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1. General 

All reactions were carried out under an atmosphere of nitrogen using the standard Schlenk 

techniques, unless otherwise noted. Commercially available reagents were used without further 

purification. Solvents were treated prior to use according to the standard methods. 1H NMR, 13C 

NMR and 19F NMR spectra were recorded at room temperature in CDCl3 on 400 MHz instrument 

with tetramethylsilane (TMS) as internal standard. Optical rotations were measured with MCP 200 

polarimeter. Flash column chromatography was performed on silica gel (200-300 mesh). All 

reactions were monitored by TLC analysis. N-protected pyrroles 1 could be synthesized according 

to the known literature procedures.1 The α-aryl-α-diazoactates 2 were synthesized from the 

corresponding arylacetates according to the known literature procedures.2,3 

2. Pd-Catalyzed Enantioselective C-H Functionalization of Pyrroles 

 

General Procedure: The powdered Pd(PhCN)2Cl2 (3.8 mg, 0.01 mmol, 5 mol%), (Ra,S,S)- 

C3-ACBP L1 (3.1 mg, 0.012 mmol, 6 mol%), NaBArF (21.3 mg, 0.024 mmol, 12 mol%) and 200 

mg 5Å molecular sieves were introduced into an oven-dried Schlenk tube under nitrogen. After 

benzotrifluoride (2.0 mL) was injected into the Schlenk tube, the solution was stirred at 40 oC 

under nitrogen for 2 h. Protected pyrroles 1 (0.30 mmol) and α-diazoactates 2 (0.20 mmol) was 

then introduced in one portion. The resulting mixture was stirred at 40 oC until the full 

consumption of 2. After filtrating and removing the solvent in vacuum, flash chromatography on 

silica gel using hexanes/ethyl acetate (40/1) as the eluent gave the products 3. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-phenylacetate (3aa): 71 mg, 86% 

yield, 86% ee, []20
D = -7.61 (c 1.42, CHCl3), new compound, yellow oil, Rf = 0.30 (hexanes/ 

ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.40-7.34 (m, 2H), 

7.32-7.19 (m, 11H), 6.85 (d, J = 7.2 Hz, 2H), 5.95 (s, 1H), 5.17 (s, 2H), 

4.97-4.95 (m, 3H), 2.10 (s, 3H), 1.99 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

173.4, 139.9, 138.4, 136.2, 128.8, 128.5, 128.4, 128.1, 128.0, 127.3, 127.1, 

126.8, 125.7, 124.9, 115.8, 106.4, 66.5, 49.4, 46.9, 12.4, 10.2; HPLC: Chiralcel OD-H column, 

254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 9.7 min (maj) and 

10.9 min; HRMS calculated for C28H28NO2 [M+H]+ 410.2115, found 410.2117. 

Benzyl (R)-2-(1-benzyl-2,5-diethyl-1H-pyrrol-3-yl)-2-phenylacetate (3ba): 72 mg, 82% 

yield, 62% ee, []20
D = -10.40 (c 1.24, CHCl3), new compound, yellow oil, Rf = 0.30 (hexanes/ 

ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 7.6 Hz, 2H), 

7.32-7.15 (m, 11H), 6.82 (d, J = 7.4 Hz, 2H), 6.02 (s, 1H), 5.18 (s, 2H), 4.99 

(s, 3H), 2.53-2.34 (m, 4H), 1.14 (t, J = 7.5 Hz, 3H), 0.85 (t, J = 7.5 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 173.6, 140.4, 139.0, 136.4, 133.7, 131.2, 

128.8, 128.6, 128.5, 128.1, 127.1, 126.9, 125.7, 125.6, 115.5, 104.7, 66.6, 49.5, 46.7, 19.8, 17.9, 

15.4, 12.6; HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 
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0.7 mL/min, retention time 7.0 min (maj) and 9.2 min; HRMS Calculated for C30H32NO2 [M+H]+ 

438.2428, found 438.2430. 

