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EXPERIMENTAL SECTION 

 

1.1 General Experimental Procedures 

Nuclear Magnetic Resonance Spectroscopy: 1H NMR spectra were acquired on Bruker 

AVIII400 (400 MHz) spectrometer and were referenced to TMS and residual non-deuterated solvent 

peak in CDCl3 (δ = 7.26). Chemical shifts (δH and δC) are reported in parts per million (ppm), with 

signal splitting recorded as singlet (s), doublet (d), triplet (t), quartet (q), and multiplet and unresolved 

peaks (m). Coupling constants (J) are mentioned in Hz and are presented as observed. 13C NMR 

spectra were obtained on Bruker AVIII400 (100 MHz) spectrometers and were referenced to solvent 

peaks in CDCl3 (δ = 77.0). 

 

Mass Spectrometry: High-resolution mass spectra (HRMS) were recorded by the Thermo Fisher 

spectrometer using electrospray ionization (ESI+). The parent ion [M+H]+, [M+Na]+ is calculated to 4 

decimal places from the molecular formula, and all values are within a tolerance of 5 ppm. 

 

Specific rotations: Optical rotations were recorded on an Anton Parr MCP100 polarimeter with a path 

length of 1 dm (using the sodium D line, 589 nm). Specific rotations ([α]D) are reported in units of 10-1 

deg cm2 g-1. Concentrations are reported in g/mL. Temperatures are reported in °C (typically 25 °C). 

 

Infrared Spectroscopy: Absorption spectra were obtained on a Shimadzu FT-IR spectrometer. 

Wavelengths of maximum absorbance (νmax) are quoted in wavenumbers (cm 1). Only selected 

characteristic IR absorption data are provided for each compound. 

 

Single Crystal XRD: Data was collected from the Sophisticated Analytical Instrumental Facility, Indian 

Institute of Technology Madras- Chennai. 

 

Materials:  

Unless otherwise stated, all reactions were carried out in oven-dried glassware, using 

anhydrous reaction solvents. All other commercially available reagents and solvents were either used 

as received and/or dried and purified before use using standard procedures. 
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General Procedure A: Preparation of isatin-derived ketimines: 

1a-g was prepared by following the reported literature procedure.1  

 

General Procedure B: Preparation of racemic molecules 4a – 4w:  

To an oven-dried vial containing catalyst DABCO 3 (0.05 equiv.), the 1,4-dithaine-2,5-diol 2 

(0.7 equiv.) was added followed by the addition of Ketimine 1 (1.0 equiv.) in EtOH (1M) and toluene 

(0.12 M). The resulting mixture was stirred at RT for 6 hours; the crude product was directly purified by 

preparative TLC. 

 

General Procedure C: Preparation of chiral molecules 4a – 4w: 

To an oven dried vial containing catalyst 3e (0.025 equiv.), the 1,4-dithaine-2,5-diol 2 (0.7 

equiv.) was added followed by the addition of Ketimine 1 (1.0 equiv.) in CHCl3 (0.1 M). The resulting 

mixture was stirred at RT for 19-24 hours; the crude reaction mixture was directly loaded into the column 

and purified by flash column chromatography using hexane/ EtOAc (10:1) to avoid racemization. 

 

General Procedure D: Preparation of compound 5a: 

Compound 5a was prepared by following the reported literature procedure.2  

 

General Procedure E: Preparation of compound 6a: 

To an oven-dried vial containing 4a (1 equiv.), MCPBA (5 equiv.) was added in DCM (0.06 M). 

The resulting mixture was stirred at RT for 24 hours; The reaction mixture was diluted with 15 mL of 

EtOAc, washed with 10% Na2SO4 solution (2×10mL), saturated NaHCO3 solution (2×10 mL), dried over 

Na2SO4 and concentrated in vacuo. Then the crude product was directly purified by column 

chromatography using hexane/ EtOAc (3:1) as a mobile phase. 

 

 

 

 

References: 

1) Wang, X, Huang, D, Wang, K-H, et al. Tin powder promoted synthesis of 

trifluoroethylamine-containing 3,3′-disubstituted oxindoles. Appl Organometal 

Chem. 2019, 33, 4995. 

2) P. Cheng, W. Guo, P. Chen, Y. Liu, X. Du and C. Li, Chem. Commun. 2016, 52, 3418.  
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(3R,4'R)-4'-hydroxy-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-one (4a): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4a in 92% yield as a white solid with M. P. 205 - 

208 C; The enantiomeric excess (ee) was determined by chiral stationary phase 

HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 80:20, flow rate 

0.5 mL/min, λ = 254 nm), tR = 10.645 min (minor), tR = 12.583 min (major), [α]D25 = -

59.834 (CHCl3, c = 0.72 g/100mL, CHCl3 for 95% ee); IR (neat) 𝒗max 1716,1612, 

1269, 1130, 1103, and 759 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.49 (1H, d, J = 7.5 Hz), 7.37 (1H, t, J = 

7.8 Hz), 7.18 (1H, t, J = 7.6 Hz), 6.85 (1H, d, J = 7.8 Hz), 5.59 (1H, d, J = 11.9 Hz), 5.46 (1H, dd, J = 

4.6, 11.9 Hz), 3.79 – 3.69 (2H, m), 3.36 (1H, d, J = 10.5 Hz), 3.23 (3H, s), 2.46 – 2.36 (1H, m); 13C NMR 

(100 MHz, CDCl3, DEPT-135) δ 177.9 (C, N-C=O), 143.1 (C), 130.8 (CH), 126.4 (CH), 126.3 (C), 124.4 

(CH), 124.4 (CF3, q, J = 277 Hz), 108.9 (CH), 88.1 (CH), 77.1 (C), 44.5 (CH2, q, J = 33 Hz), 40.3 (CH2), 

26.9 (CH3); 19F NMR (376MHz, CDCl3) δ -70.91; HRMS (ESI) m/z: 341.05420 [M + Na]+, calcd for 

C13H13O2N2F3NaS; Found 341.05293. 

