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1. General Information 

Unless otherwise specified, all reactions were carried out under argon atmosphere 

in anhydrous conditions. All the solvents were purified according to the standard 

procedures. All chemicals which are commercially available were used without further 

purification unless otherwise noted. All the chiral phosphoric acids were directly used 

for the reaction, after they are bought from the Daicel Chiral Technologies (China) Co., 

LTD. 1,4-dithiane-2,5-diol 2 (CAS: 40018-26-6) and 1,4-dioxane-2,5-diol 2′ (CAS: 

23147-58-2) bought from the Energy-Chemical were directly used for the reaction. 

Thin‐layer chromatography (TLC) was performed on silica gel plates (60F‐254) using 

UV‐light (254 and 365nm).  

1H-NMR and 13C-NMR spectra were recorded at 400 MHz or 600 MHz 

spectrophotometer. Chemical shifts (δ) are expressed in ppm, and J values are given in 

Hz. NMR multiplicities are abbreviated as follows: s = singlet, br = broad signal, d = 

doublet, t = triplet, q = quartet, m = multiple, dd = doublet of doublet. Values of 

enantiomeric excess was determined by chiral HPLC (Agilent 1260 Infinity) with n-

hexane and i-propanol as eluents. High resolution mass spectrometry (HRMS) was 

were recorded on an ESI-ion trap Mass spectrometer (Agilent 1100 series LC/MSD, SL 

model). Optical rotations were measured on a Jasco P-2000 polarimeter. All chemicals 

and solvents were used as received without further purification unless otherwise stated. 

Column chromatography was performed on silica gel (200–300 mesh).   

2. Substrates of Alkynyl Imines 

According to the known procedures, N-Boc-protected C-alkynyl N,O-acetals 1a-

1k and N-Cbz-protected C-alkynyl N,O-acetals 1l-1t were synthesized (Figure S1).1  
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Figure S1. All Precursors of Alkynyl Imines Employed. 
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3. Optimization Study  

Table S1. Preliminary Study & Catalysts Evaluation and Screening a 

 

 

Entry Cat. Oxidant or 

Reductants 

Solvent T (oC) t2 

(h)

yield (%) ee (%) 

1b A1 - - - - 41 0 (0) 

2 A1 PCC DCM 40 6 29 0 
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3 A1 PDC DCM 40 6 32 0 

4 A1 IBX DCM 40 6 25 0 

5 A1 PDC DCM RT 12 21 0 

6 A1 LiAlH4 THF 0 12 complex - 

7 A1 TFA/Et3SiH DCM 0 12 complex - 

8 A1 BF3.Et2O/Et3SiH DCM 0 12 complex - 

9 A1 BF3.Et2O/Et3SiH DCM rt 12 complex - 

10 A2 PDC DCM 40 6 50 13 

11 A3 PDC DCM 40 6 52 50 

12 A4 PDC DCM 40 6 47 32 

13 A5 PDC DCM 40 6 51 11 

14 A6 PDC DCM 40 6 46 15 

15 A7 PDC DCM 40 6 54 32 

16 A8 PDC DCM 40 6 53 11 

17 A9 PDC DCM 40 6 50 12 

18 A10 PDC DCM 40 6 34 9 

19 A11 PDC DCM 40 6 49 12 

20 A12 PDC DCM 40 6 46 11 

21 A13 PDC DCM 40 6 55 0 

22 A14 PDC DCM 40 6 34 27 

23 B1 PDC DCM 40 6 55 56 

24 B2 PDC DCM 40 6 49 50 

25 B3 PDC DCM 40 6 44 36 

26 B4 PDC DCM 40 6 30 0 

27 C1 PDC DCM 40 6 N.D. - 

28 C2 PDC DCM 40 6 N.D. - 

29 D1 PDC DCM 40 6 N.D. - 

30 E1 PDC DCM 40 6 N.D. - 

31 E2 PDC DCM 40 6 N.D. - 

a Unless otherwise noted, the reaction was performed with 1a (0.1 mmol), 2 (0.06 mmol), 
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indicated catalyst (5 mol %) in the THF (1.0 mL) at 40 oC; then oxidant or reductant (3.0 equiv.) 

in the indicated solvent and temperature. Yields of isolated products 4a are given. The ee values 

for 4a are determined by HPLC. b Yield refers to the isolated product 3a. The ee values are 

determined by HPLC for 3a. dr = 1.4:1. 

 

Table S2. Evaluation and Screening of Solvents a 
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Entry Solvent yield of 4a (%) ee of 4a (%) 

1 THF 55 56 

2 1,4-dioxane 40 0 

3 PhOMe 52 80 

4 toluene 61 90 

5 xylene 56 89 

6 EtC6H5 50 86 

7 ClC6H5 56 84 

8 BrC6H5 59 88 

9 CF3C6H5 57 85 

10 DCE 56 72 

11 DCM 42 77 

12 CHCl3 58 85 

13 CCl4 54 90 

14 EtOAc 60 89 

15 DMSO 32 0 

16 DMF 39 14 

a Unless otherwise noted, the reaction was performed with 1a (0.1 mmol), 2 (0.06 mmol), B1 
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(5 mol %) in the indicated solvent (1.0 mL) at 40 oC; then PDC (3.0 equiv.) in the DCM (1.0 

mL) at 40 oC. Yields of isolated products 4a are given. The ee values for 4a are determined by 

HPLC.  

 

Table S3. Evaluation and Screening of the Loading of Substratesa 
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Entry 2 (x mmol) yield of 4a (%) ee of 4a (%) 

1 0.05 40 90 

2 0.06 61 90 

3 0.08 58 90 

4 0.1 54 90 

a Unless otherwise noted, the reaction was performed with 1a (0.1 mmol), 2 (x mmol), B1 (5 

mol %) in the toluene (1.0 mL) at 40 oC; then PDC (3.0 equiv.) in the DCM (1.0 mL) at 40 oC. 

Yields of isolated products 4a are given. The ee values for 4a are determined by HPLC. 

 

Table S4. Evaluation and Screening of Additives a 

S S
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Entry additives yield of 4a (%) ee of 4a (%) 

1 none 61 90 

2 3Å MS 72 90 

3 4Å MS 70 89 
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4 5Å MS 70 89 

5 MgSO4 66 84 

a Unless otherwise noted, the reaction was performed with 1a (0.1 mmol), 2 (0.06 mmol), 

B1 (5 mol %) and indicated additives (30 mg) in the toluene (1.0 mL) at 40 oC; then PDC (3.0 

equiv.) in the DCM (1.0 mL) at 40 oC. Yields of isolated products 4a are given. The ee values 

for 4a are determined by HPLC. 

 

Table S5. Evaluation and Screening of Temperature a 

 

Entry T (℃) t (h) yield (%) ee (%) 

1 20 24 44 93 

2 25 24 46 92 

3 30 12 53 90 

4 35 8 57 90 

5 40 8 55 90 

6 50 8 42 89 

a Unless otherwise noted, the reaction was performed with 1a (0.1 mmol), 2 (0.06 mmol), 

B1 (5 mol %) and 3Å MS (30 mg) in the toluene (1.0 mL) at the indicated temperature; then 

PDC (3.0 equiv.) in the DCM (1.0 mL) at 40 oC. Yields of isolated products 4a are given. The 

ee values for 4a are determined by HPLC. 
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4. General Procedure for the Tandem Asymmetric Annulation 

 

General procedure for annulation: The freshly dry toluene (1 mL) was added to 

the dry 25-mL tube containing with alkynyl imines 1 (0.1 mmol), the chiral catalyst B1 

(5 mol %), 2,5-dihydroxy-1,4-dithiane 2 (9.2 mg, 0.06 mmol) and 3Å MS (30 mg). The 

reacting mixture was stirred at 40 oC for 8-12 hours. Upon the completion of alkynyl 

imines monitored by TLC analysis (about 1:1 dr), the mixture was directly purified by 

flash column chromatography (elution: ethyl acetate/petroleum ether = 1/15) to afford 

the crude chiral thiazolidines 3.  

