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I. General Remarks 

1H NMR spectra were recorded on a VARIAN Mercury 300 MHz or Bruker 400 

MHz spectrometer in CDCl3. Chemical shifts are reported in ppm with the internal 

TMS signal at 0.0 ppm as a standard. The data are reported as (s = single, d = double, 

t = triple, q = quarte, m = multiple or unresolved, brs = broad single, coupling 

constant(s) in Hz, integration). 13C NMR spectra were recorded on a VARIAN 

Mercury 75 MHz or Bruker 100 MHz spectrometer in CDCl3 or in DMSO-d6. 

Chemical shifts are reported in ppm with the internal chloroform signal at 77.0 ppm 

and with the internal hexadeuterodimethyl sulfoxide signal at 39.5 ppm as a standard. 

Commercially obtained reagents were used without further purification. All reactions 

were monitored by TLC with silica gel-coated plates. Enantiomeric ratios were 

determined by HPLC, using a chiralpak AS-H column and chiralpak IC column with 

hexane and i-PrOH as solvents. Catalysts I-VI were prepared according to our 

previous report1. The spiro cyclohexadienone oxindoles2
 were prepared according to 

the literature procedure. The racemic adducts were attained by using DABCO as the 

catalyst. The absolute configuration of 3aj was determined unequivocally according 

to the X-ray diffraction analysis of the derived oximes 4E, and those of other adducts 

were deduced on the basis of these results. 

 

II. General Procedure for Asymmetric sulfa-Michael Addition of Thiols to Spiro 

Cyclohexadienone Oxindoles Catalyzed by Organocatalysts (I-d) 

Under argon atmosphere, spiro cyclohexadienone oxindole (0.020 mmol) and the 

catalyst I-d (8.1 mg, 0.012 mmol) were dissolved in 0.5 mL CHCl3. After the mixture 

was cooled to -20 oC, thiol (0.22 mmol) was added. The mixture was stirred at this 

temperature until the consumption of 1 (monitored by TLC analysis). Then, the 

solvent was removed and the residue was purified by flash chromatography on silica 

gel to give the corresponding product, which was then directly analyzed by HPLC to 

determine the enantiomeric excess. 
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(1R,6R)-1'-methyl-6-(phenylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4-dione: 

Yield (92%); Yellow solid; m.p. 47 oC; []25
D = +86 (c 0.23, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.44 (t, J = 7.8 Hz, 1H), 7.29-7.21 (m, 6H), 7.11 (t, J = 7.5 

Hz, 1H), 6.98 (d, J = 7.5 Hz, 1H), 6.58 (d, J = 10.2 Hz, 1H), 6.25 (d, J = 10.2 Hz, 1H), 

4.22-4.15 (m, 1H), 3.28 (s, 3H), 3.02-2.98 (m, 2H); 13C NMR (CDCl3, TMS, 75 MHz) 

 196.6, 176.1, 146.3, 144.3, 133.3, 132.3, 130.1, 129.0, 128.1, 125.3, 125.0, 123.0, 

108.9, 54.8, 49.9, 42.0, 26.7; IR (KBr)  3068, 3017, 1675, 1568, 1315, 1128, 819 

765, 696; HRMS Calcd. For C20H17NO2S + H+: 336.1061, found: 336.1053. The 

product was analyzed by HPLC to determine the enantiomeric excess: 84% ee 

(Chiralpak AS-H, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 230 nm); tr = 

9.97 and 13.20 min. 

 

 

(1R,6R)-1'-methyl-6-(o-tolylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4-dione: 

Yield (85%); Light yellow solid; m.p. 53 oC; []25
D = +105.7 (c 0.49, CHCl3); 

1H 

NMR (CDCl3, TMS, 300 MHz)  7.44 (t, J = 7.5 Hz, 1H), 7.34 (d, J = 7.5 Hz, 1H), 

7.28 (d, J = 7.5 Hz, 1H), 7.16-7.11 (m, 4H), 6.96 (d, J = 7.8 Hz, 1H), 6.55 (d, J = 9.9 

Hz, 1H), 6.23 (d, J = 9.9 Hz, 1H), 4.11 (dd, J1 = 4.8 Hz and J2 = 13.2 Hz, 1H), 3.23 (s, 

3H), 3.10-2.90 (m, 2H), 2.30 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz)  196.5, 

175.9, 146.4, 144.1, 141.1, 130.4, 130.0, 128.5, 126.4, 125.3, 125.0, 123.0, 108.9, 

54.6, 48.9, 41.8, 26.5, 20.8; IR (KBr)  3030, 2945, 1608, 1473, 1428, 1337, 1129, 

818, 756, 699; HRMS Calcd. For C21H19NO2S + H+: 350.1218, found: 350.1209. The 

product was analyzed by HPLC to determine the enantiomeric excess: 83% ee 
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(Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 

9.48 and 14.13 min. 

