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1. General Information 

All air- and moisture-sensitive manipulations were carried out with standard Schlenk techniques 

under nitrogen or in a glove box under nitrogen. 
1
H NMR, 

13
C NMR spectra were measured at 600 MHz 

and 151 MHz in CDCl3 using TMS signal (δ 0.00 ppm) and the residual signals from CHCl3: (δ = 7.26 

ppm for 
1
H, δ = 77.00 ppm for 

13
C) as internal references for 

1
H and 

13
C NMR respectively. Data for 

1
H 

NMR spectra are reported as follows: chemical shift (, ppm), multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, qd = quartet of doublets, ddd = 

doublet of doublet of doublets, m = multiplet), coupling constant (Hz), and integration. High resolution 

mass spectra were acquired by Agilent 6545 Accurate-Mass Q-TOF LC/MS System. Melting points 

were determined on a WRS-1B digital melting point apparatus. The er value was determined by HPLC 

with a chiral stationary phase. Reactions were monitored by thin layer chromatography (TLC) using 

silica gel plates. Flash column chromatography was performed over silica gel (300-400 mesh). X-ray 

Crystallography was collected at 173 K a on a CCD area detector (Supernova Dual Source, Cu at Zero 

equipped with an AtlasS2 diffractometer or XtaLAB AFC12 (RINC): Kappa single diffractometer) 

using Cu Kα radiation. The substrates 1 and 2 were synthesized according to published procedures. The 

spectral data of the substrates were consisted with that reported in the literature. All other chemicals and 

solvents were purchased from commercial company and used as received. 
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2. General Procedure I: the Synthesis of yne-allylic esters 1 

 

The yne-allylic esters 1 were prepared according to the literatures,
[1]

 and all the spectra data are in 

agreement with the reports. 

 

 

Figure S1. The summary of yne-allylic esters 1 
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3. General Procedure II: the Synthesis of thiazolidinones 2 

 

The thiazolidinones 2 were prepared according to the literatures,
[2]

 and all the spectra data are in 

agreement with the reports. The new compound 2f was prepared by the literature method and the spectra 

data is shown in this supporting information. 

 

 

 

Figure S2. The summary of thiazolidinones 2. 

 

 

 

5-methyl-2-(o-tolyl)thiazol-4(5H)-one:2f 

 

Light yellow solid.  
1
H NMR (600 MHz, DMSO-d6)):  10.2 (s, 1H), 7.66 (d, J = 7.2 Hz, 1H), 7.32-7.27 (m, 3H), 2.53 (s, 

3H), 2.23 (s, 3H). 
13

C NMR (151 MHz, DMSO-d6):  158.2, 158.1, 135.2, 132.6, 131.5, 128.9, 128.4, 

126.3, 102.9, 21.2, 8.9. HRMS (ESI) calcd for C11H12NOS [(M+H
+
)]: 206.0634, found: 206.0632.  
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4. General Procedure III: General Procedure for Copper-Catalyzed Remote 

Asymmetric Yne-allylic Substitution of Yne-Allylic Esters with thiazolidinones 

 

To a mixture of CuI (1.9 mg, 10 mol%), L1 (4.4 mg, 12 mol%), Yne-Allylic Esters 1 (0.1 mmol), 2 

(0.15 mmol) and DIPEA (0.15 mmol) was added MeOH (1.0 mL) at -10 
o
C under nitrogen atmosphere. 

Upon complete consumption of 1 (TLC monitoring, about 48 h), the solvent was removed under 

reduced pressure, and the residue was purified by chromatography on silica gel column (hexanes/EtOAc 

= 20:1, v/v) to afford the desired product 3 or 4. 
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(S)-5-((R)-1-(2-ethynylcyclohex-1-en-1-yl)propyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3a 

 

White solid. 30 mg, 89% yield, 10:1 dr, 93.6:6.4 er.  
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.8 Hz, 2H), 7.67-7.65 (m, 1H), 7.53-7.50 (m, 2H), 3.87 (dd, 

J = 11.4 and 3.0 Hz, 1H), 3.20 (s, 1H), 2.35-2.26 (m, 2H), 2.09-2.06 (m, 1H), 1.92-1.89 (m, 1H), 1.73-

1.67 (m, 2H), 1.61-1.59 (m, 2H), 1.57 (s, 3H), 1.53-1.49 (m, 1H), 1.16-1.11 (m, 1H), 0.77 (t, J = 7.2 Hz, 

3H). 
13

C NMR (151 MHz, CDCl3):  196.6, 195.2, 142.1, 134.9, 132.3, 129.0, 128.8, 121.0, 83.8, 81.2, 

67.5, 53.5, 30.5, 25.8, 24.7, 22.4, 22.3, 21.8, 11.3. HRMS (ESI) calcd for C21H24NOS [(M+H
+
)]: 

338.1573, found: 338.1567. HPLC analysis of the product: Daicel Chiralpak ADH column; hexane/2-

propanol = 95/5, 0.5 mL/min. Retention times: 25.06 min (major), 31.22 min (minor).  
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(S)-5-((R)-1-(2-ethynylcyclohex-1-en-1-yl)ethyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3b 

 

Yellow solid. 25 mg, 77% yield, 7:1 dr, 97:3 er.  
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.2 Hz, 2.00H, major), 8.12 (d, J = 7.2 Hz, 0.28H, minor), 

7.68-7.64 (m, 1.14H), 7.53-7.50 (m, 2.28H), 4.04 (q, J = 13.8 and 7.2 Hz, 1.00H, major), 3.81 (q, J = 

14.4 and 7.2 Hz, 0.14H, minor), 3.22 (s, 1.00H, major), 3.13 (s, 0.14H, minor), 2.32-2.22 (m, 2.60H), 

2.19-2.12 (m, 1.40H), 1.96-1.92 (m, 1.12H), 1.76 (s, 0.42H, minor), 1.75-1.62 (m, 3.00H), 1.60 (s, 

3.00H, major), 1.57-1.49 (m, 1.00H), 1.20 (d, J = 7.2 Hz, 0.42H, minor), 0.94 (d, J = 7.2 Hz, 3.00H, 

major). 
13

C NMR (151 MHz, CDCl3):  196.4, 195.2, 194.5, 193.9, 146.7, 144.5, 134.9, 134.8, 132.3, 

132.2, 129.0, 128.9, 128.8, 128.7, 118.7, 118.0, 84.1, 83.5, 81.3, 81.1, 68.3, 67.9, 46.5, 45.6, 30.44, 

30.40, 25.7, 25.2, 25.0, 24.8, 22.4, 22.3, 22.2, 22.1, 14.53, 14.48. HRMS (ESI) calcd for C20H22NOS 

[(M+H
+
)]: 324.1417, found: 324.1412. HPLC analysis of the product: Daicel Chiralpak ADH column; 

hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: 23.67 min (minor), 31.76 min (major). 
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(S)-5-((R)-1-(2-ethynylcyclohex-1-en-1-yl)but-3-en-1-yl)-5-methyl-2-phenylthiazol-4(5H)-one: 3c 

 

Yellow liquid. 24 mg, 69% yield, 14:1 dr, 94:6 er.  
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.2 Hz, 2H), 7.68-7.66 (m, 1H), 7.54-7.51 (m, 2H), 5.65-

5.58 (m, 1H), 4.91 (dd, J = 16.8 and 13.2 Hz, 2H), 4.07 (dd, J = 11.4 and 4.8 Hz, 1H), 3.22 (s, 1H), 

2.28-2.22 (m, 3H), 2.11-2.08 (m, 1H), 1.95-1.90 (m, 2H), 1.73-1.62 (m, 3H), 1.59 (s, 3H), 1.57-1.54 (m, 

1H). 
13

C NMR (151 MHz, CDCl3):  196.3, 195.0, 142.0, 135.02, 134.94, 132.2, 129.0, 128.8, 120.8, 

116.3, 83.6, 81.4, 67.0, 51.3, 33.4, 30.4, 25.8, 25.0, 22.24, 22.20. HRMS (ESI) calcd for C22H24NOS 

[(M+H
+
)]: 350.1573, found: 350.1569. HPLC analysis of the product: Daicel Chiralpak IC-3 column; 

hexane/2-propanol = 95/5, 0.8 mL/min. Retention times: 30.33 min (major), 39.63 min (minor). 
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(S)-5-((R)-1-(2-ethynylcyclohex-1-en-1-yl)-2-phenylethyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3d 

 

Yellow liquid. 27 mg, 68% yield, 18:1 dr, 92:8 er.  
1
H NMR (600 MHz, CDCl3):  8.22-8.20 (m, 2H), 7.70-7.68 (m, 1H), 7.56-7.53 (m, 2H), 7.20-7.17 (m, 

2H), 7.15-7.14 (m, 1H), 7.11-7.10 (m, 2H), 4.35 (dd, J = 11.4 and 4.2 Hz, 1H), 3.09 (s, 1H), 2.73-2.69 

(m, 1H), 2.53-2.50 (m, 1H), 2.22-2.13 (m, 2H), 2.01-1.93 (m, 2H), 1.71-1.66 (m, 1H), 1.63 (s, 3H), 

1.53-1.49 (m, 2H), 1.45-1.39 (m, 1H). 
13

C NMR (151 MHz, CDCl3):  196.4, 195.1, 140.9, 138.2, 135.0, 

132.3, 129.1, 129.0, 128.9, 127.9, 126.1, 121.5, 83.5, 80.9, 67.3, 53.0, 35.2, 30.2, 26.0, 25.1, 22.2, 22.1. 

HRMS (ESI) calcd for C26H26NOS [(M+H
+
)]: 400.1730, found: 400.1727. HPLC analysis of the product: 

Daicel Chiralpak ODH column; hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: 15.95 min 

(minor), 19.97 min (major). 
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(S)-5-((R)-1-(2-ethynylcyclohex-1-en-1-yl)-3-phenylpropyl)-5-methyl-2-phenylthiazol-4(5H)-one: 

3e 

 

White solid. 21 mg, 51% yield, 8:1 dr, 90.3:9.7 er.  
1
H NMR (600 MHz, CDCl3):  8.14 (d, J = 7.8 Hz, 2.00H, major), 8.10 (d, J = 7.8 Hz, 0.24H, minor), 

7.66-7.64 (m, 1.12H), 7.52-7.49 (m, 2.24H), 7.25-7.24 (m, 0.24H), 7.22-7.19 (m, 2.00H), 7.17-7.14 (m, 

0.36H), 7.13-7.08 (m, 3.00H), 4.08 (dd, J = 12.0 and 3.6 Hz, 1.00H, major), 3.74 (dd, J = 9.6 and 5.4 Hz, 

0.12H, minor), 3.24 (s, 1.00H, major), 3.14 (s, 0.12H, minor), 2.60-2.54 (m, 1.12H), 2.45-2.40 (m, 

1.12H), 2.36-2.28 (m, 2.24H), 2.17-2.11 (m, 1.12H), 1.99-1.94 (m, 1.12H), 1.85-1.77 (m, 1.60H), 1.75 

(s, 0.36H, minor), 1.74-1.61 (m, 3.00H), 1.60 (s, 3.00H, major), 1.58-1.52 (m, 1.00H), 1.42-1.37 (m, 

1.12H). 
13

C NMR (151 MHz, CDCl3):  196.4, 195.2, 194.3, 193.1, 144.1, 141.9, 141.8, 141.5, 134.9, 

134.8, 133.3, 132.2, 129.1, 128.9, 128.8, 128.7, 128.4, 128.31, 128.27, 128.2, 125.9, 125.8, 121.4, 121.0, 

84.3, 83.6, 81.6, 81.3, 67.8, 67.3, 52.0, 50.8, 33.8, 33.5, 30.9, 30.6, 30.5, 30.0, 25.8, 25.3, 25.2, 24.9, 

22.4, 22.34, 22.27, 22.2. HRMS (ESI) calcd for C27H28NOS [(M+H
+
)]: 414.1886, found: 414.1885. 

