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General considerations: All reactions were carried out in flame or oven-dried reaction test tubes 

and run under a dry argon atmosphere with magnetic stirring. Dry ether and dry toluene was 

obtained by filtration of reagent-grade solvent through an Innovative Technologies solvent drying 

system. (R)-VAPOL was synthesized according to the literature procedure and used for all 

catalysts.1 Ca[(R)-PA]2 was prepared as the reported procedures.2 All imines were synthesized 

according to the literature procedure3 and distilled before use. Sulfonamides and BINOL were 

purchased from commercial sources.  

Thin layer chromatography was performed on Merck TLC plates (silica gel 60 F254). 

Visualization was accomplished UV light (254nm), flash column chromatography was performed 

with silica gel (200-300 mesh). The HRMS data were measured on a Thermo Fisher Q Exactive 

HF LC-MS. The mass analyzer type used for the HRMS measurements was Q-TOF. Optical 

rotations were measured on a Rudolph Research Analytical Autopol IV polarimeter (λ 589) using 

a 700-µL cell with a path length of 0.5 dm. Melting points were determined with a Micromelting 

point apparatus without correction. Enantiomeric excess (ee) was determined using a Shimadzu 

HPLC LC-20AT, SPD-20A UV/VIS detector, and CTO-20A column oven. Column conditions are 

reported in the experimental section below. H and C NMR spectra were recorded on 400 MHz or 

600 MHz spectrometer at 25 ℃. Bruker Avance Ⅲ instrument with chemical shifts reported 

relative to tetramethylsilane (TMS). The absolute configuration of 3a-3x were determined to be 

“(S)” by HPLC spectrum to the reported literature values and X-ray. Compounds synthetized in 

the literature were characterized by matching their data with the reported values. 

General procedure for the amidation of imines 

 

The BOC-imine (0.25 mmol), nucleophile (0.125 mmol) and the catalyst Ca[(R)-PA]2 (1-5mol%) 

were weighted into a dry test tube. The atmosphere was exchanged with argon three times, and 

anhydrous toluene or ether (2.0 mL) was added via syringe. The reaction mixture was stirred at 

ambient temperature for the desired reaction time as judged by TLC. Upon completion, solvent 

was removed under vacuo and the residue was purified by silica gel chromatography 

(Hexane/Acetone = 10/1 to 4/1) to provide chiral product 3a-x. All racemic samples were 
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prepared by using calcium BINOL phosphate salt (20 mol%) as catalyst and their chiral HPLC 

retention time data were compared just prior to authentic samples with enantiomeric excess. 
Characterization data for aminal products (3a-3x) 
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(S)-tert-butyl (4-methoxyphenyl)(4-methylphenylsulfonamidomethyl)carbamate (3a) The 

reaction was performed in 0.125mmol scale for 15h using 1 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 6:1) as a white solid 25mg, 99% 

yield, >99% ee. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 80:20 hexanes/iPrOH): tR(minor) = 

7.97 min, tR(major) = 12.43 min. [α]D
20 = +5.67 (c = 0.275, CHCl3). 

1H NMR (600 MHz, 

Acetone-d6) δ 7.78 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.3 Hz, 2H), 7.02 (d, 

J = 8.7 Hz, 1H), 6.91 – 6.84 (m, 2H), 6.55 (s, 1H), 6.13 (s, 1H), 3.78 (s, 3H), 2.42 (s, 3H), 1.32 (s, 

9H). 13C NMR (150 MHz, Acetone-d6) δ 160.4, 155.2, 143.6, 140.3, 133.1, 130.2, 128.3, 128.0, 

114.5, 79.5, 64.1, 55.6, 28.5, 21.4. HRMS (ESI) Calcd for C20H26N2NaO5S ([M+Na]+) 429.1455, 

found 429.1459. 
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(S)-tert-butyl (3-methoxyphenyl)(4-methylphenylsulfonamido)methylcarbamate (3b) The 

reaction was performed in 0.125mmol scale for 50h using 1 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 6:1) as a white solid 23mg, 91% 

yield, 97% ee. M.P.: 137-138 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 

hexanes/iPrOH): tR(minor) = 10.86 min, tR(major) = 14.21 min. [α]D
20 = -1.52 (c = 0.290, CHCl3). 