Benzyl (R)-2-(1-benzyl-2,5-diphenyl-1H-pyrrol-3-yl)-2-phenylacetate (3ca): 87 mg, 82% 

yield, 72% ee, []20
D = -1.09 (c 1.74, CHCl3), new compound, yellow oil, Rf = 0.30 (hexanes/ 

ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.45-7.24 (m, 18H), 

7.22-7.16 (m, 2H), 7.16-7.07 (m, 3H), 6.73-6.63 (m, 2H), 6.59 (s, 1H), 

5.23-5.13 (m, 4H), 4.93 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 173.2, 140.2, 

139.3, 136.3, 135.4, 134.2, 133.6, 132.1, 131.2, 129.1, 128.6, 128.5, 128.5, 

128.5, 128.4, 128.4, 128.1, 128.1, 127.9, 127.1, 127.0, 126.9, 126.1, 119.6, 110.0, 66.6, 49.4, 48.8; 

HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 98/02, flow = 0.6 mL/min, 

retention time 15.0 min and 16.1 min (maj); HRMS Calculated for C38H32NO2 [M+H]+ 534.2428, 

found 534.2427. 

Benzyl (R)-2-(1-(4-methoxyphenyl)-2,5-dimethyl-1H-pyrrol-3-yl)-2-phenylacetate (3da): 

71 mg, 84% yield, 46% ee, []20
D = +4.36 (c 1.40, CHCl3), new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.44-7.38 (m, 

2H), 7.33-7.27 (m, 7H), 7.25-7.21 (m, 1H), 7.08 (d, J = 8.3 Hz, 2H), 

6.96-6.90 (m, 2H), 5.98 (s, 1H), 5.17 (s, 2H), 4.95 (s, 1H), 3.82 (s, 3H), 

1.96 (s, 3H), 1.89 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.4, 159.0, 

140.0, 136.4, 131.9, 129.5, 128.6, 128.6, 128.5, 128.3, 128.2, 128.2, 126.9, 126.0, 115.9, 114.3, 

106.3, 66.7, 55.6, 49.7, 13.1, 11.0; HPLC: Chiralcel OD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 95/05, flow = 0.7 mL/min, retention time 12.1 min (maj) and 13.1 min; 

HRMS Calculated for C28H28NO3 [M+H]+ 426.2064, found 426.2065. 

Ethyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-phenylacetate (3ab):: 60 mg, 86% 

yield, 86% ee, []20
D = -4.44 (c 2.41, CHCl3), new compound, yellow solid, m.p. 58-59 oC; Rf = 

0.40 (hexanes/ethyl acetate 20/1), 1H NMR (400 MHz, CDCl3) δ 7.45-7.34 

(m, 2H), 7.31-7.18 (m, 6H), 6.85 (d, J = 7.2 Hz, 2H), 5.97 (s, 1H), 4.96 (s, 

2H), 4.89 (s, 1H), 4.18 (qd, J = 7.1, 0.8 Hz, 2H), 2.10 (s, 3H), 2.01 (s, 3H), 

1.24 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.6, 140.3, 138.5, 

128.8, 128.4, 127.3, 127.1, 126.8, 125.8, 124.9, 116.1, 106.5, 60.9, 49.6, 47.0, 14.4, 12.5, 10.3; 

HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 

retention time 7.9 min (maj) and 8.5 min. HRMS Calculated for C23H26NO2 [M+H]+ 348.1958, 

found 348.1957. 

Isopropyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-phenylacetate (3ac): 66 mg, 91% 

yield, 87% ee, []20
D = -2.71 (c 1.44, CHCl3), new compound, yellow oil, Rf = 0.40 (hexanes 

/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.39-7.17 (m, 8H), 6.85 

(d, J = 7.5 Hz, 2H), 5.95 (s, 1H), 5.09-5.00 (m, 1H), 4.99 (s, 2H), 4.85 (s, 

1H), 2.10 (s, 3H), 2.01 (s, 3H), 1.22 (dd, J = 6.3, 2.5 Hz, 6H); 13C NMR 

(100 MHz, CDCl3) δ 173.1, 140.4, 138.7, 128.9, 128.5, 128.4, 127.2, 127.2, 

126.7, 125.8, 124.9, 116.3, 106.6, 68.2, 49.8, 47.0, 22.0, 21.9, 12.5, 10.3; HPLC: Chiralcel OD-H 

column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 6.3 min 

and 7.0 min (maj). HRMS Calculated for C24H28NO2 [M+H]+ 362.2115, found 362.2114. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(p-tolyl)acetate (3ad): 73 mg, 86% 

yield, 86% ee, []20
D = -3.10 (c 1.00, CHCl3), new compound, yellow oil, Rf = 0.30 (hexanes/ethyl 
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acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.44-7.15 (m, 10H), 7.09 (d, J = 7.8 Hz, 2H), 6.84 (d, 

J = 7.4 Hz, 2H), 5.95 (s, 1H), 5.16 (s, 2H), 4.94-4.92 (m, 3H), 2.30 (s, 3H), 

2.08 (s, 3H), 1.98 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.6, 138.6, 