HPLC analysis of the product: Daicel Chiralpak IA-3 column; hexane/2-propanol = 95/5, 0.5 mL/min. 

Retention times: 24.82 min (minor), 34.96 min (major). 
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(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(phenyl)methyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3f 

 

White solid. 35 mg, 91% yield, 4:1 dr, 98:2 er, 86:14 er. 
1
H NMR (600 MHz, CDCl3):  8.12 (d, J = 7.8 Hz, 0.50H, minor), 8.08 (d, J = 7.8 Hz, 2.00H, major), 

7.65-7.62 (m, 1.25H), 7.52-7.44 (m, 3.00H), 7.33-7.31 (m, 0.50H), 7.27-7.25 (m, 2.25H), 7.15-7.10 (m, 

3.00H), 5.31 (s, 1.00H, major), 5.18 (s, 0.25H, minor), 3.28 (s, 0.25H, minor), 3.26 (s, 1.00H, major), 

2.36-2.22 (m, 5.20H), 2.16-2.08 (m, 1.00H), 1.73 (s, 3.00H, major), 1.71 (s, 0.75H, minor), 1.67-1.62 

(m, 2.50H), 1.51-1.40 (m, 1.30H). 
13

C NMR (151 MHz, CDCl3):  196.3, 195.4, 194.6, 194.3, 144.3, 

142.8, 139.1, 138.3, 134.8, 132.2, 129.05, 129.01, 129.00, 128.9, 128.74, 128.71, 128.5, 128.4, 128.2, 

128.0, 127.3, 127.1, 120.7, 119.1, 84.2, 83.6, 81.7, 81.5, 67.4, 66.4, 57.7, 56.8, 30.7, 30.5, 28.1, 27.4, 

26.8, 26.1, 22.5, 22.4, 22.1, 21.8. HRMS (ESI) calcd for C25H24NOS [(M+H
+
)]: 386.1573, found: 

386.1562. HPLC analysis of the product: Daicel Chiralpak ODH column; hexane/2-propanol = 95/5, 0.3 

mL/min. Retention times: for major product: 25.58 min (major), 30.22 min (minor); for minor product: 

23.40 min (minor), 27.71 min (major). 
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(S)-5-((S)-(2-ethynylcyclohex-1-en-1-yl)(o-tolyl)methyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3g 

 

Yellow solid. 31 mg, 78% yield, 4:1 dr, 76.5:23.5 er. 
1
H NMR (600 MHz, CDCl3):  8.12 (d, J = 7.8 Hz, 2.00H, major), 8.10 (d, J = 7.8 Hz, 0.50H, minor), 

7.67-7.65 (m, 1.25H), 7.56-7.54 (m, 1.00H), 7.52-7.50 (m, 2.50H), 7.46-7.45 (m, 0.25H), 7.19-7.17 (m, 

0.25H), 7.15-7.13 (m, 0.50H), 7.10-7.09 (m, 1.00H), 7.03-7.00 (m, 1.00H), 6.91-6.89 (m, 1.00H), 5.45 

(s, 1.00H, major), 5.39 (s, 0.25H, minor), 3.31 (s, 1.00H, major), 3.29 (s, 0.25H, minor), 2.64-2.61 (m, 

0.25H), 2.50 (s, 3.00H, major), 2.47 (s, 0.75H, minor), 2.44-2.33 (m, 2.25H), 2.29-2.24 (m, 1.50H), 

2.17-2.13 (m, 0.25H), 2.04-2.00 (m, 1.00H), 1.87 (s, 3.00H, major), 1.75 (s, 0.75H, minor), 1.68-1.60 

(m, 3.75H), 1.55-1.50 (m, 1.00H). 
13

C NMR (151 MHz, CDCl3):  195.1, 194.9, 193.7, 193.6, 143.1, 

142.2, 138.13, 138.08, 136.8, 136.5, 134.8, 134.7, 132.31, 132.25, 131.04, 131.02, 129.0, 128.8, 128.7, 

128.6, 127.8, 127.0, 126.9, 126.7, 125.5, 125.2, 120.7, 119.8, 84.7, 84.6, 81.7, 81.6, 68.6, 68.2, 53.3, 

51.5, 31.1, 30.9, 28.5, 27.5, 26.8, 26.7, 22.5, 22.4, 21.99, 21.90, 21.0. HRMS (ESI) calcd for 

C26H26NOS [(M+H
+
)]: 400.1730, found: 400.1726. HPLC analysis of the product: Daicel Chiralpak 

ODH column; hexane/2-propanol = 90/10, 0.5 mL/min. Retention times: 11.73 min (major), 13.39 min 

(minor).  
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(S)-5-((S)-(2-ethynylcyclohex-1-en-1-yl)(2-methoxyphenyl)methyl)-5-methyl-2-phenylthiazol-

4(5H)-one: 3h 

 

White solid. 26 mg, 63% yield, 11:1 dr, 96.7:3.3 er, 95:5 er. 
1
H NMR (600 MHz, CDCl3):  8.11 (d, J = 7.8 Hz, 2H), 7.67-7.64 (m, 1H), 7.52-7.49 (m, 3H), 7.11-

7.08 (m, 1H), 6.81-6.80 (m, 1H), 6.69-6.66 (m, 1H), 5.83 (s, 1H), 3.82 (s, 3H), 3.26 (s, 1H), 2.35-2.27 

(m, 3H), 2.10-2.07 (m, 1H), 1.83 (s, 3H), 1.71-1.61 (m, 2H), 1.57-1.52 (m, 2H). 
13

C NMR (151 MHz, 

CDCl3):  194.9, 193.4, 157.7, 142.4, 134.7, 132.4, 128.9, 128.7, 128.0, 127.7, 127.3, 120.5, 119.9, 

111.4, 84.5, 80.8, 67.8, 55.9, 48.1, 30.9, 28.2, 26.8, 22.6, 22.1. HRMS (ESI) calcd for C26H26NO2S 

[(M+H
+
)]: 416.1679, found: 416.1675. HPLC analysis of the product: Daicel Chiralpak ASH column; 

hexane/2-propanol = 94/6, 0.3 mL/min. Retention times: for major product: 31.52 min (minor), 43.48 

min (major); for minor product: 29.46 min (major), 37.09 min (minor). 
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(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(m-tolyl)methyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3i 

 

Light yellow liquid. 37 mg, 93% yield, 2:1 dr, 97.4:2.6 er, 82.6:17.4 er.  
1
H NMR (600 MHz, CDCl3):  8.14 (d, J = 7.8 Hz, 1.00H, minor), 8.09 (d, J = 7.8 Hz, 2.00H, major), 

7.67-7.63 (m, 1.50H), 7.53-7.48 (m, 3.00H), 7.27-7.26 (m, 0.50H), 7.23-7.20 (m, 1.00H), 7.11-7.08 (m, 

2.50H), 7.03-7.00 (m, 1.00H), 6.93-6.92 (m, 1.00H), 5.27 (s, 1.00H, major), 5.16 (s, 0.50H, minor), 3.29 

(s, 0.50H, minor), 3.28 (s, 1.00H, major), 2.36 (s, 1.50H, minor), 2.35-2.22 (m, 5.25H), 2.19 (s, 3.00H, 

major), 2.16-2.10 (m, 1.00H), 1.74 (s, 3.00H, major), 1.71 (s, 1.50H, minor), 1.69-1.58 (m, 4.25H), 

1.50-1.39 (m, 1.50H). 
13

C NMR (151 MHz, CDCl3):  195.4, 194.6, 194.3, 193.8, 144.4, 142.9, 138.9, 

138.15, 138.09, 137.7, 134.81, 134.78, 132.31, 132.26, 130.0, 129.5, 129.0, 128.9, 128.70, 128.67, 

128.3, 128.1, 128.0, 127.9, 125.9, 125.1, 120.5, 119.0, 84.2, 83.6, 81.6, 81.4, 67.5, 66.5, 57.7, 56.8, 30.7, 

30.5, 28.1, 27.3, 26.8, 26.1, 22.5, 22.4, 22.1, 21.8, 21.6, 21.5. HRMS (ESI) calcd for C26H26NOS 

[(M+H
+
)]: 400.1730, found: 400.1726. HPLC analysis of the product: Daicel Chiralpak IA-3 column; 

hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: for major product: 28.79 min (major), 35.07 

min (minor); for minor product: 24.52 min (minor), 43.12 min (major). 
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(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(3-methoxyphenyl)methyl)-5-methyl-2-phenylthiazol-

4(5H)-one: 3j 

 

Colorless liquid. 37 mg, 89% yield, 3:1 dr, 97.5:2.5 er, 87:13 er.  
1
H NMR (600 MHz, CDCl3):  8.10 (d, J = 7.8 Hz, 2H), 7.66-7.64 (m, 1H), 7.51-7.48 (m, 2H), 7.07-

7.04 (m, 1H), 6.87-6.84 (m, 2H), 6.68-6.66 (m, 1H), 5.29 (s, 1H), 3.64 (s, 3H), 3.27 (s, 1H), 2.36-2.21 

(m, 4H), 1.73 (s, 3H), 1.69-1.61 (m, 4H). 
13

C NMR (151 MHz, CDCl3):  195.3, 194.4, 159.2, 142.7, 

139.8, 134.9, 132.2, 129.1, 129.0, 128.7, 120.71, 120.66, 114.2, 112.6, 83.6, 81.7, 66.3, 56.6, 55.0, 30.5, 

27.6, 26.7, 22.5, 22.1. HRMS (ESI) calcd for C26H26NO2S [(M+H
+
)]: 416.1679, found: 416.1676. 

HPLC analysis of the product: Daicel Chiralpak ODH column; hexane/2-propanol = 95/5, 0.3 mL/min. 

Retention times: for major product: 35.94 min (major), 41.61 min (minor); for minor product: 30.79 min 

(minor), 38.60 min (major). 
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(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(4-fluorophenyl)methyl)-5-methyl-2-phenylthiazol-4(5H)-

one: 3k 

 

Light yellow solid. 27 mg, 67% yield, 4:1 dr, 98:2 er, 88.3:11.7 er.  
1
H NMR (600 MHz, CDCl3):  8.11 (d, J = 8.4 Hz, 0.50H, minor), 8.08 (d, J = 

7.8 Hz, 2.00H, major), 7.68-7.65 (m, 1.00H), 7.53-7.49 (m, 3.00H), 7.43-7.41 (m, 

0.50H), 7.29-7.27 (m, 1.75H), 7.03-7.00 (m, 0.50H), 6.85-6.82 (m, 2.00H), 5.28 

(s, 1.00H, major), 5.16 (s, 0.25H, minor), 3.29 (s, 1.25H), 2.36-2.24 (m, 5.00H), 

2.14-1.98 (m, 1.00H), 1.73 (s, 3.00H, major), 1.72 (s, 0.75H, minor), 1.65-1.62 

(m, 3.00H), 1.52-1.45 (m, 1.00H). 
13

C NMR (151 MHz, CDCl3):  195.3, 195.0, 

194.4, 193.8, 162.8, 162.7, 161.2, 161.1, 144.2, 142.5, 135.00, 134.97, 134.8 (d, J = 3.3 Hz, minor), 

134.1 (d, J = 3.2 Hz, major), 132.2, 132.1, 130.6 (d, J = 8.2 Hz, minor), 130.2 (d, J = 7.4 Hz, major), 

128.89 (d, J = 36.1 Hz, major), 128.88 (d, J = 45.5 Hz, minor), 120.8, 119.3, 115.4 (d, J = 22.0 Hz, 

minor), 115.1 (d, J = 21.6 Hz, major), 84.1, 83.4, 82.0, 81.7, 67.5, 66.5, 57.0, 56.2, 30.6, 30.5, 27.9, 27.2, 

26.8, 26.0, 22.5, 22.4, 22.0, 21.8. 
19

F NMR (566 MHz, CDCl3):  -115.0 (minor), -115.4 (major). 

