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General Experimental information  

All reactions were performed under a positive pressure of argon atmosphere in flame-dried 

glassware with magnetic stirring using standard Schlenk techniques. All solvents were dried and 

distilled before use. Column chromatography was performed using 100−200 mesh silica gel. 

Visualization on TLC (thin layer chromatography) was achieved by the use of UV light (254 nm) 

and treatment with aqueous ceric ammonium molybdate staining followed by heating. Melting point 

(m.p.) were measured using a Buchi melting point apparatus M-560 and are uncorrected. High-

resolution mass spectra (HRMS) were measured using electron spray ionization with a LTQ-

Orbitrap mass analyzer (ESI-Orbitrap). Optical rotations were measured on an Autopol IV (Rudolph 

Research Analytical). 

Proton and carbon magnetic resonance spectra (1H NMR and 13C NMR) were recorded on a 400 

MHz (1H NMR at 400 MHz and 13C NMR at 100 MHz), 500 MHz (1H NMR at 500 MHz and 13C 

NMR at 125 MHz) spectrometer with solvent resonance as the internal standard (1H NMR, CDCl3 

at 7.260 ppm; 13C NMR, CDCl3 at 77.16 ppm). 1H NMR data are reported as follows: chemical 

shifts, multiplicity (s = singlet, d = doublet, t = triplet, q = quadruplet, m = multiplet), coupling 

constant(s) in Hz, and integration. Enantiomeric excess was determined by HPLC with a UV-Visible 

detector using chiral stationary columns (0.46 cm x 25 cm) from Daicel. 

All chiral phosphoric acid catalysts were purchased from Daicel Chiral Technologies (China) Co., 

LTD and used without further purification. Ketenes[1-8] and α-diazoketones[9-13] were prepared 

according to the reported procedures.  
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General procedure for the preparation of compound 4 

General procedure A: 

 

Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged with 3h (0.005 mmol, 

5 mol %) and DCE (1.5 mL). To the mixture, pyrrole 2 (0.5 mmol, 5.0 equiv) and ketene 1 (0.1 

mmol, 1.0 equiv) in DCE (0.5 mL) were added successively. The resulting solution was stirred for 

30 h at room temperature. The solution was evaporated under reduced pressure, and the residue was 

purified by silica gel chromatography (petroleum ether/ethyl acetate = 15:1) to give the product 4. 

General procedure B: 

 

Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged with (R)-3h (0.005 

mmol, 5 mol %), diazoketone compound 5 (0.1 mmol, 1.0 equiv), and DCE (2.0 mL). To the mixture, 

pyrrole 2a (0.2 mmol, 2.0 equiv) was added. The resulting solution was stirred under the irridation 

of 6W blue LEDs at room temperature. Upon completion, the solution was evaporated under 

reduced pressure, and the residue was purified by silica gel chromatography (petroleum ether/ethyl 

acetate = 15:1) to give the product 4. 

 

Procedure for the preparation of racemic compound 4 using ketenes: 

 

Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged with Cu(OTf)2 (0.03 

mmol, 0.1 equiv) and CH2Cl2 (3.0 mL). To the mixture, pyrrole 2 (1.5 mmol, 5.0 equiv) and ketene 

1 (0.3 mmol, 1.0 equiv.) in CH2Cl2 (1.0 ml) were added. The resulting solution was stirred for 30 h 

at room temperature. The solution was evaporated under reduced pressure, and the residue was 

purified by silica gel chromatography (petroleum ether/ethyl acetate = 15:1) to give the product 4. 

Procedure for preparation of racemic compound 4 using α-diazoketones: 

 

Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged with diphenyl phosphate 

(0.06 mmol, 20 mol %), diazo compound 5 (0.3 mmol, 1.0 equiv), and DCE (4.0 mL). To the mixture, 

pyrrole 2a (0.6 mmol, 2.0 equiv) were added. The resulting solution was stirred under the irridation 

of 12W blue LEDs at room temperature. Upon completion, the solution was evaporated under 

reduced pressure, and the residue was purified by silica gel chromatography (petroleum ether/ethyl 

acetate = 15:1) to give the product 4. 
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Chiral HPLC analysis for reactions in Table 1 

Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 

 

HPLC of rac-4a 

 

Entry 1 (CPA (R)-3a/DCM) 
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Entry 2 (CPA (R)-3b/DCM) 

 

 

Entry 3 (CPA (R)-3c/DCM) 
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Entry 4 (CPA (R)-3d/DCM) 

 

 

Entry 5 (CPA (R)-3e/DCM) 
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Entry 6 (CPA (R)-3f/DCM) 

 

 

Entry 7 (CPA (R)-3g/DCM) 
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Entry 8 (CPA (R)-3h/DCM) 

 

 

Entry 10 (CPA (R)-3h/THF) 

 



 

S9 
 

 

Entry 11 (CPA (R)-3h/Toluene) 

 

 

Entry 12 (CPA (R)-3h/Et2O) 
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Entry 13 (CPA (R)-3h/CHCl3) 

 

 

Entry 14 (CPA (R)-3h/DCE, rt) 
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Entry 15 (CPA (R)-3h/DCE, rt, 1 mmol scale) 

 

 

 

Entry 16 (CPA (R)-3g/DCE, rt) 
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Reactions at low temperatures 

Reactions of 1a with 2a using CPA 3h as catalyst in dichloroethane at lower temperatures afforded 

the desired product 4a in lower yields with comparable er, comparing to the reaction at room 

temperature (Table 1, entry 14). Reaction performed at 0 oC for 30 h afforded the product 4a in 59% 

yield with ~99:1 er. Reaction performed at -30 oC for 30 h gave the product 4a in 40% yield with 

~99:1 er. The corresponding experiments and chiral HPLC analysis for these reactions were 

provided below. 

 

Reaction at 0 oC:   Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged 

with 3h (3.5 mg, 0.005 mmol, 5 mol %) and DCE (1.5 mL). To the mixture, pyrrole 2a (50.4 mg, 

0.5 mmol, 5.0 equiv) and ketene 1a (14 mg, 0.1 mmol, 1.0 equiv) in DCE (0.5 ml) were added 

successively. The resulting solution was stirred at 0 oC for 30 h. The reaction was quenched with 

sat. sol. NaHCO3 and extracted with CH2Cl2 (×3). The combined organic phase was washed with 

brine, dried over anhydrous Na2SO4 and filtered. The resulting solution was evaporated under 

reduced pressure, and the residue was purified by silica gel chromatography (petroleum ether/ethyl 

acetate = 15:1) to give the product 4a (14.1 mg, 59 % yield). See page S14 for analytical data of the 

compound 4a. Chiral HPLC analysis indicated that the enantiomeric ratio of the product 4a was 

~99:1. 