Note: Chiral thiazolidines 3 readily occurred the racemization of N,O-acetals motif 

and some undefined side reaction in the solvent. Most of the chiral thiazolidines 3 could 

not be purified carefully, and only three chiral thiazolidines have been provided the 

good quality spectrums or data. In order to facilitate the further analyses, the crude 

products 3 was directly used for the next oxidation procedure.  

General procedure for PDC-mediated oxidation: The solution of the obtained 

crude products 3 (1.0 equiv.) in DCM (1.0 mL) was added PDC (3.0 equiv.). The 

mixture was stirred at 40 oC for 6 hours. Then, the mixture was cooled to rt and added 

an appropriate amount of silica gel, which gave a good solid residue after the solvent 

was removed under reduced pressure. The residue was purified by silica gel column 

chromatography (ethyl acetate/petroleum ether = 1/25 to 1/20) to afford the desired 

products 4. 
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Tert-butyl (2S)-4-hydroxy-2-(phenylethynyl)thiazolidine-3-carboxylate. Following 

the General Procedure (without PDC-mediated oxidation procedure), 3a was obtained 

as clear colorless oil (8 h, 29.4 mg, 92% yield, 1.4:1 dr, 90% (90%) ee) after flash 

chromatography (elution gradient: ethyl acetate/petroleum ether = 1/20); [α]D
20 = -

160.1 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C16H19NO3SNa [M + Na]+ : 

328.0978, found: 328.0978; 1H NMR (400 MHz, acetone-d6, ppm): δ 7.43-7.36 (m, 7H 

(5*1.4H) + 5H), 5.97 (d, J = 2.8 Hz, 1H), 5.88 (s, 1H), 5.82 (s, 1.4H), 5.70 (s, 1.4H), 

5.17 (d, J = 4.6 Hz, 1H), 4.98 (d, J = 5.3 Hz, 1.4H), 3.58-3.53 (m, 1.4H), 3.43-3.39 (m, 

1H), 3.23 (s, 1H), 3.04 (d, J = 12.1 Hz, 1.4H), 1.50 (s, 13H(9*1.4H) + 9H); 13C NMR 

(100 MHz, acetone-d6, ppm): δ 152.1, 152.0, 131.44, 131.41, 128.52, 128.48, 122.8, 

122.7, 88.5, 83.8, 82.6, 82.2, 81.9, 80.7, 80.5, 51.4, 50.5, 38.1, 27.6; HPLC analysis: 

Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, λ = 254 

nm, retention time: tR (minor isomer) = 8.02 min, tR (major isomer) = 9.05 min; tR 

(minor isomer) = 13.08 min, tR (major isomer) = 14.78 min. 

 

 

Tert-butyl (S)-4-oxo-2-(phenylethynyl)thiazolidine-3-carboxylate. Following the 

General Procedure, 4a was obtained as clear colorless oil (8 h, 23.5 mg, 72% yield of 

2-steps, 90% ee) after flash chromatography (elution gradient: ethyl acetate/petroleum 

ether = 1/20); [α]D
25 = -5.3 (c 0.1, CHCl3); HRMS (ESI-TOF) calculated for 

C16H17NO3SNa [M + Na]+ : 326.0821, found: 326.0819; 1H NMR (400 MHz, CDCl3, 
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ppm): δ 7.44-7.40 (m, 2H), 7.37-7.32 (m, 3H), 5.91 (s, 1H), 4.03 (d, J = 16.0 Hz, 1H), 

3.61 (d, J = 16.0 Hz, 1H), 1.57 (s, 9H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.6, 

148.3, 131.7, 129.1, 128.4, 121.6, 85.4, 85.3, 84.7, 49.9, 33.6, 28.0; HPLC analysis: 

Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 

nm, retention time: tR (major) = 12.45 min, tR (minor) = 14.89 min. 

 

 
Tert-butyl (S)-4-oxo-2-(p-tolylethynyl)thiazolidine-3-carboxylate. Following the 

General Procedure, the crude product 3b was obtained as clear yellow oil (8 h, 25.5 

mg, 80% yield) after flash chromatography (elution gradient: ethyl acetate/petroleum 

ether = 1/20); 4b was obtained as clear yellow oil (8 h, 22.3 mg, 69% yield of 2-steps, 

93% ee) after flash chromatography (elution gradient: ethyl acetate/petroleum ether = 

1/20); [α]D
25 = -4.3 (c 0.1, CHCl3); HRMS (ESI-TOF) calculated for C17H19NO3SNa 

[M + Na]+ : 340.0978, found: 340.0977; 1H NMR (600 MHz, CDCl3, ppm): δ 7.32-

7.30 (m, 2H), 7.14-7.13 (m, 2H), 5.90 (s, 1H), 4.02 (d, J = 16.2 Hz, 1H), 3.60 (d, J = 

16.2 Hz, 1H), 2.36 (s, 3H), 1.56 (s, 9H); 13C NMR (150 MHz, CDCl3, ppm): δ 169.6, 

148.3, 139.3, 131.6, 129.2, 118.6, 85.6, 84.73, 84.65, 50.0, 33.6, 28.0, 21.5; HPLC 

analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, 

λ = 254 nm, retention time: tR (major) = 12.76 min, tR (minor) = 14.93 min. 
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Tert-butyl (S)-2-((4-chlorophenyl)ethynyl)-4-oxothiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3c was obtained as clear yellow 

oil (8 h, 31.5 mg, 93% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4c was obtained as clear yellow oil (10 h, 23.0 mg, 68% 

yield of 2-steps, 91% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -11.6 (c 0.1, CHCl3); HRMS (ESI-TOF) 

calculated for C16H16ClNO3SNa [M + Na]+ : 360.0432, found: 360.0434; 1H NMR (600 

MHz, CDCl3, ppm): δ 7.36-7.30 (m, 4H), 5.89 (s, 1H), 4.01 (d, J = 16.2 Hz, 1H), 3.61 

(d, J = 16.2 Hz, 1H), 1.56 (s, 9H); 13C NMR (150 MHz, CDCl3, ppm): δ 169.4, 148.3, 

135.2, 133.0, 128.8, 120.1, 86.4, 84.8, 84.2, 49.7, 33.6, 28.0; HPLC analysis: Daicel 

CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 nm, 

retention time: tR (major) = 12.28 min, tR (minor) = 14.50 min. 

 

 
Tert-butyl (S)-2-((4-fluorophenyl)ethynyl)-4-oxothiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3d was obtained as clear yellow 

oil (8 h, 31.3 mg, 97% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4d was obtained as clear yellow oil (6 h, 20.0 mg, 62% 

yield of 2-steps, 91% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
20 = -292.1 (c 1, CHCl3); HRMS (ESI-TOF) 
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calculated for C16H16FNO3SNa [M + Na]+ : 344.0727, found: 344.0729; 1H NMR (400 

MHz, CDCl3, ppm): δ 7.43-7.38 (m, 2H), 7.06-7.00 (m, 2H), 5.89 (s, 1H), 4.02 (d, J = 

16.0 Hz, 1H), 3.62 (d, J = 16.0 Hz, 1H), 1.57 (s, 9H); 13C NMR (100 MHz, CDCl3, 

ppm): δ 169.5, 162.9 (d, 1JCF = 249.1 Hz), 148.3, 133.7 (d, 3JCF = 8.44 Hz), 117.7 (d, 

4JCF = 3.62 Hz), 115.8 (d, 2JCF = 21.9 Hz), 85.2, 84.8, 84.3, 49.8, 33.6, 28.0; 19F NMR 

(376 MHz, CDCl3, ppm): δ -109.5 (s); HPLC analysis Daicel CHIRALPAK IC, n-

Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR (major) 

= 12.67 min, tR (minor) = 15.08 min. 