 

 

(1R,6R)-1'-methyl-6-(p-tolylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4-dione: 

Yield (85%); Light yellow solid; m.p. 72 oC; []25
D = +113.4 (c 0.52, CHCl3); 

1H 

NMR (CDCl3, TMS, 300 MHz)  7.43 (t, J = 7.8 Hz, 1H), 7.22-7.16 (m, 3H), 7.11 (d, 

J = 7.5 Hz, 1H), 7.04 (d, J = 7.8 Hz, 2H), 6.97 (d, J = 7.8 Hz, 1H), 6.56 (d, J = 10.2 

Hz, 1H), 6.23 (d, J = 10.2 Hz, 1H), 4.14-4.10 (m, 1H), 3.28 (s, 3H), 2.99-2.95 (m, 2H), 

2.29 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz)  196.5, 176.0, 146.2, 144.1, 138.2, 

133.7, 130.0, 129.9, 129.6, 128.4, 125.2, 124.9, 122.8, 108.8, 54.7, 50.0, 41.7, 26.5, 

21.0; IR (KBr)  3068, 3013, 1702, 1601, 1319, 1120, 825, 778, 712; HRMS Calcd. 

For C21H19NO2S + H+: 350.1218, found: 350.1209. The product was analyzed by 

HPLC to determine the enantiomeric excess: 82% ee (Chiralpak IC, 

i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 10.81 and 17.16 

min. 

 

 

(1R,6R)-1'-methyl-6-(m-tolylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4-dione: 

Yield (83%); White solid; m.p. 126 oC; []25
D = +109.7 (c 0.55, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.43 (t, J = 7.2 Hz, 1H), 7.21-7.10 (m, 6H), 6.97 (d, J = 

7.8 Hz, 1H), 6.56 (d, J = 9.9 Hz, 1H), 6.23 (d, J = 9.9 Hz, 1H), 4.17 (t, J = 8.1 Hz, 
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1H), 3.27 (s, 3H), 2.99-2.96 (m, 2H), 2.27 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) 

 196.6, 176.0, 146.2, 144.2, 138.7, 133.8, 131.6, 130.0, 129.9, 128.9, 128.7, 125.2, 

125.0, 122.9, 108.8, 107.1, 54.7, 49.5, 41.8, 26.6, 21.1; IR (KBr)  3072, 3031, 1698, 

1574, 1332, 1173, 809, 747, 687; HRMS Calcd. For C21H19NO2S + H+: 350.1219, 

found: 350.1209. The product was analyzed by HPLC to determine the enantiomeric 

excess: 82% ee (Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 

254 nm); tr = 10.17 and 14.56 min. 

 

 

(1R,6R)-6-((2-fluorophenyl)thio)-1'-methylspiro[cyclohex[2]ene-1,3'-indoline]-2',

4-dione: 

Yield (77%); White solid; m.p. 51 oC; []25
D = +132.4 (c 0.54, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.44 (t, J = 7.8 Hz, 1H), 7.27-7.21 (m, 3H), 7.14-6.96 (m, 

4H), 6.56 (d, J = 9.9 Hz, 1H), 6.24 (d, J = 9.9 Hz, 1H), 4.21 (t, J = 9.3 Hz, 1H), 3.25 

(s, 3H), 3.03 (d, J = 9.6 Hz, 2H); 13C NMR (CDCl3, TMS, 100 MHz)  196.3, 175.7, 

162.3 (d, J = 24.6 Hz), 146.3, 144.2, 135.8, 132.4, 130.6 (d, J = 8.0 Hz), 127.8, 125.0, 

124.5(d, J = 3.9 Hz), 123.2, 123.0, 119.4, 119.2, 160.0 (d, J = 22.9 Hz), 108.9, 54.8, 

49.1, 41.8, 26.6; IR (KBr)  3032, 3013, 1701, 1568, 1437, 1255, 1214, 1108, 818, 

754, 699; HRMS Calcd. For C20H16NO2FS + H+: 354.0970, found: 354.0958. The 

product was analyzed by HPLC to determine the enantiomeric excess: 88% ee 

(Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 

10.54 and 21.55 min. 
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(1R,6R)-6-((4-fluorophenyl)thio)-1'-methylspiro[cyclohex[2]ene-1,3'-indoline]-2',

4-dione: 

Yield (85%); White solid; m.p. 42 oC; []25
D = +115.5 (c 0.54, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.44 (t, J = 7.5 Hz, 1H), 7.27-7.19 (m, 3H), 7.13-7.08 (m, 

1H), 7.00-6.91 (m, 3H), 6.57 (d, J = 9.9 Hz, 1H), 6.24 (d, J = 9.9 Hz, 1H), 4.09 (dd, J1 

= 6.9 Hz and J2 = 11.7 Hz, 1H), 3.30 (m, 3H), 3.00-2.95 (m, 2H); 13C NMR (CDCl3, 

TMS, 125 MHz)  196.3, 176.1, 162.8 (d, J = 247.6 Hz), 146.2, 144.2, 136.0 (d, J = 

8.5 Hz), 130.1, 127.2 (d, J = 2.6 Hz), 125.2, 125.0, 116.1 (d, J = 21.9 Hz), 109.0, 54.8, 

50.4, 41.8, 26.6; IR (KBr)  3057, 3007, 1687, 1591, 1487, 1136, 1074, 827, 765, 694; 

HRMS Calcd. For C20H16NO2FS + H+: 354.0968, found: 354.0958. The product was 

analyzed by HPLC to determine the enantiomeric excess: 88% ee (Chiralpak IC, 

i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.04 and 12.45 

min. 