 

 CPA (R)-3h/DCE at 0 oC 
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Reaction at -30 oC: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged 

with 3h (3.5 mg, 0.005 mmol, 5 mol %) and DCE (1.5 mL). To the mixture, pyrrole 2a (50.4 mg, 

0.5 mmol, 5.0 equiv) and ketene 1a (14 mg, 0.1 mmol, 1.0 equiv) in DCE (0.5 ml) were added 

successively. The resulting solution was stirred at -30 oC for 30 h. The reaction was quenched with 

sat. sol. NaHCO3 and extracted with CH2Cl2 (×3). The combined organic phase was washed with 

brine, dried over anhydrous Na2SO4 and filtered. The resulting solution was evaporated under 

reduced pressure, and the residue was purified by silica gel chromatography (petroleum ether/ethyl 

acetate = 15:1) to give the product 4a (9.7 mg, 40 % yield). See page S14 for analytical data of the 

compound 4a. Chiral HPLC analysis indicated that the enantiomeric ratio of the product 4a was 

~99:1. 

 

 

CPA (R)-3h/DCE at -30 oC 
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Analytical data for product 4 

(4a) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 mmol, 

1.0 equiv), 2, 4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4a as a white solid (18.4 mg, 81%). 

Analytical data for compound 4a: mp 122−123 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); 

[α]25
D = +114.0 (c 0.37, CHCl3); enantiomeric ratio: 99:1, the er value of the product was determined 

by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; 

flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 10.4 min; tR (minor) = 8.5 min; 

1H NMR (400 MHz, CDCl3) δ 9.71 (s, 1H), 7.34–7.27 (m, 4H), 7.23–7.19 (m, 1H), 5.77 (d, J = 2.0 Hz, 

1H), 4.41 (q, J = 6.8 Hz, 1H), 2.33 (s, 3H), 2.22 (s, 3H), 1.52 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 190.1, 141.8, 135.4, 128.7, 128.4, 128.2, 128.0, 126.7, 113.1, 47.3, 19.8, 14.8, 13.1; HRMS 

(ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H18NO+ 228.1383, found 228.1387. 

 

Scale-up reaction of 1a (1 mmol) with 2a in the presence of CPA catalyst (R)-3h: 

Under argon atmosphere, a flame-dried 100 ml Schlenk flask was charged with (R)-3h (33.3 mg, 

0.05 mmol, 5 mol %) and DCE (15.0 mL). To the mixture, pyrrole 2a (475.1 mg, 5.0 mmol, 5.0 

equiv) and ketene 1a (132 mg, 1.0 mmol, 1.0 equiv) in DCE (5.0 mL) were added successively. The 

resulting solution was stirred for 30 h at room temperature. The solution was evaporated under 

reduced pressure, and the residue was purified by silica gel chromatography (petroleum ether/ethyl 

acetate = 15:1) to give the product 4a (167 mg, 74% yield). Chiral HPLC analysis indicated that the 

enantiomeric ratio of the product was 98.5:1.5 (page S11). 

 

(4a) According to the general procedure B, reaction of 5a (16.0 mg, 0.1 mmol, 

1.0 equiv), 2, 4-dimethyl-1H-pyrrole 2a (19.0 mg, 0.2 mmol, 2.0 equiv), and (R)-

3h (3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4a as a white solid (14.6 mg, 64%). 

Analytical data for compound 4a prepared with general procedure B: enantiomeric ratio: 87.5:12.5, 

the er value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, 

n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; 

tR (major) = 11.1 min; tR (minor) = 9.1 min. 
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(ent-4a) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 

mmol, 1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (S)-

3h (3.3 mg, 0.5% mmol, 0.05 equiv) afforded ent-4a as a white solid (16.6 mg, 

73%). Analytical data for compound ent-4a: mp 123−124 oC; Rf = 0.30 (petroleum ether/ethyl 

acetate = 10:1); [α]25
D = −109.3 (c 0.14, CHCl3); enantiomeric ratio: 1.5:98.5, the er value of the 

product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol 

= 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 8.4 min; 

tR (minor) = 11.4 min; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H18NO+ 228.1383, found 

228.1385. 

 

(4b) According to the general procedure A, reaction of 1b (14.6 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4b as a white solid (16.4 mg, 68%). 

Analytical data for compound 4b: mp 116−117 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +99.3 (c 0.12, CHCl3); enantiomeric ratio: 97:3, the er value of 

the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

11.5 min; tR (minor) = 6.8 min; 1H NMR (500 MHz, CDCl3) δ 9.71 (s, 1H), 7.22 (d, J = 7.5 Hz, 2H), 

7.11 (d, J = 7.5 Hz, 2H), 5.77 (s, 1H), 4.37 (q, J = 6.5 Hz, 1H), 2.33 (s, 3H), 2.31 (s, 3H), 2.23 (s, 3H), 

1.51 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 190.3, 138.8, 136.3, 135.2, 129.4, 128.3, 128.2, 

127.8, 113.0, 47.0, 21.1, 19.8, 14.7, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C16H20NO+ 

242.1539, found 242.1544. 

 

(4b) According to the general procedure B, reaction of 5b (18.0 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (19.7 mg, 0.2 mmol, 2.0 equiv), (R)-3h 

(3.4 mg, 0.5% mmol, 0.05 equiv) afforded 4b as a white solid (15.0 mg, 60%). 

Analytical data for compound 4b prepared with general procedure B: enantiomeric 

ratio: 92:8, the er value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; 

eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 

254 nm; tR (major) = 12.2 min; tR (minor) = 7.1 min. 
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(4c) According to the general procedure A, reaction of 1c (15.0 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4c as a white solid (16.2 mg, 66%). 

Analytical data for compound 4c: mp 146−147 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +85.9 (c 0.09, CHCl3); enantiomeric ratio: 97.5:2.5, the er value 

of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

9.2 min; tR (minor) = 7.8 min; 19F NMR (471 MHz, CDCl3) δ -116.4; 1H NMR (500 MHz, CDCl3) δ 

9.60 (s, 1H), 7.29–7.27 (m, 2H), 7.00–6.95 (m, 2H), 5.78 (d, J = 2.5 Hz, 1H), 4.39 (q, J = 7.0 Hz, 1H), 

2.33 (s, 3H), 2.22 (s, 3H), 1.49 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 190.0, 161.9 (d, J = 

243.3 Hz), 137.5 (d, J = 3.1 Hz), 135.5, 129.4 (d, J = 7.9 Hz), 128.4, 128.0, 115.5 (d, J = 21.1 Hz), 113.2, 

46.5, 19.9, 14.7, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H17FNO+ 246.1289, found 

246.1293. 

 

(4c) According to the general procedure B, reaction of 5c (18.0 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (19.2 mg, 0.2 mmol, 2.0 equiv), (R)-3h 

(3.4 mg, 0.5% mmol, 0.05 equiv) afforded 4c as a white solid (19.1 mg, 77%). 

Analytical data for compound 4c prepared with general procedure B: 

enantiomeric ratio: 91:9, the er value of the product was determined by HPLC on a Daicel Chiralcel 

OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis 

detection, λ = 254 nm; tR (major) = 8.7 min; tR (minor) = 7.5 min.  

 

(4d) According to the general procedure A, reaction of 1d (16.6 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4d as a white solid (18.9 mg, 72%). 