 

 

Tert-butyl (S)-4-oxo-2-((4-(trifluoromethyl)phenyl)ethynyl)thiazolidine-3-

carboxylate. Following the General Procedure, the crude product 3e was obtained as 

clear yellow oil (8 h, 32.6 mg, 87% yield) after flash chromatography (elution gradient: 

ethyl acetate/petroleum ether = 1/20); 4e was obtained as clear yellow oil (10 h, 25.6 

mg, 69% yield of 2-steps, 93% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -3.4 (c 0.1, CHCl3); HRMS (ESI-TOF) 

calculated for C17H16F3NO3SNa [M + Na]+ : 394.0695, found: 394.0696; 1H NMR (400 

MHz, CDCl3, ppm): δ 7.61-7.59 (m, 2H), 7.54-7.52 (m, 2H), 5.92 (s, 1H), 4.03 (d, J = 

16.0 Hz, 1H), 3.63 (d, J = 16.4 Hz, 1H), 1.57 (s, 9H); 13C NMR (100 MHz, CDCl3, 

ppm): δ 169.3, 148.2, 132.0, 130.8 (q, 2JCF = 32.5 Hz), 125.4 (q, 3JCF = 3.9 Hz), 123.7 

(q, 1JCF = 273.4 Hz), 87.8, 84.9, 83.8, 49.6, 33.5, 28.0; 19F NMR (376 MHz, CDCl3, 

ppm): δ -63.0 (s); HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, 

flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR (major) = 9.27 min, tR (minor) 

= 10.79 min. 
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Tert-butyl (S)-2-((2-bromophenyl)ethynyl)-4-oxothiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3f was obtained as clear yellow 

oil (8 h, 34.6 mg, 90% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4f was obtained as clear yellow oil (8 h, 23.7 mg, 62% 

yield of 2-steps, 94% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -2.2 (c 0.1, CHCl3); HRMS (ESI-TOF) 

calculated for C16H16BrNO3SNa [M + Na]+ : 403.9926, found: 403.9923; 1H NMR (600 

MHz, CDCl3, ppm): δ 7.60-7.58 (m, 1H), 7.45-7.44 (m, 1H), 7.29-7.28 (m, 1H), 7.23-

7.20 (m, 1H), 5.92 (s, 1H), 4.08 (d, J = 16.1 Hz, 1H), 3.61 (d, J = 16.1 Hz, 1H), 1.57 (s, 

9H); 13C NMR (150 MHz, CDCl3, ppm): δ 169.4, 148.2, 133.4, 132.5, 130.2, 127.1, 

125.8, 123.9, 89.9, 84.8, 83.9, 50.0, 33.7, 28.0; HPLC analysis: Daicel CHIRALPAK 

IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR 

(major) = 12.51 min, tR (minor) = 15.39 min. 

 

 

Tert-butyl (S)-2-(hex-1-yn-1-yl)-4-oxothiazolidine-3-carboxylate. Following the 

General Procedure, the crude product 3g was obtained as clear yellow oil (8 h, 21.5 

mg, 75% yield) after flash chromatography (elution gradient: ethyl acetate/petroleum 

ether = 1/20); 4g was obtained as clear yellow oil (10 h, 13.0 mg, 46% yield of 2-steps, 

87% ee) after flash chromatography (elution gradient: ethyl acetate/petroleum ether = 

1/20); [α]D
25 = -7.0 (c 0.1, CHCl3); HRMS (ESI-TOF) calculated for C14H21NO3SNa 
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[M + Na]+ : 306.1134, found: 306.1133; 1H NMR (400 MHz, CDCl3, ppm): δ 5.67 (s, 

1H), 3.95 (d, J = 16.2 Hz, 1H), 3.55 (d, J = 16.2 Hz, 1H), 2.23 (td, J = 6.9, 1.6 Hz, 2H), 

1.55 (s, 9H), 1.51-1.45 (m, 2H), 1.44-1.36 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H) ; 13C NMR 

(100 MHz, CDCl3, ppm): δ 169.6, 148.3, 86.7, 84.4, 76.9, 49.7, 33.5, 30.3, 27.9, 21.9, 

18.4, 13.5; HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow 

rate = 1.0 mL/min, λ = 220 nm, retention time: tR (major) = 10.72 min, tR (minor) = 

12.65 min. 

 

 

Tert-butyl (S)-4-oxo-2-(4-phenylbut-1-yn-1-yl)thiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3h was obtained as clear yellow 

oil (8 h, 27.4 mg, 82% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4h was obtained as clear yellow oil (10 h, 25.1 mg, 55% 

yield of 2-steps, 84% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -9.2 (c 0.1, CHCl3); HRMS (ESI-TOF) 

calculated for C18H21NO3SNa [M + Na]+ : 354.1134, found: 354.1135; 1H NMR (600 

MHz, CDCl3, ppm): δ 7.31-7.28 (m, 2H), 7.23-7.20 (m, 3H), 5.62 (d, J = 2.0, 1H), 3.85 

(dd, J = 16.1, 2.2 Hz, 1H), 3.51 (dd, J = 16.1, 2.3 Hz, 1H), 2.81 (t, J = 7.5 Hz, 2H), 2.53 

(tt, J = 7.5, 2.0 Hz, 2H), 1.53 (s, 9H); 13C NMR (150 MHz, CDCl3, ppm): δ 169.5, 

148.4, 140.1, 128.5, 128.4, 126.5, 85.8, 84.4, 77.8, 49.6, 34.6, 33.6, 28.0, 20.9; HPLC 

analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, 

λ = 254 nm, retention time: tR (major) = 12.42 min, tR (minor) = 15.02 min. 
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Tert-butyl (S)-2-(cyclopropylethynyl)-4-oxothiazolidine-3-carboxylate. Following 

the General Procedure, the crude product 3i was obtained as clear colorless oil (8 h, 

21.2 mg, 79% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4i was obtained as clear colorless oil (12 h, 14.2 mg, 

53% yield of 2-steps, 77% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -5.6 (c 0.1, CHCl3); HRMS (ESI-TOF) 

calculated for C13H17NO3SNa [M + Na]+ : 290.0821, found: 290.0820; 1H NMR (600 

MHz, CDCl3, ppm): δ 5.63 (d, J = 1.8 Hz, 1H), 3.94 (d, J = 16.1 Hz, 1H), 3.54 (d, J = 

16.2 Hz, 1H), 1.55 (s, 9H), 1.30-1.25 (m, 1H), 0.83-0.80 (m, 2H), 0.70-0.68 (m, 2H); 

13C NMR (150 MHz, CDCl3, ppm): δ 170.2, 148.9, 90.2, 85.0, 72.4, 50.2, 34.1, 28.5, 

8.94, 8.92, -0.0; HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, 

flow rate = 1.0 mL/min, λ = 220 nm, retention time: tR (major) = 12.84 min, tR (minor) 

= 15.38 min. 