137.1, 136.4, 136.4, 129.2, 128.8, 128.5, 128.4, 128.2, 128.1, 127.3, 127.1, 

125.8, 124.8, 116.1, 106.6, 66.6, 49.2, 47.0, 21.2, 12.5, 10.3; HPLC: 

Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 

retention time 8.4 (maj) min and 9.7 min; HRMS Calculated for C29H30NO2 [M+H]+ 424.2271, 

found 424.2272. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(4-methoxyphenyl)acetate (3ae): 82 

mg, 93% yield, 82% ee, []20
D = -5.59 (c 1.70, CHCl3), new compound, yellow oil, Rf = 0.20 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.35-7.15 

(m, 10H), 6.85-6.82 (m, 4H), 5.94 (s, 1H), 5.16 (s, 2H), 4.95 (s, 2H), 

4.90 (s, 1H), 3.75 (s, 3H), 2.09 (s, 3H), 1.98 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 173.7, 158.6, 138.5, 136.4, 132.3, 129.5, 128.9, 128.6, 

128.2, 128.1, 127.3, 127.1, 125.8, 124.8, 116.2, 113.9, 106.5, 66.6, 55.4, 48.7, 47.0, 12.5, 10.3; 

HPLC: Chiralcel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 

retention time 11.6 min (maj) and 13.6 min. HRMS Calculated for C29H30NO3 [M+H]+ 440.2220, 

found 440.2220. 

Benzyl (R)-2-([1,1'-biphenyl]-4-yl)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)acetate (3af): 

88 mg, 91% yield, 90% ee, []20
D = +11.09 (c 1.74, CHCl3) new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.59-7.51 (m, 

4H), 7.46-7.37 (m, 4H), 7.32-7.17 (m, 9H), 6.85 (d, J = 7.0 Hz, 2H), 6.01 

(s, 1H), 5.19 (s, 2H), 5.00 (s, 1H), 4.96 (s, 2H), 2.10 (s, 3H), 2.02 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 173.5, 141.1, 139.8, 139.1, 138.5, 136.3, 

128.9, 128.9, 128.6, 128.2, 128.2, 127.5, 127.3, 127.2, 127.2, 125.8, 125.0, 115.8, 106.5, 66.7, 

49.2, 47.0, 12.5, 10.3; HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 

90/10, flow = 0.7 mL/min, retention time 14.5 (maj) min and 18.2 min. HRMS Calculated for 

C34H32NO2 [M+H]+ 486.2428, found 486.2430. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(4-fluorophenyl)acetate (3ag): 75 

mg, 88% yield, 84% ee, []20
D = -18.46 (c 1.56, CHCl3) new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.42-7.06 (m, 

10H), 6.96-6.92 (m, 2H), 6.82 (d, J = 7.3 Hz, 2H), 5.91 (s, 1H), 5.14 (s, 

2H), 4.94-4.91 (m, 3H), 2.08 (s, 3H), 1.96 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 173.4, 161.9 (d, JC-F = 243.3 Hz), 138.4, 136.2, 135.8 (d, JC-F = 

3.2 Hz), 130.1 (d, JC-F = 7.9 Hz), 128.9, 128.6, 128.3, 127.5, 127.2, 125.8, 125.0, 115.3 (d, JC-F = 

21.2 Hz), 115.2, 106.3, 66.8, 48.8, 47.0, 12.5, 10.3; 19F NMR (376 MHz, CDCl3) δ -116.35. HPLC: 

Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 

retention time 8.7 (maj) min and 10.0 min. HRMS Calculated for C28H27FNO2 [M+H]+ 428.2020, 

found 428.2022. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(4-chlorophenyl)acetate (3ah): 75 

mg, 84% yield, 88% ee, []20
D = -8.61 (c 1.58, CHCl3) new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.47-7.11 (m, 12H), 6.84 (d, J = 7.3 

Hz, 2H), 5.91 (s, 1H), 5.16 (s, 2H), 4.96 (s, 2H), 4.91 (s, 1H), 2.10 (s, 3H), 1.97 (s, 3H); 13C NMR 
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(100 MHz, CDCl3) δ 173.1, 138.6, 138.4, 136.1, 132.7, 129.9, 128.9, 

