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1. General information and materials 

General information: All commercial reagents were used without further purification unless 

otherwise noted. 1H, 13C, 19F NMR spectra were measured on NMR instrument (400 or 500 MHz 

for 1H NMR, 101 or 126 MHz for 13C NMR and 377 MHz for 19F NMR). Tetramethylsilane 

(TMS) served as the internal standard for 1H NMR, and CDCl3 served as the internal standard for 

13C NMR. The following abbreviations were used to express the mutiplicities: s = singlet; d = 

doublet; t = triplet; q = quartet; m = multiplet; br = broad. The enantiomeric excesses were 

determined by HPLC analysis on Chiral Daicel Chiralpak OD-H, OJ-H, AS-H, AD-H. Optical 

rotations were measured on a commercial polarimeter and reported as follows: [α]D 
25 (c = g/100 

mL, solvent). HRMS was recorded on a commercial instrument (ESI and APCI Source).   

Materials: The corresponding 2-mercaptobenzothiazole derivatives 2b, 2d, 2g, 2h, 2l, 2m, 

2n, 2pwere prepared according to the procedures reported previously.1,2 Others were from 

commercial Alfa-Aesar, Acros, TCI etc.   

 

2. Optimization of reaction conditions 

Table S1. Screening of atmospherea 
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Entry Atmosphere Yield (%) Ee (%) 

1 Ar 83 86 

2 Air 71 87 

aAll reactions were performed at 40 oC in MeCN (0.5 mL) with 1b (0.10 mmol), 2a (0.10 mmol), 

TBAI (0.05 eq), TBHP (1.5 eq), 4d/Tf2NH (20 mol%) and pimelic acid (0.3 eq) for 35 h. Yield 

was based on 1H NMR analysis of the crude product using 1,3,5-trimethoxybenzene as an 

internal standard. Ee values base on HPLC analysis. 

 

Table S2. Screening of temperaturea 

 

Entry Temperature (oC) Yield (%) Ee (%) 

1 50 81 85 

2 40 89 86 

3 R.T. 86 86 

4 -5 10 24 

aAll reactions were performed in MeCN (0.5 mL) with 1b (0.10 mmol), 2a (0.10 mmol), TBAI 

(0.05 eq), TBHP (1.5 eq), 4d/Tf2NH (20 mol%) and pimelic acid (0.3 eq) for 35 h at Ar 

atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

Table S3. Screening of iodide aniona 
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Entry Iodide anion Yield (%) Ee (%) 

1 NaI 88 81 

2 KI 86 86 

3 TBAI 89 86 

4 TMAI 77 86 

5 TEAI 84 86 

6 NiI 94 5 

aAll reactions were performed at 40 oC in MeCN (0.5 mL) with 1b (0.10 mmol), 2a (0.10 mmol), 

iodide anion (0.05 eq), TBHP (1.5 eq), 4d/Tf2NH (20 mol%) and pimelic acid (0.3 eq) for 35 h at 

Ar atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

Table S4. Screening of the amount of TBAIa 

 

Entry TBAI (x eq) Yield (%) Ee (%) 

1 0.0125 62 76 

2 0.025 89 84 

3 0.05 89 86 

4 0.1 52 88 

5 0.2 69 88 

aAll reactions were performed at 40 oC in MeCN (0.5 mL) with 1b (0.10 mmol), 2a (0.10 mmol), 

TBAI (x eq), TBHP (1.5 eq), 4d/Tf2NH (20 mol%) and pimelic acid (0.3 eq) for 35 h at Ar 

atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

Table S5. Screening of the solventa 
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Entry Solvent Yield (%) Ee (%) 

1 EA 83 70 

2 DCM 88 88 

3 CHCl3 84 86 

4 THF 77 70 

5 MeCN 86 86 

6 CCl4 18 60 

7 PhF 49 80 

8 MeOH 35 63 

9 DMF N.D. / 

10 DCE 86 88 

aAll reactions were performed at 40 oC in solvent (0.5 mL) with 1b (0.10 mmol), 2a (0.10 

mmol), TBAI (0.05 eq), TBHP (1.5 eq), 4d/Tf2NH (20 mol%) and pimelic acid (0.3 eq) for 35 h 

at Ar atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

Table S6. Screening of the primary aminesa 

 

Entry Primary amines Yield (%) Ee (%) 

1 4a / Tf2NH 81 90 

2 4a / TfOH 81 84 

3 4b / TfOH 72 2 

4 4c / Tf2NH 69 51 

5 4d / Tf2NH 88 86 

6 4e / TfOH 72 -21 

7 4f / TfOH 65 9 

8 4g / Tf2NH trace / 

9 4h / Tf2NH 75 -86 

10 4i / TfOH 76 -86 
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aAll reactions were performed at 40 oC in DCM (0.5 mL) with 1b (0.10 mmol), 2a (0.10 mmol), 

TBAI (0.05 eq), TBHP (1.5 eq), amine catalyst (20 mol%) and pimelic acid (0.3 eq) for 35 h at 

Ar atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis.  