1H NMR (600 MHz, Acetone-d6) δ 7.82 – 7.75 (m, 2H), 7.36 (d, J = 5.8 Hz, 2H), 7.24 (t, J = 8.1 

Hz, 1H), 7.14 (d, J = 8.8 Hz, 1H), 6.99 – 6.92 (m, 2H), 6.84 (dd, J = 7.9, 2.1 Hz, 1H), 6.67 (s, 1H), 

6.16 (t, J = 9.0 Hz, 1H), 3.75 (s, 3H), 2.42 (s, 3H), 1.33 (s, 9H).13C NMR (150 MHz, Acetone-d6) 

δ 160.8, 155.2, 143.7, 142.6, 140.3, 130.3, 130.3, 128.0, 119.2, 114.3, 112.7, 79.6, 64.4, 55.5, 28.5, 

21.4. HRMS (ESI) Calcd for C20H26N2NaO5S ([M+Na]+) 429.1455, found 429.1449.  
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(S)-tert-butyl (4-methylphenylsulfonamido)(o-tolylmethyl)carbamate (3c) The reaction was 

performed in 0.125mmol scale for 9h using 5 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 21mg, 88% yield, 97% 

ee. M.P.: 168-169 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 6.13 min, tR(major) = 7.16 min. [α]D
20 = -1.90 (c = 0.315, CHCl3). 

1H NMR (600 MHz, 

Acetone-d6) δ 7.78 (d, J = 8.2 Hz, 2H), 7.50 (dd, J = 7.3, 1.8 Hz, 1H), 7.38 – 7.34 (m, 2H), 7.20 – 

7.12 (m, 3H), 7.07 (d, J = 7.4 Hz, 1H), 6.67 (s, 1H), 6.42 (t, J = 7.3 Hz, 1H), 2.43 (s, 3H), 2.28 (s, 

3H), 1.33 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 154.9, 143.6, 140.2, 139.2, 136.0, 131.2, 

130.2, 128.8, 128.1, 126.9, 126.6, 79.5, 61.7, 28.5, 21.4, 19.0. HRMS (ESI) Calcd for 

C20H26N2NaO4S ([M+Na]+) 413.1505, found 413.1505. 
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(S)-tert-butyl (4-methylphenylsulfonamido)(m-tolylmethyl)carbamate (3d) The reaction was 

performed in 0.125mmol scale for 8h using 1 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 24mg, 99% yield, 96% 

ee. M.P.: 149-150 oC. HPLC analysis (Chiralcel AD-H, 1.0 mL/min, 80:20 hexanes/iPrOH): 

tR(minor) = 9.91 min, tR(major) = 12.08 min. [α]D
20 = -1.04 (c = 0.230, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.82 – 7.74 (m, 2H), 7.39 – 7.33 (m, 2H), 7.20 (td, J = 8.2, 5.9 Hz, 3H), 7.15 

– 7.06 (m, 2H), 6.63 (d, J = 8.0 Hz, 1H), 6.17 (t, J = 8.6 Hz, 1H), 2.42 (s, 3H), 2.28 (s, 3H), 1.32 

(s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 155.1, 143.6, 141.0, 140.3, 138.7, 130.2, 129.4, 129.2, 

128.0, 127.8, 124.1, 79.5, 64.4, 28.5, 21.4, 21.4. HRMS (ESI) Calcd for C20H26N2NaO4S 

([M+Na]+) 413.1505, found 413.1491. 
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(S)-tert-butyl (4-methylphenylsulfonamido)(p-tolylmethyl)carbamate (3e) The reaction was 

performed in 0.125mmol scale for 24h using 1 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 24mg, 98% yield, 84% 

ee. M.P.: 153-154 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 80:20 hexanes/iPrOH): 

tR(minor) = 5.30 min, tR(major) = 8.03 min. [α]D
20 = +1.87 (c = 0.160, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.82 – 7.75 (m, 2H), 7.39 – 7.32 (m, 2H), 7.27 (d, J = 7.8 Hz, 2H), 7.16 – 

7.10 (m, 2H), 7.03 (d, J = 8.8 Hz, 1H), 6.56 (s, 1H), 6.15 (s, 1H), 2.42 (s, 3H), 2.30 (s, 3H), 1.32 

(s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 156.0, 143.6, 140.3, 138.3, 138.2, 130.2, 130.2, 129.8, 

128.0 127.0, 79.5, 64.3, 28.5, 21.4, 21.0. HRMS (ESI) Calcd for C20H26N2NaO4S ([M+Na]+) 

413.1505, found 413.1498. 
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(S)-tert-butyl (4-fluorophenyl)((4-methylphenylsulfonamidomethyl)carbamate (3f) The 

reaction was performed in 0.25mmol scale for 14h using 1 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 49mg, 99% 

yield, 99% ee. M.P.: 157-158 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 

hexanes/iPrOH): tR(minor) = 8.22 min, tR(major) = 9.88 min. [α]D
20 = +3.26 (c = 0.245, CHCl3). 

