 8.0, 4.7 Hz, 1H), 0.59 – 0.52 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 175.15, 141.62, 128.57, 128.45, 126.11, 49.26, 41.99, 33.28, 29.44, 

20.60, 12.83, 11.90. 

HRMS (ESI-TOF) Calcd for C14H18NO [M+H]: 216.1388; found: 216.1393. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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General procedure for γ-C(sp3)–H olefination 

 

General Procedure C: In the culture tube, Pd(OAc)2 (15 mol%, 3.4 mg), ligand L6 (15 mol%, 

3.6 mg), pentafluorostyrene (3.0 equiv., ), Ag2O (2.0 equiv., 46.3 mg), and free aliphatic amine 1 

(0.1 mmol) in order were weighed in air and placed with a magnetic stir bar. Then HFIP (0.1 mL) 

were added. The reaction mixture was stirred at rt for 3 min, and then heated to 90 oC for 6 h (150 

rpm). After being allowed to cool to room temperature, the mixture was diluted with DCM, filtered 

through a Celite plug, and concentrated in vacuo. When using secondary amine as substrate, the 

resulting mixture was purified by pTLC (hexane/EA) to afford the corresponding γ-olefination 

product. When using primary amine as substrate, the resulting mixture was dissolved in DCM (1.0 

mL) and treated with Boc2O (2.0 equiv., 46 μL) (HFIP residue can catalyze Boc protection of free 

amines6). After being stirred at rt for 1 h, the crude mixture was concentrated in vacuo and purified 

by pTLC (hexane/EA or toluene/EA) to afford the corresponding Boc-protected amine. 

  



S103 

 

Substrate scope for γ-C(sp3)–H olefination 

 

tert-Butyl (((1R,2R)-2-((E)-2-(perfluorophenyl)vinyl)cyclopropyl)methyl)carbamate (6a’) 

Following General Procedure C on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 14.0 mg, 39% yield, 95.5:4.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak IC column (10% IPA/CO2, 2.0 mL/min) with retention 

time 3.82 min (minor) and 5.73 min (major). 

1H NMR (600 MHz, CDCl3) δ 6.42 (d, J = 16.2 Hz, 1H), 6.27 (dd, J = 16.2, 9.2 Hz, 1H), 4.58 (br 

s, 1H), 3.50 – 3.38 (m, 1H), 3.06 – 2.95 (m, 1H), 1.81 – 1.71 (m, 1H), 1.43 (s, 10H), 1.13 (td, J = 

8.2, 5.2 Hz, 1H), 0.66 – 0.59 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.83, 139.61, 114.56, 79.50, 41.10, 28.52, 20.62, 20.24, 13.04. 

HRMS (ESI-TOF) Calcd for C12H11F5N [M-Boc]: 264.0812; found: 264.0814. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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tert-Butyl (((1R,2R)-1-isopentyl-2-((E)-2-

(perfluorophenyl)vinyl)cyclopropyl)methyl)carbamate (6b’) 

Following General Procedure C on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 15.0 mg, 33% yield, 94:6 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (3% IPA/CO2, 2.0 mL/min) with retention 

time 2.69 min (minor) and 2.91 min (major). 

1H NMR (600 MHz, CDCl3) δ 6.42 (d, J = 16.1 Hz, 1H), 6.37 – 6.21 (m, 1H), 4.47 (br s, 1H), 3.60 

– 3.42 (m, 1H), 3.07 – 2.89 (m, 1H), 1.63 – 1.53 (m, 4H), 1.45 (s, 9H), 1.40 – 1.32 (m, 1H), 1.26 

– 1.17 (m, 1H), 1.00 – 0.94 (m, 1H), 0.91 (d, J = 6.2 Hz, 6H), 0.79 (s, 1H). 

13C NMR (150 MHz, CDCl3) δ 155.93, 140.15, 114.27, 79.39, 42.90, 35.28, 34.00, 29.75, 28.50, 

28.36, 27.58, 22.78, 22.62, 20.27. 

HRMS (ESI-TOF) Calcd for C17H21F5N [M-Boc]: 334.1594; found: 334.1595. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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N-(2,6-Difluorobenzyl)-1-((1R,2R)-2-((E)-2-

(perfluorophenyl)vinyl)cyclopropyl)methanamine (6c) 

Following General Procedure C on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 20.0 mg, 51% yield, 96:4 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (10% IPA/CO2, 2.0 mL/min) with 

retention time 2.41 min (major) and 3.06 min (minor).  