 

Table S7. Screening of the ratio between 1b and 2aa 

 

Entry X : Y Yield (%) Ee (%) 

1 1.0 : 1.2 85 84 

2 1.0 : 1.0 87 88 

3 1.2 : 1.0 92 90 

4 1.4 : 1.0 98 90 

5 1.6 : 1.0 98 90 

6 1.8 : 1.0 97 90 

aAll reactions were performed at 40 oC in DCM (0.5 mL) with 1b (0.X mmol), 2a (0.Y mmol), 

TBAI (0.05 eq), TBHP (1.5 eq), 4a/Tf2NH (20 mol%) and pimelic acid (0.3 eq) for 35 h at Ar 

atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

Table S8. Screening of the oxidanta 
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Entry Oxidant Yield (%) Ee (%) 

1 TBHP 95 90 

2 DTBP Trace / 

3 H2O2 N.R. / 

aAll reactions were performed at 40 oC in DCM (0.5 mL) with 1b (0.14 mmol), 2a (0.1 mmol), 

TBAI (0.05 eq), oxidant (1.5 eq), 4a/Tf2NH (20 mol%) and pimelic acid (0.3 eq) for 35 h at Ar 

atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

Table S9. Screening of the amount of acida 

 

Entry Pimelic acid (X eq) Yield (%) Ee (%) 

1 0.3 95 90 

2 0.2 93 91 

3 0.1 94 91 

aAll reactions were performed at 40 oC in DCM (0.5 mL) with 1b (0.14 mmol), 2a (0.1 mmol), 

TBAI (0.05 eq), TBHP (1.5 eq), 4a/Tf2NH (20 mol%) and pimelic acid (X eq) for 35 h at Ar 

atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

Table S10. Screening of the acida 
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Entry  Acid (0.1 eq) Yield (%) Ee (%) 

1 pimelic acid 93 91 

2 TsOH 56 31 

3 BnCO2H 90 90 

4 C6F5CO2H 95 53 

5 m-NO2PhCO2H 92 90 

6 Malonic acid 95 51 

aAll reactions were performed at 40 oC in DCM (0.5 mL) with 1b (0.14 mmol), 2a (0.1 mmol), 

TBAI (0.05 eq), TBHP (1.5 eq), 4a/Tf2NH (20 mol%) and acid (0.1 eq) for 35 h at Ar 

atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

 

 

Table S11. Control experimentsa 

 

Entry  Conditions  Yield (%) Ee (%) 

1 No TBAI N.R. / 

2 No TBHP N.R. / 

3 No acid 87 89 

4 BHT (3.0 eq) 94 91 

5 TEMPO (3.0 eq) 75 82 

aAll reactions were performed at 40 oC in DCM (0.5 mL) with 1b (0.14 mmol), 2a (0.1 mmol), 

TBAI (0.05 eq), TBHP (1.5 eq), 4a/Tf2NH (20 mol%) and pimelic acid (0.1 eq) for 35 h at Ar 

atmosphere. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard. Ee values base on HPLC analysis. 

 

3. General procedure of the catalytic reactions 
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General procedure: To a 10 mL flame-dried Schlenk tube charged with a magnetic stir bar was 

added chiral primary amine catalyst (11.2 mg, 0.02 mmol), pimelic acid (1.6 mg, 0.01 mmol), 

TBAI (1.8 mg, 0.05 eq) and 2-mercaptobenzothiazoles (0.1 mmol), then a solution of β-

ketocarbonyl 1 (0.14 mmol) in 0.5 mL anhydrous DCM was added via syringe under Ar. Finally, 

the TBHP (~5.5mol/L in decane (over molecular sieve 4Å), 27.3 uL, 0.15 mmol, 1.5 eq) was 

slowly added dropwise into the solution. After degassing 3 times by a standard freeze-thaw 

operation, the reaction was conducted at 40 oC for 35 h. Solvent was removed and purification by 

silica gel column to give the desired product (S)-3. 

 

4. X-Ray crystallographic structure: 

 

Table 1 Crystal data and structure refinement for 3bh-1 (CCDC 2090638). 

Identification code TX5103A 

Empirical formula C16H16FNO3S2 

Formula weight 353.42 

Temperature/K 220.01(15) 

Crystal system orthorhombic 

Space group P212121 

a/Å 6.57210(10) 

b/Å 9.14670(10) 

c/Å 26.7412(3) 

α/° 90 

β/° 90 
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γ/° 90 

Volume/Å3 1607.49(4) 

Z 4 

ρcalcg/cm3 1.460 

μ/mm-1 3.228 

F(000) 736.0 

Crystal size/mm3 0.11 × 0.05 × 0.05 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 6.61 to 150.696 

Index ranges -8 ≤ h ≤ 7, -11 ≤ k ≤ 6, -33 ≤ l ≤ 33 

Reflections collected 9366 

Independent reflections 3191 [Rint = 0.0270, Rsigma = 0.0268] 

Data/restraints/parameters 3191/0/209 

Goodness-of-fit on F2 1.032 

Final R indexes [I>=2σ (I)] R1 = 0.0280, wR2 = 0.0723 

Final R indexes [all data] R1 = 0.0294, wR2 = 0.0731 

Largest diff. peak/hole / e Å-3 0.17/-0.20 

Flack parameter -0.006(8) 

 

5. Reference 

(1) Wang, F.; Cai, S.; Wang, Z.; Xi, C. Synthesis of 2-Mercaptobenzothiazoles via DBU-

Promoted Tandem Reaction of o-Haloanilines and Carbon Disulfide. Org. Lett. 2011, 

13, 3202-33205. 

(2) Gao, M.; Lou, C. Q.; Zhu, N.; Qin, W.; Suo, Q.; Han, L.; Hong, H. Efficient, Iron-Catalyzed 

Synthesis of  2-Mercaptobenzothiazole through  S-Arylation/Heterocyclization of 2-

Haloaniline with Potassium Xanthate. Synth. Commun. 2015, 45, 2378. 