Analytical data for compound 4d: mp 125−126 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +75.7 (c 0.10, CHCl3); enantiomeric ratio: 97:3, the er value of 

the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

9.7 min; tR (minor) = 7.8 min; 1H NMR (500 MHz, CDCl3) δ 9.39 (s, 1H), 7.25–7.23 (m, 5H), 5.78 (d, 
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J = 2.5 Hz, 1H), 4.36 (q, J = 7.0 Hz, 1H), 2.31 (s, 3H), 2.22 (s, 3H), 1.49 (d, J = 7.0 Hz, 3H); 13C NMR 

(125 MHz, CDCl3) δ 189.6, 140.2, 135.4, 135.7, 129.3, 128.9, 128.4, 128.0, 113.3, 46.7, 19.8, 14.74, 

13.2; HRMS (ESI-Orbitrap) (m/z) [M + Na]+ calcd for C15H16ClNNaO+ 284.0813, found 284.0815. 

 

(4d) According to the general procedure B, reaction of 5d (20.0 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (19.6 mg, 0.2 mmol, 2.0 equiv), (R)-3h 

(3.4 mg, 0.5% mmol, 0.05 equiv) afforded 4d as a white solid (18.6 mg, 69%). 

Analytical data for compound 4d prepared with general procedure B: enantiomeric 

ratio: 96:4, the er value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; 

eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 

254 nm; tR (major) = 9.6 min; tR (minor) = 8.0 min. 

 

Scale-up reaction of 5d (1.0 mmol) with 2a in the presence of CPA catalyst (R)-3h: 

Under argon atmosphere, a flame-dried 100 ml Schlenk flask was charged with (R)-3h (33.3 mg, 

0.05 mmol, 5 mol %), diazoketone 5d (195.0 mg, 1.0 mmol, 1.0 equiv), and DCE (20.0 mL). To the 

mixture, pyrrole 2a (190.7 mg, 2.0 mmol, 2.0 equiv) was added. The resulting solution was stirred 

under the irridation of 6W blue LEDs at room temperature. Upon completion, the solution was 

evaporated under reduced pressure, and the residue was purified by silica gel chromatography 

(petroleum ether/ethyl acetate = 15:1) to give the product 4d (190.4 mg, 73% yield). Chiral HPLC 

analysis indicated the enantiomeric ratio of the product was 95.5:4.5 (page S77). 

 

(4e) According to the general procedure A, reaction of 1e (18.8 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4e as a white solid (20.7 mg, 73%). 

Analytical data for compound 4e: mp 96−97 oC; Rf = 0.30 (petroleum ether/ethyl 

acetate = 10:1); [α]25
D = +78.7 (c 0.19, CHCl3); enantiomeric ratio: 95.5:4.5, the 

er value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-

hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR 

(major) = 6.8 min; tR (minor) = 5.4 min; 1H NMR (500 MHz, CDCl3) δ 9.52 (s, 1H), 7.22–7.20 (m, 

2H), 7.07–7.06 (m, 2H), 5.76 (d, J = 2.5 Hz, 1H), 4.36 (q, J = 7.0 Hz, 1H), 2.42 (d, J = 7.0 Hz, 2H), 2.32 
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(s, 3H), 2.21 (s, 3H), 1.86–1.78 (m, 1H), 1.50 (d, J = 7.0 Hz, 3H), 0.89 (d, J = 2.5 Hz, 3H), 0.87 (d, J = 

2.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 190.4, 140.1, 139.0, 135.0, 129.5, 128.4, 128.2, 127.6, 113.0, 

47.0, 45.2, 30.3, 22.6, 22.5, 19.8, 14.7, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for 

C19H26NO+ 284.2009, found 284.2012. 

 

(4f) According to the generalprocedure A, reaction of 1f (18.8 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4f as a white solid (21.8 mg, 77%). 

Analytical data for compound 4f: mp 152−153 oC; Rf = 0.30 (petroleum ether/ethyl 

acetate = 10:1); [α]25
D = +75.3 (c 0.21, CHCl3); enantiomeric ratio: 98.5:1.5, the er value of the 

product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol 

= 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 8.6 min; 

tR (minor) = 5.5 min; 1H NMR (500 MHz, CDCl3) δ 9.67 (s, 1H), 7.32–7.30 (m, 2H), 7.26–7.24 (s, 2H), 

5.77 (d, J = 3.0 Hz, 1H), 4.39 (q, J = 6.5 Hz, 1H), 2.35 (s, 3H), 2.21 (s, 3H), 1.51 (d, J = 7.0 Hz, 3H), 

1.29 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 190.4, 149.5, 138.6, 135.2, 128.4, 128.2, 127.6, 125.6, 113.0, 

46.8, 34.5, 31.5, 19.7, 14.8, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C19H26NO+ 

284.2009, found 284.2013. 

 

(4g) According to the general procedure A, reaction of 1g (14.6 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4g as a white solid (15.4 mg, 64%). 

Analytical data for compound 4g: mp 100−101 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); 

[α]25
D = +130.4 (c 0.11, CHCl3); enantiomeric ratio: 97:3, the er value of the product was determined 

by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; 

flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 10.6 min; tR (minor) = 7.2 min; 

1H NMR (500 MHz, CDCl3) δ 9.60 (s, 1H), 7.18 (t, J = 7.5 Hz, 1H), 7.13–7.11 (m, 2H), 7.02 (d, J = 7.5 

Hz, 1H), 5.77 (d, J = 3.0 Hz, 1H), 4.37 (q, J = 7.0 Hz, 1H), 2.34 (s, 3H), 2.32 (s, 3H), 2.22 (s, 3H), 1.51 

(d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 190.2, 141.7, 138.3, 135.2, 128.6, 128.5, 128.4, 128.2, 

127.6, 125.1, 113.0, 47.3, 21.6, 19.8, 14.8, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for 

C16H20NO+ 242.1539, found 242.1544. 
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(4h) According to the general procedure A, reaction of 1h (15.0 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4h as a white solid (19.6 mg, 80%). 

Analytical data for compound 4h: mp 102−103 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +104.4 (c 0.11, CHCl3); enantiomeric ratio: 98:2, the er value 

of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

9.9 min; tR (minor) = 7.8 min; 19F NMR (471 MHz, CDCl3) δ -112.9; 1H NMR (500 MHz, CDCl3) δ 

9.88 (s, 1H), 7.30–7.27 (m, 1H), 7.14–7.09 (m, 2H), 6.96–6.92 (m, 1H), 5.83 (s, 1H), 4.46 (q, J = 7.0 Hz, 

1H), 2.38 (s, 3H), 2.27 (s, 3H), 1.56 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 189.4, 163.1 (d, 

J = 244.1 Hz), 144.3 (d, J = 7.1 Hz), 144.28 , 135.9, 130.0 (d, J = 8.3 Hz), 128.7, 128.1, 123.7 (d, J = 2.6 

Hz), 115.0 (d, J = 21.6 Hz), 113.7 (d, J = 20.9 Hz), 113.3, 46.9, 19.7, 14.8, 13.1; HRMS (ESI-Orbitrap) 

(m/z) [M + H]+ calcd for C15H17FNO+ 246.1289, found 246.1293. 