HRMS (ESI) calcd for C25H23FNOS [(M+H
+
)]: 404.1479, found: 404.1475. HPLC analysis of the 

product: Daicel Chiralpak ADH column; hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: for 

major product: 37.66 min (major), 72.93 min (minor); for minor product: 29.08 min (minor), 52.94 min 

(major). 

 

 



S18 

(S)-5-((R)-(4-chlorophenyl)(2-ethynylcyclohex-1-en-1-yl)methyl)-5-methyl-2-phenylthiazol-4(5H)-

one: 3l 

 

White solid. 37 mg, 79% yield, 3.3:1 dr, 98:2 er, 88:12 er.  
1
H NMR (600 MHz, CDCl3):  8.11 (d, J = 7.2 Hz, 0.60H, minor), 8.09 (d, J = 7.2 

Hz, 2.00H, major), 7.67-7.64 (m, 1.00H), 7.53-7.49 (m, 2.90H), 7.38 (d, J =8.4 Hz, 

0.60H, minor), 7.29 (d, J = 8.4 Hz, 0.60H, minor), 7.23 (d, J = 8.4 Hz, 2.00H, 

major), 7.12 (d, J = 8.4 Hz, 2.00H, major), 5.27 (s, 1.00H, major), 5.15 (s, 0.30H, 

minor), 3.28 (s, 1.30H), 2.35-2.22 (m, 5.50H), 2.13-2.09 (m, 0.90H), 1.73 (s, 3.00H, 

major), 1.72 (s, 0.90H, minor), 1.68-1.57 (m, 4.00H). 
13

C NMR (151 MHz, CDCl3):  195.2, 194.4, 

194.3, 193.6, 143.9, 142.2, 137.6, 136.8, 135.03, 134.99, 133.2, 133.0, 132.1, 132.0, 130.3, 129.9, 

129.02, 129.00, 128.8, 128.7, 128.6, 128.4, 121.1, 119.5, 84.0, 83.3, 82.0, 81.8, 67.2, 66.3, 57.0, 56.2, 

30.6, 30.5, 28.0, 27.3, 26.8, 26.0, 22.5, 22.4, 22.0, 21.7. HRMS (ESI) calcd for C25H23ClNOS [(M+H
+
)]: 

420.1183, found: 420.1180. HPLC analysis of the product: Daicel Chiralpak IA-3 column; hexane/2-

propanol = 92/8, 1.0 mL/min. Retention times: for major product: 14.60 min (major), 17.11 min (minor); 

for minor product: 11.18 min (minor), 15.70 min (major). 

 

 

 

 

 

 



S19 

(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(4-(trifluoromethoxy)phenyl)methyl)-5-methyl-2-

phenylthiazol-4(5H)-one: 3m 

 

Yellow liquid. 38 mg, 81% yield, 1.4:1 dr, 98.2:1.8 er, 91.6:8.4 er.  
1
H NMR (600 MHz, CDCl3):  8.11 (d, J = 7.8 Hz, 1.40H, minor), 8.08 (d, J = 

7.2 Hz, 2.00H, major), 7.68-7.65 (m, 1.60H), 7.53-7.50 (m, 4.90H), 7.31 (d, J = 

7.8 Hz, 2.00H, major), 7.17 (d, J = 8.4 Hz, 1.40H, minor), 6.99 (d, J = 8.4 Hz, 

2.00H, major), 5.31 (s, 1.00H, major), 5.19 (s, 0.70H, minor), 3.29 (s, 1.70H), 

2.37-2.26 (m, 6.20H), 2.14-2.05 (m, 2.00H), 1.74 (s, 3.00H, major), 1.72 (s, 

2.10H, minor), 1.69-1.64 (m, 2.40H), 1.52-1.42 (m, 3.00H). 
13

C NMR (151 MHz, 

CDCl3):  195.2, 194.4, 194.3, 193.6, 148.4, 148.2, 143.8, 142.2, 137.7, 136.9, 135.1, 135.0, 132.1, 

132.0, 130.4, 129.9, 129.1, 129.0, 128.8, 128.7, 121.2, 120.8, 120.5, 119.7, 84.0, 83.3, 82.1, 81.8, 67.2, 

66.3, 57.0, 56.2, 30.6, 30.5, 30.1, 29.7, 27.9, 27.3, 26.7, 26.0, 22.5, 22.4, 22.0, 21.7. 
19

F NMR (566 

MHz, CDCl3):  -57.8. HRMS (ESI) calcd for C26H23F3NO2S [(M+H
+
)]: 470.1396, found: 470.1395. 

HPLC analysis of the product: Daicel Chiralpak IC-3 column; hexane/2-propanol = 95/5, 0.3 mL/min. 

Retention times: for major product: 44.85 min (major), 61.80 min (minor); for minor product: 40.57 min 

(minor), 58.11 min (major). 

 

 

 



S20 

(S)-5-((R)-(4-ethylphenyl)(2-ethynylcyclohex-1-en-1-yl)methyl)-5-methyl-2-phenylthiazol-4(5H)-

one: 3n 

 

Light yellow liquid. 38 mg, 92% yield, 3.2:1 dr, 98:2 er, 84.6:15.4 er.  
1
H NMR (600 MHz, CDCl3):  8.14 (d, J = 7.2 Hz, 0.60H, minor), 8.10 (d, J = 7.8 

Hz, 2.00H, major), 7.67-7.63 (m, 1.30H), 7.53-7.48 (m, 2.60H), 7.37 (d, J = 7.8 Hz, 

0.60H, minor), 7.19 (d, J = 7.8 Hz, 2.00H, major), 7.16 (d, J = 7.8 Hz, 0.60H, 

minor), 6.97 (d, J = 8.4 Hz, 2.00H, major), 5.29 (s, 1.00H, major), 5.16 (s, 0.30H, 

minor), 3.28 (s, 0.30H, minor), 3.27 (s, 1.00H, major), 2.63 (q, J = 15.0 and 7.2 Hz, 

0.60H, minor), 2.50 (q, J = 15.6 and 7.8 Hz, 2.00H, major), 2.36-2.32 (m, 2.00H), 2.29-2.19 (m, 3.00H), 

2.16-2.09 (m, 0.50H), 1.73 (s, 3.00H, major), 1.71 (s, 0.90H, minor), 1.68-1.60 (m, 3.90H), 1.50-1.39 

(m, 1.00H), 1.23 (t, J = 7.8 Hz, 0.90H, minor), 1.12 (t, J = 7.2Hz, 3.00H, major). 
13

C NMR (151 MHz, 

CDCl3):  195.4, 194.6, 194.3, 193.8, 144.5, 143.2, 143.0, 142.9, 136.2, 135.4, 134.80, 134.78, 132.31, 

132.26, 129.0, 128.9, 128.73, 128.70, 128.3, 127.9, 127.7, 120.4, 118.8, 115.1, 84.2, 83.6, 81.6, 81.4, 

67.6, 66.5, 57.3, 56.5, 30.6, 30.5, 28.3, 28.2, 28.1, 27.4, 26.7, 26.0, 22.5, 22.4, 22.1, 21.8, 15.2, 15.1. 

HRMS (ESI) calcd for C27H28NOS [(M+H
+
)]: 414.1886, found: 414.1881. HPLC analysis of the product: 

Daicel Chiralpak IA-3 column; hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: for major 

product: 45.24 min (major), 54.97 min (minor); for minor product: 25.44 min (minor), 40.18 min 

(major). 

 

 

 

 



S21 

(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(4-pentylphenyl)methyl)-5-methyl-2-phenylthiazol-4(5H)-

one: 3o 

 

Yellow liquid. 29 mg, 64% yield, 3:1 dr, 97.7:2.3 er, 85.3:14.7 er.  
1
H NMR (600 MHz, CDCl3):  8.13 (d, J = 7.8 Hz, 0.66H, minor), 8.09 (d, J = 

7.8 Hz, 2.00H, major), 7.67-7.63 (m, 1.33H), 7.53-7.48 (m, 2.66H), 7.35 (d, J = 

7.2 Hz, 0.66H, minor), 7.16 (d, J = 7.8 Hz, 2.00H, major), 7.13 (d, J = 7.8 Hz, 

0.66H, minor), 6.94 (d, J = 7.2 Hz, 2.00H, major), 5.28 (s, 1.00H, major), 5.15 

(s, 0.33 H, minor), 3.28 (s, 0.33H, minor), 3.26 (s, 1.00H, major), 2.57 (t, J = 

7.2 Hz, 0.66H, minor), 2.44 (t, J = 7.8 Hz, 2.00H, major), 2.36-2.10 (m, 6.00H), 

1.73 (s, 3.00H, major), 1.71 (s, 0.99H, minor), 1.68-1.60 (m, 4.00H), 1.51-1.46 (m, 2.62H), 1.32-1.19 

(m, 6.00H), 0.89 (t, J = 6.0 Hz, 0.99H, minor), 0.83 (t, J = 7.2 Hz, 3.00H, major). 
13

C NMR (151 MHz, 

CDCl3):  195.5, 194.7, 194.4, 193.8, 144.6, 143.0, 142.0, 141.7, 136.1, 135.3, 134.80, 134.77, 132.33, 

132.29, 129.4, 129.0, 128.92, 128.87, 128.7, 128.5, 128.23, 128.22, 120.4, 118.9, 84.3, 83.6, 81.6, 81.3, 

67.7, 66.6, 57.4, 56.6, 35.5, 35.3, 31.6, 31.4, 30.9, 30.8, 30.7, 30.5, 28.1, 27.3, 26.8, 26.1, 22.6, 22.53, 

22.51, 22.4, 22.1, 21.8, 14.01, 13.95. HRMS (ESI) calcd for C30H34NOS [(M+H
+
)]: 456.2356, found: 

456.2355. HPLC analysis of the product: Daicel Chiralpak IC-3 column; hexane/2-propanol = 95/5, 0.8 

mL/min. Retention times: for major product: 40.26 min (major), 78.86 min (minor); for minor product: 

22.16 min (minor), 34.55 min (major). 

 

 



S22 

(S)-5-((R)-(4-(tert-butyl)phenyl)(2-ethynylcyclohex-1-en-1-yl)methyl)-5-methyl-2-phenylthiazol-

4(5H)-one: 3p 

 

Yellow liquid. 28 mg, 63% yield, 3.2:1 dr, 98.5:1.5 er, 88:12 er.  
1
H NMR (600 MHz, CDCl3):  8.13 (d, J = 7.8 Hz, 0.62H, minor), 8.10 (d, J = 7.8 Hz, 2.00H, major), 

7.67-7.63 (m, 1.31H), 7.53-7.48 (m, 2.62H), 7.39-7.37 (m, 0.62H), 7.34-7.32 (m, 0.62H), 7.18-7.14 (m, 

4.00H), 5.30 (s, 1.00H, major), 5.17 (s, 0.31H, minor), 3.28 (s, 0.31H, minor), 3.26 (s, 1.00H, major), 

2.36-2.20 (m, 5.48H), 1.73 (s, 3.00H, major), 1.71 (s, 0.93H, minor), 1.69-1.61 (m, 4.00H), 1.49-1.41 

(m, 1.00H), 1.31 (s, 2.79H, minor), 1.19 (s, 9.00H, major). 
13

C NMR (151 MHz, CDCl3):  195.5, 194.6, 

194.3, 193.8, 150.0, 149.6, 144.5, 143.0, 135.8, 135.1, 134.78, 134.76, 132.33, 132.29, 129.0, 128.9, 

128.7, 128.6, 127.9, 125.4, 125.1, 120.4, 118.8, 114.8, 84.2, 83.6, 81.5, 81.3, 67.7, 66.4, 57.2, 56.3, 34.4, 

34.2, 31.3, 31.2, 30.6, 30.5, 28.2, 27.4, 26.7, 26.0, 22.5, 22.4, 22.1, 21.8. HRMS (ESI) calcd for 

C29H32NOS [(M+H
+
)]: 442.2199, found: 442.2196. HPLC analysis of the product: Daicel Chiralpak 

ADH column; hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: for major product: 30.31 min 

(major), 33.78 min (minor); for minor product: 18.12 min (minor), 27.46 min (major). 