 

6. Spectra data for substrates and products  

3aa: pale yellow oil, 72% yield, 89% ee. [α]D
20 = -12.8 (c = 2.3, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.95 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.44 (t, J = 7.3 Hz, 1H), 

7.36 (t, J = 7.4 Hz, 1H), 3.78 (s, 3H), 2.89 (dd, J = 8.7, 5.3 Hz, 1H), 2.82 – 2.72 (m, 1H), 2.53 

(ddd, J = 14.4, 11.0, 5.7 Hz, 1H), 2.30 – 2.16 (m, 1H), 2.07 – 1.73 (m, 4H). 13C NMR (101 MHz, 
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CDCl3) δ 201.8, 168.6, 160.0, 153.2, 137.3, 126.2, 125.4, 122.9, 121.1, 69.5, 53.4, 40.5, 37.6, 

26.9, 22.7. IR (thin film, cm-1) 3019, 2400, 1718, 1431, 1428, 1311, 1214, 1126, 1078, 991, 

929, 744, 668, 627, 555, 432. HRMS (ESI) calcd for C15H16NO3S2
+ (M+H+) 322.05661 f

ound 322.05587. HPLC analysis: Daicel Chiralpak OJ-H, hexane/iso-propanol = 95:5, flo

w rate = 1.0 mL/min, λ = 222 nm, retention time: 42.6 min (minor) and 46.1 min (maj

or).  

 

 3ba: pale yellow oil, 90% yield, 91% ee. [α]D
20 = -22.4 (c = 3.3, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.95 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 

7.36 (t, J = 7.5 Hz, 1H), 4.24 (q, J = 7.1 Hz, 2H), 2.91 (d, J = 13.8 Hz, 1H), 2.79 (dd, J = 10.1, 

4.2 Hz, 1H), 2.63 – 2.48 (m, 1H), 2.31 – 2.16 (m, 1H), 2.05 – 1.75 (m, 4H), 1.20 (t, J = 7.1 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 201.9, 168.0, 160.2, 153.2, 137.3, 126.2, 125.4, 122.9, 

121.1, 69.5, 62.6, 40.5, 37.6, 26.8, 22.7, 13.9. IR (thin film, cm-1) 3019, 2400, 1717, 1521, 1428, 

1214, 929, 744, 668, 628, 556, 495. HRMS (ESI) calcd for C16H18NO3S2
+ (M+H+) 336.07226 

found 336.07123. HPLC analysis: Daicel Chiralpak OJ-H, hexane/iso-propanol = 95:5, flow rate 

= 1.0 mL/min, λ = 222 nm, retention time: 24.9 min (minor) and 30.8 min (major). 

 

 3ca: colorless oil, 68% yield, 89% ee. [α]D
20 = -24.1 (c = 2.2, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.95 (d, J = 8.1 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 

7.37 (t, J = 7.6 Hz, 1H), 4.15 (t, J = 6.6 Hz, 2H), 3.01 – 2.86 (m, 1H), 2.80 (dt, J = 8.8, 4.1 Hz, 

1H), 2.56 (ddd, J = 14.3, 11.1, 5.7 Hz, 1H), 2.34 – 2.18 (m, 1H), 2.08 – 1.77 (m, 4H), 1.61 (h, J 

= 7.1 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 201.87 (s), 168.10 (s), 

160.25 (s), 153.20 (s), 137.22 (s), 126.18 (s), 125.35 (s), 122.8, 121.1, 69.6, 68.2, 40.5, 37.6, 

26.8, 22.7, 21.7, 10.3. IR (thin film, cm-1) 3019, 2971, 2940, 2400, 1717, 1454, 1429, 1311, 1214, 

1126, 1055, 991, 745, 668, 628, 557. HRMS (ESI) calcd for C17H20NO3S2
+ (M+H+) 350.08791 
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found 350.08674. HPLC analysis: Daicel Chiralpak OJ-H, hexane/iso-propanol = 95:5, flow rate 

= 1.0 mL/min, λ = 222 nm, retention time: 17.9 min (minor) and 22.9 min (major). 

 

 3da: colorless oil, 77% yield, 91% ee. [α]D
20 = -34.8 (c = 2.8, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.93 (d, J = 8.1 Hz, 1H), 7.78 (d, J = 7.9 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 

7.35 (t, J = 7.5 Hz, 1H), 2.86 (d, J = 14.4 Hz, 1H), 2.75 (d, J = 14.3 Hz, 1H), 2.61 – 2.51 (m, 1H), 

2.28 – 2.16 (m, 1H), 2.03 (s, 1H), 1.95 – 1.74 (m, 3H), 1.41 (s, 9H). 13C NMR (101 MHz, 

CDCl3) δ 202.0, 166.8, 160.7, 153.1, 137.3, 126.1, 125.3, 122.7, 121.1, 83.7, 70.1, 40.6, 37.7, 

27.7, 26.7, 22.9. IR (thin film, cm-1) 3019, 2933, 2868, 2400, 1716, 1455, 1429, 1370, 1335, 

1252, 1215, 1160, 1147, 989, 942, 840, 751, 668, 627, 558. HRMS (ESI) calcd for C18H22NO3

S2
+ (M+H+) 364.10356 found 364.10245. HPLC analysis: Daicel Chiralpak IC-H, hexane/i

so-propanol = 95:5, flow rate = 1.0 mL/min, λ = 222 nm, retention time: 21.2 min (maj

or) and 22.5 min (minor). 

 

 3ea: colorless oil, 45% yield, 86% ee. [α]D
20 = -28.2 (c = 1.7, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.91 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 7.9 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 

7.35 (t, J = 7.6 Hz, 1H), 7.24 (d, J = 1.4 Hz, 5H), 5.20 (q, J = 12.2 Hz, 2H), 2.92 (dt, J = 13.8, 

5.4 Hz, 1H), 2.84 – 2.72 (m, 1H), 2.48 (ddd, J = 14.3, 10.9, 5.6 Hz, 1H), 2.26 (ddd, J = 14.2, 

10.8, 3.6 Hz, 1H), 2.03 – 1.84 (m, 3H), 1.78 – 1.70 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 

201.7, 167.9, 160.2, 153.2, 137.2, 128.7, 128.1, 126.2, 125.3, 122.9, 121.1, 69.6, 68.2, 40.4, 37.6, 