 

(4i) According to the general procedure A, reaction of 1i (16.2 mg, 0.1 

mmol, 1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), 

(R)-3h (3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4i as a colorless oil (16.4 

mg, 64%). Analytical data for compound 4i; Rf = 0.20 (petroleum ether/ethyl 

acetate = 10:1); [α]25
D = +92.1 (c 0.11, CHCl3); enantiomeric ratio: 97.5:2.5, the er value of the 

product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol 

= 95:5 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 19.4 min; 

tR (minor) = 8.4 min; 1H NMR (500 MHz, CDCl3) δ 9.43 (s, 1H), 7.22–7.19 (m, 1H), 6.91–6.89 (m, 

1H), 6.88–6.87(m, 1H), 6.76–6.74 (m, 1H), 5.76 (d, J = 3.0 Hz, 1H), 4.36 (q, J = 7.0 Hz, 1H), 3.77 (s, 

3H), 2.33 (s, 3H), 2.22 (s, 3H), 1.50 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 189.9, 159.9, 

143.3, 135.1, 129.7, 128.5, 128.2, 120.4, 113.8, 113.1, 112.0, 55.30, 47.4, 19.7, 14.7, 13.1; HRMS (ESI-

Orbitrap) (m/z) [M + H]+ calcd for C16H20NO2
+ 258.1489, found 258.1492. 

 

(4j) According to the general procedure A, reaction of 1j (14.6 mg, 0.1 mmol, 1.0 equiv), 2,4-

dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h (3.3 mg, 0.5% mmol, 0.05 equiv) 
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afforded 4j as a white solid (22.4 mg, 93%). Analytical data for compound 4j: 

mp 171−172 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); [α]25
D = +193.4 

(c 0.33, CHCl3); enantiomeric ratio: 98.5:1.5, the er value of the product was 

determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); 

temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 18.3 min; tR (minor) = 

12.5 min; 1H NMR (500 MHz, CDCl3) δ 9.99 (s, 1H), 7.24–7.21 (m, 1H), 7.19–7.16 (m, 1H), 7.15–7.12 

(m, 2H), 5.76 (d, J = 2.5 Hz, 1H), 4.50 (q, J = 7.0 Hz, 1H), 2.40 (s, 3H), 2.21 (s, 3H), 2.20 (s, 3H), 1.51 

(d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 190.5, 140.1, 135.6, 135.3, 130.5, 128.3, 128.2, 127.2, 

126.7, 126.6, 112.8, 44.5, 19.5, 17.8, 14.0, 13.0; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for 

C16H20NO+ 242.1539, found 242.1542. 

 

(4k) According to the general procedure A, reaction of 1k (15.0 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h 

(3.3 mg, 0.5% mmol, 0.05 equiv) afforded 4k as a white solid (19.8 mg, 81%). 

Analytical data for compound 4k: mp 132−133 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +95.1 (c 0.11, CHCl3); enantiomeric ratio: 96:4, the er value of 

the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

15.8 min; tR (minor) = 10.1 min; 19F NMR (471 MHz, CDCl3) δ -118.9; 1H NMR (500 MHz, CDCl3) 

δ 9.77 (s, 1H), 7.34–7.30 (m, 1H), 7.19–7.15 (m, 1H), 7.04–6.99 (m, 2H), 5.77 (d, J = 3.0 Hz, 1H), 4.72 

(q, J = 7.0 Hz, 1H), 2.27 (s, 3H), 2.22 (s, 3H), 1.50 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 

189.3, 160.3 (d, J = 243.0 Hz), 135.7, 129.5, 129.0 (d, J = 4.0 Hz), 128.7 (d, J = 15.0 Hz), 128.3 (d, J = 

8.4 Hz), 127.9, 124.6 (d, J = 3.4 Hz), 115.2 (d, J = 22.5 Hz), 113.2, 39.7, 18.2, 14.1, 13.1; HRMS (ESI-

Orbitrap) (m/z) [M + H]+ calcd for C15H17FNO+ 246.1289, found 246.1295. 

 

(4l) According to the general procedure A, reaction of 1l (16.6 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole 2a (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h (3.3 

mg, 0.5% mmol, 0.05 equiv) afforded 4l as a white solid (23.5 mg, 90%)Analytical 

data for compound 4l: mp 153−153 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 

10:1); [α]25
D = +103.5 (c 0.28, CHCl3); enantiomeric ratio: 97.5:2.5, the er value of the product was 
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determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); 

temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 21.5 min; tR (minor) = 

16.9 min; 1H NMR (500 MHz, CDCl3) δ 9.69 (s, 1H), 7.38–7.36 (m, 1H), 7.32–7.30 (m, 1H), 7.20–7.14 

(m, 2H), 5.76 (d, J = 3.0 Hz, 1H), 4.77 (q, J = 7.0 Hz, 1H), 2.24 (s, 3H), 2.20 (s, 3H), 1.50 (d, J = 7.0 Hz, 

3H); 13C NMR (125 MHz, CDCl3) δ 189.3, 139.5, 135.4, 133.8, 129.5, 129.2, 128.9, 128.1, 128.0, 127.4, 

113.1, 44.4, 17.6, 14.0, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H17ClNO+ 262.0993, 

found 262.0997. 

 

(4m) According to the general procedure A, reaction of 1m (15.2 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h (3.3 

mg, 0.5 % mmol, 0.05 equiv) afforded 4m as a white solid (17.6 mg, 71%). 

Analytical data for compound 4m: mp 106−107 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); 

[α]25
D = +49.7 (c 0.11, CHCl3); enantiomeric ratio: 74.5:25.5, the er value of the product was 

determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); 

temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 6.1 min; tR (minor) = 

5.2 min; 1H NMR (500 MHz, CDCl3) δ 9.88 (s, 1H), 5.81 (s, 1H), 3.04–2.92 (m, 1H), 2.37 (s, 3H), 

2.27 (s, 3H), 1.96–1.47 (m, 7H), 1.34–0.79 (m, 9H); 13C NMR (125 MHz, CDCl3) δ 194.2, 134.7, 

128.7, 127.7, 113.0, 46.7, 40.8, 32.3, 29.5, 26.7, 26.6, 26.5, 14.7, 14.0, 13.0; HRMS (ESI-Orbitrap) 

(m/z) [M + H]+ calcd for C15H24NO+ 234.1852, found 234.1853. 

 

(4n) According to the general procedure A, reaction of 1n (14.6 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h (3.3 

mg, 0.5 % mmol, 0.05 equiv) afforded 4n as a white solid (19.8 mg, 82%). 