1H NMR (600 MHz, Acetone-d6) δ 7.81 – 7.76 (m, 2H), 7.44 (dd, J = 8.6, 5.4 Hz, 2H), 7.36 (d, J 

= 8.0 Hz, 2H), 7.19 (d, J = 8.9 Hz, 1H), 6.72 (d, J = 8.7 Hz, 1H), 6.18 (t, J = 9.1 Hz, 1H), 2.42 (s, 

3H), 1.32 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 164.0, 162.4, 155.2, 143.7, 140.2, 137.3, 

130.3, 129.2, 129.2, 128.0, 115.9, 115.8, 79.7, 63.9, 28.5, 21.4. HRMS (ESI) Calcd for 

C19H23FN2NaO4S ([M+Na]+) 417.1255, found 417.1264. 
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(S)-tert-butyl (4-chlorophenyl)(4-methylphenylsulfonamidomethyl)carbamate (3g) The 

reaction was performed in 0.25mmol scale for 16h using 1 mol% Ca[(R)-PA]2 in ether. The 

product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 48mg, 94% 

yield, 91% ee. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): tR(minor) = 

8.61 min, tR(major) = 13.23 min. [α]D
20 = -10.1 (c = 0.295, CHCl3). 

1H NMR (600 MHz, 

Acetone-d6) δ 7.80 – 7.75 (m, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.37 (dt, J = 8.4, 2.5 Hz, 4H), 7.28 – 

7.19 (m, 1H), 6.77 (d, J = 8.8 Hz, 1H), 6.18 (t, J = 9.0 Hz, 1H), 2.42 (s, 3H), 1.31 (s, 9H). 13C 

NMR (150 MHz, Acetone-d6) δ 155.2, 143.8, 140.1, 140.0, 134.1, 130.3, 129.3, 129.0, 128.0, 79.8, 

63.9, 28.5, 21.5. HRMS (ESI) Calcd for C19H23ClN2NaO4S ([M+Na]+) 433.0959, found 433.0969. 
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(S)-tert-butyl (4-bromophenyl)(4-methylphenylsulfonamidomethyl)carbamate (3h) The 

reaction was performed in 0. 25mmol scale for 24h using 1 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 55mg, 96% 

yield, >99% ee. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): tR(minor) = 

9.20 min, tR(major) = 18.25 min. [α]D
20 = +0.55 (c = 0.290, CHCl3). 

1H NMR (600 MHz, 

Acetone-d6) δ 7.82 – 7.71 (m, 2H), 7.56 – 7.49 (m, 2H), 7.36 (dd, J = 8.4, 3.6 Hz, 4H), 7.25 (d, J 

= 8.9 Hz, 1H), 6.77 (d, J = 7.9 Hz, 1H), 6.15 (t, J = 9.0 Hz, 1H), 2.43 (s, 3H), 1.32 (s, 9H). 13C 

NMR (150 MHz, Acetone-d6) δ 155.2, 143.8, 140.5, 140.1, 132.2, 130.3, 129.3, 128.0, 122.3, 79.8, 

64.0, 28.5, 21.4. HRMS (ESI) Calcd for C19H23BrN2NaO4S ([M+Na]+) 477.0454, found 477.0459. 
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(S)-tert-butyl (4-methylphenylsulfonamido)(4-trifluoromethylphenylmethyl)carbamate (3i) 

The reaction was performed in 0. 25mmol scale for 20h using 1 mol% Ca[(R)-PA]2 in toluene. 

The product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 55mg, 

99% yield, 99% ee. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 6.79 min, tR(major) = 10.51 min. [α]D
20 = -13.75 (c = 0.305, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.78 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H), 

7.37 (d, J = 8.2 Hz, 3H), 6.90 (d, J = 9.0 Hz, 1H), 6.26 (t, J = 9.2 Hz, 1H), 2.42 (s, 3H), 1.32 (s, 

9H). 13C NMR (150 MHz, Acetone-d6) δ 155.2, 145. 5, 143.8, 140.1, 130.5, 130.3, 130.2, 128.0, 

128.0, 126.2 (q, J = 3.7 Hz), 79.8, 64.0, 28.5, 21.4. HRMS (ESI) Calcd for C20H23F3N2NaO4S 

([M+Na]+) 467.1223, found 467.1229. 
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(S)-tert-butyl ((3-fluorophenyl)(4-methylphenylsulfonamidomethyl)carbamate (3j) The 

reaction was performed in 0. 125mmol scale for 18h using 5 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 23mg, 94% 

yield, 85% ee. M.P.: 150-151 oC. HPLC analysis (Chiralcel OJ-H, 1.0 mL/min, 90:10 

hexanes/iPrOH): tR(minor) = 12.03 min, tR(major) = 16.39 min. [α]D
20 = -8.09 (c = 0.220, CHCl3). 