1H NMR (600 MHz, CDCl3) δ 7.21 – 7.13 (m, 1H), 6.80 (t, J = 7.7 Hz, 2H), 6.38 (d, J = 16.2 Hz, 

1H), 6.15 (dd, J = 16.2, 9.5 Hz, 1H), 3.92 (d, J = 13.1 Hz, 1H), 3.85 (d, J = 13.1 Hz, 1H), 2.86 (dd, 

J = 12.2, 5.9 Hz, 1H), 2.50 – 2.44 (m, 1H), 1.76 – 1.67 (m, 1H), 1.47 – 1.41 (m, 1H), 1.11 (td, J = 

8.2, 5.0 Hz, 1H), 0.59 – 0.53 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 161.81 (dd, J = 247.3, 8.6 Hz), 140.00, 128.91 (t, J = 10.3 Hz), 

115.84 (t, J = 20.6 Hz), 114.12, 111.23 (dd, J = 20.9, 5.4 Hz), 49.10, 40.70, 20.59, 20.45, 13.28. 

HRMS (ESI-TOF) Calcd for C19H15F7N [M+H]: 390.1093; found: 390.1092. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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N-(2,6-Difluorobenzyl)-1-((1R,2R)-2-((E)-2-

(perfluorophenyl)vinyl)cyclopropyl)methanamine (6d) 

Following General Procedure C on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 17.0 mg, 40% yield, 98.5:1.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (10% IPA/CO2, 2.0 mL/min) with 

retention time 3.43 min (major) and 4.67 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.20 (d, J = 8.2 Hz, 2H), 7.10 (dd, J = 8.2, 7.5 Hz, 1H), 6.38 (d, J 

= 16.2 Hz, 1H), 6.13 (dd, J = 16.2, 9.5 Hz, 1H), 4.08 (s, 2H), 2.97 (dd, J = 12.2, 5.6 Hz, 1H), 2.43 

(dd, J = 12.2, 9.1 Hz, 1H), 1.76 – 1.66 (m, 1H), 1.51 – 1.43 (m, 1H), 1.12 (td, J = 8.2, 5.1 Hz, 1H), 

0.60 – 0.51 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 139.95, 135.97, 135.62, 128.95, 128.41, 114.18, 48.99, 48.36, 

20.76, 20.48, 13.29. 

HRMS (ESI-TOF) Calcd for C19H15F5Cl2N [M+H]: 422.0502; found: 422.0500. 

The absolute stereochemistry was assigned by analogy to compound 3t’.  
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N-(2,6-Dimethylbenzyl)-1-((1R,2R)-2-((E)-2-

(perfluorophenyl)vinyl)cyclopropyl)methanamine (6e) 

Following General Procedure C on 0.1 mmol scale. Purification by pTLC (hexane/EA) afforded 

the title compound (colorless oil, 11.5 mg, 30% yield, 98.5:1.5 er). The enantiomeric purity was 

determined by SFC analysis on a Chiralpak AD column (30% IPA/CO2, 2.0 mL/min) with 

retention time 2.55 min (major) and 5.54 min (minor). 

1H NMR (600 MHz, CDCl3) δ 7.05 – 6.98 (m, 1H), 6.95 (d, J = 7.5 Hz, 2H), 6.39 (d, J = 16.1 Hz, 

1H), 6.26 (dd, J = 16.1, 9.5 Hz, 1H), 3.79 (d, J = 12.0 Hz, 1H), 3.75 (d, J = 12.0 Hz, 1H), 2.97 (dd, 

J = 12.3, 5.9 Hz, 1H), 2.59 (dd, J = 12.3, 8.7 Hz, 1H), 2.32 (s, 6H), 1.78 – 1.69 (m, 1H), 1.52 – 

1.45 (m, 1H), 1.14 (td, J = 8.2, 4.9 Hz, 1H), 0.64 – 0.57 (m, 1H). 

13C NMR (150 MHz, CDCl3) δ 140.40, 136.95, 136.54, 128.34, 127.11, 113.97, 50.22, 47.74, 

20.82, 20.70, 19.53, 13.41. 

HRMS (ESI-TOF) Calcd for C21H21F5N [M+H]: 382.1594; found: 382.1593. 

The absolute stereochemistry was assigned by analogy to compound 3t’. 
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