Analytical data for compound 4n: mp 113−114 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); 

[α]25
D = +93.4 (c 0.14, CHCl3); enantiomeric ratio: 94:6, the er value of the product was determined 

by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; 

flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 8.9 min; tR (minor) = 6.7 min; 1H 

NMR (400 MHz, CDCl3) δ 9.75 (s, 1H), 7.38–7.33 (m, 2H), 7.32–7.27 (m, 2H), 7.24–7.18 (m, 1H), 

5.78 (d, J = 2.8 Hz, 1H), 4.19 (t, J = 7.2 Hz, 1H), 2.40 (s, 3H), 2.23 (s, 3H), 2.19 (q, J = 7.2 Hz, 1H), 

1.84 (q, J = 7.2 Hz, 1H), 0.94 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 189.7, 140.2, 
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135.3, 128.8, 128.6, 128.4, 128.4, 126.8, 113.2, 55.1, 27.9, 15.0, 13.1, 12.7; HRMS (ESI-Orbitrap) 

(m/z) [M + H]+ calcd for C16H20NO+ 242.1539, found 242.1542. 

 

(4o) According to the general procedure A, reaction of 1o (16.0 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole (47.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h (3.3 

mg, 0.5 % mmol, 0.05 equiv) afforded 4o as a yellow solid (14.6 mg, 57%). 

Analytical data for compound 4o: mp 87−88 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); 

[α]25
D = +3.3 (c 0.56, CHCl3); enantiomeric ratio: 53.5:46.5, the er value of the product was 

determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); 

temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 8.2 min; tR (minor) = 

5.6 min; 1H NMR (500 MHz, CDCl3) δ 9.30 (s, 1H), 7.40–7.36 (m, 2H), 7.29–7.26 (m, 2H), 7.22–

7.17 (m, 1H), 5.78 (d, J = 2.5 Hz, 1H), 3.90 (d, J = 10.5 Hz, 1H), 2.57–2.49 (m, 1H), 2.47 (s, 3H), 

2.22 (s, 3H), 1.02 (d, J = 6.5 Hz, 3H), 0.75 (d, J = 6.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 

190.2, 139.3, 134.8, 129.2, 128.9, 128.5, 128.2, 126.9, 113.3, 61.2, 32.5, 22.0, 21.0, 15.3, 13.1; 

HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C17H22NO+ 256.1696, found 256.1696. 

 

(4p) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 

mmol, 1.0 equiv), 2,3-dimethyl-1H-pyrrole[14] (47.6 mg, 0.5 mmol, 5.0 equiv), 

(R)-3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4p as a white solid (16.1 mg, 

71%). Analytical data for compound 4p: mp 157−158 oC; Rf = 0.30 (petroleum ether/ethyl acetate 

= 10:1); [α]25
D = +60.3 (c 0.11, CHCl3); enantiomeric ratio: 96:4, the er value of the product was 

determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); 

temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 13.7 min; tR (minor) = 

8.1 min; 1H NMR (500 MHz, CDCl3) δ 10.18 (s, 1H), 7.41–7.34 (m, 2H), 7.33–7.27 (m, 2H), 7.23–

7.17 (m, 1H), 6.75 (d, J = 2.3 Hz, 1H), 4.40 (q, J = 7.0 Hz, 1H), 2.19 (s, 3H), 2.00 (s, 3H), 1.54 (d, 

J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 189.7, 142.4, 134.8, 128.7, 128.6, 127.8, 126.7, 

119.0, 118.1, 46.8, 19.0, 11.4, 11.0; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H18NO+ 

228.1383, found 228.1385. 
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(4q) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 

mmol, 1.0 equiv), 3,4-dimethyl-1H-pyrrole[15] (47.6 mg, 0.5 mmol, 5.0 equiv), 

(R)-3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4q as a white solid (14.5 mg, 

71%). Analytical data for compound 4q: mp 130−131 oC; Rf = 0.30 (petroleum ether/ethyl acetate 

= 10:1); [α]25
D = +77.5 (c 0.12, CHCl3); enantiomeric ratio: 95.5:4.5, the er value of the product was 

determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 99:1 (v/v); 

temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 19.4 min; tR (minor) = 

20.9 min; 1H NMR (500 MHz, CDCl3) δ 9.10 (s, 1H), 7.36–7.27 (m, 4H), 7.25–7.18 (m, 1H), 6.70 

(d, J = 3.0 Hz, 1H), 4.41 (q, J = 7.0 Hz, 1H), 2.27 (s, 3H), 1.97 (s, 3H), 1.52 (d, J = 7.0 Hz, 3H); 

13C NMR (125 MHz, CDCl3) δ 190.8, 141.6, 129.3, 128.9, 127.9, 126.9, 125.7, 122.4, 121.3, 48.0, 

19.8, 11.6, 10.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H18NO+ 228.1383, found 

228.1386. 

 

(4r) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 mmol, 

1.0 equiv), 2,3,4-trimethyl-1H-pyrrole[16] (54.6 mg, 0.5 mmol, 5.0 equiv), (R)-

3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4r as a white solid (17.1 mg, 

71%). Analytical data for compound 4r: mp 152−153 oC; Rf = 0.30 (petroleum ether/ethyl acetate 

= 10:1); [α]25
D = +81.4 (c 0.11, CHCl3); enantiomeric ratio: 94.5:5.5, the er value of the product was 

determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); 

temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 10.6 min; tR (minor) = 

9.3 min; 1H NMR (500 MHz, CDCl3) δ 9.55 (s, 1H), 7.36–7.27 (m, 4H), 7.24–7.18 (m, 1H), 4.43 

(q, J = 7.0 Hz, 1H), 2.27 (s, 3H), 2.17 (s, 3H), 1.89 (s, 3H), 1.53 (d, J = 7.0 Hz, 3H); 13C NMR (125 

MHz, CDCl3) δ 189.8, 142.1, 132.8, 128.7, 127.9, 127.3, 126.7, 126.6, 118.1, 47.6, 19.8, 12.2, 11.6, 

9.0; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C16H20NO+ 242.1539, found 242.1542. 

 

(4s) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 

mmol, 1.0 equiv), 3-ethyl-2,4-dimethyl-1H-pyrrole (61.6 mg, 0.5 mmol, 5.0 

equiv), (R)-3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4s as a white solid 

(18.9 mg, 74%). Analytical data for compound 4s: mp 116−117 oC; Rf = 0.30 (petroleum ether/ethyl 

acetate = 10:1); [α]25
D = +50.3 (c 0.12, CHCl3); enantiomeric ratio: 98:2, the er value of the product 
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was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 99:1 

(v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 21.4 min; tR 

(minor) = 19.4 min; 1H NMR (400 MHz, CDCl3) δ 9.28 (s, 1H), 7.36–7.27 (m, 4H), 7.24–7.17 (m, 

1H), 4.41 (q, J = 6.9 Hz, 1H), 2.34 (q, J = 7.5 Hz, 2H), 2.28 (s, 3H), 2.18 (s, 3H), 1.51 (d, J = 6.9 

Hz, 3H), 1.01 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 189.8, 142.0, 132.3, 128.8, 128.0, 

127.4, 126.7, 126.0, 124.9, 47.6, 19.9, 17.3, 15.5, 11.9, 11.6; HRMS (ESI-Orbitrap) (m/z) [M + H]+ 

calcd for C17H22NO+ 256.1696, found 256.1696. 