        

        

 



S23 

(S)-5-((R)-(3,5-dimethylphenyl)(2-ethynylcyclohex-1-en-1-yl)methyl)-5-methyl-2-phenylthiazol-

4(5H)-one: 3q 

 

Colorless liquid. 33 mg, 80% yield, 1.2:1 dr, 96.5:3.5 er, 80.2:19.8 er. 
1
H NMR (600 MHz, CDCl3):  8.15 (d, J = 7.8 Hz, 1.70H, minor), 8.09 (d, J = 7.8 Hz, 2.00H, major), 

7.68-7.63 (m, 1.85H), 7.53-7.48 (m, 3.70H), 7.04 (s, 1.70H, minor), 6.91 (s, 0.85H, minor), 6.90 (s, 

2.00H, major), 6.75 (s, 1.00H, major), 5.23 (s, 1.00H, major), 5.12 (s, 0.85H, minor), 3.29 (s, 0.85H, 

minor), 3.28 (s, 1.00H, major), 2.36-2.35 (m, 1.00H), 2.32 (s, 5.10H, minor), 2.29-2.18 (m, 4.90H), 

2.18-2.16 (m, 1.00H), 2.13 (s, 6.00H, major), 1.73 (s, 3.00H, major), 1.71 (s, 2.55H, minor), 1.69-1.53 

(m, 4.30H), 1.50-1.38 (m, 2.60H), 1.32-1.27 (m, 1.00H). 
13

C NMR (151 MHz, CDCl3):  195.4, 194.7, 

194.4, 193.8, 144.4, 143.0, 138.9, 138.1, 137.9, 137.4, 134.8, 134.7, 132.3, 132.2, 129.01, 128.97, 

128.93, 128.88, 128.7, 128.6, 126.8, 126.2, 120.4, 118.8, 84.3, 83.7, 81.6, 81.3, 67.5, 66.6, 57.6, 56.8, 

30.7, 30.6, 28.1, 27.2, 26.8, 26.2, 22.6, 22.4, 22.1, 21.8, 21.5, 21.4. HRMS (ESI) calcd for C27H28NOS 

[(M+H
+
)]: 414.1886, found: 414.1885. HPLC analysis of the product: Daicel Chiralpak IC-3 column; 

hexane/2-propanol = 92/8, 1.0 mL/min. Retention times: for major product: 30.93 min (minor), 44.28 

min (major); for minor product: 14.67 min (minor), 19.95 min (major). 

        

        



S24 

(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(4-fluoro-3-methylphenyl)methyl)-5-methyl-2-

phenylthiazol-4(5H)-one: 3r 

 

Yellow liquid. 37 mg, 85% yield, 2:1 dr, 97.7:2.3 er, 86:14 er.  
1
H NMR (600 MHz, CDCl3):  8.12 (d, J = 7.2 Hz, 1.12H, minor), 8.08 (d, J = 

7.8 Hz, 2.00H, major), 7.68-7.65 (m, 1.56H), 7.53-7.48 (m, 3.12H), 7.23-7.22 (m, 

1.12H), 7.11-7.09 (m, 2.00H), 6.96-6.93 (m, 0.56H), 6.76-6.73 (m, 1.00H), 5.23 

(s, 1.00H, major), 5.11 (s, 0.56H, minor), 3.29 (s, 1.56H), 2.35-2.31 (m, 3.12H), 

2.27 (s, 1.68H, minor), 2.23-2.13 (m, 3.12H), 2.11 (s, 3.00H, major), 1.72 (s, 

3.00H, major), 1.71 (s, 1.68H, minor), 1.64-1.58 (m, 4.00H), 1.51-1.39 (m, 

2.24H). 
13

C NMR (151 MHz, CDCl3):  195.3, 194.5, 194.4, 193.7, 161.4, 161.3, 159.73, 159.65, 144.3, 

142.7, 134.92, 134.91, 134.5 (d, J = 4.3 Hz, minor), 133.7 (d, J = 3.8 Hz, major), 132.21, 132.18, 132.11, 

132.08, 128.9 (d, J = 47.0 Hz, minor), 128.8 (d, J = 44.1 Hz, major), 127.6 (d, J = 8.0 Hz, minor), 126.9 

(d, J = 8.2 Hz, major), 124.8 (d, J = 17.7 Hz, minor), 124.4 (d, J = 17.8 Hz, major), 120.6, 119.1, 114.9 

(d, J = 22.8 Hz, minor), 114.5 (d, J = 21.7 Hz, major), 84.1, 83.5, 81.9, 81.6, 67.6, 66.6, 57.0, 56.3, 30.6, 

30.5, 27.9, 27.2, 26.7, 26.0, 22.5, 22.4, 22.0, 21.8, 14.8 (d, J = 3.0 Hz, minor), 14.6 (d, J = 3.2 Hz, 

major). 
19

F NMR (566 MHz, CDCl3):  -119.4 (minor), -119.7 (major). HRMS (ESI) calcd for 

C26H25FNOS [(M+H
+
)]: 418.1635, found: 418.1634. HPLC analysis of the product: Daicel Chiralpak 

IC-3 column; hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: for major product: 34.90 min 

(major), 47.44 min (minor); for minor product: 29.58 min (minor), 40.70 min (major). 

 

 



S25 

 

(S)-5-((S)-(2-ethynylcyclohex-1-en-1-yl)(naphthalen-1-yl)methyl)-5-methyl-2-phenylthiazol-4(5H)-

one: 3s 

 

White solid. 29 mg, 67% yield, 2.6:1 dr, 97.5:2.5 er. 
1
H NMR (600 MHz, CDCl3):  8.54 (d, J = 9.0 Hz, 1H), 8.16 d, J = 7.2 Hz, 2H), 7.76 (d, J = 8.4 Hz, 

1H), 7.70-7.67 (m, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.62 d, J = 7.2 Hz, 1H), 7.56-7.52 (m, 3H), 7.46-7.44 

(m, 1H), 7.20-7.18 (m, 1H), 6.02 (s, 1H), 3.48 (s, 1H), 2.44-2.36 (m, 2H), 2.30-2.26 (m, 1H), 1.98 (s, 

3H), 1.85-1.82 (m, 1H), 1.66-1.59 (m, 2H), 1.52-1.44 (m, 2H). 
13

C NMR (151 MHz, CDCl3):  194.6, 

193.5, 143.1, 135.1, 134.9, 134.0, 132.5, 132.4, 129.0, 128.8, 128.6, 128.0, 126.2, 125.5, 124.5, 124.4, 

124.0, 120.7, 84.8, 82.5, 68.3, 50.4, 30.8, 29.5, 26.8, 22.4, 22.0. HRMS (ESI) calcd for C29H26NOS 

[(M+H
+
)]: 436.1730, found: 436.1726. HPLC analysis of the product: Daicel Chiralpak IC-3 column; 

hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: 24.41 min (major), 28.20 min (minor). 

 

 

 

 

 

 

 

 

 

 

 

 



S26 

 

(S)-5-((R)-1-(1-ethynyl-3,4-dihydronaphthalen-2-yl)ethyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3t 

 

Yellow solid. 36 mg, 97% yield, 8.2:1 dr, 87:13 er. 
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.8 Hz, 2.00H, major), 8.11 (d, J = 7.8 Hz, 0.24H, minor), 

7.87-7.80 (m, 0.24H), 7.68-7.65 (m, 2.00H), 7.63-7.59 (m, 0.24H), 7.53-7.50 (m, 2.24H), 7.26-7.24 (m, 

1.12H), 7.19-7.17 (m, 1.00H), 7.14-7.11 (m, 1.00H), 4.22 (q, J = 13.2 and 6.6 Hz, 1.00H, major), 4.01 

(q, J = 13.2 and 6.6 Hz, 0.12H, minor), 3.49 (s, 1.00H, major), 3.40 (s, 0.12H, minor), 2.81-2.75 (m, 

2.00H), 2.72-2.60 (m, 0.48H), 2.44-2.38 (m, 1.00H), 2.36-2.29 (m, 1.00H), 1.82 (s, 0.36H, minor), 1.67 

(s, 3.00H, major), 1.28 (d, J = 7.2 Hz, 0.36H, minor), 1.06 (d, J = 6.6 Hz, 3.00H, major). 
13

C NMR (151 

MHz, CDCl3):  195.9, 195.1, 194.2, 193.9, 149.1, 147.3, 135.04, 135.00, 134.9, 134.4, 132.7, 132.6, 

132.2, 130.3, 129.01, 128.97, 128.8, 128.7, 127.6, 127.5, 126.9, 126.83, 126.77, 126.5, 125.8, 125.7, 

119.9, 119.5, 84.6, 84.5, 80.3, 79.7, 68.4, 68.2, 46.5, 45.7, 27.55, 27.51, 25.8, 24.7, 24.4, 23.8, 14.4, 

14.2. HRMS (ESI) calcd for C24H22NOS [(M+H
+
)]: 372.1417, found: 372.1410. HPLC analysis of the 

product: Daicel Chiralpak ADH column; hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: 27.14 

min (minor), 38.51 min (major). 

 

 

 

 

 

 

 

 

 

 



S27 

(S)-5-((R)-1-(2-ethynylcyclohept-1-en-1-yl)ethyl)-5-methyl-2-phenylthiazol-4(5H)-one: 3u 

 

Light yellow solid. 30 mg, 89% yield, 7.5:1 dr, 89:11 er, 88.5:11.5 er. 
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.8 Hz, 2.00H, major), 8.11 (d, J = 7.8 Hz, 0.26H, minor), 

7.68-7.65 (m, 1.13H), 7.53-7.51 (m, 2.26H), 3.99 (q, J = 13.2 and 6.0 Hz, 1.00H, major), 3.77 (q, J = 

13.8 and 7.2 Hz, 0.13H, minor), 3.32 (s, 1.00H, major), 3.21 (s, 0.13H, minor), 2.49-2.33 (m, 3.00H), 

2.31-2.29 (m, 2.10H), 1.81-1.77 (m, 2.35H), 1.75 (s, 0.39H, minor), 1.66 (s, 3.00H, major), 1.60-1.57 

(m, 1.00H), 1.53-1.43 (m, 2.85H), 1.22 (d, J = 6.6 Hz, 0.39H, minor), 0.93 (d, J =6.6 Hz, 3.00H, major). 
13

C NMR (151 MHz, CDCl3):  196.4, 195.2, 194.2, 193.9, 152.9, 150.9, 134.9, 134.7, 132.3, 132.2, 

129.0, 128.9, 128.8, 128.7, 124.9, 124.3, 85.5, 85.0, 82.1, 81.9, 68.7, 68.5, 47.1, 46.4, 34.80, 34.76, 32.5, 

32.4, 29.0, 28.5, 26.7, 26.6, 26.1, 25.9, 25.8, 24.3, 14.0, 13.9. HRMS (ESI) calcd for C21H24NOS 

[(M+H
+
)]: 338.1537, found: 338.1569. HPLC analysis of the product: Daicel Chiralpak ADH column; 

hexane/2-propanol = 95/5, 0.3 mL/min. Retention times: for major product: 33.93 min (minor), 50.64 

min (major); for minor product: 43.07 min (major), 59.39 min (minor). 