(3R,4'R)-5-fluoro-4'-hydroxy-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4b): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4b in 84% yield as a colourless semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using 

a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 0.5 mL/min, 

λ = 254 nm), tR = 12.711 min (minor), tR = 15.332 min (major), [α]D25 = -71.049 

(CHCl3, c = 0.68 g/100mL, CHCl3 for 99% ee); IR (neat) 𝒗max 3317, 2924, 1697, 1273, 1149 and 786 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.24 (1H, dd, J = 2.4, 7.5 Hz), 7.10 – 7.05 (1H, m), 6.79 (1H, dd, J 

= 3.9, 8.6 Hz), 5.51 (1H, d, J = 12.0 Hz), 5.44 (1H, dd, J = 4.3, 12 Hz), 3.81 – 3.70 (2H, m), 3.36 (1H, 

d, J = 10.4 Hz), 3.23 (3H, s), 2.45 – 2.34 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.7 (C, 

N-C=O), 160.2 (C-F, d, J = 242 Hz), 138.9 (C, d, J = 2 Hz), 128.4 (C, d, J = 7 Hz), 124.3 (CF3, q, J = 

276 Hz), 117.4 (CH, d, J = 24 Hz), 114.3 (CH, d, J = 25 Hz), 109.7 (CH, d, J = 8 Hz), 88.3 (CH), 77.1 

(C), 44.7 (CH2, q, J = 34 Hz), 40.4 (CH2), 27.1 (CH3); 19F NMR (376MHz, CDCl3) δ -70.96, -117.53; 

HRMS (ESI) m/z: 359.0447 [M + Na]+, calcd for C13H12O2N2F4NaS; Found 359.0444. 

(3R,4'R)-7-fluoro-4'-hydroxy-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4c): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4c in 96% yield as a white solid with M. P. 124 - 

127 C.; The enantiomeric excess (ee) was determined by chiral stationary phase 

HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 

0.5 mL/min, λ = 254 nm), tR = 10.260 min (minor), tR = 11.502 min (major), [α]D25 = -



S5 
 

81.941 (CHCl3, c = 0.88 g/100mL, CHCl3 for 91% ee); IR (neat) 𝒗max 1693, 1477, 1149, 1107, 1014 

and 779 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.29 – 7.25 (1H, m), 7.13 – 7.05 (2H, m), 5.44 (2H, s), 3.80 

– 3.70 (2H, m), 3.43 (3H, d, J = 2.7 Hz), 3.35 (1H, d, J = 10.5 Hz), 2.48 – 2.37 (1H, m); 13C NMR (100 

MHz, CDCl3, DEPT-135) δ 177.7 (C, N-C=O), 147.7 (C-F, d, J = 244 Hz), 129.7 (C, d, J = 9 Hz), 129.4 

(C, d, J = 2 Hz), 124.9 (CH, d, J = 6 Hz), 124.3 (CF3, q, J = 277 Hz), 122.2 (CH, d, J = 3 Hz), 118.6 

(CH, d, J = 19 Hz), 88.2 (CH, d, J = 2 Hz), 76.8 (C), 44.6 (CH2, q, J = 33 Hz), 40.4 (CH2), 29.6 (CH3, d, 

J = 6 Hz); 19F NMR (376MHz, CDCl3) δ -70.89, -135.87; HRMS (ESI) m/z: 359.04478 [M + Na]+, calcd 

for C13H12O2N2F4NaS; Found 359.04514. 

(3R,4'R)-5-chloro-4'-hydroxy-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4d): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4d in 75% yield as a colourless semi solid. 

The enantiomeric excess (ee) was determined by chiral stationary phase HPLC 

using a Phenomenex cellulose-5 column (hexane/EtOAc = 80:20, flow rate 0.5 

mL/min, λ = 254 nm), tR = 9.789 min (minor), tR = 10.995 min (major), [α]D25 = -

42.218 (CHCl3, c = 0.56 g/100mL, CHCl3 for 87% ee); IR (neat) 𝒗max 1689, 1149, 1095, 1018, 817 and 

547 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.47 (1H, s), 7.34 (1H, d, J = 8.3 Hz), 6.79 (1H, d, J = 8 Hz), 

5.47 – 5.40 (2H, m), 3.80 – 3.70 (2H, m), 3.36 (1H, d, J = 10.4 Hz), 3.23 (3H, s), 2.45 – 2.36 (1H, m); 

13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.5 (C, N-C=O), 141.6 (C), 130.8 (CH), 129.9 (C), 128.3 

(C), 126.8 (CH), 124.3 (CF3, q, J = 276 Hz), 109.9 (CH), 88.3 (CH), 76.9 (C), 44.7 (CH2, q, J = 34 Hz), 

40.5 (CH2), 27.1 (CH3); 19F NMR (376MHz, CDCl3) δ -70.96; HRMS (ESI) m/z: 375.01523 [M + Na]+, 

calcd for C13H12ClO2N2F3NaS; Found 375.01559. 

(3R,4'R)-5-bromo-4'-hydroxy-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4e): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4e in 71% yield as a white solid with M. P. 

183 - 188 C.; The enantiomeric excess (ee) was determined by chiral stationary 

phase HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, 

flow rate 0.5 mL/min, λ = 254 nm), tR = 12.777 min (minor), tR = 15.335 min 

(major), [α]D25 = -52.029 (CHCl3, c = 0.69 g/100mL, CHCl3 for 87% ee); IR (neat) 𝒗max 1685, 1608, 

1149, 1022, 975 and 813 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.59 (1H, d, J = 0.9 Hz), 7.48 (1H, dd, J = 

2, 8.3 Hz), 6.73 (1H, d, J = 8.3 Hz), 5.46 – 5.38 (2H, m), 3.79 – 3.69 (2H, m), 3.35 (1H, d. J = 10.4 Hz), 

3.21 (3H, s), 2.44 – 2.33 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.3 (C, N-C=O), 142.1 