 

(4t) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 mmol, 

1.0 equiv), 1H-pyrrole (33.5 mg, 0.5 mmol, 5.0 equiv), (R)-3h (3.3 mg, 0.5 % 

mmol, 0.05 equiv) afforded 4t as a white solid (9.0 mg, 45%). Analytical data for 

compound 4t: mp 100−106 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); [α]25
D = +72.5 (c 

0.17, CHCl3); enantiomeric ratio: 92.5:7.5, the er value of the product was determined by HPLC on 

a Daicel Chiralcel AD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 

mL/min; uv-vis detection, λ = 254 nm; tR (major) = 33.4 min; tR (minor) = 27.1 min; 1H NMR (400 

MHz, CDCl3) δ 9.50 (s, 1H), 7.38–7.33 (m, 2H), 7.33–7.27 (m, 2H), 7.25–7.18 (m, 1H), 7.01–6.96 

(m, 1H), 6.94–6.89 (m, 1H), 6.26–6.20 (m, 1H), 4.44 (q, J = 6.8 Hz, 1H), 1.54 (d, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 191.0, 141.9, 131.4, 128.8, 127.8, 127.0, 124.8, 116.8, 110.8, 47.6, 

18.8; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C13H14NO+ 200.1070, found 200.1073. 

 

(4u) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 mmol, 

1.0 equiv), 2-methyl-1H-pyrrole (40.6 mg, 0.5 mmol, 5.0 equiv), (R)-3h (3.3 mg, 

0.5 % mmol, 0.05 equiv) afforded 4u as a white solid (10.9 mg, 51%). Analytical 

data for compound 4u: mp 86−87 oC; Rf = 0.30 (petroleum ether/ethyl acetate = 10:1); [α]25
D = 

+142.1 (c 0.10, CHCl3); enantiomeric ratio: 93:7, the er value of the product was determined by 

HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; 

flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 12.2 min; tR (minor) = 8.2 min; 

1H NMR (500 MHz, CDCl3) δ 9.88 (s, 1H), 7.40–7.32 (m, 2H), 7.31–7.26 (m, 2H), 7.23–7.15 (m, 

1H), 6.90–6.83 (m, 1H), 5.98–5.91 (m, 1H), 4.41 (q, J = 7.0 Hz, 1H), 2.28 (s, 3H), 1.54 (d, J = 7.0 

Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 190.2, 142.2, 136.9, 130.4, 128.7, 127.8, 126.8, 118.3, 



 

S25 
 

109.7, 47.0, 18.9, 13.3; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C14H16NO+ 214.1226, found 

214.1230. 

 

(4v) According to the general procedure A, reaction of 1a (13.2 mg, 0.1 

mmol, 1.0 equiv), 3,4-dimethoxy-1H-pyrrole[17] (63.6 mg, 0.5 mmol, 5.0 

equiv), (R)-3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4v as a vesicular solid (14.8 mg, 57%). 

Analytical data for compound 4v: Rf = 0.20 (petroleum ether/ethyl acetate = 10:1); [α]25
D = +29.7 

(c 0.15, CHCl3); enantiomeric ratio: 86:14, the er value of the product was determined by HPLC on 

a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 

mL/min; uv-vis detection, λ = 254 nm; tR (major) = 11.3 min; tR (minor) = 15.5 min; 1H NMR (500 

MHz, CDCl3) δ 7.37–7.28 (m, 4H), 7.26–7.22 (m, 1H), 6.92 (s, 1H), 6.45 (s, 1H), 4.24 (q, J = 7.0 

Hz, 1H), 3.72 (s, 6H), 1.57 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 170.3, 143.2, 141.0, 

129.2, 127.4, 127.2, 98.5, 58.0, 44.2, 20.2; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for 

C15H18NO3
+ 260.1281, found 260.1286. 

 

(4w) According to the general procedure B, reaction of 5w (23.9 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), (R)-3h (3.3 

mg, 0.5 % mmol, 0.05 equiv) afforded 4w as a white solid (23.0 mg, 75%). 

Analytical data for compound 4w: mp 114−115 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +66.3 (c 0.14, CHCl3); enantiomeric ratio: 92:8, the er value of 

the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

9.5 min; tR (minor) = 7.9 min; 1H NMR (500 MHz, CDCl3) δ 9.41 (s, 1H), 7.41 (d, J = 8.0 Hz, 2H), 

7.19 (d, J = 8.0 Hz, 2H), 5.77 (s, 1H), 4.35 (q, J = 7.0 Hz, 1H), 2.31 (s, 3H), 2.22 (s, 3H), 1.48 (d, J 

= 6.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 189.5, 140.8, 135.5, 131.8, 129.7, 128.5, 128.0, 120.8, 

113.3, 46.7, 19.7, 14.7, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H17BrNO+ 

306.0488, found 306.0489 
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(4x) According to the general procedure B, reaction of 5x (22.8 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), (R)-3h (3.3 

mg, 0.5 % mmol, 0.05 equiv) afforded 4x as a white solid (17.4 mg, 59%). 

Analytical data for compound 4x: mp 121−122 oC; Rf = 0.25 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +45.7 (c 0.09, CHCl3); enantiomeric ratio: 96.5:3.5, the er value 

of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

8.6 min; tR (minor) = 7.2 min; 19F NMR (471 MHz, CDCl3) δ -62.48; 1H NMR (500 MHz, CDCl3) 

δ 9.10 (s, 1H), 7.55 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 5.78 (d, J = 2.5 Hz, 1H), 4.44 (q, 

J = 7.0 Hz, 1H), 2.32 (s, 3H), 2.22 (s, 3H), 1.52 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) 

δ 189.1, 145.7, 135.4, 129.2 (q, J = 32.1 Hz), 128.40, 128.35, 128.0, 125.7 (q, J = 3.8 Hz), 124.3 (q, 

J = 270.0 Hz, CF3), 113.4, 47.1, 19.7, 14.7, 13.2; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for 

C16H17F3NO+ 296.1257, found 296.1262. 

 

(4y) According to the general procedure B, reaction of 5y (23.9 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), (R)-3h (3.3 

mg, 0.5 % mmol, 0.05 equiv) afforded 4y as a white solid (23.3 mg, 76%). 

Analytical data for compound 4y: mp 155−156 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +205.4 (c 0.13, CHCl3); enantiomeric ratio: 95.5:4.5, the er 

value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-

hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR 

(major) = 17.6 min; tR (minor) = 20.7 min; 1H NMR (500 MHz, CDCl3) δ 9.47 (s, 1H), 7.56 (d, J = 

8.0 Hz, 1H), 7.32–7.28 (m, 1H), 7.25–7.20 (m, 1H), 7.13–7.05 (m, 1H), 5.76 (d, J = 2.5 Hz, 1H), 

4.71 (q, J = 7.0 Hz, 1H), 2.25 (s, 3H), 2.21 (s, 3H), 1.49 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) δ 189.2, 141.1, 135.1, 132.9, 129.2, 129.1, 128.4, 128.1, 128.0, 124.7, 113.1, 47.0, 17.8, 

14.2, 13.2; HRMS (ESI-Orbitrap) (m/z) [M + Na]+ calcd for C15H16BrNNaO+ 328.0307, found 

328.0309. 
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(4z) According to the general procedure B, reaction of 5z (19.5 mg, 0.1 mmol, 

1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), (R)-3h (3.3 

mg, 0.5 % mmol, 0.05 equiv) afforded 4z as a white solid (19.1 mg, 73%). 