 

 

 

 



S28 

(S)-5-methyl-2-phenyl-5-((R,E)-3-phenylnon-3-en-1-yn-5-yl)thiazol-4(5H)-one: 3v 

 

Yellow liquid. 29 mg, 75% yield, 7:1 dr, 78.5:21.5 er.  
1
H NMR (600 MHz, CDCl3):  8.18 (d, J = 7.8 Hz, 2.00H, major), 8.15 (d, J = 7.8 Hz, 0.28H, minor), 

7.70-7.67 (m, 1.14H), 7.65 (d, J = 7.8 Hz, 2.00H, major), 7.59 (d, J = 7.8 Hz, 0.28H, minor), 7.55-7.53 

(m, 2.28H), 7.41-7.38 (m, 2.28H), 7.35-7.31 (m, 1.14H), 6.52 (d, J = 10.2 Hz, 0.14H, minor), 6.13 (d, J 

= 10.2 Hz, 1.00H, major), 3.62-3.58 (m, 1.00H), 3.47-3.43 (m, 0.14H), 3.41 (s, 1.00H, major), 3.37 (s, 

0.14H, minor), 1.80 (s, 0.42H, minor), 1.73 (s, 3.00H, major), 1.70-1.61 (m, 0.56H), 1.45-1.35 (m, 

2.28H), 1.31-1.22 (m, 4.00H), 0.85 (t, J = 6.6Hz, 0.42H, minor), 0.81 (t, J = 6.6 Hz, 3.00H, major). 
13

C 

NMR (151 MHz, CDCl3):  195.6, 195.3, 194.8, 194.6, 138.4, 137.7, 137.2, 137.0, 135.1, 135.0, 132.3, 

132.2, 129.04, 129.02, 128.9, 128.8, 128.5, 128.3, 128.1, 127.9, 127.6, 127.3, 126.3, 126.2, 84.2, 83.7, 

80.9, 80.5, 69.5, 68.2, 49.3, 48.6, 30.5, 30.3, 29.4, 29.2, 25.7, 24.8, 22.6, 22.5, 13.9. HRMS (ESI) calcd 

for C25H26NOS [(M+H
+
)]: 388.1730, found: 388.1725. HPLC analysis of the product: Daicel Chiralpak 

ADH column; hexane/2-propanol = 97/3, 0.3 mL/min. Retention times: 38.25 min (major), 43.99 min 

(minor). 

 

 

 

 

 

 

 

 

 

 

 

 



S29 

 

(S)-5-((R,E)-1-cyclohexyl-4-phenylhex-3-en-5-yn-2-yl)-5-methyl-2-phenylthiazol-4(5H)-one: 3w 

 

Yellow liquid. 27 mg, 75% yield, 11:1 dr, 83.5:16.5 er.  
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.2 Hz, 2H), 7.70-7.65 (m, 3H), 7.55-7.53 (m, 2H), 7.41-

7.39 (m, 2H), 7.36-7.32 (m, 1H), 6.13 (d, J = 10.2 Hz, 1H), 3.74-3.70 (m, 1H), 3.41 (s, 1H), 1.99-1.97 

(m, 1H), 1.74 (s, 3H), 1.67-1.65 (m, 1H), 1.59-1.57 (m, 2H), 1.48-1.46 (m, 1H), 1.39-1.35 (m, 1H), 

1.20-1.06 (m, 5H), 0.88-0.81 (m, 2H). 
13

C NMR (151 MHz, CDCl3):  195.5, 195.2, 138.7, 137.0, 135.1, 

132.3, 129.0, 128.9, 128.5, 128.3, 127.3, 126.2, 84.1, 80.5, 69.7, 46.7, 38.4, 35.2, 34.5, 32.4, 26.4, 26.2, 

26.0, 25.8. HRMS (ESI) calcd for C28H30NOS [(M+H
+
)]: 428.2043, found: 428.2039. HPLC analysis of 

the product: Daicel Chiralpak IC-3 column; hexane/2-propanol = 95/5, 0.5 mL/min. Retention times: 

13.88 min (major), 18.17 min (minor).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S30 

 

(R)-5-((R)-1-(2-ethynylcyclohex-1-en-1-yl)propyl)-2,5-diphenylthiazol-4(5H)-one: 4a 

 

Colorless liquid. 24 mg, 60% yield, 16:1 dr, 93:7 er. 
1
H NMR (600 MHz, CDCl3):  8.21 (d, J = 7.8 Hz, 2H), 7.74 (d, J = 7.8 Hz, 2H), 7.69-7.66 (m, 1H), 

7.54-7.52 (m, 2H), 7.30-7.23 (m, 3H), 4.45 (d, J = 10.2 Hz, 1H), 3.18 (s, 1H), 2.13-2.04 (m, 2H), 1.92-

1.89 (m, 1H), 1.75-1.72 (m, 2H), 1.50-1.45 (m, 3H), 1.35-1.31 (m, 1H), 1.23-1.18 (m, 1H), 0.86 (t, J = 

7.8 Hz, 3H). 
13

C NMR (151 MHz, CDCl3):  194.5, 193.5, 142.1, 137.2, 135.0, 132.1, 129.0, 128.8, 

128.1, 128.0, 127.5, 120.7, 84.3, 80.8, 75.6, 55.5, 30.3, 25.1, 22.7, 22.3, 22.0, 11.8. HRMS (ESI) calcd 

for C26H26NOS [(M+H
+
)]: 400.1730, found: 400.1727. HPLC analysis of the product: Daicel Chiralpak 

IA-3 column; hexane/2-propanol = 90/10, 0.8 mL/min. Retention times: 35.43 min (major), 39.95 min 

(minor). 
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(R)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(phenyl)methyl)-2,5-diphenylthiazol-4(5H)-one: 4b 

 

White solid. 34 mg, 76% yield, 4.4:1 dr, 94:6 er,  
1
H NMR (600 MHz, CDCl3):  8.18 (d, J = 7.2 Hz, 0.46H, minor), 8.06 (d, J = 7.8 Hz, 2.00H, major), 

7.93-7.91 (m, 0.23H), 7.82 (d, J = 7.2 Hz, 0.23H, minor), 7.79 (d, J = 7.8 Hz, 2.00H, major), 7.68-7.66 

(m, 0.23H), 7.64-7.61 (m, 1.00H), 7.54-7.51 (m, 0.46H), 7.48-7.45 (m, 2.00H), 7.42-7.40 (m, 0.46H), 

7.37-7.33 (m, 4.00H), 7.30-7.28 (m, 0.92H), 7.24-7.22 (m, 0.46H), 7.19-7.15 (m, 3.00H), 7.12-7.10 (m, 

1.00H), 5.95 (s, 1.00H, major), 5.87 (s, 0.23H, minor), 3.29 (s, 0.23H, minor), 3.25 (s, 1.00H, major), 

2.47-2.44 (m, 1.00H), 2.29-2.26 (m, 0.60H), 2.22-2.13 (m, 0.84H), 2.11-2.05 (m, 2.00H), 1.95-1.92 (m, 

1.00H), 1.58-1.47 (m, 3.00H), 1.41-1.36 (m, 1.40H). 
13

C NMR (151 MHz, CDCl3):  194.4, 193.3, 

193.0, 191.4, 144.4, 143.4, 139.1, 138.5, 138.3, 137.2, 135.0, 134.9, 132.1, 131.9, 129.6, 129.04, 129.02, 

128.9, 128.8, 128.7, 128.43, 128.39, 128.2, 128.14, 128.05, 127.9, 127.7, 127.5, 127.2, 126.9, 120.7, 

120.5, 84.1, 83.4, 82.4, 81.6, 75.0, 74.9, 58.1, 57.5, 30.6, 30.2, 29.7, 28.4, 22.6, 22.4, 21.8, 21.7. HRMS 

(ESI) calcd for C30H26NOS [(M+H
+
)]: 448.1730, found: 448.1726. HPLC analysis of the product: 

Daicel Chiralpak IC-3 column; hexane/2-propanol = 90/10, 0.8 mL/min. Retention times: 46.17 min 

(minor), 51.33 min (major). 
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(S)-5-ethyl-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(phenyl)methyl)-2-phenylthiazol-4(5H)-one: 4c 

 

Light yellow solid. 29 mg, 73% yield, 4.5:1 dr, 94.5:5.5 er, 90:10 er. 
1
H NMR (600 MHz, CDCl3):  8.15 (d, J = 7.8 Hz, 0.44H, minor), 8.09 (d, J = 7.8 Hz, 2.00H, major), 

7.68-7.63 (m, 1.22H), 7.53-7.52 (m, 0.44H), 7.50-7.45 (m, 2.44H), 7.36-7.35 (m, 2.00H), 7.33-7.30 (m, 

0.44H), 7.25-7.21 (m, 0.22H), 7.15-7.10 (m, 3.00H), 5.31 (s, 1.00H, major), 5.25 (s, 0.22H, minor), 3.29 

(s, 0.22H, minor), 3.28 (s, 1.00H, major), 2.42-2.39 (m, 1.00H), 2.34-2.31 (m, 1.00H), 2.27-2.25 (m, 

2.00H), 2.19-2.10 (m, 0.88H), 2.00-1.92 (m, 1.22H), 1.73-1.70 (m, 1.22H), 1.66-1.62 (m, 4.00H), 1.57-

1.45 (m, 0.88H), 0.86 (t, J = 7.2 Hz, 3.00H, major), 0.82 (t, J = 7.2 Hz, 0.66H, minor). 
13

C NMR (151 

MHz, CDCl3):  195.2, 194.9, 194.6, 193.9, 144.4, 143.0, 139.2, 138.2, 134.81, 134.77, 132.3, 132.2, 

129.1, 129.03, 128.99, 128.9, 128.8, 128.7, 128.5, 128.1, 127.3, 127.2, 120.3, 119.0, 84.3, 83.6, 81.7, 

81.3, 73.4, 72.6, 58.4, 58.0, 32.5, 32.0, 30.7, 30.6, 26.9, 26.5, 22.6, 22.5, 22.0, 21.8, 8.5, 8.4. HRMS 

(ESI) calcd for C26H26NOS [(M+H
+
)]: 400.1730, found: 400.1727. HPLC analysis of the product: 

Daicel Chiralpak ADH column; hexane/2-propanol = 90/10, 0.5 mL/min. Retention times: for major 

product: 24.13 min (major), 61.59 min (minor); for minor product: 16.81 min (minor), 38.35 min 

(major). 

  

  



S33 

 

(S)-5-ethyl-5-((R)-1-(2-ethynylcyclohex-1-en-1-yl)propyl)-2-phenylthiazol-4(5H)-one: 4d 

 

Yellow solid. 23 mg, 66% yield, 11:1 dr, 81:19 er. 
1
H NMR (600 MHz, CDCl3):  8.19 (d, J = 7.8 Hz, 2H), 7.68-7.66 (m, 1H), 7.54-7.51 (m, 2H), 3.88 (dd, 

J = 11.4 and 3.6 Hz, 1H), 3.21 (s, 1H), 2.33-2.26 (m, 2H), 2.18-2.12 (m, 1H), 2.10-2.07 (m, 1H), 1.90-

1.87 (m, 1H), 1.77-1.66 (m, 3H), 1.58-1.54 (m, 3H), 1.19-1.12 (m, 1H), 0.81-0.75 (m, 6H). 
13

C NMR 

(151 MHz, CDCl3):  196.2, 196.1, 142.4, 134.9, 132.3, 129.0, 128.8, 120.7, 83.9, 81.1, 73.7, 54.3, 30.8, 

30.5, 24.8, 22.4, 22.3, 21.6, 11.2, 8.5. HRMS (ESI) calcd for C22H26NOS [(M+H
+
)]: 352.1370, found: 

352.1368. HPLC analysis of the product: Daicel Chiralpak IC-3 column; hexane/2-propanol = 96/4, 0.3 

mL/min. Retention times: 62.58 min (major), 81.16 min (minor). 
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(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(phenyl)methyl)-2-(4-methoxyphenyl)-5-methylthiazol-

4(5H)-one: 4e 

White solid. 36 mg, 87% yield, 4.4:1 dr, 98:2 er, 88:12 er. 
1
H NMR (600 MHz, CDCl3):  8.10 (d, J = 9.0 Hz, 0.46H, minor), 8.07 (d, 