(C), 133.7 (CH), 129.6 (CH), 128.6 (C), 124.3 (CF3, q, J = 277 Hz), 117.1 (C), 110.4 (CH),  88.3 (CH), 

76.8 (C), 44.7 (CH2, q, J = 34 Hz), 40.5 (CH2), 27.1 (CH3); 19F NMR (376MHz, CDCl3) δ -70.89; HRMS 

(ESI) m/z: 418.96472 [M + Na]+, calcd for C13H12BrO2N2F3NaS; Found 418.96350. 
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(3R,4'R)-4'-hydroxy-5-iodo-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-one 

(4f): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4f in 53% yield as a yellowish white solid with 

M. P. 115 - 119 C.; The enantiomeric excess (ee) was determined by chiral 

stationary phase HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc 

= 80:20, flow rate 0.5 mL/min, λ = 254 nm), tR = 19.087 min (minor), tR = 24.236 

min (major), [α]D25 = -17.000 (CHCl3, c = 0.10 g/mL, CHCl3 for 88% ee); IR (neat) 𝒗max 1689, 1604, 

1481, 1149, 1103 and 810 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.76 (1H, s), 7.68 (1H, dd, J = 1.6, 8.2 

Hz), 6.62 (1H, d, J = 8.2 Hz), 5.45 – 5.37 (2H, m), 3.78 – 3.68 (2H, m), 3.34 (1H, d. J = 10.4 Hz), 3.20 

(3H, s), 2.44 – 2.33 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.1 (C, N-C=O), 142.8 (C), 

139.6 (CH), 135.3 (CH), 128.6 (C), 124.3 (CF3, q, J = 277 Hz), 110.9 (CH),  88.3 (CH), 86.9 (C), 76.6 

(C), 44.7 (CH2, q, J = 34 Hz), 40.5 (CH2), 27.0 (CH3); 19F NMR (376MHz, CDCl3) δ -70.97;  HRMS (ESI) 

m/z: 466.95085 [M + Na]+, calcd for C13H12IO2N2F3NaS; Found 466.95175. 

(3R,4'R)-4'-hydroxy-1,5-dimethyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-one 

(4g): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4g in 88% yield as a white solid with M. P. 

148 - 152 C.; The enantiomeric excess (ee) was determined by chiral stationary 

phase HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 80:20, 

flow rate 0.5 mL/min, λ = 254 nm), tR = 10.755 min (minor), tR = 12.956 min 

(major), [α]D25 = -56.837 (CHCl3, c = 0.87 g/100mL, CHCl3 for 93% ee); IR (neat) 𝒗max 1681, 1273, 

1141, 1103, 1026 and 817 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.31 (1H, s), 7.16 (1H, d, J = 7.9 Hz), 

6.73 (1H, t, J = 7.9 Hz), 5.65 (1H, d, J = 11.9 Hz), 5.45 (1H, dd, J = 4.6, 11.9 Hz), 3.78 – 3.67 (2H, m), 

3.35 (1H, d, J = 10.5 Hz), 3.21 (3H, s), 2.46 – 2.38 (1H, m), 2.35 (3H, s); 13C NMR (100 MHz, CDCl3, 

DEPT-135) δ 177.8 (C, N-C=O), 140.8 (C), 134.3 (C), 131.1 (CH), 127.0 (CH), 126.2 (C), 124.4 (CF3, 

q, J = 277 Hz), 108.7 (CH), 88.1 (CH), 76.8 (C), 44.5 (CH2, q, J = 33 Hz), 40.3 (CH2), 26.9 (CH3), 21.1 

(CH3); 19F NMR (376MHz, CDCl3) δ -70.89;  HRMS (ESI) m/z: 355.06985 [M + Na]+, calcd for 

C14H15O2N2F3NaS; Found 355.07025. 

(3R,4'R)-4'-hydroxy-5-methoxy-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4h): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4h in 89% yield as a colourless semi solid. 

The enantiomeric excess (ee) was determined by chiral stationary phase 

HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 80:20, flow 

rate 0.5 mL/min, λ = 254 nm), tR = 24.160 min (minor), tR = 33.342 min (major), 
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[α]D25 = -57.008 (CHCl3, c = 1.40 g/100mL, CHCl3 for 91% ee); IR (neat) 𝒗max 3332, 1681, 1496, 1273, 

979 and 563 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.08 (1H, d, J = 1.6 Hz), 6.89 (1H, d, J = 8.8 Hz), 6.75 

(1H, d, J = 8.8 Hz), 5.68 (1H, d, J = 12 Hz), 5.44 (1H, d, J = 12 Hz), 3.80 (3H, s), 3.77 – 3.69 (2H, m), 

3.35 (1H, d, J = 10.4 Hz), 3.20 (3H, s), 2.46 – 2.36 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 

177.6 (C, N-C=O), 157.3 (C), 136.4 (C), 127.5 (C), 124.5 (CF3, q, J = 277 Hz), 116.6 (CH), 112.2 (CH), 

109.6 (CH), 88.1 (CH), 77.0 (C), 55.9 (CH), 44.5 (CH2, q, J = 33 Hz), 40.3 (CH2), 26.9 (CH3); 19F NMR 

(376MHz, CDCl3) δ -70.82; HRMS (ESI) m/z: 371.06477 [M + Na]+, calcd for C14H15O3N2F3NaS; Found 

371.06409. 

(3R,4'R)-4'-hydroxy-1-methyl-3'-(2,2,2-trifluoroethyl)-5-(trifluoromethoxy)spiro[indoline-3,2'-

thiazolidin]-2-one (4i): 

Prepared by following general procedure C purified by column 

chromatography using hexane and isolated product 4i in 80% yield as a 

colourless semi solid. The enantiomeric excess (ee) was determined by chiral 

stationary phase HPLC using a Phenomenex cellulose-5 column 

(hexane/EtOAc = 85:15, flow rate 0.5 mL/min, λ = 254 nm), tR = 10.171 min 

(minor), tR = 11.492 min (major), [α]D25 = -53.220 (CHCl3, c = 0.29 g100/mL, CHCl3 for 85% ee); IR 

(neat) 𝒗max 2924, 1705, 1496, 1257, 1157 and 825 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.39 (1H, s), 7.25 

– 7.22 (1H, m), 6.85 (1H, d, J = 8.5 Hz), 5.46 – 5.38 (2H, m), 3.81 – 3.71 (2H, m), 3.36 (1H, d. J = 10.4 

Hz), 3.24 (3H, s), 2.43 – 2.32 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.8 (C, N-C=O), 

145.9 (C), 141.6 (C), 128.3 (C), 124.2 (CF3, q, J = 277 Hz), 124.1 (CH), 120.4 (OCF3, q, J = 255 Hz),  

120.4 (CH), 109.6 (CH), 88.4 (CH), 76.9 (C), 44.7 (CH2, q, J = 34 Hz), 40.5 (CH2), 21.1 (CH3); 19F NMR 

(376MHz, CDCl3) δ -58.53, -71.21; HRMS (ESI) m/z: 425.03650 [M + Na]+, calcd for C14H12O3N2F6NaS; 

Found 425.03677. 