Analytical data for compound 4z: mp 116−117 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +104.5 (c 0.16, CHCl3); enantiomeric ratio: 96.5:3.5, the er 

value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-

hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR 

(major) = 9.3 min; tR (minor) = 7.8 min; 1H NMR (500 MHz, CDCl3) δ 9.66 (s, 1H), 7.34–7.30 (m, 

1H), 7.24–7.16 (m, 3H), 5.79 (d, J = 2.5 Hz, 1H), 4.38 (q, J = 7.0 Hz, 1H), 2.34 (s, 3H), 2.23 (s, 

3H), 1.51 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 189.3, 143.7, 135.8, 134.5, 129.9, 

128.6, 128.1, 128.0, 127.0, 126.2, 113.3, 46.9, 19.7, 14.8, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + 

Na]+ calcd for C15H16ClNNaO+ 284.0813, found 284.0812. 

 

(4aa) According to the general procedure B, reaction of 5aa (23.9 mg, 0.1 

mmol, 1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), (R)-

3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4aa as a white solid (24.8 mg, 

81%). Analytical data for compound 4aa: mp 95−96 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +95.1 (c 0.16, CHCl3); enantiomeric ratio: 95.5:4.5, the er value 

of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

9.8 min; tR (minor) = 8.2 min; 1H NMR (500 MHz, CDCl3) δ 9.52 (s, 1H), 7.49–7.45 (m, 1H), 7.36–

7.31 (m, 1H), 7.26–7.21 (m, 1H), 7.19–7.12 (m, 1H), 5.79 (d, J = 3.0 Hz, 1H), 4.36 (q, J = 7.0 Hz, 

1H), 2.34 (s, 3H), 2.22 (s, 3H), 1.50 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 189.3, 

144.0, 135.7, 131.0, 130.2, 130.0, 128.6, 128.0, 126.7, 122.8, 113.3, 46.9, 19.8, 14.8, 13.2; HRMS 

(ESI-Orbitrap) (m/z) [M + H]+ calcd for C15H17BrNO+ 306.0488, found 306.0488. 

 

(4ab) According to the general procedure B, reaction of 5ab (22.8 mg, 0.1 

mmol, 1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), 

(R)-3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4ab as a yellow solid (22.4 

mg, 76%). Analytical data for compound 4ab: mp 122−123 oC; Rf = 0.25 
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(petroleum ether/ethyl acetate = 10:1); [α]25
D = +48.4 (c 0.11, CHCl3); enantiomeric ratio: 96.5:3.5, 

the er value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, 

n-hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; 

tR (major) = 8.8 min; tR (minor) = 7.5 min; 19F NMR (471 MHz, CDCl3) δ -62.51; 1H NMR (500 

MHz, CDCl3) δ 9.63 (s, 1H), 7.59 (s, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.44–

7.36 (m, 1H), 5.80 (d, J = 2.5 Hz, 1H), 4.48 (q, J = 7.0 Hz, 1H), 2.36 (s, 3H), 2.21 (s, 3H), 1.54 (d, 

J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 189.2, 142.6, 135.9, 131.5, 131.0 (d, J = 31.9 Hz), 

129.1, 128.6, 127.9, 124.9 (q, J = 3.8 Hz), 124.3 (q, J = 270.8 Hz, CF3), 123.7 (q, J = 3.8 Hz), 113.4, 

47.0, 19.8, 14.8, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C16H17F3NO+ 296.1257, 

found 296.1261. 

 

(4ac) According to the general procedure B, reaction of 5ac (24.4 mg, 0.1 

mmol, 1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), 

(R)-3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4ac as a yellow solid (21.5 

mg, 69%). Analytical data for compound 4ac: mp 93−94 oC; Rf = 0.25 

(petroleum ether/ethyl acetate = 10:1); [α]25
D = +70.7 (c 0.13, CHCl3); enantiomeric ratio: 97:3, the 

er value of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-

hexane/2-propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR 

(major) = 7.4 min; tR (minor) = 6.5 min; 19F NMR (471 MHz, CDCl3) δ -55.7; 1H NMR (500 MHz, 

CDCl3) δ 9.23 (s, 1H), 7.31 (t, J = 8.0 Hz, 1H), 7.26–7.23 (m, 1H), 7.19 (s, 1H), 7.09–7.05 (m, 1H), 

5.79 (d, J = 2.5 Hz, 1H), 4.40 (q, J = 7.0 Hz, 1H), 2.33 (s, 3H), 2.22 (s, 3H), 1.51 (d, J = 7.0 Hz, 

3H); 13C NMR (125 MHz, CDCl3) δ 189.2, 149.5, 144.0, 135.6, 130.0, 128.5, 128.0, 126.3, 120.8, 

120.6 (q, J = 255.4 Hz, CF3),119.2, 113.3, 46.9, 19.7, 14.7, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + 

H]+ calcd for C16H17F3NO2
+ 312.1206, found 312.1205. 

 

(4ad) According to the general procedure B, reaction of 5ad (21.0 mg, 0.1 

mmol, 1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), (R)-

3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4ab as a yellow solid (22.5 mg, 

81%). Analytical data for compound 4ad: mp 164−165 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = +95.3 (c 0.15, CHCl3); enantiomeric ratio: 91:9, the er value of 
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the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

12.8 min; tR (minor) = 9.4 min; 1H NMR (500 MHz, CDCl3) δ 9.42 (s, 1H), 7.82–7.75 (m, 3H), 7.73 

(s, 1H), 7.50–7.46 (m, 1H), 7.46–7.40 (m, 2H), 5.75 (d, J = 3.0 Hz, 1H), 4.55 (q, J = 7.0 Hz, 1H), 

2.34 (s, 3H), 2.21 (s, 3H), 1.60 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 190.0, 139.3, 

135.1, 133.7, 132.5, 128.4, 128.3, 127.9, 127.7, 126.6, 126.3, 126.1, 125.7, 113.1, 47.6, 19.8, 14.8, 

13.2; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C19H20NO+ 278.1539, found 278.1540. 