1H NMR (600 MHz, Acetone-d6) δ 7.79 (d, 2H), 7.42 – 7.35 (m, 3H), 7.25 (dd, J = 17.8, 8.4 Hz, 

2H), 7.18 (dt, J = 10.4, 2.2 Hz, 1H), 7.06 (tdd, J = 8.5, 2.7, 0.8 Hz, 1H), 6.78 (s, 1H), 6.21 (t, J = 

8.9 Hz, 1H), 2.42 (s, 3H), 1.32 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 163.64 (d, J = 244.0 

Hz), 155.17, 143.99 (d, J = 6.9 Hz), 143.79, 140.13, 131.17 (d, J = 8.2 Hz), 130.3, 128.0, 123.2, 

115.5 (d, J = 21.2 Hz), 114.0 (d, J = 23.1 Hz), 79.8, 63.9, 28.5, 21.4. HRMS (ESI) Calcd for 

C19H23FN2NaO4S ([M+Na]+) 417.1255, found 417.1273. 
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(S)-tert-butyl (furan-2-yl)4-methylphenylsulfonamidomethyl)carbamate (3k) The reaction 

was performed in 0. 125mmol scale for 24h using 1 mol% Ca[(R)-PA]2 in toluene. The product 

was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 22mg, 99% yield, 

99% ee. M.P.: 152-153 oC. HPLC analysis (Chiralcel IA-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 25.80 min, tR(major) = 31.20min. [α]D
20 = -3.125 (c = 0.160, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.78 (td, 2H), 7.45 (t, J = 1.4 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 

9.0 Hz, 1H), 6.75 – 6.66 (m, 1H), 6.39 – 6.32 (m, 2H), 6.25 (t, J = 8.8 Hz, 1H), 2.41 (s, 3H), 1.32 

(s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 153.0, 143.6, 143.5, 140.4, 130.2, 127.9, 111.2, 107.9, 

79.8, 59.5, 28.5, 21.4. HRMS (ESI) Calcd for C17H22N2NaO5S ([M+Na]+) 389.1142, found 

389.1150. 

 

 

O
N
H

NHBoc
S

O

O
Me

3k



 15 

 

 

 

(S)-tert-butyl (4-methylphenylsulfonamido)(thiophen-2-yl)methylcarbamate (3l) The reaction 

was performed in 0. 25mmol scale for 12h using 5 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 23mg, 99% yield, >99% 

ee. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): tR(minor) = 8.45 min, 

tR(major) = 12.60 min. [α]D
20 = -14.93 (c = 0.365, CHCl3). 

1H NMR (600 MHz, Acetone-d6) δ 

7.82 – 7.78 (m, 2H), 7.40 – 7.34 (m, 3H), 7.29 (d, J = 9.2 Hz, 1H), 7.02 (dt, J = 3.6, 1.3 Hz, 1H), 

6.96 (dd, J = 5.1, 3.6 Hz, 1H), 6.73 (s, 1H), 6.38 (t, J = 9.4 Hz, 1H), 2.42 (s, 3H), 1.33 (s, 9H). 13C 

NMR (150 MHz, Acetone-d6) δ 155.0, 145.6, 143.8, 140.2, 130.3, 128.0, 127.8, 126.5, 125.7, 79.9, 

61.5, 28.5, 21.4. HRMS (ESI) Calcd for C17H22N2NaO4S2 ([M+Na]+) 405.0913, found 405.0905. 
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(S)-tert-butyl (4-methylphenylsulfonamido)(naphthalen-1-yl)methylcarbamate (3m) The 

reaction was performed in 0. 125mmol scale for 10h using 5 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 26mg, 98% 

yield, >99% ee. M.P.: 158-159 oC. HPLC analysis (Chiralcel IA-H, 1.0 mL/min, 90:10 

hexanes/iPrOH): tR(minor) = 34.51 min, tR(major) = 38.63 min. [α]D
20 = +4.04 (c = 0.425, CHCl3). 

1H NMR (600 MHz, Acetone-d6) δ 8.17 – 8.10 (m, 1H), 7.94 – 7.88 (m, 1H), 7.85 (d, J = 8.2 Hz, 

1H), 7.81 (d, J = 7.8 Hz, 2H), 7.73 (d, J = 7.2 Hz, 1H), 7.56 – 7.48 (m, 2H), 7.44 (t, J = 7.7 Hz, 

1H), 7.35 (d, J = 7.9 Hz, 2H), 7.26 (d, J = 8.1 Hz, 1H), 6.99 (t, J = 8.7 Hz, 1H), 6.84 – 6.73 (m, 

1H), 2.43 (s, 3H), 1.34 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 155.1, 143.7, 140.2, 136.3, 

134.8, 131.2, 130.2, 129.7, 129.5, 128.1, 127.3, 126.7, 125.9, 124.6, 124.1, 78.0, 61.6, 28.5, 21.4. 