(3R,4'R)-5,7-dibromo-4'-hydroxy-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-

2-one (4k): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4k in 52% yield as a colourless semi solid. 

The enantiomeric excess (ee) was determined by chiral stationary phase HPLC 

using a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 0.5 

mL/min, λ = 254 nm), tR = 10.683 min (minor), tR = 12.082 min (major), [α]D25 = -

76.571 (CHCl3, c = 0.35 g/100mL, CHCl3 for 86% ee); IR (neat) 𝒗max 2924, 1705, 1458, 1149, 1111 

and 864 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.62 (1H, d, J = 1.9 Hz), 7.54 – 7.53 (1H, m), 5.43 (1H, dd, 

J = 4.4,12.1 Hz), 5.29 (1H, d, J = 12.1 Hz), 3.80 – 3.70 (2H, m), 3.58 (3H, s), 3.35 (1H, d, J = 10.4 Hz), 

2.44 – 2.33 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.9 (C, N-C=O), 139.5 (C), 138.2 

(CH), 131.6 (C), 128.9 (CH), 124.2 (CF3, q, J = 277 Hz), 117.3 (C), 103.5 (C), 88.4 (CH), 76.2 (C), 44.8 

(CH2, q, J = 33 Hz), 40.6 (CH2), 30.7 (CH3); 19F NMR (376MHz, CDCl3) δ -70.87; HRMS (ESI) m/z: 

496.87523 [M + Na]+, calcd for C13H11O2N2Br2F3NaS; Found 496.87429. 
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(3R,4'R)-5-chloro-4'-hydroxy-1,7-dimethyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-

2-one (4l): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4l in 67% yield as a white solid with M. P. 154 

- 157 C.; The enantiomeric excess (ee) was determined by chiral stationary 

phase HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 80:20, 

flow rate 0.5 mL/min, λ = 254 nm), tR = 10.115 min (minor), tR = 12.256 min 

(major), [α]D25 = -73.802 (CHCl3, c = 0.43 g/100mL, CHCl3 for 74% ee); IR (neat) 𝒗max 1701, 1462, 

1273, 1107, 1087, and 729 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.30 (1H, s), 7.08 (1H, s), 5.52 (1H, d, J 

= 11.9 Hz), 5.43 (1H, dd, J = 4.4, 11.9 Hz), 3.77 – 3.67 (2H, m), 3.47 (3H, s), 3.34 (1H, d, J = 10.4 Hz), 

2.53 (3H, s), 2.45 – 2.34 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 178.2 (C, N-C=O), 139.3 

(C), 134.0 (CH), 129.5 (CH), 129.1 (CH), 124.6 (CH), 124.3 (CF3, q, J = 277 Hz), 122.2 (C), 88.2 (CH), 

76.4 (C), 44.6 (CH2, q, J = 34 Hz), 40.5 (CH2), 30.4 (CH3), 18.6 (CH3); 19F NMR (376MHz, CDCl3) δ -

70.85; HRMS (ESI) m/z: 389.03088 [M + Na]+, calcd for C14H14O2N2ClF3NaS; Found 389.03033.  

(3R,4'R)-4'-hydroxy-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-one (4m): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4m in 56% yield as a yellow semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using a 

Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 0.5 mL/min, λ = 

254 nm), tR = 18.082 min (minor), tR = 23.175 min (major), [α]D25 = -85.299 (CHCl3, 

c = 0.77 g/100mL, CHCl3 for 89% ee); IR (neat) 𝒗max 3224, 2924, 1705, 1149, 1111 and 756 cm-1; 1H 

NMR (400 MHz, CDCl3) δ 8.68 (1H, s), 7.47 (1H, d, J = 7.5 Hz), 7.31 (1H, t, J = 7.7 Hz), 7.15 (1H, d, J 

= 7.6 Hz), 6.89 (1H, d, J = 7.8 Hz), 5.48 (1H, dd, J = 4.4, 11.9 Hz), 5.40 (1H, d, J = 12 Hz), 3.82 – 3.72 

(2H, m), 3.36 (1H, d, J = 10.5 Hz), 2.59 – 2.48 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 179.7 

(C, N-C=O), 140.1 (C), 130.8 (CH), 126.9 (C), 126.8 (C), 124.4 (CH), 124.4 (CF3, q, J = 277 Hz), 110.6 

(CH), 88.1 (CH), 66.5 (C), 44.5 (CH2, q, J = 34 Hz), 40.3 (CH2); 19F NMR (376MHz, CDCl3) δ -70.87; 

HRMS (ESI) m/z: 327.03855 [M + Na]+, calcd for C12H11O2N2F3NaS; Found 327.03732. 