 

(4ae) According to the general procedure B, reaction of 5ae (20.0 mg, 0.1 

mmol, 1.0 equiv), 2,4-dimethyl-1H-pyrrole (19.0 mg, 0.2 mmol, 2.0 equiv), (R)-

3h (3.3 mg, 0.5 % mmol, 0.05 equiv) afforded 4ae as a white solid (15.3 mg, 

64%). Analytical data for compound 4ae: mp 153−154 oC; Rf = 0.30 (petroleum 

ether/ethyl acetate = 10:1); [α]25
D = −116.4 (c 0.13, CHCl3); enantiomeric ratio: 99:1, the er value 

of the product was determined by HPLC on a Daicel Chiralcel OD-3 column; eluent, n-hexane/2-

propanol = 97:3 (v/v); temp, r.t.; flow rate, 1.0 mL/min; uv-vis detection, λ = 254 nm; tR (major) = 

15.5 min; tR (minor) = 17.1 min; 1H NMR (500 MHz, CDCl3) δ 9.39 (s, 1H), 7.27 (s, 1H), 7.22–

7.14 (m, 1H), 7.14–7.07 (m, 2H), 5.88 (d, J = 3.0 Hz, 1H), 4.76 (t, J = 7.8 Hz, 1H), 3.18–3.07 (m, 

1H), 3.03–2.93 (m, 1H), 2.56–2.47 (m, 1H), 2.45 (s, 3H), 2.41–2.31 (m, 1H), 2.21 (s, 3H); 13C NMR 

(125 MHz, CDCl3) δ 189.9, 144.9, 142.4, 135.3, 128.7, 128.5, 127.2, 126.5, 124.8, 124.5, 113.4, 

52.8, 32.2, 29.4, 14.4, 13.1; HRMS (ESI-Orbitrap) (m/z) [M + H]+ calcd for C16H18NO+ 240.1383, 

found 240.1389. 
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Determination of the configuration of product 4 

 

 

Under argon atmosphere, a flame-dried 10 ml Schlenk tube was charged with Cu(OTf)2 (0.03 

mmol, 0.1 equiv) and CH2Cl2 (3.0 mL). Then, 2-methyl-1H-pyrrole (0.9 mmol, 3.0 equiv.) and (R)-

acid chloride (0.3 mmol, 1.0 equiv.) in CH2Cl2 (1.0 ml) were added. The resulting solution was 

stirred for 15 h at room temperature. The solution was evaporated under reduced pressure, and the 

residue was purified by silica gel chromatography (petroleum ether/ethyl acetate = 30:1 - 15:1) to 

give the product (R)-4q (57%). The same procedure was followed for the preparation of (R)-4v 

(62%). 

 

Chiral HPLC analysis of (R)-4q prepared with (R)-2-phenylpropanoyl chloride and 

pyrroles 

Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 

 

HPLC of (R)-4q prepared from (R)-2-phenylpropanoyl chloride 
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HPLC of rac-4q 

 

 

HPLC of (S)-4q prepared from the reaction catalyzed by (R)-3h 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 

 

HPLC of (R)-4v prepared from (R)-2-phenylpropanoyl chloride 

 

 

HPLC of rac-4v 
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 HPLC of (S)-4v prepared from the reaction catalyzed by (R)-3h 
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1H NMR and 13C NMR spectra for all of new compounds 

1H NMR spectrum (CDCl3, 400 MHz) of 4a 

 

 

13C NMR spectrum (CDCl3, 100 MHz) of 4a 
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1H NMR spectrum (CDCl3, 500 MHz) of 4b 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4b 
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1H NMR spectrum (CDCl3, 500 MHz) of 4c 

 

 

19F NMR spectrum (CDCl3, 471 MHz) of 4c 
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13C NMR spectrum (CDCl3, 125 MHz) of 4c 
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1H NMR spectrum (CDCl3, 500 MHz) of 4d 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4d 
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1H NMR spectrum (CDCl3, 500 MHz) of 4e 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4e 
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1H NMR spectrum (CDCl3, 500 MHz) of 4f 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4f 
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1H NMR spectrum (CDCl3, 500 MHz) of 4g 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4g 
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1H NMR spectrum (CDCl3, 500 MHz) of 4h 

 

 

19F NMR spectrum (CDCl3, 471 MHz) of 4h 
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13C NMR spectrum (CDCl3, 125 MHz) of 4h 
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1H NMR spectrum (CDCl3, 500 MHz) of 4i 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4i 
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1H NMR spectrum (CDCl3, 500 MHz) of 4j 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4j 
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1H NMR spectrum (CDCl3, 500 MHz) of 4k 

 

19F NMR spectrum (CDCl3, 471 MHz) of 4k 
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13C NMR spectrum (CDCl3, 125 MHz) of 4k 
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1H NMR spectrum (CDCl3, 500 MHz) of 4l 

13C NMR spectrum (CDCl3, 125 MHz) of 4l 

 



 

S50 
 

1H NMR spectrum (CDCl3, 500 MHz) of 4m 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4m 
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1H NMR spectrum (CDCl3, 400 MHz) of 4n 

 

13C NMR spectrum (CDCl3, 100 MHz) of 4n 
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1H NMR spectrum (CDCl3, 500 MHz) of 4o 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4o 
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1H NMR spectrum (CDCl3, 500 MHz) of 4p 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4p 
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13C NMR spectrum (CDCl3, 125 MHz) of 4q 

 

1H NMR spectrum (CDCl3, 500 MHz) of 4q 
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1H NMR spectrum (CDCl3, 500 MHz) of 4r 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4r 
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1H NMR spectrum (CDCl3, 400 MHz) of 4s 

 

13C NMR spectrum (CDCl3, 100 MHz) of 4s 
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1H NMR spectrum (CDCl3, 400 MHz) of 4t 

 

13C NMR spectrum (CDCl3, 100 MHz) of 4t 
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1H NMR spectrum (CDCl3, 500 MHz) of 4u 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4u 
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1H NMR spectrum (CDCl3, 500 MHz) of 4v 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4v 
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1H NMR spectrum (CDCl3, 500 MHz) of 4w 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4w 
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1H NMR spectrum (CDCl3, 500 MHz) of 4x 

 

 

19F NMR spectrum (CDCl3, 471 MHz) of 4x 
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13C NMR spectrum (CDCl3, 125 MHz) of 4x 
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1H NMR spectrum (CDCl3, 500 MHz) of 4y 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4y 
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1H NMR spectrum (CDCl3, 500 MHz) of 4z 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4z 
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1H NMR spectrum (CDCl3, 500 MHz) of 4aa 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4aa 
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1H NMR spectrum (CDCl3, 500 MHz) of 4ab 

 

 

19F NMR spectrum (CDCl3, 471 MHz) of 4ab 
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13C NMR spectrum (CDCl3, 125 MHz) of 4ab 
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1H NMR spectrum (CDCl3, 500 MHz) of 4ac 

 

 

19F NMR spectrum (CDCl3, 471 MHz) of 4ac 
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13C NMR spectrum (CDCl3, 125 MHz) of 4ac 
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1H NMR spectrum (CDCl3, 500 MHz) of 4ad 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4ad 
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1H NMR spectrum (CDCl3, 500 MHz) of 4ae 

 

13C NMR spectrum (CDCl3, 125 MHz) of 4ae 
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Chiral HPLC analysis of 4a-4z, 4aa-4ae 

Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 

 

 

 

HPLC analysis for 1 mmol reaction of 5d with 2a 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 95:5 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel AD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 99:1 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 99:1 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel AD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 
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Daicel Chiralcel OD-3 column, n-hexane/2-propanol = 97:3 (v/v), 1.0 mL/min, 254 nm, r.t 

 

 

 

 

 