HRMS (ESI) Calcd for C23H26N2NaO4S ([M+Na]+) 449.1505, found 449.1504. 
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(S)-tert-butyl (4-methylphenylsulfonamido)(naphthalen-2-yl)methylcarbamate (3n) The 

reaction was performed in 0. 125mmol scale for 17h using 1 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 24mg, 90% 

yield, >99% ee. M.P.: 151-152 oC. HPLC analysis (Chiralcel IA-H, 1.0 mL/min, 90:10 

hexanes/iPrOH): tR(major) = 20.07 min, tR(minor) = 30.93 min. [α]D
20 = +10.55 (c = 0.280, 

CHCl3). 
1H NMR (600 MHz, Acetone-d6) δ 7.90 – 7.84 (m, 4H), 7.83 – 7.79 (m, 2H), 7.55 – 7.48 

(m, 3H), 7.36 – 7.31 (m, 2H), 7.23 (d, J = 8.8 Hz, 1H), 6.76 (s, 1H), 6.36 (s, 1H), 2.40 (s, 3H), 

1.34 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 155.2, 143.7, 140.3, 138.4, 134.0, 134.0, 130.3, 

129.1, 129.0, 128.4, 128.0, 127.2, 127.1, 125.8, 125.4, 79.7, 64.7, 28.5, 21.4. HRMS (ESI) Calcd 

for C23H26N2NaO4S ([M+Na]+) 449.1505,  found 449.1517. 
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(S)-tert-butyl (2-methoxyphenyl)(4-methylphenylsulfonamidomethyl)carbamate (3o) The 

reaction was performed in 0. 125mmol scale for 36h using 5 mol% Ca[(R)-PA]2 in toluene. The 

product was obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 20mg, 79% 

yield, 67% ee. M.P.: 169-170 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 

hexanes/iPrOH): tR(minor) = 11.04 min, tR(major) = 18.36 min. [α]D
20 = -24.23 (c = 0.085, CHCl3). 

1H NMR (600 MHz, Acetone-d6) δ 7.72 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.9 Hz, 3H), 7.24 (td, J = 

7.8, 1.7 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.92 – 6.83 (m, 2H), 6.49 – 6.40 (m, 1H), 6.27 (t, J = 

8.9 Hz, 1H), 3.74 (s, 3H), 2.40 (s, 3H), 1.33 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 157.3, 

154.8, 143.3, 140.2, 130.3, 130.0, 128.6, 128.5, 128.0, 121.2, 111.8, 79.5, 62.6, 55.7, 28.5, 21.4. 

HRMS (ESI) Calcd for C20H26N2NaO5S ([M+Na]+) 429.1455,  found 429.1444. 

3o

NHBoc

N
H

S
O

O
Me

MeO



 19 

 

 

 

 
 

 

(S)-tert-butyl (4-methylphenylsulfonamido)(phenyl)methylcarbamate (3p) The reaction was 

performed in 0.25mmol scale for 3h using 1 mol% Ca[(R)-PA]2 in ether. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 47mg, 99% yield, >99% 

ee. M.P.: 170-171 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 9.24 min, tR(major) = 10.90 min. [α]D
20 = -6.69 (c = 0.260, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.80 (d, J = 7.9 Hz, 2H), 7.43 – 7.27 (m, 8H), 7.17 (d, J = 8.9 Hz, 1H), 6.70 

(s, 1H), 6.22 (t, J = 9.1 Hz, 1H), 2.43 (s, 3H), 1.32 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 

155.2, 143.7, 141.1, 140.3, 130.3, 129.2, 128.7, 128.0, 127.1, 79.6, 64.4, 28.5, 21.4. HRMS (ESI) 

Calcd for C19H24N2NaO4S ([M+Na]+) 399.1349, found 399.1360. 
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(S)-tert-butyl (2-methylphenylsulfonamido)(phenylmethyl)carbamate (3q) The reaction was 

performed in 0.125mmol scale for 15h using 1 mol% Ca[(R)-PA]2 in ether. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 23mg, 99% yield, 97% 

ee. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): tR(minor) = 8.04 min, 

tR(major) = 9.28 min. [α]D
20 = +7.33 (c = 0.320, CHCl3). 