 

S
NBoc

O

Ph
4j  

Tert-butyl (S,E)-4-oxo-2-(4-phenylbut-3-en-1-yn-1-yl)thiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3j was obtained as clear colorless 

oil (8 h, 30.5 mg, 92% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4j was obtained as clear colorless oil (12 h, 23.4 mg, 

71% yield of 2-steps, 86% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -222.5 (c 0.1, CHCl3); HRMS (ESI-TOF) 
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calculated for C18H19NNaO3S [M + Na]+ : 352.0978, found: 352.0999; 1H NMR (400 

MHz, CDCl3, ppm): δ 7.42-7.28 (m, 5H), 6.97 (d, J = 16.3 Hz, 1H), 6.17 (dd, J = 16.3, 

1.7 Hz, 1H), 5.86 (d, J = 1.7 Hz, 1H), 4.01 (d, J = 16.1 Hz, 1H), 3.59 (d, J = 16.1 Hz, 

1H), 1.57 (s, 9H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.4, 148.3, 143.0, 135.7, 

129.1, 128.8, 126.4, 106.5, 87.3, 84.73, 84.69, 50.0, 33.6, 28.0; HPLC analysis: Daicel 

CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 nm, 

retention time: tR (major) = 14.88 min, tR (minor) = 16.71 min. 

 

 

Tert-butyl (S)-4-oxo-2-((trimethylsilyl)ethynyl)thiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3k was obtained as clear colorless 

oil (8 h, 29.5 mg, 98% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4k was obtained as clear colorless oil (12 h, 18.0 mg, 

60% yield of 2-steps, 91% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -233.2 (c 0.1, CHCl3); HRMS (ESI-TOF) 

calculated for C13H21NNaO3SSi [M + Na]+ : 322.0904, found: 322.0899; 1H NMR (400 

MHz, CDCl3, ppm): δ 5.62 (s, 1H), 3.93 (d, J = 16.1 Hz, 1H), 3.53 (d, J = 16.1 Hz, 1H), 

1.53 (s, 9H), 0.15 (s, 9H); 13C NMR (100 MHz, CDCl3, ppm): δ 170.0, 148.4, 101.3, 

91.0, 84.9, 49.7, 33.7, 28.3, -0.004; HPLC analysis: Daicel CHIRALPAK IC, n-

Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 210 nm, retention time: tR (major) 

= 9.15 min, tR (minor) = 10.83 min. 
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Benzyl (2S)-4-hydroxy-2-(phenylethynyl)thiazolidine-3-carboxylate. Following the 

General Procedure (without PDC-mediated oxidation procedure), 3l was obtained as 

clear colorless oil (8 h, 32.0 mg, 94% yield, 1:1 dr, 93% (93%) ee) after flash 

chromatography (elution gradient: ethyl acetate/petroleum ether = 1/20); [α]D
20 = -

194.0 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C19H17NO3SNa [M + Na]+ : 

362.0821, found: 362.0822; 1H NMR (400 MHz, acetone-d6, ppm): δ 7.47-7.31 (m, 

20H), 6.06 (s, 1H), 5.98 (s, 1H), 5.90 (d, J = 3.6 Hz, 1H), 5.83 (s, 1H), 5.63 (s, 2H), 

5.30 (d, J = 12.4 Hz, 2H), 5.14 (d, J = 12.8 Hz, 2H), 3.61-3.58 (m, 1H), 3.45 (dd, J = 

11.2, 4.8 Hz, 1H), 3.28-3.25 (m, 1H), 3.09 (d, J = 12.0 Hz, 1H); 13C NMR (100 MHz, 

acetone-d6, ppm): δ 152.81, 152.76, 136.8, 136.7, 131.5, 128.6, 128.5, 128.4, 128.3, 

127.9, 127.8, 127.7, 122.6, 122.5, 121.3, 120.0, 88.13, 88.08, 83.1, 82.4, 67.0, 66.9, 

54.1, 34.0, 26.2, 24.4, 23.6; HPLC analysis Daicel CHIRALPAK IC, n-Hexane/i-

PrOH = 95:5, flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR (major of isomer 

A) = 27.55 min, tR (minor of isomer A) = 30.40 min; tR (minor of isomer B) = 70.64 

min, tR (major of isomer B) = 76.50 min. 

 

 

Benzyl (S)-4-oxo-2-(phenylethynyl)thiazolidine-3-carboxylate. Following the 

General Procedure, 4l was obtained as a pale yellow solid (10 h, 21.2 mg, 63% yield 

of 2-steps, 93% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/25); [α]D
20 = -255.4 (c 1.0, CHCl3); m.p. 80-81 oC; HRMS 
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(ESI-TOF) calculated for C19H15NO3SNa [M + Na]+ : 360.0665, found: 360.0663; 1H 

NMR (400 MHz, CDCl3, ppm): δ 7.45-7.44 (m, 2H), 7.38-7.33 (m, 8H), 5.98 (s, 1H), 

5.42 (d, J = 12.3 Hz, 1H), 5.30 (d, J = 12.2 Hz, 1H), 4.07 (d, J = 16.3 Hz, 1H), 3.63 (d, 

J = 16.3 Hz, 1H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.3, 149.9, 134.7, 131.9, 

129.1, 128.7, 128.6, 128.35, 128.29, 121.4, 85.9, 85.0, 69.0, 49.8, 33.5; HPLC analysis: 

Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 

nm, retention time: tR (major) = 24.44 min, tR (minor) = 27.10 min. 

 

 
Benzyl (S)-4-oxo-2-(p-tolylethynyl)thiazolidine-3-carboxylate. Following the 

General Procedure, the crude product 3m was obtained as clear yellow oil (8 h, 32.0 

mg, 91% yield) after flash chromatography (elution gradient: ethyl acetate/petroleum 

ether = 1/20); 4m was obtained as clear yellow oil (10 h, 22.9 mg, 65% yield of 2-steps, 

92% ee) after flash chromatography (elution gradient: ethyl acetate/petroleum ether = 

1/25); [α]D
20 = -274.3 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C20H17NO3SNa 

[M + Na]+ : 374.0821, found: 374.0816; 1H NMR (400 MHz, CDCl3, ppm): δ 7.45-

7.43 (m, 2H), 7.34-7.32 (m, 3H), 7.27-7.25 (m, 2H), 7.13-7.11 (m, 2H), 5.97 (s, 1H), 

5.41 (d, J = 12.3 Hz, 1H), 5.29 (d, J = 12.3 Hz, 1H), 4.06 (d, J = 16.3 Hz, 1H), 3.62 (d, 

J = 16.2 Hz, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.3, 149.9, 

139.4, 134.7, 131.8, 129.1, 128.7, 128.6, 128.3, 118.4, 86.1, 84.3, 68.9, 49.9, 33.5, 21.6; 

HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 

mL/min, λ = 254 nm, retention time: tR (major) = 25.22 min, tR (minor) = 27.80 min. 
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Benzyl (S)-2-((4-methoxyphenyl)ethynyl)-4-oxothiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3n was obtained as clear colorless 

oil (8 h, 34.2 mg, 93% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4n was obtained as a pale white solid (10 h, 23.8 mg, 

65% yield of 2-steps, 90% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/25); [α]D
20 = -287.2 (c 1.0, CHCl3); m.p. 92-93 oC; HRMS 

(ESI-TOF) calculated for C20H17NO4SNa [M + Na]+ : 390.0770, found: 390.0766; 1H 

NMR (600 MHz, CDCl3, ppm): δ 7.45-7.43 (m, 2H), 7.33-7.30 (m, 5H), 6.84-6.83 (m, 

2H), 5.96 (s, 1H), 5.41 (d, J = 12.6 Hz, 1H), 5.29 (d, J = 12.0 Hz, 1H), 4.05 (d, J = 16.2 

Hz, 1H), 3.81 (s, 3H), 3.61 (d, J = 16.2 Hz, 1H); 13C NMR (150 MHz, CDCl3, ppm): δ 

169.3, 160.2, 149.9, 134.8, 133.4, 128.64, 128.55, 128.2, 114.0, 113.5, 86.0, 83.8, 68.9, 

55.3, 50.0, 33.5; HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, 

flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR (major) = 36.67 min, tR (minor) 

= 41.63 min. 