26.9, 22.6. IR (thin film, cm-1) 3019, 1718, 1428, 1214, 1078, 991, 748, 668, 627. HRMS (ESI) 

calcd for C21H20NO3S2
+ (M+H+) 398.08791 found 398.08664. HPLC analysis: Daicel Chiralpak 

OD-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 205 nm, retention time: 15.6 

min (minor) and 17.9 min (major). 
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 3fa: colorless oil, 70% yield, 57% ee. [α]D
20 = 5.4 (c = 2.3, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.92 (d, J = 7.3 Hz, 1H), 7.78 (d, J = 7.1 Hz, 1H), 7.39 (dd, J = 27.2, 6.7 Hz, 2H), 

3.77 (s, 3H), 2.75 (dd, J = 20.2, 7.9 Hz, 2H), 2.66 – 2.41 (m, 2H), 1.84 (s, 2H), 1.76 – 1.53 (m, 

4H). 13C NMR (101 MHz, CDCl3) δ 203.9, 168.9, 161.4, 153.3, 136.8, 126.2, 125.2, 122.7, 

121.1, 73.9, 53.5, 40.7, 33.6, 29.8, 26.4, 24.5. IR (thin film, cm-1) 3020, 2932, 2857, 1739, 174, 

1455, 1312, 1215, 1127, 1005, 940, 750, 668, 627. HRMS (ESI) calcd for C16H18NO3S2
+ (M+H+) 

336.07226 found 336.07108. HPLC analysis: Daicel Chiralpak OJ-H, hexane/iso-propanol = 

95:5, flow rate = 1.0 mL/min, λ = 222 nm, retention time: 25.7 min (minor) and 32.9 min (major). 

     

3ga: colorless oil, 51% yield, 76% ee. [α]D
20 = -33.6 (c = 2.2, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.91 (d, J = 8.1 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.35 

(t, J = 7.6 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 2.45 (s, 3H), 1.94 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 199.6, 168.7, 160.5, 153.3, 136.4, 126.3, 125.3, 122.6, 121.1, 

68.2, 63.0, 26.0, 21.8, 13.9. IR (thin film, cm-1) 3020, 1716, 1429, 1232, 1215,1122, 991, 906, 

753, 728, 668, 650. HRMS (ESI) calcd for C14H16NO3S2
+ (M+H+) 310.05661 found 310.05843. 

HPLC analysis: Daicel Chiralpak OJ-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 

222 nm, retention time: 19.3 min (minor) and 22.3 min (major).  
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3ha: white solid, 83% yield, 83% ee. [α]D
20 = 44.6 (c = 3.3, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 10.44 (s, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.55 – 

7.44 (m, 3H), 7.39 (t, J = 7.6 Hz, 1H), 7.13 (d, J = 8.2 Hz, 2H), 3.05 (dd, J = 14.2, 6.3 Hz, 1H), 

2.92 – 2.80 (m, 1H), 2.71 (dt, J = 9.2, 7.1 Hz, 1H), 2.31 (s, 3H), 2.25 (dd, J = 10.3, 6.2 Hz, 1H), 

2.05 – 1.85 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 204.4, 166.6, 163.1, 152.5, 135.7, 134.0, 

129.5, 126.7, 125.5, 121.9, 121.3, 119.9, 69.2, 40.2, 36.6, 26.9, 22.1, 20.9. IR (thin film, cm-1) 

2927, 2253, 1715, 1673, 1612, 1552, 1414, 1513, 1276, 1260, 995, 903, 724, 649, 554, 509. 

HRMS (ESI) calcd for C21H21N2O2S2
+ (M+H+) 397.10390 found 397.10595. HPLC analysis: 

Daicel Chiralpak OD-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 247 nm, 

retention time: 16.3 min (minor) and 20.9 min (major). 

 

3ia: white solid, 84% yield, 77% ee. [α]D
20 = 63.8 (c = 3.2, CHCl3).

 1H NMR (400 

MHz, CDCl3) δ 10.60 (s, 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.87-7.77 (m, 1H), 7.60 (dd, J = 8.5, 0.9 

Hz, 2H), 7.54-7.47 (m, 1H), 7.42-7.36 (m, 1H), 7.34-7.28 (m, 2H), 7.14-7.04 (m, 1H), 3.14-2.96 

(m, 1H), 3.12-2.94 (m, 1H), 2.86 (dd, J = 12.7, 6.9 Hz, 1H), 2.86 (dd, J = 12.7, 6.9 Hz, 1H), 2.70 

(ddd, J = 14.4, 7.8, 3.9 Hz, 1H), 2.70 (ddd, J = 14.4, 7.8, 3.9 Hz, 1H), 2.26 (dd, J = 9.2, 4.3 Hz, 

1H), 2.26 (dd, J = 9.2, 4.3 Hz, 1H), 2.11-1.90 (m, 4H), 1.99 (dddd, J = 20.8, 13.5, 9.8, 3.5 Hz, 

4H). 13C NMR (101 MHz, CDCl3) δ 204.4, 166.9, 163.2, 152.4, 138.3, 135.8, 129.0, 126.7, 125.5, 

124.4, 121.8, 121.3, 119.8, 69.1, 40.1, 36.5, 26.9, 22.1.IR (thin film, cm-1) 2947, 2253, 1716, 

1676, 1600, 1499, 1455, 1313, 1262, 1125, 1080, 903,724, 649, 582. HRMS (ESI) calcd for 

C20H19N2O2S2
+ (M+H+) 383.08825 found 383.08491. HPLC analysis: Daicel Chiralpak AD-H, 
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hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 206 nm, retention time: 22.1 min 

(minor) and 24.0 min (major). 