(3R,4'R)-1-benzyl-4'-hydroxy-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-one (4n): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4n in 82% yield as a white solid with M. P. 131 - 

135 C.; The enantiomeric excess (ee) was determined by chiral stationary phase 

HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 

0.5 mL/min, λ = 254 nm), tR = 10.999 min (minor), tR = 13.890 min (major), [α]D25 = -

25.280 (CHCl3, c = 0.73 g/100mL, CHCl3 for 89% ee); IR (neat) 𝒗max 1685, 1612, 

1276, 1138, 1107, and 756 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.49 (1H, d, J = 7.4 Hz), 7.36 – 7.23 (6H, 

m), 7.13 (1H, t, J = 8 Hz), 6.74 (1H, d, J = 7.8 Hz), 5.62 (1H, d, J = 12 Hz), 5.49 (1H, dd, J = 4.4, 11.9 
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Hz), 4.94 (1H, d, J = 15.5 Hz), 4.83 (1H, d, J = 15.5 Hz), 3.84 – 3.73 (2H, m), 3.39 (1H, d, J = 10.5 Hz), 

2.50 – 2.39 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 178.2 (C, N-C=O), 142.3 (C), 134.9 (C), 

130.8 (CH), 129.1 (2CH), 128.2 (CH), 127.3 (2CH), 126.5 (CH), 126.2 (C), 124.4 (CH), 124.4 (CF3, q, 

J = 277 Hz), 109.9 (C), 88.1 (CH), 77.2 (C), 44.5 (CH2), 44.5 (CH2, q, J = 33 Hz), 40.3 (CH2); 19F NMR 

(376MHz, CDCl3) δ -70.84;  HRMS (ESI) m/z: 417.08550 [M + Na]+, calcd for C19H17O2N2F3NaS; Found 

417.08658. 

(3R,4'R)-1-benzyl-5-chloro-4'-hydroxy-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4o): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4o in 72% yield as a yellow semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using 

a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 0.5 mL/min, 

λ = 254 nm), tR = 10.368 min (minor), tR = 12.620 min (major), [α]D25 = -45.308 

(CHCl3, c = 1.45 g/100mL, CHCl3 for 89% ee); IR (neat) 𝒗max 3340, 2924, 1697, 1481, 1149, and 732 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.47 – 7.46 (1H, m), 7.37 – 7.26 (4H, m), 7.24 (1H, br s), 7.21 (1H, 

dd, J = 2.2, 8.4 Hz), 6.66 (1H, d, J = 8.4 Hz), 5.57 – 5.44 (2H, m), 4.93 (1H, d, J = 15.5 Hz), 4.82 (1H, 

d, J = 15.5 Hz), 3.85 – 3.74 (2H, m), 3.39 (1H, d, J = 10.5 Hz), 2.47 – 2.37 (1H, m); 13C NMR (100 MHz, 

CDCl3, DEPT-135) δ 177.8 (C, N-C=O), 140.7 (C), 134.4 (C), 130.8 (CH), 130.2 (C), 129.2 (2CH), 128.4 

(C), 128.3 (CH), 127.2 (2CH), 126.8 (CH), 124.3 (CF3, q, J = 277 Hz), 111.0 (CH), 88.3 (CH), 76.9 (C), 

44.7 (CH2), 44.6 (CH2, q, J = 33 Hz), 40.5 (CH2); 19F NMR (376MHz, CDCl3) δ -70.89; HRMS (ESI) m/z: 

451.04653 [M + Na]+, calcd for C19H16O2N2ClF3NaS; Found 451.04450. 

(3R,4'R)-1-benzyl-5-bromo-4'-hydroxy-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4p): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4p in 63%yield as a yellow semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using 

a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 0.5 mL/min, 

λ = 254 nm), tR = 10.635 min (minor), tR = 12.967 min (major), [α]D25 = -38.957 

(CHCl3, c = 0.93 g/100mL, CHCl3 for 85% ee); IR (neat) 𝒗max 2924, 1705, 1473, 1273, 1149, and 810 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.60 (1H, s), 7.37 – 7.28 (5H, m), 7.24 (1H, br s), 6.61 (1H, d, J = 

8.4 Hz), 5.50 – 5.43 (2H, m), 4.87 (2H, q, J = 15.5, 43.1 Hz), 3.84 – 3.76 (2H, m), 3.39 (1H, d, J = 10.4 

Hz), 2.48 – 2.37 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.6 (C, N-C=O), 141.2 (C), 134.4 

(C), 133.6 (CH), 129.6 (CH), 129.2 (2CH), 128.5 (C), 128.4 (C), 127.2 (2CH), 124.3 (CF3, q, J = 277 

Hz), 117.2 (C), 111.5 (CH), 88.3 (CH), 76.9 (C), 44.6 (CH2, q, J = 34 Hz), 44.6 (CH2), 40.5 (CH2); 19F 

NMR (376MHz, CDCl3) δ -70.89; HRMS (ESI) m/z: 494.99602 [M + Na]+, calcd for C19H16O2N2BrF3NaS; 

Found 494.99367. 
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(3R,4'R)-1-benzyl-4'-hydroxy-3'-(2,2,2-trifluoroethyl)-5-(trifluoromethoxy)spiro[indoline-3,2'-

thiazolidin]-2-one (4q): 

Prepared by following general procedure C purified by column 

chromatography using hexane and isolated product 4q in 75% yield as a pale 

yellow solid with M. P. 134 - 137 C.; The enantiomeric excess (ee) was 

determined by chiral stationary phase HPLC using a Phenomenex cellulose-

5 column (hexane/EtOAc = 85:15, flow rate 0.5 mL/min, λ = 254 nm), tR = 

8.787 min (minor), tR = 10.142 min (major), [α]D25 = -30.400 (CHCl3, c = 0.12 g/100mL, CHCl3 for 89% 

ee); IR (neat) 𝒗max 1693, 1489, 1249, 1145, 1080, and 698 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.38 – 

7.30 (4H, m), 7.27 (2H, d, J = 8.4 Hz), 7.11 (1H, d, J = 8.4 Hz), 6.73 (1H, d, J = 8.5 Hz), 5.51 – 5.42 

(2H, m), 4.96 (1H, d, J = 15.5 Hz), 4.82 (1H, d, J = 15.5 Hz), 3.87 – 3.77 (2H, m), 3.40 (1H, d, J = 10.4 

Hz), 2.46 – 2.35 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 178.1 (C, N-C=O), 145.9 (C), 140.7 

(C), 134.4 (C), 129.2 (2CH), 128.4 (CH), 128.4 (C), 127.3 (2CH), 124.2 (CF3, q, J = 276 Hz), 123.9 

(CH), 120.4 (CF3, q, J = 256 Hz), 120.3 (CH), 110.6 (CH), 88.4 (CH), 76.9 (C), 44.7 (CH2), 44.6 (CH2),  

40.5 (CH2, q, J = 34 Hz); 19F NMR (376MHz, CDCl3) δ -58.49, -71.13; HRMS (ESI) m/z: 501.06780 [M 

+ Na]+, calcd for C20H16O3N2F6NaS; Found 501.06880. 