J = 8.4 Hz, 2.00H, major), 7.46-7.45 (m, 0.46H), 7.33-7.31 (m, 0.46H), 

7.29-7.26 (m, 2.00H), 7.15-7.09 (m, 3.14H), 6.99-6.95 (m, 2.55H), 5.30 (s, 

1.00H, major), 5.18 (s, 0.23H, minor), 3.89 (s, 0.69H, minor), 3.88 (s, 

3.00H, major), 3.28 (s, 0.23H, minor), 3.26 (s, 1.00H, major), 2.36-2.22 (m, 

4.85H), 2.16-2.09 (m, 0.50H), 1.73 (s, 3.00H, major), 1.70 (s, 0.69H, 

minor), 1.68-1.57 (m, 4.00H), 1.47-1.42 (m, 0.49H). 
13

C NMR (151 MHz, 

CDCl3):  195.3, 194.5, 193.0, 192.4, 165.2, 164.0, 144.5, 143.0, 139.2, 138.4, 131.1, 129.8, 129.0, 

128.4, 128.2, 128.0, 127.2, 127.0, 124.9, 124.8, 120.5, 118.9, 114.35, 114.29, 84.2, 83.6, 81.6, 81.3, 

67.3, 66.2, 57.7, 56.7, 55.7, 30.6, 30.5, 28.1, 27.6, 26.8, 26.0, 22.5, 22.4, 22.1, 21.8. HRMS (ESI) calcd 

for C26H26NO2S [(M+H
+
)]: 416.1679, found: 416.1675. HPLC analysis of the product: Daicel Chiralpak 

IA-3 column; hexane/2-propanol = 90/10, 0.5 mL/min. Retention times: for major product: 37.60 min 

(major), 51.67 min (minor); for minor product: 32.86 min (minor), 35.42 min (major). 
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(S)-2-(4-chlorophenyl)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(phenyl)methyl)-5-methylthiazol-

4(5H)-one: 4f 

 

Yellow liquid. 30 mg, 72% yield, 3.4:1 dr, 98:2 er, 87.5:12.5 er. 
1
H NMR (600 MHz, CDCl3):  8.06 (d, J = 8.4 Hz, 0.58H, minor), 8.02 (d, J 

= 9.0 Hz, 2.00H, major), 7.49 (d, J = 8.4 Hz, 0.58H, minor), 7.47 (d, J = 8.4 

Hz, 2.00H, major), 7.44-7.43 (m, 0.70H), 7.34-7.31 (m, 0.65H), 7.27-7.26 (m, 

2.30H), 7.16-7.11 (m, 2.80H), 5.30 (s, 1.00H, major), 5.19 (s, 0.29H, minor), 

3.29 (s, 0.29H, minor), 3.28 (s, 1.00H, major), 2.37-2.22 (m, 5.32H), 2.15-

2.09 (m, 0.70H), 1.74 (s, 3.00H, major), 1.72 (s, 0.87H, minor), 1.69-1.62 (m, 

4.30H). 
13

C NMR (151 MHz, CDCl3):  195.2, 194.4, 193.0, 192.4, 144.2, 142.6, 141.41, 141.39, 138.9, 

138.2, 130.7, 130.6, 129.9, 129.4, 129.3, 129.0, 128.5, 128.4, 128.2, 128.1, 127.4, 127.2, 120.8, 119.3, 

84.1, 83.5, 81.8, 81.5, 67.9, 66.9, 57.8, 57.0, 30.6, 30.5, 27.9, 27.3, 26.9, 26.1, 22.5, 22.4, 22.0, 21.8. 

HRMS (ESI) calcd for C25H23ClNOS [(M+H
+
)]: 420.1183, found: 420.1180. HPLC analysis of the 

product: Daicel Chiralpak ASH column; hexane/2-propanol = 90/10, 0.5 mL/min. Retention times: for 

major product: 13.15 min (minor), 18.20 min (major); for minor product: 10.16 min (major), 14.44 min 

(minor). 
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(S)-5-((R)-(2-ethynylcyclohex-1-en-1-yl)(phenyl)methyl)-5-methyl-2-(o-tolyl)thiazol-4(5H)-one: 4g 

 

Colorless liquid. 39 mg, 98% yield, 3:1 dr, 98:2 er.  
1
H NMR (600 MHz, CDCl3):  7.77 (d, J = 7.8 Hz, 0.33H, minor), 7.73 (d, J = 7.8 Hz, 1.00H, major), 

7.47-7.42 (m, 2.00H), 7.33-7.31 (m, 3.00H), 7.30-7.27 (m, 2.64H), 7.19-7.15 (m, 3.00H), 5.27 (s, 1.00H, 

major), 5.20 (s, 0.33H, minor), 3.29 (s, 0.33H, minor), 3.28 (s, 1.00H, major), 2.61 (s, 0.99H, minor), 

2.39 (s, 3.00H, major), 2.37-2.37 (m, 4.00H), 2.25-2.24 (m, 0.66H), 2.17-2.13 (m, 0.66H), 1.744 (s, 

3.00H, major), 1.739 (s, 0.99H, minor), 1.67-1.60 (m, 4.00H), 1.57-1.43 (m, 1.32H). 
13

C NMR (151 

MHz, CDCl3):  196.1, 195.8, 195.3, 194.9, 144.4, 142.7, 138.95, 138.91, 138.7, 138.3, 132.9, 132.7, 

132.3, 132.2, 132.1, 131.9, 130.0, 129.3, 129.1, 128.7, 128.4, 128.1, 127.3, 127.2, 126.1, 126.0, 120.7, 

119.1, 84.2, 83.5, 81.9, 81.5, 67.0, 66.3, 58.0, 57.5, 30.7, 30.6, 27.5, 27.1, 26.6, 26.3, 22.6, 22.5, 22.03, 

21.91, 21.87, 21.5. HRMS (ESI) calcd for C26H26NOS [(M+H
+
)]: 400.1730, found: 400.1726. HPLC 

analysis of the product: Daicel Chiralpak IC-3 column; hexane/2-propanol = 90/10, 0.3 mL/min. 

Retention times: 76.54 min (minor), 54.04 min (major). 
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5. General Procedure IV: General Procedure for 

 

Gram-scale reaction 

 

To a mixture of CuI (10 mol%), L12 (12 mol%), Yne-Allylic Esters 1a (2 mmol), thiazolidinone 2a (3 

mmol) and DIPEA (3 mmol) was added CH3OH (15 mL) at -10 
o
C under nitrogen atmosphere. Upon 

complete consumption of Yne-Allylic Esters 1a (TLC monitoring, about 48 h), the solvent was removed 

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

(hexanes/EtOAc = 20:1, v/v) to afford the desired product 3a (0.531 g, 79% yield, 93:7 er, 10:1 dr; 

98.5:1.5 er, >20:1 dr after recrystallization). 
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Procedure: According to general procedure 3a (34 mg, 0.1 mmol), AgNO3 (3.4 mg, 20 mol%) and NBS 

(21.4 mg, 0.12 mmol) are dissolved in acetone (1 mL) and stirred for 3 hours at room temperature. 

Removal of the solvent under reduced pressure and purification by chromatography on silica gel 

(petroleum ether/ethyl acetate, v: v = 20:1) to afford the product 5a. 

 

(S)-5-((R)-1-(2-(bromoethynyl)cyclohex-1-en-1-yl)propyl)-5-methyl-2-phenylthiazol-4(5H)-one: 5a 

 

Colorless liquid. 33 mg, 80% yield, 98.4:1.6 er. 
1
H NMR (600 MHz, CDCl3):  8.16 (d, J = 7.8 Hz, 2H), 7.67-7.65 (m, 1H), 7.53-7.50 (m, 2H), 3.73 (dd, 

J = 11.4 and 3.0 Hz, 1H), 2.34-2.24 (m, 2H), 2.07-2.04 (m, 1H), 1.91-1.88 (m, 1H), 1.74-1.68 (m, 2H), 

1.62-1.58 (m, 1H), 1.56 (s, 3H), 1.53-1.48 (m, 1H), 1.16-1.11 (m, 1H), 0.86-0.83 (m, 1H), 0.76 (t, J = 

7.2 Hz, 3H). 
13

C NMR (151 MHz, CDCl3):  196.4, 195.1, 142.1, 134.8, 132.3, 129.0, 128.8, 121.6, 

80.2, 67.4, 53.7, 52.7, 30.5, 25.9, 24.8, 22.4, 21.7, 11.4. HRMS (ESI) calcd for C21H23BrNOS [(M+H
+
)]: 

416.0678, found: 416.0676. HPLC analysis of the product: Daicel Chiralpak ODH column; hexane/2-

propanol = 95/5, 0.3 mL/min. Retention times: 22.82 min (minor), 20.32 min (major). 

 

 



S39 

 

Procedure: Iodobenzene (30.6 mg, 0.15 mmol) and 3a (34 mg, 0.1 mmol) were dissolved in THF, and 

Et3N (30.4 mg, 0.3 mmol), Pd(PPh3)2Cl2 (7 mg, 0.01 mmol) and CuI (1.9 mg, 0.01 mmol) were added. 

The mixture was stirred at room temperature under argon atmosphere for 12 h. When the reaction was 

completed as monitored by TLC, the solution was quenched carefully with saturated NH4Cl solution and 

then warmed to room temperature. The product was extracted with ethyl acetate (5 mL × 3), and dried 

over anhydrous Na2SO4. After filtration and evaporation in vacuo, the residue was purified by flash 

chromatography on silica gel (petroleum ether/ethyl acetate, v: v = 20:1) to afford the product 5b. 

(S)-5-methyl-2-phenyl-5-((R)-1-(2-(phenylethynyl)cyclohex-1-en-1-yl)propyl)thiazol-4(5H)-one: 5b 

 

Yellow liquid. 32 mg, 77% yield, 98.4:1.6 er. 
1
H NMR (600 MHz, CDCl3):  8.18 (d, J = 7.8 Hz, 2H), 7.68-7.65 (m, 1H), 7.60-

7.59 (m, 2H), 7.54-7.51 (m, 2H), 7.35-7.33 (m, 2H), 7.31-7.28 (m, 1H), 4.04 (dd, J 

= 11.4 and 3.6 Hz, 1H), 2.44-2.36 (m, 2H), 2.14-2.11 (m, 1H), 1.98-1.96 (m, 1H), 

1.80-1.66 (m, 4H), 1.63 (s, 3H), 1.60-1.52 (m, 1H), 1.18-1.13 (m, 1H), 0.81 (t, J = 

7.2 Hz, 3H). 
13

C NMR (151 MHz, CDCl3):  196.7, 195.1, 140.8, 134.8, 132.4, 131.6, 129.0, 128.8, 

128.3, 127.9, 123.7, 121.9, 93.2, 89.8, 67.6, 53.7, 30.4, 25.9, 24.9, 22.5, 22.4, 21.8, 11.6. HRMS (ESI) 

calcd for C27H28NOS [(M+H
+
)]: 414.1886, found: 414.1884. HPLC analysis of the product: Daicel 

Chiralpak ODH column; hexane/2-propanol = 95/5, 0.3 mL/min. Retention times: 20.30 min (minor), 

17.57 min (major). 

 



S40 

 

Procedure: In a flask were placed 3a (34 mg, 0.1 mmol), 10 mol% Lindlar catalyst (2 mg) and 1 mL 

MeOH, and the mixture was stirred using a magnetic stirrer at room temperature under a hydrogen 

atmosphere for 1 h. When the reaction was completed as monitored by TLC, the EA was added, and 

then the mixture was passed through a membrane filter. After filtration and evaporation in vacuo, the 

residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate, v: v = 20:1) to 

afford the product 5c. 