128.6, 128.3, 127.6, 127.2, 125.7, 125.0, 115.5, 106.3, 66.8, 48.9, 47.0, 

12.5, 10.3; HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/ 

i-propanol = 80/20, flow = 0.7 mL/min, retention time 9.4 min (maj) and 

10.5 min. HRMS Calculated for C28H27ClNO2 [M+H]+ 444.1725, found 444.1725. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(4-bromophenyl)acetate (3ai): 81 

mg, 83% yield, 88% ee, []20
D = -2.99 (c 1.37, CHCl3) new compound, yellow oil, Rf = 0.35 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 

8.4 Hz, 2H), 7.37-7.22 (m, 10H), 6.89 (d, J = 7.3 Hz, 2H), 5.95 (s, 1H), 

5.21 (s, 2H), 5.01 (s, 2H), 4.94 (s, 1H), 2.15 (s, 3H), 2.02 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 172.9, 139.0, 138.3, 136.0, 131.5, 130.2, 

128.8, 128.5, 128.2, 127.5, 127.1, 125.62, 124.9, 120.8, 115.3, 106.2, 66.7, 48.9, 46.9, 12.4, 10.2; 

HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 

retention time 9.2 min (maj) and 10.6 min. HRMS Calculated for C28H27BrNO2 [M+H]+ 488.1220, 

found 488.1219. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(m-tolyl)acetate (3aj): 74 mg, 87% 

yield, 82% ee, []20
D = -1.10 (c 1.00, CHCl3), new compound, yellow oil, Rf = 0.30 (hexanes/ 

ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.40-7.09 (m, 11H), 7.02 

(d, J = 5.5 Hz, 1H), 6.84 (d, J = 7.4 Hz, 2H), 5.95 (s, 1H), 5.16 (s, 2H), 

4.95-4.92 (m, 3H), 2.30 (s, 3H), 2.09 (s, 3H), 1.99 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 173.5, 139.9, 138.6, 138.0, 136.4, 129.2, 128.8, 128.5, 128.4, 

128.2, 128.1, 127.7, 127.3, 127.1, 125.7, 125.6, 124.9, 116.0, 106.6, 66.6, 49.5, 47.0, 21.7, 12.5, 

10.3; HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/ i-propanol = 80/20, flow = 0.7 

mL/min, retention time 8.9 min (maj) and 10.0 min. HRMS Calculated for C29H30NO2 [M+H]+ 

424.2271, found 424.2272. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(3-methoxyphenyl)acetate (3ak): 78 

mg, 89% yield, 89% ee, []20
D = -2.41 (c 1.74, CHCl3), new compound, yellow oil, Rf = 0.20 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.31-7.14 (m, 

9H), 6.98-6.86 (m, 2H), 6.82 (d, J = 7.3 Hz, 2H), 6.73 (dd, J = 8.2, 2.2 Hz, 

1H), 5.95 (s, 1H), 5.14 (s, 2H), 4.92 (s, 3H), 3.68 (s, 3H), 2.06 (s, 3H), 1.96 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.2, 159.7, 141.5, 138.5, 136.3, 

129.4, 128.8, 128.5, 128.2, 128.1, 127.3, 127.1, 125.7, 124.9, 120.9, 115.6, 114.2, 112.4, 106.6, 

66.6, 55.2, 49.5, 46.9, 12.4, 10.2; HPLC: Chiralcel AD-H column, 254 nm, 30 oC, n-hexane 

/i-propanol = 80/20, flow = 0.7 mL/min, retention time 10.2 min (maj) and 11.5 min. HRMS 

Calculated for C29H30NO3 [M+H]+ 440.2220, found 440.2222. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(3-fluorophenyl)acetate (3al): 75 

mg, 88% yield, 89% ee, []20
D = -16.51 (c 1.06, CHCl3) new compound, Rf = 0.30 (hexanes/ethyl 

acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.40-7.20 (m, 9H), 7.15-7.04 

(m, 2H), 6.95-6.76 (m, 3H), 5.94 (s, 1H), 5.18 (s, 2H), 4.97-4.94 (m, 3H), 

2.11 (s, 3H), 1.99 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.0, 163.0 (d, 

JC-F = 243.8 Hz), 142.6 (d, JC-F = 7.3 Hz), 138.4, 136.1, 129.8 (d, JC-F = 8.3 

Hz), 128.9, 128.6, 128.3, 128.3, 127.7, 127.3, 125.8, 125.2, 124.2 (d, JC-F = 3.1 Hz), 115.6 (d, JC-F 

= 22.2 Hz), 115.3, 113.9 (d, JC-F = 21.1 Hz), 106.4, 66.9, 49.2 (d, JC-F = 2.0 Hz), 47.1, 12.5, 10.3; 
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19F NMR (376 MHz, CDCl3) δ -113.24. HPLC: Chiralcel OD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 9.4 min (maj) and 10.7 min. 