(3R,4'R)-1-(4-bromobenzyl)-4'-hydroxy-3'-(2,2,2-trifluoroethyl)-5-

(trifluoromethoxy)spiro[indoline-3,2'-thiazolidin]-2-one (4r): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4r in 56% yield as a yellow semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using a 

Phenomenex I-A column (hexane/EtOAc = 85:15, flow rate 1 mL/min, λ = 254 nm), 

tR = 7.835 min (minor), tR = 11.093 min (major), [α]D25 = -46.402 (CHCl3, c = 1.20 

g/100mL, CHCl3 for 93% ee); IR (neat) 𝒗max 2924, 1697, 1465, 1342, 1149, and 756 

cm-1; 1H NMR (400 MHz, CDCl3) δ 7.51 – 7.46 (3H, m), 7.28 – 7.24 (1H, m), 7.19 – 

7.13 (3H, m), 6.71 (1H, d, J = 7.8 Hz), 5.56 – 5.47 (2H, m), 4.92 (1H, d, J = 15.6 Hz), 4.74 (1H, d, J = 

15.6 Hz), 3.83 – 3.73 (2H, m), 3.39 (1H, d, J = 10.6 Hz), 2.48 – 2.37 (1H, m); 13C NMR (100 MHz, 

CDCl3, DEPT-135) δ 178.2 (C, N-C=O), 141.9 (C), 133.9 (C), 132.3 (2CH), 130.8 (CH), 129.0 (2CH), 

126.6 (CH), 126.2 (C), 124.6 (CH), 123.9 (CF3, q, J = 277 Hz), 122.2 (C), 109.7 (CH), 88.1 (CH), 77.1 

(C), 44.5 (CH2, q, J = 34 Hz), 43.9 (CH2), 40.3 (CH2); 19F NMR (376MHz, CDCl3) δ -70.78; HRMS (ESI) 

m/z: 494.9960 [M + Na]+, calcd for C19H16O2N2BrF3NaS; Found 494.99513. 
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(3R,4'R)-4'-hydroxy-1-(4-methylbenzyl)-3'-(2,2,2-trifluoroethyl)-5-

(trifluoromethoxy)spiro[indoline-3,2'-thiazolidin]-2-one (4s): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4s in 72% yield as a pale yellow solid with M. P. 

118 - 123 C.; The enantiomeric excess (ee) was determined by chiral stationary 

phase HPLC using a Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow 

rate 0.5 mL/min, λ = 254 nm), tR = 11.040 min (minor), tR = 13.563 min (major), [α]D25 

= -43.348 (CHCl3, c = 1.06 g/100mL, CHCl3 for 86% ee); IR (neat) 𝒗max 1681, 1612, 

1276, 1138, 1107, and 752 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.48 (1H, d, J = 7.4 

Hz), 7.26 – 7.22 (1H, m), 7.18 – 7.10 (5H, m), 6.71 (1H, d, J = 7.8 Hz), 5.64 (1H, d, J = 12 Hz), 5.48 

(1H, dd, J = 4.9, 11.9 Hz), 4.84 (2H, q, J = 18.2 Hz), 3.83 – 3.72 (2H, m), 3.39 (1H, d, J = 10.5 Hz), 2.48 

– 2.37 (1H, m), 2.31 (3H, s); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 178.1 (C, N-C=O), 142.3 (C), 

137.9 (C), 131.8 (C), 130.7 (CH), 129.7 (2CH), 127.3 (2CH), 126.4 (CH), 126.2 (C), 124.4 (CF3, q, J = 

277 Hz),124.4 (CH), 109.9 (CH), 88.1 (CH), 77.0 (C), 44.4 (CH2, q, J = 34 Hz), 44.3 (CH2), 40.3 (CH2), 

21.1 (CH3); 19F NMR (376MHz, CDCl3) δ -70.84; HRMS (ESI) m/z: 431.10115 [M + Na]+, calcd for 

C20H19O2N2F3NaS; Found 431.09830. 

(3R,4'R)-4'-hydroxy-3'-(2,2,2-trifluoroethyl)-1-tritylspiro[indoline-3,2'-thiazolidin]-2-one (4t): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4t in 39% yield as a yellow semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using a 

Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 0.5 mL/min, λ = 

254 nm), tR = 9.080 min (minor), tR = 13.494 min (major), [α]D25 = -4.047 (CHCl3, c 

= 0.96 g/100mL, CHCl3 for 59% ee); IR (neat) 𝒗max 3348, 2924, 1705, 1458, 1149, 

1111, and 748 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.47 – 7.41 (8H, m), 7.29 – 7.27 

(3H, m), 7.25 – 7.19 (5H, m), 7.03 (1H, t, J = 7.5 Hz), 6.96 (1H, t, J = 7.9 Hz), 6.22 (1H, d, J = 8.0 Hz), 

5.38 (1H, dd, J = 4.3, 11.7 Hz), 5.28 (1H, d, J = 11.7 Hz), 3.72 (1H, dd, J = 4.6, 10.5 Hz), 3.39 – 3.28 

(2H, m), 1.80 – 1.69 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 179.9 (C, N-C=O), 143.1 (C), 

141.6 (C), 129.4 (CH), 129.3 (CH), 128.8 (6CH), 127.9 (6CH), 127.5 (3C), 127.2 (3CH), 125.8 (CH), 

124.2 (CF3, q, J = 277 Hz), 123.9 (CH), 116.1 (CH), 87.6 (CH), 76.9 (C), 43.9 (CH2, q, J = 33 Hz), 44.5 

(CH2); 19F NMR (376MHz, CDCl3) δ -70.92; HRMS (ESI) m/z: 569.1481 [M + Na]+, calcd for 

C31H25O2N2F3NaS; Found 569.14981. 