(S)-5-methyl-2-phenyl-5-((R)-1-(2-vinylcyclohex-1-en-1-yl)propyl)thiazol-4(5H)-one: 5c 

 

Colorless liquid. 33 mg, 97% yield, 98.8:1.2 er.  
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.8 Hz, 2H), 7.68-7.66 (m, 1H), 7.53-7.51 (m, 2H), 7.11 (dd, 

J = 16.8 and 10.8 Hz, 1H), 5.25 (d, J = 16.8 Hz, 1H), 5.08 (d, J = 10.8 Hz, 1H), 3.70 (dd, J = 10.8 and 

3.6 Hz, 1H), 2.36-2.27 (m, 2H), 2.14-2.11 (m, 1H), 1.92-1.89 (m, 1H), 1.74-1.72 (m, 2H), 1.65-1.63 (m, 

1H), 1.60-1.56 (m, 2H), 1.47 (s, 3H), 1.12-1.07 (m, 1H), 0.71 (t, J = 7.2 Hz, 3H). 
13

C NMR (151 MHz, 

CDCl3):  197.8, 195.9, 139.3, 134.8, 132.4, 128.9, 128.8, 124.9, 67.8, 49.5, 29.5, 26.3, 26.2, 24.5, 23.3, 

23.1, 21.7, 13.1, 11.8. HRMS (ESI) calcd for C21H26NOS [(M+H
+
)]: 340.1730, found: 340.1727. HPLC 

analysis of the product: Daicel Chiralpak ADH column; hexane/2-propanol = 95/5, 0.5 mL/min. 

Retention times: 19.98 min (minor), 16.33 min (major). 
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Procedure: BnN3 (40 mg, 0.3 mmol) and 3a (34 mg, 0.1 mmol) were dissolved in THF, and CuI (1.9 

mg, 0.01 mmol) were added. The mixture was stirred at 60 ℃ (oil bath temperature) under argon 

atmosphere for 12 h. When the reaction was completed as monitored by TLC. After filtration and 

evaporation in vacuo, the residue was purified by flash chromatography on silica gel (petroleum 

ether/ethyl acetate, v: v = 20:1) to afford the product 5d. 

(S)-5-((R)-1-(2-(1-benzyl-1H-1,2,3-triazol-5-yl)cyclohex-1-en-1-yl)propyl)-5-methyl-2-

phenylthiazol-4(5H)-one: 5d 

 

White solid. 33 mg, 70% yield, 99.3:0.7 er. 
1
H NMR (600 MHz, CDCl3):  8.15 (d, J = 7.8 Hz, 2H), 7.66-7.64 (m, 1H), 7.52-7.49 (m, 2H), 7.46 (s, 

1H), 7.42-7.40 (m, 2H), 7.35-7.30 (m, 3H), 5.63-5.57 (m, 2H), 3.46 (dd, J = 10.8 and 3.0 Hz, 1H), 2.54-

2.46 (m, 2H), 2.16-2.13 (m, 1H), 1.93-1.91 (m, 1H), 1.79-1.77 (m, 2H), 1.73-1.62 (m, 2H), 1.60-1.52 (m, 

1H), 1.48 (s, 3H), 1.05-1.00 (m, 1H), 0.67 (t, J = 7.2 Hz, 3H). 
13

C NMR (151 MHz, CDCl3):  197.0, 

195.5, 148.3, 134.9, 134.8, 133.2, 132.3, 129.4, 129.1, 128.9, 128.7, 128.5, 127.7, 121.4, 67.4, 54.0, 

50.7, 31.4, 26.2, 24.8, 22.8, 22.6, 21.9, 11.7. HRMS (ESI) calcd for C28H31N4OS [(M+H
+
)]: 471.2213, 

found: 471.2211. HPLC analysis of the product: Daicel Chiralpak IB-3 column; hexane/2-propanol = 

94/6, 0.4 mL/min. Retention times: 89.08 min (minor), 92.80 min (major). 
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Procedure: (HCHO)n (5.1 mg, 0.16 mmol), 
i
Pr2NH (14.2 mg, 0.14 mmol) and 3a (34 mg, 0.1 mmol) 

were dissolved in 1,4-dioxane, and CuI (1.9 mg, 0.01 mmol) were added. The mixture was stirred at 

110 ℃ (oil bath temperature) under air atmosphere for 12 h. When the reaction was completed as 

monitored by TLC. After filtration and evaporation in vacuo, the residue was purified by flash 

chromatography on silica gel (petroleum ether/ethyl acetate, v: v = 20:1) to afford the product 5e. 

(S)-5-((R)-1-(2-(3-(diisopropylamino)prop-1-yn-1-yl)cyclohex-1-en-1-yl)propyl)-5-methyl-2-

phenylthiazol-4(5H)-one: 5e 

 

Yellow liquid. 36 mg, 80% yield, 98.2:1.8 er. 
1
H NMR (600 MHz, CDCl3):  8.16 (d, J = 7.8 Hz, 2H), 7.67-7.64 (m, 1H), 

7.52-7.50 (m, 2H), 3.83 (dd, J = 11.4 and 3.6 Hz, 1H), 3.69 (s, 2H), 3.38-3.32 

(m, 2H), 2.29-2.23 (m, 2H), 2.06-2.03 (m, 1H), 1.88-1.85 (m, 1H), 1.75-1.66 

(m, 2H), 1.61-1.57 (m, 2H), 1.55 (s, 3H), 1.52-1.47 (m, 1H), 1.17 (d, J = 6.0 

Hz, 12H), 1.14-1.06 (m, 1H), 0.75 (t, J = 7.2 Hz, 3H). 
13

C NMR (151 MHz, 

CDCl3):  196.6, 195.0, 138.7, 134.8, 132.4, 128.9, 128.8, 122.1, 92.2, 83.9, 

67.5, 53.6, 48.3, 34.7, 31.5, 30.8, 30.1, 29.7, 25.8, 24.6, 22.55, 22.50, 21.7, 20.65, 20.57, 11.4. HRMS 

(ESI) calcd for C28H39N2OS [(M+H
+
)]: 451.2778, found: 451.2775. HPLC analysis of the product: 

Daicel Chiralpak ADH column; hexane/2-propanol = 97/3, 0.3 mL/min. Retention times: 22.99 min 

(minor), 21.19 min (major). 
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Procedure: In a flask were placed 3a (34 mg, 0.1 mmol), 20 mol% Pd/C (2 mg) and 1 mL MeOH, and 

the mixture was stirred using a magnetic stirrer at room temperature under a hydrogen atmosphere for 12 

h. When the reaction was completed as monitored by TLC, the EA was added, and then the mixture was 

passed through a membrane filter. After filtration and evaporation in vacuo, the residue was purified by 

flash chromatography on silica gel (petroleum ether/ethyl acetate, v: v = 20:1) to afford the product 5f. 

 

(S)-5-((R)-1-(2-ethylcyclohex-1-en-1-yl)propyl)-5-methyl-2-phenylthiazol-4(5H)-one: 5f 

 

Colorless liquid. 25 mg, 73% yield, 97.3:2.7 er. 
1
H NMR (600 MHz, CDCl3):  8.17 (d, J = 7.8 Hz, 2H), 7.67-7.64 (m, 1H), 7.52-7.50 (m, 2H), 3.39 (dd, 

J = 10.8 and 3.0 Hz, 1H), 2.32-2.26 (m, 1H), 2.13-2.05 (m, 3H), 1.97-1.95 (m, 1H), 1.76-1.73 (m, 1H), 

1.69-1.54 (m, 5H), 1.50 (s, 3H), 1.01 (t, J = 7.8 Hz, 3H), 0.96-0.83 (m, 1H), 0.72 (t, J = 7.2 Hz, 3H). 
13

C 

NMR (151 MHz, CDCl3):  197.8, 195.9, 139.3, 134.8, 132.4, 128.9, 128.8, 124.9, 67.8, 49.5, 29.5, 

26.3, 26.2, 24.5, 23.3, 23.1, 21.7, 13.1, 11.8. HRMS (ESI) calcd for C21H28NOS [(M+H
+
)]: 342.1886, 

found: 342.1881. HPLC analysis of the product: Daicel Chiralpak ADH column; hexane/2-propanol = 

95/5, 0.5 mL/min. Retention times: 15.75 min (minor), 14.15 min (major). 
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7. Crystal Structure of (S,R)-3a 

                                                     

Method for single crystals cultivation: 3a (50.0 mg) was dissolved in n-hexane/ dichloromethane (v/v 

=80:20, 2.0 mL) in a vial at room temperature. The vial was properly sealed with parafilm and kept at 25 
o
C to allow the slow evaporation of the solvents until a single crystal was obtained. The absolute 

configuration of compound (S,R)-3a is determined by anomalous dispersion with Ga K radiation (λ 

=1.34139 Å ) as X-ray source for X-ray diffraction experiment, and a Flack parameter of -0.01(2) is 

obtained as result. This crystal was deposited in the Cambridge Crystallographic Data Centre and 

assigned as CCDC 2372766. 
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Table 1 Crystal data and structure refinement for 240514lty. 

Identification code 240514lty 

Empirical formula C21H23NOS 

Formula weight 337.46 

Temperature/K 170.00 

Crystal system orthorhombic 

Space group             P212121 

a/Å                        10.7747(2) 

b/Å                       11.7976(2) 

c/Å                       14.5095(3) 

α/°                       90 

β/°                       90 

γ/°                        90 

Volume/Å3          1844.38(6) 

Z                       4 

ρcalcg/cm3          1.215 

μ/mm‑1         1.044 

F(000)         720.0 

Crystal size/mm3 0.17 × 0.17 × 0.05 

Radiation GaKα (λ = 1.34139) 

2Θ range for data collection/° 8.404 to 109.782 

Index ranges -12 ≤ h ≤ 13, -14 ≤ k ≤ 14, -17 ≤ l ≤ 17 

Reflections collected 16049 

Independent reflections 3491 [Rint = 0.0515, Rsigma = 0.0387] 

Data/restraints/parameters 3491/65/238 

Goodness-of-fit on F2 1.032 

Final R indexes [I>=2σ (I)] R1 = 0.0277, wR2 = 0.0724 

Final R indexes [all data] R1 = 0.0288, wR2 = 0.0733 

Largest diff. peak/hole / e Å-3 0.30/-0.20 

Flack parameter 0.026(8) 
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Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 

(Å2×103) for 240514lty. Ueq is defined as 1/3 of the trace of the orthogonalised UIJ tensor. 