1H NMR (400 MHz, Acetone-d6) δ 7.97 

(dd, J = 7.9, 1.5 Hz, 1H), 7.50 (td, J = 7.5, 1.4 Hz, 1H), 7.44 – 7.20 (m, 8H), 6.74 (s, 1H), 6.14 (t, 

J = 8.8 Hz, 1H), 2.65 (s, 3H), 1.29 (s, 9H). 13C NMR (100 MHz, Acetone-d6) δ 139.9, 136.9, 

132.3, 132.2, 129.2, 128.3, 127.9, 126.2, 126.0, 78.7, 63.3, 27.6, 19.6. HRMS (ESI) Calcd for 

C19H24N2NaO4S ([M+Na]+) 399.1349, found 399.1340. 
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(S)-tert-butyl (4-methoxyphenylsulfonamido)(phenylmethyl)carbamate (3r) The reaction was 

performed on a 0.125 mmol scale for 5 h using 5 mol% Ca[(R)-PA]2 in ether. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 23mg, 95% yield, >99% 

ee. HPLC analysis (Chiralcel OJ-H, 1.0 mL/min, 90:10 hexanes/iPrOH): tR(minor) = 20.60 min, 

tR(major) = 28.78 min. [α]D
20 = -5.07 (c = 0.205, CHCl3).

 1H NMR (600 MHz, Acetone-d6) δ 7.84 

(m, 2H), 7.41 (d, J = 7.6 Hz, 2H), 7.34 (td, J = 7.1, 6.2, 1.2 Hz, 2H), 7.31 – 7.26 (m, 1H), 7.13 – 

7.04 (m, 3H), 6.69 (d, J = 9.0 Hz, 1H), 6.19 (t, J = 8.8 Hz, 1H), 3.90 (s, 3H), 1.33 (s, 9H). 13C 

NMR (150 MHz, Acetone-d6) δ 163.6, 155.2, 141.2, 134.7, 130.1, 129.2, 128.7, 127.1, 114.9, 79.6, 

64.3, 56.1, 28.5. HRMS (ESI) Calcd for C19H24N2NaO5S ([M+Na]+) 415.1298, found 415.1299. 
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(S)-tert-butyl(2-fluorophenylsulfonamide)(phenylmethyl)carbamate (3s) The reaction was 

performed on a 0.125 mmol scale for 20 h using 1 mol% Ca[(R)-PA]2 in ether. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 47mg, 99% yield, >99% 

ee. M.P.: 160-161 oC. HPLC analysis (Chiralcel AD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 24.03 min, tR(major) = 37.64 min. [α]D
20 = -2.15 (c = 0.090, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.89 (td, J = 7.6, 1.8 Hz, 1H), 7.77 – 7.56 (m, 1H), 7.44 (dd, J = 23.2, 7.9 Hz, 

3H), 7.38 – 7.26 (m, 5H), 6.76 (s, 1H), 6.19 (t, J = 9.0 Hz, 1H), 1.28 (s, 9H). 13C NMR (150 MHz, 

Acetone-d6) δ 159.8 (d, J = 253.5 Hz), 155.1, 140.6, 135.8 (d, J = 8.5 Hz), 131.0, 130.6 (d, J = 

3s
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13.8 Hz), 129.2, 128.8, 127.1, 125.4 (d, J = 3.6 Hz), 117.6 (d, J = 21.1 Hz), 79.8, 64.4, 28.5. 

HRMS (ESI) Calcd for C18H21FN2NaO4S ([M+Na]+) 403.1098, found 403.1109. 

 

 

 

 

 

(S)-tert-butyl (3-bromophenylsulfonamido)(phenylmethyl)carbamate (3t) The reaction was 

performed in 0.25mmol scale for 22h using 1 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 53mg, 96% yield, 99% 

ee. M.P.: 124-125 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 7.72 min, tR(major) = 9.57 min. [α]D
20 = -3.63 (c = 0.270, CHCl3).

 1H NMR (600 MHz, 

Acetone-d6) δ 8.03 (t, J = 1.9 Hz, 1H), 7.91 (dt, J = 7.9, 1.3 Hz, 1H), 7.80 (ddd, J = 8.1, 2.0, 1.0 

Hz, 1H), 7.53 (t, J = 7.9 Hz, 1H), 7.49 (d, J = 7.2 Hz, 1H), 7.44 (d, J = 7.6 Hz, 2H), 7.38 – 7.32 
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(m, 2H), 7.32 – 7.28 (m, 1H), 6.89 – 6.79 (m, 1H), 6.24 (s, 1H), 1.32 (s, 9H). 13C NMR (150 MHz, 

Acetone-d6) δ 155.2, 145.2, 140.6, 136.0, 131.8, 130.7, 129.3, 129.0, 127.1, 126.8, 123.0, 79.9, 

64.5, 28.6. HRMS (ESI) Calcd for C18H21BrN2NaO4S ([M+Na]+) 463.0298, found 463.0298. 