S12 
 

(3R,4'R)-1-allyl-4'-hydroxy-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-one (4u): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4u in 87% yield as a yellow semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using a 

Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 0.5 mL/min, λ = 

254 nm), tR = 11.102 min (minor), tR = 12.056 min (major), [α]D25 = -80.574 (CHCl3, 

c = 0.71 g/100mL, CHCl3 for 63% ee); IR (neat) 𝒗max 3332, 2924, 1697, 1612, 1149, 

and 756 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.49 (1H, d, J = 7.5 Hz), 7.33 (1H, d, J 

= 7.8 Hz), 7.16 (1H, t, J = 7.5 Hz), 6.84 (1H, d, J = 7.8 Hz), 5.87 – 5.78 (1H, m), 5.56 (1H, d, J = 12.0 

Hz), 5.47 (1H, dd, J = 4.5, 12.0 Hz), 5.28 – 5.21 (2H, m), 4.34 – 4.30 (2H, m), 3.80 – 3.70 (2H, m), 3.37 

(1H, d, J = 10.5 Hz), 2.48 – 2.37 (1H, m); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.7 (C, N-C=O), 

142.3 (C), 130.7 (CH), 130.4 (CH), 126.5 (CH), 126.2 (C), 124.4 (CH), 124.4 (CF3, q, J = 276 Hz), 118.4 

(CH2),109.8 (CH), 88.1 (CH), 77.1 (C), 44.5 (CH2, q, J = 34 Hz), 42.9 (CH2), 40.3 (CH2); 19F NMR 

(376MHz, CDCl3) δ -70.84; HRMS (ESI) m/z: 367.0698 [M + Na]+, calcd for C15H15O2N2F3NaS; Found 

367.0697. 

(3R,4'R)-4'-hydroxy-1-(prop-2-yn-1-yl)-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-

one (4v): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4v in 83% yield as a yellow semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using a 

Phenomenex cellulose-5 column (hexane/EtOAc = 90:10, flow rate 0.5 mL/min, λ = 

254 nm), tR = 16.024 min (minor), tR = 19.021 min (major), [α]D25 = -38.680 (CHCl3, 

c = 0.69 g/100mL, CHCl3 for 89% ee); IR (neat) 𝒗max 3294, 2924, 1705, 1612, 1342, 

1149, and 756 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.51 (1H, d, J = 7.6 Hz), 7.39 (1H, d, J = 7.6 Hz), 

7.21 (1H, t, J = 8.4 Hz), 7.05 (1H, d, J = 7.6 Hz), 5.46 (2H, dd, J = 12, 12 Hz), 4.55 (1H, d, J = 15.2 Hz), 

4.43 (1H, d, J = 15.2 Hz), 3.78 – 3.71 (2H, m), 3.35 (1H, d, J = 10.8 Hz), 2.25 – 2.41 (1H, m), 2.29 (1H, 

t, J = 2.4 Hz); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 177.3 (C, N-C=O), 141.3 (C), 130.8 (C), 126.6 

(CH), 126.2 (C), 124.8 (CH), 124.3 (CF3, q, J = 277 Hz), 109.9 (CH), 88.1 (CH), 76.9 (C), 75.9 (CH), 

73.3 (CH), 44.4 (CH2, q, J = 34 Hz), 40.3 (CH2), 30.0 (CH2); 19F NMR (376MHz, CDCl3) δ -70.89; HRMS 

(ESI) m/z: 365.05420 [M + Na]+, calcd for C15H13O2N2F3NaS; Found 365.05363. 

(3R,4'R)-4'-hydroxy-1-phenyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidin]-2-one (4w): 

Prepared by following general procedure C purified by column chromatography 

using hexane and isolated product 4w in 67% yield as a colourless semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using a 

Phenomenex cellulose-5 column (hexane/EtOAc = 90:10, flow rate 0.5 mL/min, λ = 

254 nm), tR = 18.229 min (major), tR = 22.141 min (minor), [α]D25 = -69.230 (CHCl3, 
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c = 1.14 g/100mL, CHCl3 for 93% ee); IR (neat) 𝒗max 3363, 1705, 1273, 1141, 1080 and 748 cm-1; 1H 

NMR (400 MHz, CDCl3) δ 7.57 – 7.53 (3H, m), 7.48 – 7.43 (1H, m), 7.41 – 7.38 (2H, m), 7.30 (1H, t, J 

= 7.7 Hz), 7.21 (1H, t, J = 7.5 Hz), 6.81 (1H, d, J = 7.9 Hz), 5.51 (1H, dd, J = 4.5, 12.1 Hz), 5.42 (1H, d, 

J = 12.1 Hz), 3.89 – 3.78 (2H, m), 3.39 (1H, d, J = 10.6 Hz), 2.67 – 2.57 (1H, m); 13C NMR (100 MHz, 

CDCl3, DEPT-135) δ 177.6 (C, N-C=O), 143.3 (C), 133.4 (C), 130.8(CH), 129.9 (2CH), 128.9 (CH), 

126.9 (CH), 126.2 (2CH), 126.0 (C), 124.8 (CH), 124.4 (CF3, q, J = 277 Hz), 110.3 (CH), 88.2 (CH), 

77.3 (C), 44.6 (CH2, q, J = 33 Hz), 40.3 (CH2); 19F NMR (376MHz, CDCl3) δ -70.75; HRMS (ESI) m/z: 

403.0698 [M + Na]+, calcd for C18H15O2N2F3NaS; Found 403.0703. 