 

3bb: pale yellow oil, 81% yield, 90% ee. [α]D
20 = -13.9 (c = 2.8, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 1H), 7.58 (s, 1H), 7.25 (d, J = 8.6 Hz, 1H), 4.23 (q, J = 

7.1 Hz, 2H), 2.88 (d, J = 14.1 Hz, 1H), 2.78 (dd, J = 9.8, 4.4 Hz, 1H), 2.62 – 2.50 (m, 1H), 2.46 

(s, 3H), 2.27 – 2.15 (m, 1H), 2.07 – 1.70 (m, 4H), 1.20 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 202.0, 168.0, 158.5, 151.4, 137.7, 135.7, 127.8, 122.5, 120.8, 69.5, 62.6, 40.5, 37.6, 

26.9, 22.8, 21.6, 13.9. IR (thin film, cm-1) 3019, 1717, 1214, 744, 668, 628. HRMS (ESI) calcd 

for C17H20NO3S2
+ (M+H+) 350.08791 found 350.08676. HPLC analysis: Daicel Chiralpak OJ-H, 

hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 222 nm, retention time: 25.2 min 

(major) and 30.0 min (minor). 

 

3bc：colorless oil, 67% yield, 89% ee. [α]D
20 = -10.2 (c = 2.3, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.65 – 7.47 (m, 1H), 7.23 (d, J = 6.8 Hz, 2H), 4.24 (q, J = 7.1 Hz, 2H), 2.89 

(d, J = 14.0 Hz, 1H), 2.82 (dd, J = 9.7, 4.7 Hz, 1H), 2.68 (s, 3H), 2.56 (ddd, J = 14.5, 10.8, 5.6 

Hz, 1H), 2.35 – 2.22 (m, 1H), 2.06 – 1.77 (m, 4H), 1.20 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 202.0, 168.1, 158.9, 152.6, 136.9, 132.8, 126.7, 125.3, 118.5, 69.6, 62.5, 40.5, 37.5, 

27.0, 22.7, 18.4, 13.9. IR (thin film, cm-1) 3019, 1717, 1445, 1214, 1019, 986, 747, 688, 627, 557. 

HRMS (ESI) calcd for C17H20NO3S2
+ (M+H+) 350.08791 found 350.08632. HPLC analysis: 

Daicel Chiralpak OJ-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 224 nm, 

retention time: 11.6 min (minor) and 13.6 min (major). 
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3bd: colorless oil, 82% yield, 88% ee. [α]D
20 = -15.3 (c = 3.0, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.74 (s, 1H), 7.54 (s, 1H), 7.26 (s, 1H), 4.22 (q, J = 7.1 Hz, 2H), 2.94 – 2.82 

(m, 1H), 2.82 – 2.72 (m, 1H), 2.51 (ddd, J = 14.3, 11.2, 5.7 Hz, 1H), 2.36 (d, J = 3.4 Hz, 6H), 

2.24 – 2.15 (m, 1H), 2.02 – 1.69 (m, 4H), 1.20 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 202.1, 168.0, 158.1, 152.1, 135.6, 135.1, 123.1, 121.0, 69.4, 62.6, 40.5, 37.6, 26.9, 22.8, 20.2, 

13.9. IR (thin film, cm-1) 3014, 2939, 2867, 1717, 1540, 1442, 1366, 1334, 1297, 1238, 1216, 

1140, 1092, 1043, 1021, 980, 902, 867, 812, 753, 686, 667, 557, 519, 436. HRMS (ESI) calcd for 

C18H22NO3S2
+ (M+H+) 364.10356 found 364.10239. HPLC analysis: Daicel Chiralpak OD-H, 

hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 224 nm, retention time: 10.3 min 

(major) and 11.6 min (minor).  

 

3be: colorless oil, 89% yield, 90% ee. [α]D
20 = -27.9 (c = 3.2, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.61 (d, J = 8.8 Hz, 1H), 7.42 (s, 1H), 6.99 (d, J = 8.7 Hz, 1H), 4.21 (q, J = 

7.1 Hz, 2H), 3.84 (s, 3H), 2.89 (d, J = 14.2 Hz, 1H), 2.81 – 2.69 (m, 1H), 2.61 – 2.46 (m, 1H), 

2.27 – 2.13 (m, 1H), 2.07 – 1.67 (m, 4H), 1.18 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 202.0, 168.0, 160.7, 159.0, 154.5, 129.2, 121.3, 115.9, 105.1, 69.5, 62.6, 55.6, 40.5, 37.6, 26.9, 

22.7, 13.9. IR (thin film, cm-1) 3019, 2942, 2918, 1716, 1601, 1470, 1430, 1407, 1328, 1276, 

1214, 1161, 1078, 1030, 842, 747, 668, 641, 556. HRMS (ESI) calcd for C17H20NO4S2
+ (M+H+) 

366.08283 found 366.08173. HPLC analysis: Daicel Chiralpak AD-H, hexane/iso-propanol = 

99:1, flow rate = 0.5 mL/min, λ = 226 nm, retention time: 106.7 min (major) and 110.6 min 

(minor).  
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 3bf: brown oil, 86% yield, 91% ee. [α]D
20 = -13.9 (c = 3.2, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.85 (d, J = 8.7 Hz, 1H), 7.22 (s, 1H), 7.04 (d, J = 8.1 Hz, 1H), 4.23 (d, J = 6.7 

Hz, 2H), 4.07 (d, J = 6.5 Hz, 2H), 2.82 (dd, J = 34.1, 13.4 Hz, 2H), 2.51 (d, J = 9.8 Hz, 1H), 2.16 

(t, J = 10.7 Hz, 1H), 2.05 – 1.66 (m, 4H), 1.44 (t, J = 6.0 Hz, 3H), 1.20 (t, J = 6.4 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 202.1, 168.0, 157.4, 155.9, 147.9, 139.3, 123.7, 116.3, 104.0, 69.4, 

64.1, 62.6, 40.5, 37.6, 26.9, 22.8, 14.8, 13.9. IR (thin film, cm-1) 3019, 1717, 1601, 1467, 1214, 

1066, 1038, 938, 749, 668, 558. HRMS (ESI) calcd for C18H22NO4S2
+ (M+H+) 380.09848 found 

380.09774. HPLC analysis: Daicel Chiralpak OD-H, hexane/iso-propanol = 95:5, flow rate = 1.0 

mL/min, λ = 219 nm, retention time: 12.3 min (minor) and 13.0 min (major). 