HRMS Calculated for C28H27FNO2 [M+H]+ 428.2020, found 428.2023. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(3-chlorophenyl)acetate (3am): 77 

mg, 87% yield, 88% ee, []20
D = -8.64 (c 1.40, CHCl3) new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.36-7.15 (m, 

12H), 6.84 (d, J = 7.3 Hz, 2H), 5.93 (s, 1H), 5.17 (s, 2H), 4.96 (s, 2H), 4.91 

(s, 1H), 2.10 (s, 3H), 1.97 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.9, 

142.1, 138.4, 136.2, 134.3, 129.7, 128.9, 128.8, 128.6, 128.3, 128.3, 127.7, 

127.3, 127.1, 126.8, 125.8, 125.2, 115.2, 106.5, 66.9, 49.2, 47.1, 12.5, 10.23; HPLC: Chiralcel 

OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 

9.4 min (maj) and 11.2 min. HRMS Calculated for C28H27ClNO2 [M+H]+ 444.1725, found 

444.1725. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(3-bromophenyl)acetate (3an): 84 

mg, 86% yield, 89% ee, []20
D = -6.93 (c 1.40, CHCl3) new compound, yellow solid, m.p. Rf = 

0.30 (hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.48 (t, J = 

1.7 Hz, 1H), 7.37-7.19 (m, 10H), 7.15 (t, J = 7.8 Hz, 1H), 6.84 (d, J = 7.1 Hz, 

2H), 5.92 (s, 1H), 5.17 (s, 2H), 4.97 (s, 2H), 4.91 (s, 1H), 2.10 (s, 3H), 1.97 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.9, 142.3, 138.4, 136.1, 131.6, 

130.1, 130.0, 128.9, 128.7, 128.3, 127.7, 127.2, 127.2, 125.7, 125.2, 122.6, 115.1, 106.4, 66.9, 

49.2, 47.0, 12.5, 10.3; HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 

80/20, flow = 0.7 mL/min, retention time 9.8 min (maj) and 11.9 min. HRMS Calculated for 

C28H27BrNO2 [M+H]+ 488.1220, found 488.1224. 

Benzyl (S)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(2-chlorophenyl)acetate (3ao): 79 

mg, 89% yield, 37% ee, []20
D = -13.87 (c 1.68, CHCl3) new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.42-7.37 (m, 

1H), 7.33 (dd, J = 7.6, 1.3 Hz, 1H), 7.31-7.11 (m, 10H), 6.84 (d, J = 7.8 Hz, 

2H), 5.87 (s, 1H), 5.35 (s, 1H), 5.24-5.14 (m, 2H), 4.97 (s, 2H), 2.10 (s, 3H), 

1.99 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.9, 138.4, 137.9, 136.3, 

134.0, 130.5, 129.3, 128.9, 128.5, 128.3, 128.2, 128.1, 127.6, 127.2, 126.9, 125.7, 125.6, 114.3, 

106.7, 66.8, 47.1, 46.6, 12.5, 10.3; HPLC: Chiralcel AD-H column, 254 nm, 30 oC, n-hexane/ 

i-propanol = 80/20, flow = 0.7 mL/min, retention time 7.9 min (maj) and 10.3. min. HRMS 

Calculated for C28H27ClNO2 [M+H]+444.1725, found 444.1722. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(naphthalen-2-yl)acetate (3ap): 83 

mg, 90% yield, 88% ee, []20
D = +12.77 (c 2.02, CHCl3) new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.82-7.70 

(m, 4H), 7.51 (d, J = 8.6 Hz, 1H), 7.43-7.38 (m, 2H), 7.32-7.15 (m, 8H), 

6.85 (d, J = 7.5 Hz, 2H), 5.98 (s, 1H), 5.19 (s, 2H), 5.12 (s, 1H), 4.95 (s, 

2H), 2.09 (s, 3H), 2.00 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.4, 

138.5, 137.6, 136.3, 133.6, 132.6, 128.9, 128.6, 128.3, 128.2, 128.1, 128.1, 127.7, 127.4, 127.2, 

127.1, 126.9, 126.0, 125.8, 125.8, 125.1, 115.9, 106.7, 66.7, 49.8, 47.0, 12.5, 10.3; HPLC: 

Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 
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retention time 11.8 min (maj) and 13.7 min. HRMS Calculated for C32H30NO2 [M+H]+ 460.2271, 

found 460.2275. 