Atom    x             y             z             U(eq) 

S1  3202.3(5) 3425.3(4) 3233.6(3) 36.58(15) 

O1  1687.1(16) 784.7(12) 2199.3(10) 39.7(4) 

N1  2214.9(15) 1452.0(14) 3629.5(11) 28.8(4) 

C14  3939.4(17) 3324.6(16) 873.2(12) 22.7(4) 

C2  3614.0(18) 2348.8(15) 1509.1(12) 25.4(4) 

C19  3852.9(17) 3212.5(16) -47.6(13) 23.8(4) 

C5  2965.9(19) 2459.6(16) 4974.8(14) 28.6(4) 

C18  4196.1(19) 4149.1(17) -723.0(14) 29.5(4) 

C3  2123.4(18) 1529.0(17) 2666.9(13) 28.1(4) 

C1  2613.1(19) 2646.6(16) 2239.1(13) 27.0(4) 

C20  3473(2) 2159.6(17) -464.9(13) 31.5(4) 

C11  4772(2) 1802.0(18) 1940.2(15) 35.6(5) 

C15  4432(2) 4405.6(16) 1297.5(14) 31.3(5) 

C6  3766(2) 3287(2) 5320.0(15) 36.6(5) 

C13  1508(2) 3271.5(19) 1810.0(17) 40.9(5) 

C10  2360(2) 1729.6(19) 5583.2(14) 36.8(5) 

C4  2746.6(18) 2338.3(17) 3978.4(13) 26.6(4) 

C21  3221(3) 1301.7(18) -847.5(15) 43.0(6) 

C7  3954(2) 3382(2) 6266.6(16) 45.8(6) 

C9  2549(3) 1840(2) 6522.9(15) 48.6(6) 

C8  3340(3) 2662(2) 6860.3(16) 51.0(6) 

C12  5629(2) 1284(2) 1230(2) 54.5(7) 

C16  4469(5) 5411(4) 638(3)             31.5(11) 

C17  4982(5) 5072(3) -297(2) 32.3(11) 

C17A  4268(8) 5294(5) -254(4) 29.8(16) 

C16A  5010(9) 5201(8) 628(6)             35.8(18) 
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Table 3 Anisotropic Displacement Parameters (Å2×103) for 240514lty. The Anisotropic displacement 

factor exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11            U22          U33         U23             U13              U12 

S1           60.3(3)         24.0(2)         25.4(2)            -2.70(19)    9.3(2) -10.8(2) 

O1           53.6(9)         30.8(8)      34.7(8)         1.6(6)    -5.3(7) -14.8(7) 

N1           32.2(8)         27.2(8)       26.9(8)          5.8(7)     1.1(7) -2.7(7) 

C14            24.6(9)          20.1(9)       23.5(9)          0.4(8)     -0.3(7) 0.1(8) 

C2          34.3(10)          20.0(9)        22.0(9)         -0.1(7)       0.5(7) -0.2(8) 

C19            25.6(9)          21.7(9)        24.0(9)          1.4(7)       0.5(7) -2.1(7) 

C5          31.3(10)        29.3(10)           25.3(9)         -0.8(8)       2.7(8) 9.0(8) 

C18          37.0(11)        27.9(10)           23.8(9)          4.3(8)       0.6(8) -5.7(8) 

C3            30.0(9)          25.3(9)        29.1(9)          3.4(8)        0.5(8) -2.5(8) 

C1          34.5(10)          21.5(9)        24.9(9)          1.6(7)        1.2(8) -1.3(8) 

C20          41.0(12)         31.3(11)        22.3(9)          1.2(8)        1.5(8) -7.2(9) 

C11          38.0(11)         30.9(10)       37.7(11)          8.4(9)       -1.0(9) 6.3(9) 

C15          42.7(12)         25.3(10)       25.8(10)         -1.4(8)       -1.9(9) -7.9(9) 

C6          34.6(11)         41.4(12)       33.9(11)       -2.7(10)        0.3(9) 4.7(10) 

C13          37.0(11)         37.0(11)       48.6(12)       15.3(10)       7.9(10) 7.0(9) 

C10          45.3(12)         36.2(12)       29.0(10)           3.5(9)         7.3(9) 6.2(10) 

C4          28.5(10)           26.2(9)      24.9(10)           2.8(8)         5.2(8) 2.9(8) 

C21         63.5(15)         33.3(11)      32.0(11)          -6.8(9)       0.8(11) -14.6(11) 

C7         44.0(12)         53.5(14)      39.9(12)      -12.4(12)     -11.5(10) 12.4(12) 

C9        66.7(16)         53.1(15)      26.1(11)         7.9(10)        9.8(11) 13.1(13) 

C8        64.5(16)         61.9(15)      26.4(11)        -3.9(11)       -4.3(12) 22.2(14) 

C12        48.3(14)         44.5(15)      70.7(18)       13.9(13)         13.1(14) 21.6(11) 

C16             37(3)         23.6(19)      33.9(19)         0.4(15)             0(2) -6.7(18) 

C17             38(3)         28.3(18)      30.4(18)         5.2(13)        2.7(17) -10.5(17) 

C17A 37(4)              22(3)          30(3)              5(2)             2(3) -4(3) 

C16A          43(4)                 32(4)          33(3)                 3(3)            -6(4) -18(3) 
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Table 4 Bond Lengths for 240514lty. 

Atom Atom Length/Å   Atom Atom Length/Å 

S1 C1 1.825(2)   C18 C17 1.511(4) 

S1 C4 1.7475(19)   C18 C17A 1.514(6) 

O1 C3 1.205(2)   C3 C1 1.550(3) 

N1 C3 1.403(2)   C1 C13 1.533(3) 

N1 C4 1.295(3)   C20 C21 1.186(3) 

C14 C2 1.516(2)   C11 C12 1.513(3) 

C14 C19 1.346(3)   C15 C16 1.524(5) 

C14 C15 1.512(3)   C15 C16A 1.488(8) 

C2 C1 1.552(3)   C6 C7 1.393(3) 

C2 C11 1.538(3)   C10 C9 1.385(3) 

C19 C18 1.522(3)   C7 C8 1.379(4) 

C19 C20 1.441(3)   C9 C8 1.381(4) 

C5 C6 1.395(3)   C16 C17 1.519(6) 

C5 C10 1.395(3)   C17A C16A 1.513(10) 

C5 C4 1.472(3) 
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Table 5 Bond Angles for 240514lty. 

Atom  Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C4 S1 C1 91.25(9)   C3 C1 C2 108.50(15) 

C4 N1 C3 111.58(17)   C13 C1 S1 110.45(15) 

C19 C14 C2 120.89(16)   C13 C1 C2 111.81(16) 

C19 C14 C15 120.75(17)   C13 C1 C3 107.91(16) 

C15 C14 C2 118.27(15)   C21 C20 C19 175.8(2) 

C14 C2 C1 113.83(15)   C12 C11 C2 112.79(19) 

C14 C2 C11 112.23(16)   C14 C15 C16 114.2(2) 

C11 C2 C1 112.41(16)   C16A C15 C14 114.4(4) 

C14 C19 C18 123.42(17)   C7 C6 C5 120.0(2) 

C14 C19 C20 121.42(17)   C9 C10 C5 119.8(2) 

C20 C19 C18 115.10(16)   N1 C4 S1 118.36(14) 

C6 C5 C4 121.31(18)   N1 C4 C5 122.23(18) 

C10 C5 C6 119.58(19)   C5 C4 S1 119.41(15) 

C10 C5 C4 119.10(19)   C8 C7 C6 119.7(2) 

C17 C18 C19 113.30(19)   C8 C9 C10 120.4(2) 

C17A  C18 C19 111.8(3)   C7 C8 C9 120.5(2) 

O1 C3 N1 122.73(18)   C17 C16 C15 111.4(4) 

O1 C3 C1 121.81(17)   C18 C17 C16 110.5(4) 

N1 C3 C1 115.46(17)   C16A C17A C18 110.0(6) 

C2 C1 S1 114.33(14)   C15 C16A C17A 112.1(6) 

C3 C1 S1 103.30(12) 
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Table 6 Torsion Angles for 240514lty. 

A B C D Angle/˚   A B C D Angle/˚ 

O1 C3 C1 S1 -178.15(17)   C1 S1 C4 N1 0.21(17) 

O1 C3 C1 C2 -56.4(3)   C1 S1 C4 C5 -179.26(16) 

O1 C3 C1 C13 64.9(3)               C1 C2 C11 C12 167.77(18) 

N1 C3 C1 S1 2.4(2)               C20 C19 C18 C17 -160.5(3) 

N1 C3 C1 C2 124.06(18)   C20 C19 C18 C17A 165.6(4) 

N1 C3 C1 C13 -114.62(19)   C11 C2 C1 S1 49.2(2) 

C14 C2 C1 S1 -79.77(18)   C11 C2 C1 C3 -65.4(2) 

C14 C2 C1 C3 165.55(15)   C11 C2 C1 C13 175.68(17) 

C14 C2 C1 C13 46.7(2)               C15 C14 C2 C1 58.9(2) 

C14 C2 C11 C12 -62.4(2)   C15 C14 C2 C11 -70.2(2) 

C14 C19 C18 C17 16.9(4)               C15 C14 C19 C18 -1.9(3) 

C14 C19 C18 C17A -17.0(4)   C15 C14 C19 C20 175.33(18) 

C14 C15 C16 C17 -44.3(5)   C15 C16 C17 C18 59.2(6) 

C14 C15 C16A C17A 42.3(10)   C6 C5 C10 C9 0.6(3) 

C2 C14 C19 C18 -178.43(18)   C6 C5 C4 S1 -14.6(3) 

C2 C14 C19 C20 -1.2(3)               C6 C5 C4 N1 165.96(19) 

C2 C14 C15 C16 -167.6(3)   C6 C7 C8 C9 0.6(4) 

C2 C14 C15 C16A 165.8(5)   C10 C5 C6 C7 -0.1(3) 

C19 C14 C2 C1 -124.47(19)   C10 C5 C4 S1 165.48(16) 

C19 C14 C2 C11 106.4(2)   C10 C5 C4 N1 -14.0(3) 

C19 C14 C15 C16 15.8(4)               C10 C9 C8 C7 -0.1(4) 

C19 C14 C15 C16A -10.8(5)   C4 S1 C1 C2 -119.04(14) 

C19 C18 C17 C16 -44.7(5)   C4 S1 C1 C3 -1.35(13) 

C19 C18 C17A C16A 47.0(8)              C4 S1 C1 C13 113.82(15) 

C5 C6 C7 C8 -0.5(3)              C4 N1 C3 O1 178.1(2) 

C5 C10 C9 C8 -0.5(3)              C4 N1 C3 C1 -2.4(2) 

C18 C17A C16A C15 -61.2(11)   C4 C5 C6 C7 179.94(19) 

C3 N1 C4 S1 1.2(2)               C4 C5 C10 C9 -179.4(2) 

C3 N1 C4 C5 -179.33(17) 
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Table 7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) for 

240514lty. 

Atom  x             y             z          U(eq) 

H2            3235.36 1753.04 1107.43 31 

H18A 4653.78 3812.12 -1247.37 35 

H18B 3425.26 4491.28 -968.93 35 

H18C 5008.69 3972.35 -1007.2 35 

H18D 3568.46 4179.67 -1220.69 35 

H11A 5233.08 2384.42 2292.48 43 

H11B 4507.97 1205.77 2378.39 43 

H15A 5282.15 4263.89 1529.58 38 

H15B 3906.65 4606.96 1832.68 38 

H15C 3740.81 4800.04 1612.3             38 

H15D 5055.87 4205.57 1771.37 38 

H6            4182.43 3785.57 4909.17 44 

H13A 859.72             3375.34 2276.29 61 

H13B 1177.05 2825.32 1295.99 61 

H13C 1780.18 4013.47 1583.41 61 

H10            1820.63 1158.92 5353.68 44 

H21            3019.46 614.43            -1154.09 52 

H7            4503.79 3941.53 6502.36 55 

H9             2131.91 1347.43 6937.88 58 

H8             3462.44 2731.71 7506.29 61 

H12A 5930.71 1877.82 813.96             82 

H12B 5175.79 711.95             873.9             82 

H12C 6334.89 926.93             1541.03 82 

H16A 3620.13 5716.93 560.48            38 

H16B 4993.97 6016.33 904.56  38 

H17A 4994.86 5740.26 -709.21 39 

H17B 5845.62 4797.65 -225.72 39 

H17C 4666.21 5848.58 -672.1            36 

H17D 3420            5567.25 -112.98  36 

H16C 5858.99 4935.83 480.05             43 

H16D 5079.37 5960.44 913.46  43 

 

 

 

 

 

 

 



S53 

Table 8 Atomic Occupancy for 240514lty. 

Atom Occupancy   Atom Occupancy   Atom     Occupancy 

H18A 0.625(8)   H18B 0.625(8)   H18C     0.375(8) 

H18D 0.375(8)   H15A 0.625(8)   H15B     0.625(8) 

H15C 0.375(8)   H15D 0.375(8)   C16     0.625(8) 

H16A 0.625(8)   H16B 0.625(8)   C17     0.625(8) 

H17A 0.625(8)   H17B 0.625(8)   C17A     0.375(8) 

H17C 0.375(8)   H17D 0.375(8)   C16A     0.375(8) 

H16C 0.375(8)   H16D 0.375(8) 
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8. 
1
H, 

13
C and 

19
F NMR Spectra for New Compounds 
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S64 

 
1
H and 

13
C NMR (CDCl3) Spectra for Compound 3j 
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