 

 3bg: yellow oil, 79% yield, 90% ee. [α]D
20 = -15.6 (c = 3.0, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.93 (d, J = 8.9 Hz, 1H), 7.66 (s, 1H), 7.32 (d, J = 8.8 Hz, 1H), 4.25 (q, J = 7.1 

Hz, 2H), 2.92 (d, J = 13.9 Hz, 1H), 2.79 (dd, J = 10.0, 4.3 Hz, 1H), 2.57 (ddd, J = 14.6, 11.2, 5.8 

Hz, 1H), 2.33 – 2.18 (m, 1H), 2.05 (d, J = 5.4 Hz, 1H), 1.99 – 1.72 (m, 3H), 1.22 (t, J = 7.1 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 201.7, 167.9, 161.9, 151.6, 146.6, 137.9, 123.6, 120.5 (q, J 

= 257.8 Hz), 120.1 113.6, 69.7, 62.7, 40.5, 37.6, 26.8, 22.7, 13.9. 19F NMR (376 MHz, CDCl3) δ 

-58.04 (s). IR (thin film, cm-1) 3019, 1717, 1521, 1428, 1214, 744. 668, 626. HRMS (ESI) calcd 

for C17H17F3NO4S2
+ (M+H+) 420.05456 found 420.05286. HPLC analysis: Daicel Chiralpak OJ-

H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 225 nm, retention time: 10.8 min 

(major) and 11.9 min (minor).   
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3bh: white solid, 59% yield, 85% ee. [α]D
20 = -17.5 (c = 2.1, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.87 (dd, J = 8.9, 4.8 Hz, 1H), 7.45 (dd, J = 8.0, 2.4 Hz, 1H), 7.15 (td, J = 8.9, 

2.4 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 2.87 (d, J = 14.1 Hz, 1H), 2.75 (dt, J = 13.6, 4.2 Hz, 1H), 

2.51 (ddd, J = 14.3, 11.2, 5.7 Hz, 1H), 2.24 – 2.12 (m, 1H), 2.07 – 1.96 (m, 1H), 1.96 – 1.67 (m, 

3H), 1.18 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 201.8, 167.9, 160.6 (d, J = 246.9 

Hz), 159.5 (d, J = 3.3 Hz), 149.9 (d, J = 1.4 Hz), 138.4 (d, J = 11.1 Hz), 123.9 (d, J = 9.4 Hz), 

114.9 (d, J = 24.8 Hz), 107.3 (d, J = 26.8 Hz), 69.6, 62.7, 40.5, 37.6, 26.8, 22.7, 13.9. 19F NMR 

(376 MHz, CDCl3) δ -115.09 (s). IR (thin film, cm-1) 3019, 2942, 2869, 1717, 1601, 1563, 1467, 

1449, 1367, 1335, 1312, 1240, 1214, 1141, 1091, 1002, 908, 851, 816, 751, 668, 606, 558. 

HRMS (ESI) calcd for C16H17FNO3S2
+ (M+H+) 354.06284 found 354.06183. HPLC analysis: 

Daicel Chiralpak OD-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 224 nm, 

retention time: 9.6 min (minor) and 10.4 min (major).  

 

3bi: colorless oil, 70% yield, 82% ee. [α]D
20 = -13.1 (c = 2.8, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.93 (d, J = 1.6 Hz, 1H), 7.79 (d, J = 8.7 Hz, 1H), 7.55 (dd, J = 8.7, 1.7 Hz, 1H), 

4.25 (q, J = 7.1 Hz, 2H), 2.92 (dd, J = 8.8, 5.2 Hz, 1H), 2.87 – 2.75 (m, 1H), 2.57 (ddd, J = 14.4, 

11.1, 5.8 Hz, 1H), 2.32 – 2.19 (m, 1H), 2.05 (dd, J = 10.4, 4.8 Hz, 1H), 2.02 – 1.78 (m, 3H), 1.22 

(t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 201.8, 167.9, 161.2, 152.0, 138.7, 129.7, 

123.8, 123.6, 119.1, 69.7, 62.7, 40.5, 37.6, 26.8, 22.7, 13.9. IR (thin film, cm-1) 3019, 2938, 2850, 

1717, 1584, 1449, 1432, 1388, 1236, 1214, 1094, 1019, 1000, 861, 749, 668, 558. HRMS (ESI) 

calcd for C16H17BrNO3S2
+ (M+H+) 413.98277 found 413.98203. HPLC analysis: Daicel 

Chiralpak IC-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 224 nm, retention time: 

32.9 min (minor) and 37.2 min (major). 
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3bj: orange oil, 18% yield, 87% ee. [α]D
20 = -14.3 (c = 0.8, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.89 (s, 1H), 7.68 (d, J = 8.5 Hz, 1H), 7.37 – 7.28 (m, 1H), 4.23 (q, J = 7.1 Hz, 

2H), 2.90 (d, J = 14.1 Hz, 1H), 2.77 (dd, J = 10.4, 4.0 Hz, 1H), 2.56 (ddd, J = 14.5, 11.2, 5.8 Hz, 

1H), 2.33 – 2.19 (m, 1H), 2.02 (d, J = 4.6 Hz, 1H), 1.97 – 1.75 (m, 3H), 1.20 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 201.7, 167.9, 162.9, 153.9, 135.2, 132.3, 125.7, 122.4, 121.8, 

69.8, 62.7, 40.5, 37.6, 26.8, 22.7, 13.9. IR (thin film, cm-1) 3020, 1718, 1431, 1214, 747, 668, 

627. HRMS (ESI) calcd for C16H17ClNO3S2
+ (M+H+) 370.03329 found 370.03232. HPLC 

analysis: Daicel Chiralpak OJ-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 230 

nm, retention time: 17.7 min (minor) and 51.6 min (major). 