Benzyl (S)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)-2-(thiophen-3-yl)acetate (3aq): 75 mg, 

90% yield, 88% ee, []20
D = -5.96 (c 1.04, CHCl3) new compound, yellow oil, Rf = 0.30 

(hexanes/ethyl acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.30-7.20 (m, 

9H), 7.17-7.12 (m, 1H), 7.08 (dd, J = 5.0, 1.2 Hz, 1H), 6.91-6.81 (m, 2H), 

5.93 (s, 1H), 5.17 (s, 2H), 4.99 (s, 1H), 4.97 (s, 2H) 2.10 (s, 3H), 2.03 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 173.1, 140.3, 138.5, 136.3, 128.9, 128.6, 

128.3, 128.2, 128.2, 127.50, 127.2, 125.8, 125.5, 124.9, 122.2, 115.8, 106.3, 66.7, 47.0, 45.1, 12.5, 

10.3; HPLC: Chiralcel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 90/10, flow = 0.7 

mL/min, retention time 13.9 min (maj) and 15.5 min. HRMS Calculated for C26H26NO2S [M+H]+ 

416.1679, found 416.1682. 

Benzyl (R)-2-(1-benzyl-2,5-dimethyl-1H-pyrrol-3-yl)propanoate (3ar): 56 mg, 81% yield, 

15% ee, []20
D = -7.78 (c 0.54, CHCl3) new compound, yellow oil, Rf = 0.40 (hexanes/ethyl 

acetate 20/1). 1H NMR (400 MHz, CDCl3) δ 7.37-7.23 (m, 8H), 6.85 (d, J = 

7.1 Hz, 2H), 5.90 (s, 1H), 5.11 (s, 2H), 4.97 (s, 2H), 3.69 (q, J = 7.1 Hz, 1H), 

2.11 (s, 3H), 2.05 (s, 3H), 1.47 (d, J = 7.1 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 175.6, 138.7, 136.7, 128.9, 128.6, 128.0, 127.9, 127.4, 127.2, 125.8, 

124.5, 118.0, 104.8, 66.2, 47.0, 37.5, 18.4, 12.5, 10.2; HPLC: Chiralcel OD-H column, 254 nm, 

30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 8.1 min and 9.5 min (maj). 

HRMS Calculated for C23H25NO2 [M+H]+ 348.1958, found 348.1958. 

3. Gram Scale Experiment  

 

The powdered Pd(PhCN)2Cl2 (0.077 g, 0.2 mmol, 5 mol%), (Ra,S,S)-C3-ACBP L1 (0.051 g, 0.2 

mmol, 5 mol%), NaBArF (0.355 g, 0.4 mmol, 10 mol%) and 4.0 g 5Å molecular sieves were 

introduced into an oven-dried Schlenk tube under nitrogen. After benzotrifluoride (20 mL) was 

injected into the Schlenk tube, the solution was stirred at 40 oC under nitrogen for 2 h. Protected 

Pyrrole 1a (1.112 g, 6 mmol) and α-aryl-α-diazoactates 2b (0.761 g, 4 mmol) was then introduced 

in one portion. The resulting mixture was stirred at 40 oC until the full consumption of 2b. After 

filtrating and removing the solvent in vacuum, flash chromatography on silica gel using 

hexanes/ethyl acetate (40/1) as the eluent gave the product 3ab as yellow solid (1.265 g, 91% 

yield, 83% ee). 
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4. Determination of the Absolute Configuration  

 

X-ray Single Crystal Structure of (-)-3ab 

The n-hexane (5 mL) was slowly added into solution of (-)-ethyl -2-(1-benzyl-2,5-dimethyl-1H- 

pyrrol-3-yl)-2-phenylacetate (3ab) in dichloromethane (0.5 mL), then the solvent was slowly 

evaporated and single crystal of 3ab was obtained after 4 days. The structure showed the absolute 

configuration of (-)-3ab is (R). The CCDC number is 1566708. These details can be obtained free 

of charge via www.ccdc.com. ac.uk/data_request/cif from the Cambridge Crystallographic Data 

Centre. 
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6. Copy of NMR and HPLC for the Compounds 
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3aa 13C NMR (100 MHz, CDCl3)
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3ba 1H NMR (400 MHz, CDCl3)
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3da 1H NMR (400 MHz, CDCl3)
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3ab 1H NMR (400 MHz, CDCl3)
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