 

 

 

(S)-tert-butyl (4-chlorophenylsulfonamido)(phenylmethyl)carbamate (3u) The reaction was 

performed in 0.125mmol scale for 15h using 1 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 24mg, 99% yield, 95% 

ee. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): tR(minor) = 9.58 min, 

tR(major) = 12.26 min. [α]D
20 = -11.15 (c = 0.160, CHCl3). 

1H NMR (600 MHz, Acetone-d6) δ 

7.93 – 7.87 (m, 2H), 7.62 – 7.55 (m, 2H), 7.43 (d, J = 7.2 Hz, 2H), 7.41 – 7.33 (m, 3H), 7.32 – 

7.27 (m, 1H), 6.72 (s, 1H), 6.23 (t, J = 8.8 Hz, 1H), 1.32 (s, 9H). 13C NMR (150 MHz, Acetone-d6) 

3u
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Cl
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δ 155.2, 142.0, 140.8, 138.7, 129.9, 129.8, 129.3, 128.8, 127.1, 79.8, 64.4, 28.5. HRMS (ESI) 

Calcd for C18H21ClN2NaO4S ([M+Na]+) 419.0803, found 419.0804. 

 

 

 

(S)-tert-butyl (4-nitrophenylsulfonamido)(phenylmethyl)carbamate (3v) The reaction was 

performed in 0.125mmol scale for 50h using 1 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 21mg, 84% yield, 75% 

ee. M.P.: 136-137 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 80:20 hexanes/iPrOH): 

tR(minor) = 9.85 min, tR(major) = 11.70 min. [α]D
20 = +10.93 (c = 0.320, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 8.43 – 8.36 (m, 2H), 8.17 (d, J = 8.5 Hz, 2H), 7.72 (d, J = 7.8 Hz, 1H), 7.35 (t, 

J = 7.5 Hz, 2H), 7.30 (dd, J = 8.4, 6.1 Hz, 1H), 6.82 (s, 1H), 6.27 (t, J = 8.7 Hz, 1H), 1.28 (s, 9H). 
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13C NMR (150 MHz, Acetone-d6) δ 155.2, 150.9, 148.7, 140.3, 129.5, 129.4, 129.0, 127.1, 124.9, 

79.9, 64.7, 28.4. HRMS (ESI) Calcd for C18H21N3NaO6S ([M+Na]+) 430.1043, found 430.1042. 

 

 

 
 

 

(S)-tert-butyl (3,4-difluorophenylsulfonamido)(phenylmethyl)carbamate (3w) The reaction 

was performed in 0.125mmol scale for 5h using 5 mol% Ca[(R)-PA]2 in toluene. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 24mg, 96% yield, 95% 

ee. M.P.: 141-142 oC. HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 8.87 min, tR(major) = 11.21 min. [α]D
20 = +10.20 (c = 0.445, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.82 (td, J = 7.4, 3.5 Hz, 1H), 7.80 – 7.75 (m, 1H), 7.54 (dt, J = 10.4, 8.2 Hz, 

1H), 7.51 – 7.48 (m, 1H), 7.44 (d, J = 7.8 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 7.33 – 7.29 (m, 1H), 
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6.83 (s, 1H), 6.23 (s, 1H), 1.33 (s, 9H). 13C NMR (150 MHz, Acetone-d6) δ 155.3, 153.4 (dd, J = 

252.7, 12.7 Hz), 150.5 (dd, J = 255.8, 13.4 Hz), 140.5, 140.3, 129.3, 128.9, 125.6 (d, J = 7.0 Hz), 

118.9 (d, J = 19.7 Hz), 117.8 (d, J = 20.8 Hz), 79.8, 64.5, 28.4. HRMS (ESI) Calcd for 

C18H20F2N2NaO4S ([M+Na]+) 421.1004, found 421.1001. 

 

 

 

 

(S)-tert-butyl (4-methylsulfonamido)(phenylmethyl)carbamate (3x) The reaction was 

performed in 0.25mmol scale for 3h using 5 mol% Ca[(R)-PA]2 in ether. The product was 

obtained by flash chromatography (hexane: acetone = 4:1) as a white solid 35mg, 94% yield, 84% 

ee. M.P.: 143-144 oC. HPLC analysis (Chiralcel AD-H, 1.0 mL/min, 90:10 hexanes/iPrOH): 

tR(minor) = 12.63 min, tR(major) = 13.93 min. [α]D
20 = +1.64 (c = 0.340, CHCl3). 