 

3bk: orange oil, 79% yield, 89% ee. [α]D
20 = -14.3 (c = 2.9, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.81 (d, J = 7.2 Hz, 1H), 7.51 – 7.27 (m, 2H), 4.24 (d, J = 6.7 Hz, 2H), 2.92 (d, J 

= 13.0 Hz, 1H), 2.78 (d, J = 13.8 Hz, 1H), 2.56 (s, 1H), 2.24 (t, J = 10.9 Hz, 1H), 2.07 – 1.68 (m, 

4H), 1.21 (t, J = 6.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 201.7, 167.9, 161.7, 153.7, 137.2, 

127.1, 126.3, 125.0, 121.0, 69.7, 62.8, 40.5, 37.6, 26.8, 22.7, 13.9. IR (thin film, cm-1) 3019, 

1717, 1455, 1395, 1309, 1237, 1091, 1017, 989, 929, 748, 668, 627, 557. HRMS (ESI) calcd for 

C16H17ClNO3S2
+ (M+H+) 370.03329 found 370.03220. HPLC analysis: Daicel Chiralpak AD-H, 

hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 223 nm, retention time: 8.4 min (minor) 

and 9.3 min (major). 
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3bl: colorless oil, 68% yield, 91% ee. [α]D
20 = -9.2 (c = 2.5, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.50 – 7.35 (m, 2H), 4.28 (q, J = 7.1 Hz, 2H), 2.98 – 2.76 (m, 2H), 2.65 – 2.51 

(m, 1H), 2.43 – 2.26 (m, 1H), 2.14 – 1.91 (m, 3H), 1.90 – 1.71 (m, 1H), 1.25 (t, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 201.5, 167.9, 161.7 (d, J = 3.1 Hz), 159.7 (d, J = 250.2 Hz), 

148.3 (d, J = 2.0 Hz), 137.8 (d, J = 11.4 Hz), 118.5 (d, J = 27.3 Hz), 116.1 (d, J = 11.0 Hz), 106.6 

(d, J = 26.4 Hz), 70.0, 62.9, 40.5, 37.4, 26.4, 22.7, 14.0. 19F NMR (376 MHz, CDCl3) δ -114.10 

(s). IR (thin film, cm-1) 3019, 2400, 1717, 1599, 1553, 1440, 1385, 1214, 1009, 930, 856, 744, 

668, 627, 557, 497. HRMS (ESI) calcd for C16H16F2NO3S2
+ (M+H+) 372.05342 found 372.05641. 

HPLC analysis: Daicel Chiralpak OD-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ 

= 283 nm, retention time: 10.3 min (major) and 11.0 min (minor).  

 

 3bm: yellow oil, 60% yield, 90% ee. [α]D
20 = -11.2 (c = 2.1, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 8.10 (s, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.66 (d, J = 8.3 Hz, 1H), 4.25 (dd, J = 

13.9, 6.9 Hz, 2H), 2.95 (d, J = 13.7 Hz, 1H), 2.79 (d, J = 14.5 Hz, 1H), 2.67 – 2.54 (m, 1H), 2.29 

(t, J = 10.7 Hz, 1H), 2.05 (s, 1H), 2.00 – 1.81 (m, 3H), 1.21 (t, J = 7.0 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 201.4, 167.8, 167.0, 155.2, 136.9, 129.4, 125.7, 123.0, 118.6, 108.5, 70.1, 62.9, 

40.5, 37.6, 26.7, 22.7, 13.9. IR (thin film, cm-1) 3020, 2229, 1717, 1437, 1214, 1042, 1008, 745, 

668, 558. HRMS (ESI) calcd for C17H17N2O3S2
+ (M+H+) 361.06751 found 361.06656. HPLC 

analysis: Daicel Chiralpak OD-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 220 

nm, retention time: 31.3 min (minor) and 33.3 min (major). 
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 3bn: white solid, 79% yield, 90% ee. [α]D
20 = -8.7 (c = 3.2, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 8.52 (s, 1H), 8.12 (d, J = 8.1 Hz, 1H), 7.94 (d, J = 8.3 Hz, 1H), 4.27 (d, J = 

6.8 Hz, 2H), 3.97 (s, 3H), 2.97 (d, J = 13.2 Hz, 1H), 2.82 (d, J = 14.1 Hz, 1H), 2.62 (s, 1H), 2.33 

(t, J = 11.1 Hz, 1H), 2.13 – 1.76 (m, 4H), 1.23 (t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 201.6, 167.9, 166.5, 165.3, 155.9, 136.6, 127.4, 126.9, 123.2, 122.1, 69.9, 62.8, 52.4, 40.5, 37.6, 

26.7, 22.7, 13.9. IR (thin film, cm-1) 3020, 2952, 2400, 1717, 1598, 1465, 1433, 1402, 1286, 

1264, 1214, 1114, 1007, 977, 760, 668, 558, 491. HRMS (ESI) calcd for C18H20NO5S2
+ (M+H+) 

394.07774 found 394.07660. HPLC analysis: Daicel Chiralpak AD-H, hexane/iso-propanol = 

95:5, flow rate = 1.0 mL/min, λ = 216 nm, retention time: 20.1 min (minor) and 21.5 min (major).  