 

 
Benzyl (2S)-2-((4-chlorophenyl)ethynyl)-4-hydroxythiazolidine-3-carboxylate. 

Following the General Procedure (without PDC-mediated oxidation procedure), 3o 

was obtained as clear colorless oil (8 h, 34.3 mg, 92% yield, 1.3:1 dr, 97% (97%) ee) 

after flash chromatography (elution gradient: ethyl acetate/petroleum ether = 1/20); 
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[α]D
20 = -181.7 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C19H16ClNO3SNa [M 

+ Na]+ : 396.0432, found: 396.0431; 1H NMR (400 MHz, acetone-d6, ppm): δ 7.47-

7.32 (m, 18H), 6.06 (s, 1H), 5.97 (s, 1H), 5.90 (d, J = 4.0 Hz, 1H), 5.82 (s, 1H), 5.63 (s, 

2H), 5.30 (d, J = 12.4 Hz, 2H), 5.13 (d, J = 12.8 Hz, 2H), 3.59 (d, J = 12.0 Hz, 1H), 

3.45 (dd, J = 11.2, 4.4 Hz, 1H), 3.28-3.25 (m, 1H), 3.09 (d, J = 12.0 Hz, 1H); 13C NMR 

(100 MHz, acetone-d6, ppm): δ 152.7, 146.8, 136.8, 136.7, 134.1, 133.1, 128.7, 128.40, 

128.36, 128.0, 127.9, 127.7, 121.4, 121.3, 89.3, 89.2, 67.0, 66.9, 54.1, 34.0, 26.2, 24.4, 

23.6; HPLC analysis Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 95:5, flow rate = 

1.0 mL/min, λ = 254 nm, retention time: tR (major of isomer A) = 22.28 min, tR (minor 

of isomer A) = 24.50 min; tR (minor of isomer B) = 63.07 min, tR (major of isomer B) 

= 74.68 min. 

 

 
Benzyl (S)-2-((4-chlorophenyl)ethynyl)-4-oxothiazolidine-3-carboxylate. 

Following the General Procedure, 4o was obtained as a pale yellow solid (10 h, 24.6 

mg, 63% yield of 2-steps, 97% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/25); [α]D
20 = -162.2 (c 1.0, CHCl3); m.p. 102-103 oC; 

HRMS (ESI-TOF) calculated for C19H14ClNO3SNa [M + Na]+ : 394.0275, found: 

394.0273; 1H NMR (400 MHz, CDCl3, ppm): δ 7.43-7.39 (m, 2H), 7.34-7.29 (m, 7H), 

5.96 (s, 1H), 5.42 (d, J = 12.2 Hz, 1H), 5.29 (d, J = 12.2 Hz, 1H), 4.05 (d, J = 16.3 Hz, 

1H), 3.63 (d, J = 16.3 Hz, 1H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.1, 149.9, 

135.3, 134.7, 133.1, 128.74, 128.67, 128.3, 119.9, 86.0, 84.7, 69.0, 49.7, 33.5; HPLC 

analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, 

λ = 254 nm, retention time: tR (major) = 23.71 min, tR (minor) = 26.37 min. 
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Benzyl (S)-2-((3-fluorophenyl)ethynyl)-4-oxothiazolidine-3-carboxylate. 

Following the General Procedure, the crude product 3p was obtained as clear yellow 

oil (8 h, 31.1 mg, 87% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4p was obtained as clear yellow oil (8 h, 19.6 mg, 55% 

yield of 2-steps, 92% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/25); [α]D
20 = -284.6 (c 1.0, CHCl3); HRMS (ESI-TOF) 

calculated for C19H14FNO3SNa [M + Na]+ : 378.0571, found: 378.0569; 1H NMR (400 

MHz, CDCl3, ppm): δ 7.45-7.43 (m, 2H), 7.34-7.28 (m, 4H), 7.16-7.04 (m, 3H), 5.96 

(s, 1H), 5.43 (d, J = 12.2 Hz, 1H), 5.29 (d, J = 12.2 Hz, 1H), 4.05 (d, J = 16.3 Hz, 1H), 

3.63 (d, J = 16.3 Hz, 1H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.1, 162.2 (d, 1JC-F 

= 245.8 Hz), 149.9, 134.6, 130.0 (d, 3JCF = 8.5 Hz), 128.70, 128.68, 128.4, 127.8 (d, 

4JCF = 3.0 Hz), 123.2 (d, 3JCF = 9.6 Hz), 118.7 (d, 2JCF = 22.9 Hz), 116.6 (d, 2JCF = 21.1 

Hz), 85.9, 84.5 (d, 4JCF = 3.3 Hz), 69.0, 49.6, 33.4; 19F NMR (376 MHz, CDCl3, ppm): 

δ -112.5 (s); HPLC analysis Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow 

rate = 1.0 mL/min, λ = 254 nm, retention time: tR (major) = 23.26 min, tR (minor) = 

25.87 min. 

 

S
NCbz

O

4q
Me

 

Benzyl (S)-4-oxo-2-(o-tolylethynyl)thiazolidine-3-carboxylate. Following the 

General Procedure, the crude product 3q was obtained as clear colorless oil (8 h, 32.6 

mg, 92% yield) after flash chromatography (elution gradient: ethyl acetate/petroleum 
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ether = 1/20); 4q was obtained as clear colorless oil (10 h, 23.0 mg, 65% yield of 2-

steps, 90% ee) after flash chromatography (elution gradient: ethyl acetate/petroleum 

ether = 1/25); [α]D
20 = -331.5 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for 

C20H17NO3SNa [M + Na]+ : 374.0821, found: 374.0822; 1H NMR (400 MHz, CDCl3, 

ppm): δ 7.45-7.43 (m, 2H), 7.34-7.32 (m, 4H), 7.27-7.12 (m, 3H), 6.01 (s, 1H), 5.39 (d, 

J = 12.4 Hz, 1H), 5.32 (d, J = 12.8 Hz, 1H), 4.06 (d, J = 16.4 Hz, 1H), 3.64 (d, J = 16.2 

Hz, 1H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.2, 149.9, 140.6, 134.7, 

132.1, 129.5, 129.2, 128.7, 128.6, 128.3, 125.6, 121.2, 88.8, 85.0, 69.0, 50.0, 33.5, 20.5; 

HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 

mL/min, λ = 254 nm, retention time: tR (major) = 35.86 min, tR (minor) = 42.61 min. 