1H NMR (600 

MHz, Acetone-d6) δ 7.53 (d, J = 7.5 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.33 (d, J = 7.3 Hz, 1H), 

7.05 (d, J = 8.9 Hz, 1H), 6.89 (d, J = 9.0 Hz, 1H), 6.25 (t, J = 9.1 Hz, 1H), 3.06 (s, 3H), 1.45 (s, 
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9H). 13C NMR (150 MHz, Acetone-d6) δ 156.1, 141.0, 129.3, 128.8, 127.2, 80.1, 64.4, 42.0, 28.5. 

HRMS (ESI) Calcd for C13H20N2NaO4S ([M+Na]+) 323.1036, found 323.1048. 
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Large scale reaction producing product 3p 
 

 
 

The reaction was performed in a 1 mmol scale (imine). The reaction was run for 4h using 1 
mol% Ca[(R)-PA]2 in ether. The product was obtained by flash chromatography (hexane: acetone 
= 4:1) as a white solid 183.6 mg, 97% yield, 95% ee. HPLC analysis (Chiralcel OD-H, 1.0 
mL/min, 90:10 hexanes/iPrOH): tR(minor) = 9.83 min, tR(major) = 11.30 min. 
 
 

 

H

NBoc

+
rt, Ether

Ca[PA]2 (1 mol%) NHBoc

N
H

S
O

O
Me

S NH2
O

O
Me

1p, 1 mmol 2a, 0.5 mmol 3p, 97%, 95% ee
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Crystal growth conditions and data 
 
Crystal growth conditions of 3a 
 

After dissolving the compound 3a in minimal acetone, an appropriate amount of hexanes was 
added and then allowed to stand at room temperature. Some small holes were punctured into the 
sealing film on the bottle. After leaving it in a cool place for some time, slow evaporation of the 
solvent allowed for X-ray quality crystals to form. 
 
X-ray structure of 3a  
 

  
 
 
Craystal measurement and data for 3a  

Bond precision: C-C = 0.0085 A Wavelength=1.54184 
 
 

Cell: 
 
Temperature: 

a=5.1266(2) 

alpha=90 
160 K 

b=20.3732(11) 

beta=90 

c=20.4123(12) 

gamma=90 

  
Calculated 

   
Reported 

Volume Space 

group Hall group 

Moiety formula 

2131.97(19) 

P 21 21 21 
P 2ac 2ab C20 
H20H26N2O5S 

 
 
 

 

 
 
 

 

2131.97(19) 

P 21 21 21 

P 2ac 2ab 

C20H26N2O5S 

Sum formula C20H26 N2O5S   C20H26 N2O5S 

Mr 406.49   406.49 

Dx,g cm-3 1.266   1.266 

Z 4   4 

Mu (mm-1) 1.623   1.623 

F000 864.0   864.0 

F000’ 867.90    

h,k,lmax 6,25,25   6,25,25 
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Nref 4540[ 2648]   4273 

Tmin,Tmax 0.943,0.952   0.378,1.000 
Tmin’ 0.922    

 

Correction method= # Reported T Limits: Tmin=0.378 Tmax=1.000 AbsCorr = 

MULTI-SCAN 

 

Data completeness= 1.61/0.94 Theta(max)= 77.396 

R(reflections)= 0.0501( 3093) wR2(reflections)= 0.1485( 4273) 

S = 1.051 Npar= 267 
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1H-NMR, 13C-NMR spectra data 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3a 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3a 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3b 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3b 
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1H-NMR of (600 MHz, Acetone-d6) compound of 3c 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3c 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3d 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3d 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3e 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3e 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3f 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3f 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3g 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3g 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3h 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3h 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3i 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3i 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3j 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3j 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3k 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3k 
 

 
 

O
N
H

NHBoc
S

O

O
Me

3k

O
N
H

NHBoc
S

O

O
Me

3k



 

 45 

1H-NMR (600 MHz, Acetone-d6) of compound of 3l 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3l 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3m 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3m 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3n 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3n 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3o 
 

 
 

13C-NMR (150 MHz, Acetone-d6) of compound of 3o 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3p 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3p 
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1H-NMR (400 MHz, Acetone-d6) of compound of 3q 
 

 
 
13C-NMR (100 MHz, Acetone-d6) of compound of 3q 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3r 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3r 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3s 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3s 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3t 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3t 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3u 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3u 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3v 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3v 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3w 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3w 
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1H-NMR (600 MHz, Acetone-d6) of compound of 3x 
 

 
 
13C-NMR (150 MHz, Acetone-d6) of compound of 3x 
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