 

 3bo: colorless oil, 74% yield, 85% ee. [α]D
20 = -11.9 (c = 2.7, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 8.71 (s, 1H), 8.31 (d, J = 8.3 Hz, 1H), 7.95 (d, J = 8.9 Hz, 1H), 4.27 (dd, J 

= 13.6, 6.7 Hz, 2H), 2.99 (d, J = 13.3 Hz, 1H), 2.81 (d, J = 14.3 Hz, 1H), 2.73 – 2.55 (m, 1H), 

2.33 (t, J = 10.4 Hz, 1H), 1.97 (dd, J = 41.4, 30.4 Hz, 4H), 1.23 (t, J = 6.9 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 201.3, 168.8, 167.7, 156.6, 144.7, 136.7, 122.3, 121.8, 117.5, 70.3, 62.9, 

40.5, 37.6, 26.7, 22.7, 13.9. IR (thin film, cm-1) 3200, 2400, 1718, 1522, 1435, 1341, 1214, 1125, 

1049, 929, 744, 668, 627, 557, 493. HRMS (ESI) calcd for C16H17N2O5S2
+ (M+H+) 381.05734 

found 381.05640. HPLC analysis: Daicel Chiralpak OD-H, hexane/iso-propanol = 95:5, flow 

rate = 1.0 mL/min, λ = 222 nm, retention time: 27.6 min (minor) and 30.3 min (major). 

 



S22 

 

3bp: colorless oil, 74% yield, 89% ee. [α]D
20 = -13.7 (c = 3.0, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 8.17 (s, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 4.26 (q, J = 

7.1 Hz, 2H), 2.95 (d, J = 14.2 Hz, 1H), 2.88 – 2.72 (m, 1H), 2.66 – 2.50 (m, 1H), 2.36 – 2.23 (m, 

1H), 2.10 – 1.80 (m, 4H), 1.23 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 201.6, 167.9, 

163.8, 152.7, 140.2, 128.9 (q, J = 99 Hz), 124.1 (d, J = 272.3 Hz), 121.7, 121.5 (d, J = 10.2 Hz), 

119.7 (d, J = 12.6 Hz). 69.9, 62.8, 40.5, 37.6, 26.7, 22.7, 13.9. 19F NMR (376 MHz, CDCl3) δ -

61.79 (s). IR (thin film, cm-1) 3020, 2400, 1718, 1338, 1214, 1175, 1130, 1058, 989, 918, 745, 

668, 627, 553. HRMS (ESI) calcd for C17H17F3NO3S2
+ (M+H+) 404.05965 found 404.05850. 

HPLC analysis: Daicel Chiralpak AD-H, hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ 

= 281 nm, retention time: 8.3 min (major) and 9.0 min (minor).  

 

3bh-1: red solid, 74% yield, 91% ee. 1H NMR (400 MHz, CDCl3) δ 11.20 (s, 1H), 

9.06 (d, J = 1.8 Hz, 1H), 8.24 (d, J = 9.5 Hz, 1H), 7.87 (dd, J = 8.8, 4.8 Hz, 1H), 7.79 (d, J = 9.5 

Hz, 1H), 7.56 – 7.36 (m, 1H), 7.15 (dd, J = 12.3, 5.4 Hz, 1H), 4.27 (dt, J = 13.5, 6.8 Hz, 2H), 

3.04 – 2.74 (m, 2H), 2.54 – 2.29 (m, 1H), 2.28 – 2.12 (m, 1H), 2.07 – 1.65 (m, 4H), 1.22 (t, J = 

7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.4, 160.7 (d, J = 247.6 Hz), 159.9 (d, J = 3.3 Hz), 

154.5, 149.8 (d, J = 1.5 Hz), 144.9, 138.5 (t, J = 5.5 Hz), 130.0, 129.7, 124.1 (d, J = 9.4 Hz), 

123.2, 116.7, 115.1 (d, J = 24.9 Hz), 107.3 (d, J = 26.7 Hz), 65.7, 62.6, 36.6, 25.6, 25.1, 22.5, 

14.1. 19F NMR (376 MHz, CDCl3) δ -114.60 (s). IR (thin film, cm-1) 2254, 1729, 1618, 1594, 

1519, 1505, 1468, 1339, 1294, 1259, 1197, 1160, 1112, 903, 722, 650, 542. HRMS (ESI) calcd 

for C22H21FN5O6S2
+ (M+H+) 534.09118 found 534.09445. HPLC analysis: Daicel Chiralpak AS-
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H, hexane/iso-propanol = 97:3, flow rate = 0.8 mL/min, λ = 222 nm, retention time: 35.4 min 

(minor) and 40.7 min (major). 

 

3bq: white solid. 17% yield, 90% ee.[α]D
20 = 34.1 (c = 0.8, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.97 (d, J = 7.9 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 

4.23 (ddq, J = 14.6, 7.4, 3.6 Hz, 2H), 2.97-2.80 (m, 1H), 2.71 (dd, J = 14.1, 4.0 Hz, 1H), 2.49-

2.37 (m, 1H), 2.12-1.96 (m, 1H), 1.91-1.58 (m, 4H), 1.29 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 203.20 (s), 188.81 (s), 167.12 (s), 135.57 (s), 134.1, 128.9, 127.8, 67.4, 62.6, 

40.6, 36.3, 26.9, 22.9, 13.9. IR (thin film, cm-1) 2927, 2866, 2369, 1713, 1698, 1448, 1264, 1243, 

1204, 1176, 1126, 1096, 1021, 884, 736, 703, 679, 646, 551, 509, 442. HRMS (ESI) calcd for 

C16H18NaO4S2
+ (M+Na+) 361.05387 found 361.05240. HPLC analysis: Daicel Chiralpak AD-H, 

hexane/iso-propanol = 95:5, flow rate = 1.0 mL/min, λ = 240 nm, retention time: 11.7 min 

(major) and 13.9 min (minor). 
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