(R)-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidine]-2,4'-dione (5a): 

Prepared by following general procedure D purified by column chromatography 

using hexane and isolated product 5a in 75% yield as a colourless semi solid. The 

enantiomeric excess (ee) was determined by chiral stationary phase HPLC using a 

Phenomenex cellulose-5 column (hexane/EtOAc = 85:15, flow rate 1 mL/min, λ = 

254 nm), tR = 18.349 min (major), tR = 19.416 min (minor), [α]D25 = +3.474 (CHCl3, c 

= 0.17 g/100mL, CHCl3 for 92% ee); IR (neat) 𝒗max 2924, 1728, 1612, 1465, 1373, 

1157, and 756 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.46 (1H, t, J = 7.8 Hz), 7.38 (1H, d, J = 7.4 Hz), 7.19 

(1H, q, J = 7.6 Hz), 6.91 (1H, d, J = 7.9 Hz), 4.31 (1H, d, J = 15.3 Hz), 3.96 – 3.86 (1H, m), 3.72 (1H, d, 

J = 15.3 Hz), 3.59 – 3.49 (1H, m), 3.21 (3H, s); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 174.2  (C=O), 

173.2 (C, N-C=O), 144.1 (C), 132.1 (CH), 126.5 (CH), 123.8 (CH), 122.9 (CF3, q, J = 278 Hz), 122.2 

(C), 109.4 (CH), 68.2 (C), 43.7 (CH2, q, J = 36 Hz), 32.3 (CH2), 26.6 (CH3); 19F NMR (376MHz, CDCl3) 

δ -69.02; HRMS (ESI) m/z: 33.03855 [M + Na]+, calcd for C13H11O2N2F3NaS; Found 339.03867. 

(1'S,3R)-1-methyl-3'-(2,2,2-trifluoroethyl)spiro[indoline-3,2'-thiazolidine]-2,4'-dione 1'-oxide (6a): 

Prepared by following general procedure E purified by column chromatography 

using hexane and isolated product 6a in 25% yield as a pale-yellow semi solid. 

[α]D25 = -84.667 (CHCl3, c = 0.15 g/100mL, CHCl3); IR (neat) 𝒗max 1720, 1612, 1473, 

1373, 1265 and 750 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.56 (1H, t, J = 7.8 Hz), 7.36 

(1H, d, J = 8.3 Hz), 7.20 – 7.23 (1H, m), 7.03 (1H, d, J = 7.9 Hz), 4.66 – 4.39 (1H, 

m), 4.41 (1H, d, J = 16.3 Hz), 3.69 (1H, d, J = 16.3 Hz), 3.36 – 3.29 (1H, m), 3.26 

(3H, s); 13C NMR (100 MHz, CDCl3, DEPT-135) δ 170.6  (C, N-C=O), 168.9 (C, N-C=O), 144.2 (C), 

132.9 (CH), 127.4 (CH), 124.5 (CH), 123.0 (CF3, q, J = 278 Hz), 115.8 (C), 109.9 (CH), 83.8 (C), 53.2 

(CH2), 43.3 (CH2, q, J = 35 Hz), 26.9 (CH3); 19F NMR (376MHz, CDCl3) δ -70.09; HRMS (ESI) m/z: 

355.03347 [M + Na]+, calcd for C13H11O3N2F3NaS; Found 355.03360. 
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Crystal Structure of 4a 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.  Crystal data and structure refinement for sbii4. 

Identification code  SB-II-4 

Empirical formula  C13 H13 F3 N2 O2 S 

Formula weight  318.31 

Temperature  298(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 10.2811(5) Å = 90°. 

 b = 14.3963(6) Å = 116.7220(10)°. 

 c = 10.3695(4) Å  = 90°. 

Volume 1370.87(10) Å3 

Z 4 

Density (calculated) 1.542 Mg/m3 

Absorption coefficient 0.277 mm-1 

F(000) 656 

Crystal size 0.450 x 0.089 x 0.042 mm3 

Theta range for data collection 2.830 to 29.596°. 

Index ranges -14<=h<=14, -19<=k<=20, -14<=l<=14 

Reflections collected 54179 

Independent reflections 3856 [R(int) = 0.0704] 

Completeness to theta = 25.242° 99.8 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.934 and 0.823 
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Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3856 / 0 / 195 

Goodness-of-fit on F2 1.039 

Final R indices [I>2sigma(I)] R1 = 0.0460, wR2 = 0.1130 

R indices (all data) R1 = 0.0605, wR2 = 0.1250 

Extinction coefficient n/a 

Largest diff. peak and hole 0.427 and -0.290 e.Å-3 
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HPLC of racemic 4a 

HPLC of chiral 4a: 95% ee 
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HPLC of racemic 4b 

HPLC of chiral 4b: 99% ee 



S90 
 

 
  

HPLC of racemic 4c 

HPLC of chiral 4c: 91% ee 
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HPLC of racemic 4d 

HPLC of chiral 4d: 87% ee 
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HPLC of racemic 4e 

HPLC of chiral 4e: 87% ee 
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HPLC of racemic 4f 

HPLC of chiral 4f: 88% ee 
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HPLC of racemic 4g 

HPLC of chiral 4g: 93% ee 
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  HPLC of racemic 4h 

HPLC of chiral 4h: 91% ee 
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  HPLC of racemic 4i 

HPLC of chiral 4i: 85% ee 
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  HPLC of racemic 4k 

HPLC of chiral 4k: 86% ee 
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  HPLC of racemic 4l 

HPLC of chiral 4l: 74% ee 
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HPLC of racemic 4m 

HPLC of chiral 4m: 89% ee 
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  HPLC of racemic 4n 

HPLC of chiral 4n: 89% ee 
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HPLC of racemic 4o 

HPLC of chiral 4o: 89% ee 
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  HPLC of racemic 4p 

HPLC of chiral 4p: 85% ee 
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  HPLC of racemic 4q 

HPLC of chiral 4q: 89% ee 
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  HPLC of racemic 4r 

HPLC of chiral 4r: 93% ee 
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  HPLC of racemic 4s 

HPLC of chiral 4s: 86% ee 



S106 
 

 
  

HPLC of racemic 4t 

HPLC of chiral 4t: 59% ee 
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  HPLC of racemic 4u 

HPLC of chiral 4u: 63% ee 
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  HPLC of racemic 4v 

HPLC of chiral 4v: 89% ee 
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  HPLC of racemic 4w 

HPLC of chiral 4w: 93% ee 
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HPLC of racemic 5a 

HPLC of chiral 5a: 92% ee 