 

 

Benzyl (S)-4-oxo-2-(thiophen-2-ylethynyl)thiazolidine-3-carboxylate. Following 

the General Procedure, the crude product 3r was obtained as clear yellow oil (8 h, 31.6 

mg, 91% yield) after flash chromatography (elution gradient: ethyl acetate/petroleum 

ether = 1/20); 4r was obtained as clear yellow oil (10 h, 19.1 mg, 56% yield of 2-steps, 

93% ee) after flash chromatography (elution gradient: ethyl acetate/petroleum ether = 

1/25); [α]D
20 = -301.1 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for 

C17H13NO3S2Na [M + Na]+ : 366.0229, found: 366.0226; 1H NMR (600 MHz, CDCl3, 

ppm): δ 7.39-7.35 (m, 2H), 7.29-7.23 (m, 4H), 7.15-7.13 (m, 1H), 6.94-6.92 (s, 1H), 

5.91 (s, 1H), 5.34 (d, J = 12.0 Hz, 1H), 5.23 (d, J = 12.0 Hz, 1H), 3.99 (d, J = 16.2 Hz, 

1H), 3.55 (d, J = 16.2 Hz, 1H); 13C NMR (150 MHz, CDCl3, ppm): δ 169.1, 149.8, 

134.7, 133.3, 128.7, 128.6, 128.30, 128.25, 127.1, 121.3, 88.7, 79.4, 69.0, 49.9, 33.5; 

HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 

mL/min, λ = 254 nm, retention time: tR (major) = 27.52 min, tR (minor) = 30.23 min. 
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Benzyl (S)-2-(hex-1-yn-1-yl)-4-oxothiazolidine-3-carboxylate. Following the 

General Procedure, the crude product 3s was obtained as clear yellow oil (8 h, 25.0 mg, 

78% yield) after flash chromatography (elution gradient: ethyl acetate/petroleum ether 

= 1/20); 4s was obtained as clear yellow oil (10 h, 13.5 mg, 43% yield of 2-steps, 90% 

ee) after flash chromatography (elution gradient: ethyl acetate/petroleum ether = 1/20); 

[α]D
20 = -206.6 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C17H19NO3SNa [M 

+ Na]+ : 340.0978, found: 340.0979; 1H NMR (400 MHz, CDCl3, ppm): δ 7.45-7.32 

(m, 5H), 5.73 (t, J = 1.6, 1H), 5.37 (d, J = 12.4 Hz, 1H), 5.29 (d, J = 12.4 Hz, 1H), 3.98 

(d, J = 16.4 Hz, 1H), 3.56 (d, J = 16.0 Hz, 1H), 2.20 (dt, J = 7.2, 1.6 Hz, 2H), 1.51-1.42 

(m, 2H), 1.40-1.31 (m, 2H), 0.89 (t, J = 7.2, 3H); 13C NMR (100 MHz, CDCl3, ppm): 

δ 169.4, 150.0, 134.8, 128.62, 128.57, 128.2, 87.4, 76.5, 68.8, 49.7, 33.5, 30.2, 21.9, 

18.5, 13.6; HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow 

rate = 1.0 mL/min, λ = 220 nm, retention time: tR (major) = 19.95 min, tR (minor) = 

22.19 min. 

 

Benzyl (S)-4-oxo-2-((trimethylsilyl)ethynyl)thiazolidine-3-carboxylate. Following 

the General Procedure, the crude product 3t was obtained as clear colorless oil (8 h, 

33.2 mg, 98% yield) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); 4t was obtained as clear colorless oil (12 h, 20.0 mg, 

60% yield of 2-steps, 92% ee) after flash chromatography (elution gradient: ethyl 

acetate/petroleum ether = 1/20); [α]D
25 = -318.2 (c 0.1, CHCl3); HRMS (ESI-TOF) 
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calculated for C16H19NNaO3SSi [M + Na]+ : 356.0747, found: 356.0752; 1H NMR (400 

MHz, CDCl3, ppm): δ 7.46-7.42 (m, 2H), 7.40-7.32 (m, 3H), 5.71 (s, 1H), 5.37 (d, J = 

12.3 Hz, 1H), 5.28 (d, J = 12.3 Hz, 1H), 3.99 (d, J = 16.2 Hz, 1H), 3.56 (d, J = 16.2 Hz, 

1H), 0.16 (s, 9H); 13C NMR (100 MHz, CDCl3, ppm): δ 169.7, 150.1, 135.1, 129.01, 

128.98, 128.6, 100.8, 91.8, 69.3, 49.8, 33.8, -0.004; HPLC analysis: Daicel 

CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 210 nm, 

retention time: tR (major) = 14.12 min, tR (minor) = 16.22 min. 

 

 

General procedure for annulation: The freshly dry toluene (1 mL) was added to the 

dry 25-mL tube containing with alkynyl imines 1a (27.5 mg, 0.1 mmol), the chiral 

catalyst B1 (3.6 mg, 5 mol %), 1,4-dioxane-2,5-diol 2’ (7.2 mg, 0.06 mmol) and 3Å 

MS (30 mg). The reacting mixture was stirred at 40 oC for 8 hours. Upon the completion 

of alkynyl imines monitored by TLC analysis, the mixture was directly purified by flash 

column chromatography (elution: ethyl acetate/petroleum ether = 1/15) to afford the 

crude chiral oxazolidine 3u [20.6 mg, 71% yield, 1:1 dr, ca. 5% (3%) ee]. HRMS (ESI-

TOF) calculated for C16H19NNaO4 [M + Na]+ : 312.1206, found: 312.1210; HPLC 

analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, 

λ = 254 nm, retention time: tR (minor, isomer A) = 9.22 min, tR (major, isomer A) = 

9.66 min; tR (minor, isomer B) = 13.07 min, tR (major, isomer B) = 20.77 min. 

General procedure for PDC-mediated oxidation: The solution of the obtained crude 

products 3u (20.0 mg, 1.0 equiv.) in DCM (1.0 mL) was added PDC (78 mg, 3.0 equiv.). 

The mixture was stirred at 40 oC for 10 hours. Then, the mixture was cooled to rt and 

added an appropriate amount of silica gel, which gave a good solid residue after the 

solvent was removed under reduced pressure. The residue was purified by silica gel 
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column chromatography (ethyl acetate/petroleum ether = 1/20) to afford the desired 

product 4u (18.2 mg, 88% yield, 4% ee) as a colorless oil. Tert-butyl (S)-4-oxo-2-

(phenylethynyl)oxazolidine-3-carboxylate (4u): HRMS (ESI-TOF) calculated for 

C16H17NO4Na [M + Na]+ : 310.1050, found: 310.1052; 1H NMR (400 MHz, CDCl3, 

ppm): δ 7.46-7.44 (m, 2H), 7.41-7.32 (m, 3H), 6.30 (s, 1H), 4.52 (d, J = 14.8 Hz, 1H), 

4.35 (d, J = 14.8 Hz, 1H), 1.57 (s, 9H); 13C NMR (100 MHz, CDCl3, ppm): δ 168.4, 

147.1, 131.9, 129.4, 128.5, 121.0, 86.7, 84.7, 82.9, 80.3, 67.2, 28.0; HPLC analysis: 

Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 

nm, retention time: tR (minor) = 11.71 min, tR (major) = 15.24 min. 

 

5. General Procedure for the Gram-Scale Syntheses 

 

General Procedure for the Large-Scale Synthesis of 4a: To a stirred mixture of 

alkynyl imine precursor 1a (0.825 g, 3.0 mmol), the chiral catalyst B1 (107.7 mg, 5 

mol %) and 3 Å MS (90 mg) in toluene (30 mL) was added 2,5-dihydroxy-1,4-dithiane 

2 (274 mg, 1.8 mmol). The resulting mixture was stirred at 40 oC for 10 hours. The 

solvent was concentrated and the residue was purified by flash column chromatography 

(ethyl acetate/petroleum ether = 1/15) to afford crude thiazolidine 3a (861.2 mg, 94% 

yield).  

Then, crude thiazolidine 3a (861.2 mg, 2.82 mmol) was dissolved in DCM (25 

mL), followed by the addition of PDC (3.16 g, 8.4 mmol, 3.0 equiv). The mixture was 

stirred at 40 oC for 8 hours. Then, the reacting mixture was cooled to room temperature 
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and added an appropriate amount of silica gel, which gave a good solid residue after 

the solvent was removed under reduced pressure. The residue was purified by silica gel 

column chromatography (ethyl acetate/petroleum ether = 1/25 to 1/20) to afford chiral 

thiazolidone 4a (0.570 g, 63% yield of 2-steps, 89% ee). HPLC analysis: Daicel 

CHIRALPAK IC, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, λ = 254 nm, 

retention time: tR (major) = 12.44 min, tR (minor) = 14.72 min. 

 

 

General Procedure for the Large-Scale Synthesis of 4m: To a stirred mixture of 

alkynyl imines 1o (0.688 g, 2.0 mmol), the chiral catalyst B1 (72 mg, 5 mol %) and 3Å 

MS (60 mg) in toluene (20 mL) was added 2,5-dihydroxy-1,4-dithiane 2 (185 mg, 1.2 

mmol). The resulting mixture was stirred at 40 oC for 10 h. The solvent was 

concentrated and the residue was purified by flash column chromatography (ethyl 

acetate/petroleum ether = 1/15) to afford the crude thiazolidine 3o (718.8 mg, 90% 

yield). 

Then, the solution of crude 3o (718.8 mg, 1.8 mmol) in DCM (18 mL) was added 

PDC (2.03 g, 5.4 mmol, 3.0 equiv). The mixture was stirred at 40 oC for 8 hours. Then, 

the reacting mixture was cooled to room temperature and added an appropriate amount 

of silica gel, which gave a good solid residue after the solvent was removed under 

reduced pressure. The residue was purified by silica gel column chromatography (ethyl 

acetate/petroleum ether = 1/25 to 1/20) to afford the chiral thiazolidone 4o (0.489 g, 66% 

yield of 2-steps, 96% ee). HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH 
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= 80:20, flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR (major) = 23.73 min, 

tR (minor) = 26.41 min. 

 

6. Synthetic Applications 

6.1 General Procedure of Oxidation 

 

General Procedure for the Synthesis of Chiral Sulfoxide 5: The solution of 4a (15.7 

mg, 0.05 mmol, 90% ee) in DCM (1 mL) was added m-CPBA (2.0 equiv.). The mixture 

was stirred overnight at room temperature. After removal of m-chlorobenzoic acid by 

filtration, the filtrate was washed with aqueous KHCO3 and then aqueous NaCl, the 

organic layer was dried over anhydrous MgSO4, concentrated, and purified by silica gel 

column chromatography (ethyl acetate/petroleum ether = 1/5) to afford the desired 

product 5 as a clear yellow oil (16 h, 11.0 mg, 67% yield, >20:1 dr, 90% ee). Tert-butyl 

(1S, 2S)-4-oxo-2-(phenylethynyl)thiazolidine-3-carboxylate 1-oxide (5): [α]D
20 = -

227.4 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C16H17NO4SNa [M + Na]+ : 

342.0770, found: 342.0769; 1H NMR (400 MHz, CDCl3, ppm): δ 7.44-7.34 (m, 5H), 

5.85 (d, J = 1.44 Hz, 1H), 4.00 (d, J = 16.8 Hz, 1H), 3.68 (dd, J = 16.8, 1.6 Hz, 1H), 

1.59 (s, 9H); 13C NMR (100 MHz, CDCl3, ppm): δ 166.3, 148.7, 132.0, 130.0, 128.6, 

120.3, 91.9, 85.6, 69.5, 55.0, 53.5, 28.0; HPLC analysis Daicel CHIRALCEL OD-H, 

n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, λ = 254 nm, retention time: tR 

(major) = 15.36 min, tR (minor) = 20.29 min. 
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General Procedure for the Synthesis of Chiral Sulfoxide 7: The solution of 4o (208.0 

mg, 0.56 mmol, 96% ee) in DCM (10 mL) was added m-CPBA (2.0 equiv.). The 

mixture was stirred overnight at room temperature. After removal of m-chlorobenzoic 

acid by filtration, the filtrate was washed with aqueous KHCO3 and then aqueous NaCl, 

the organic layer was dried over anhydrous MgSO4, concentrated, and purified by silica 

gel column chromatography (ethyl acetate/petroleum ether = 1/5) to afford the desired 

product 7 as a pale yellow solid (16 h, 122.0 mg, 56% yield, 12:1 dr, 95% (95%) ee). 

Benzyl (1S, 2S)-2-((4-chlorophenyl)ethynyl)-4-oxothiazolidine-3-carboxylate 1-

oxide (7). [α]D
20 = -222.4 (c 1.0, CHCl3); m.p. 47-48 oC; HRMS (ESI-TOF) calculated 

for C19H14ClNO4SNa [M + Na]+ : 410.0224, found: 410.0220; For major diastereomer 

1H NMR (400 MHz, CDCl3, ppm): δ 7.46-7.43 (m, 2H), 7.37-7.33 (m, 7H), 5.89 (d, J 

= 1.44 Hz, 1H), 5.42 (d, J = 12.2 Hz, 1H), 5.35 (d, J = 12.2 Hz, 1H), 4.00 (d, J = 16.8 

Hz, 1H), 3.70 (dd, J = 16.8, 1.72 Hz, 1H); 13C NMR (100 MHz, CDCl3, ppm): δ 166.0, 

150.4, 136.4, 134.3, 133.2, 129.0, 128.8, 128.7, 128.3, 118.5, 91.2, 78.0, 69.5, 69.2, 

54.9; HPLC analysis: Daicel CHIRALCEL OD-H, n-Hexane/i-PrOH = 70:30, flow 

rate = 1.0 mL/min, λ = 254 nm, retention time: minor diastereomer tR (minor) = 19.03 

min, tR (major) = 21.52 min, major diastereomer tR (minor) = 33.38 min, tR (major) = 

47.65 min. 
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6.2 General Procedure of I2-Addition 

 

General Procedure for the Synthesis of 6: The solution of 5 (23.0 mg, 0.07 mmol, 

90% ee) was dissolved in DCM (1 mL), followed by the addition of K3PO4·3H2O (57.5 

mg, 0.22 mmol), I2 (91.4 mg, 0.36 mmol). The mixture was refluxed for another 18h. 

Then the reaction was quenched by aqueous Na2S2O3 and extracted with CH2Cl2 for 

three times. The organic layers were combined, dried over Na2SO4, filtered and 

evaporated under reduced pressure. The residue was purified by silica gel column 

chromatography (ethyl acetate/petroleum ether = 1/5) to afford the desired product 6 as 

clear colorless oil (18 h, 24.2 mg, 59% yield, >20:1 dr). Tert-butyl (2S)-2-((E)-1,2-

diiodo-2-phenylvinyl)-4-oxothiazolidine-3-carboxylate 1-oxide (6). [α]D
20 = -157.4 

(c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C16H17I2NO4SNa [M + Na]+ : 

595.8860, found: 595.8865; 1H NMR (400 MHz, CDCl3, ppm): δ 7.44-7.36 (m, 3H), 

7.21-7.19 (m, 2H), 5.93 (s, 1H), 3.86 (d, J = 17.2 Hz, 1H), 3.73 (d, J = 17.6 Hz, 1H), 

1.61 (s, 9H); 13C NMR (100 MHz, CDCl3, ppm): δ 167.6, 148.0, 146.8, 129.3, 128.9, 

127.7, 104.0, 96.3, 91.0, 85.5, 56.7, 28.1. 

 

6.3 General Procedure of Hydrogenation 

 

General Procedure for the Synthesis of 8 (1st method)2: Lindlar catalyst (Pd/CaCO3) 
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(313.9 mg, 40 mol %) was suspended in EtOH (10 mL), 7 (147.4 mg, 0.38 mmol, 95% 

ee) and quinoline (34.4 mg, 0.7 equiv.) were added. The reaction mixture was stirred at 

room temperature for 1 hour under hydrogen atmosphere. Lindlar catalyst was removed 

by filtration over a pad of celite, the filtrate was concentrated in vacuo, and purified by 

silica gel column chromatography (ethyl acetate/petroleum ether = 1/2) to afford the 

desired product 8 as a clear colorless oil (1 h, 82.7 mg, 56% yield, >20:1 dr, 95% ee).  

  General Procedure for the Synthesis of 8 (2nd method): Pd/C (38.4 mg, 10 mol %) 

was suspended in EtOH (5 mL) and 7 (70.0 mg, 0.18 mmol, 95% ee) were added. The 

reaction mixture was stirred at room temperature for 12 hours under hydrogen 

atmosphere. Catalyst was removed by filtration over a pad of celite, the filtrate was 

concentrated in vacuo, and purified by silica gel column chromatography (ethyl 

acetate/petroleum ether = 1/2) to afford the desired product 8 as a clear colorless oil (12 

h, 28.1 mg, 40% yield, >20:1 dr, 95% ee). During this procedure, we didn’t detect or 

isolate the compounds 9b. Notably, even if 8 was conducted under the procedure once 

again, there are still no compounds 9b detected or isolated. 

Benzyl (1S, 2S)-2-((Z)-4-chlorostyryl)-4-oxothiazolidine-3-carboxylate 1-oxide (8). 

[α]D
20 = -196.3 (c 1.0, CHCl3); HRMS (ESI-TOF) calculated for C19H16ClNO4SNa [M 

+ Na]+ : 412.0381, found: 412.0379; 1H NMR (400 MHz, CDCl3, ppm): δ 7.45-7.30 

(m, 6H), 7.25-7.17 (m, 3H), 6.82 (d, J = 11.5 Hz, 1H), 6.02 (d, J = 9.5 Hz, 1H), 5.28 

(dd, J = 11.5, 9.5 Hz, 1H), 5.22 (d, J = 2.9 Hz, 2H), 3.83 (d, J = 17.2 Hz, 1H), 3.69 (dd, 

J = 17.2, 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3, ppm): δ 166.6, 150.4, 137.3, 134.9, 

134.1, 132.8, 129.7, 129.4, 128.8, 128.7, 128.3, 121.2, 78.0, 69.3, 54.5; HPLC analysis 

Daicel CHIRALCEL OD-H, n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, λ = 

254 nm, retention time: tR (major) = 26.18 min, tR (minor) = 37.16 min. 
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6.4 General Procedure of Desilication 

 

General procedure for the synthesis of 10: To the solution of 4t (17.0 mg, 0.05 mmol) 

in THF (1.0 mL) in an ice-water bath was added the tetrabutylammonium fluoride 

(TBAF, 44 uL, 0.15 mmol, 3.0 equiv). The reaction mixture was stirred at room 

temperature for 2 h and then the solution was poured into saturated aq. NH4Cl with 

rapid stirring. The resulting suspension was transferred to a separatory funnel and 

extracted three times with Et2O. The combined organic portions were dried (Na2SO4), 

filtered, and concentrated. The residue was purified by silica gel column 

chromatography with the eluent of ethyl acetate/petroleum ether 1/20-1/15 to afford 

compound 10 as a colorless oil (5.6 mg, 42% yield, 80% ee), which contains a few of 

inseparable and unknown impurity (δ = 4.71 (d, J = 5.5 Hz, 0.4 H)). 

Benzyl (S)-2-ethynyl-4-oxothiazolidine-3-carboxylate (10): [α]D
20 = -117.9 (c 0.1, 

CHCl3); HRMS (ESI-TOF) calculated for C13H11NNaO3S [M + Na]+ : 284.0352, 

found: 284.0355; 1H NMR (400 MHz, CDCl3, ppm): δ 7.46-7.41 (m, 2H), 7.41-7.33 

(m, 3H), 5.72 (d, J = 1.6 Hz, 1H), 5.36 (d, J = 17.8 Hz, 1H), 5.33 (d, J = 17.8 Hz, 1H), 

4.01 (d, J = 16.3 Hz, 1H), 3.59 (d, J = 16.3 Hz, 1H), 2.66 (d, J = 1.6 Hz, 1H); 13C NMR 

(100 MHz, CDCl3, ppm): δ 168.8, 149.9, 134.6, 128.7, 128.6, 127.0, 79.9, 74.3, 69.1, 

48.9, 33.3; HPLC analysis: Daicel CHIRALPAK IC, n-Hexane/i-PrOH = 90:10, flow 

rate = 1.0 mL/min, λ = 210 nm, retention time: tR (minor) = 43.019 min, tR (major) = 

45.302 min. 

 

7. Assignment of Absolute Configuration for Products 

Experimental: Single crystals of C19H14ClNO3S [4o (szh_wmx2_0m)] obtained 

from n-Pentane and DCM. A suitable crystal was selected and measured on a 
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diffractometer. The crystal was kept at 100.(2) K during data collection.  

Crystal Data for C19H14ClNO3S (M =371.82 g/mol): monoclinic, space group P21 

(no. 4), a = 5.5623(3) Å, b = 8.7434(4) Å, c = 17.6707(8) Å, β = 96.868(2)°, V = 

853.22(7) Å3, Z = 2, T = 100.(2) K, μ(Cu Kα) = 3.285 mm-1, Dcalc = 1.447 g/cm3, 

12452 reflections measured (5.04° ≤ 2Θ ≤ 144.88°), 3319 unique (Rint = 0.0647, Rsigma 

= 0.0577) which were used in all calculations. The final R1 was 0.0423 (I > 2σ(I)) and 

wR2 was 0.1071 (all data). 

 

Figure S2. View of 4o. 

 

Table S6. Crystal data and structure refinement for 4o (szh_wmx2_0m) 

Identification code 4o (szh_wmx2_0m) 

Empirical formula C19H14ClNO3S 

Formula weight 371.82 

Temperature/K 100.(2) 

Crystal system monoclinic 

Space group P21 

a/Å 5.5623(3) 

b/Å 8.7434(4) 

c/Å 17.6707(8) 
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α/° 90 

β/° 96.868(2) 

γ/° 90 

Volume/Å3 853.22(7) 

Z 2 

ρcalcg/cm3 1.447 

μ/mm-1 3.285 

F(000) 384.0 

Crystal size/mm3 0.250 × 0.180 × 0.010 

Radiation Cu Kα (λ = 1.54178) 

2Θ range for data collection/° 5.04 to 144.88 

Index ranges -5 ≤ h ≤ 6, -10 ≤ k ≤ 10, -21 ≤ l ≤ 21 

Reflections collected 12452 

Independent reflections 3319 [Rint = 0.0647, Rsigma = 0.0577] 

Data/restraints/parameters 3319/1/226 

Goodness-of-fit on F2 1.050 

Final R indexes [I>=2σ (I)] R1 = 0.0423, wR2 = 0.1046 

Final R indexes [all data] R1 = 0.0442, wR2 = 0.1071 

Largest diff. peak/hole / e Å-3 0.40/-0.32 

Flack parameter 0.121(11) 
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9. Copies of NMR and HPLC Spectrums 
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