 

 

(1R,6R)-6-((3-fluorophenyl)thio)-1'-methylspiro[cyclohex[2]ene-1,3'-indoline]-2',

4-dione: 

Yield (84%); Yellow solid; m.p. 46 oC; []25
D = +112 (c 0.21, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.45 (t, J = 7.8 Hz, 1H), 7.23-7.20 (m, 2H), 7.14-7.09 (m, 

2H), 7.00-6.92 (m, 3H), 6.59 (d, J = 9.9 Hz, 1H), 6.26 (d, J = 10.2 Hz, 1H), 4.25-4.19 

(m, 1H), 3.28 (s, 3H), 3.03-2.99 (m, 2H); 13C NMR (CDCl3, TMS, 125 MHz)  196.2, 

176.0, 162.4 (d, J = 248.1 Hz), 146.2, 144.3, 134.5, 134.4, 130.2, 128.5, 125.1, 125.0, 
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123.1, 119.7 (d, J = 21.9 Hz), 115.2 (d, J = 20.6 Hz), 109.0, 54.7, 49.7, 41.9, 26.7; IR 

(KBr)  3046, 2981, 1693, 1582, 1502, 1227, 1216, 1113, 830, 767, 685; HRMS 

Calcd. For C20H16NO2FS + H+: 354.0966, found: 354.0958. The product was analyzed 

by HPLC to determine the enantiomeric excess: 85% ee (Chiralpak IC, 

i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.82 and 11.53 

min. 

 

 

(1R,6R)-6-((4-chlorophenyl)thio)-1'-methylspiro[cyclohex[2]ene-1,3'-indoline]-2',

4-dione: 

Yield (95%); White solid; m.p. 51 oC; []25
D = +140.3 (c 0.80, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.45 (t, J = 7.8 Hz, 1H), 7.22 (m, 5H), 7.11 (t, J = 7.5 Hz, 

1H), 6.98 (d, J = 8.7 Hz, 1H), 6.58 (d, J = 9.9 Hz, 1H), 6.25 (d, J = 9.9 Hz, 1H), 4.14 

(dd, J1 = 6.6 Hz and J2 = 12.3 Hz, 1H), 3.28 (s, 3H), 3.00-2.96 (m, 2H); 13C NMR 

(CDCl3, TMS, 75 MHz)  196.2, 176.0, 146.2, 144.2, 134.7, 134.4, 130.7, 130.1, 

129.2, 125.2, 125.1, 123.1, 109.0, 54.8, 50.0, 41.8, 26.7; IR (KBr)  3048, 2940, 1617, 

1484, 1472, 1254, 1103, 1054, 823, 751, 695; HRMS Calcd. For C20H16NO2SCl + H+: 

370.0670, found: 370.0670. The product was analyzed by HPLC to determine the 

enantiomeric excess: 86% ee (Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 

mL/min, λ = 254 nm); tr = 10.78 and 14.50 min. 

 

(1R,6R)-1'-methyl-6-(naphthalen-1-ylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4

-dione:  
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Yield (86%); White solid; m.p. 70 oC; []25
D = +87.1 (c 0.77, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  8.23 (d, J = 8.1 Hz, 1H), 7.81-7.79 (m, 2H), 7.63 (d, J = 

6.9 Hz, 1H), 7.55-7.25 (m, 6H), 7.18-7.13 (m, 1H), 6.93 (d, J = 7.8Hz, 1H), 6.55 (d, J 

= 9.9 Hz, 1H), 6.21 (d, J = 9.9 Hz, 1H), 4.26 (dd, J1 = 4.8 Hz and J2 = 13.5 Hz, 1H), 

3.16 (s, 3H), 3.06-2.85 (m, 2H); 13C NMR (CDCl3, TMS, 75 MHz)  196.3, 175.8, 

146.4, 144.1, 134.2 134.1, 133.9, 129.9, 129.6, 129.0, 128.4, 126.8, 126.2, 125.5, 

125.4, 125.3, 125.0, 122.9, 109.0, 54.6, 49.5, 41.6, 26.4; IR (KBr)  3057, 3016, 1698, 

1591, 1482, 1351, 1137, 817, 750, 685; HRMS Calcd. For C24H19NO2S + H+: 

386.1218, found: 386.1209. The product was analyzed by HPLC to determine the 

enantiomeric excess: 92% ee (Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 

mL/min, λ = 254 nm); tr = 11.73 and 17.38 min. 

 

(1R,6R)-1'-methyl-6-(naphthalen-2-ylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4

-dione: 

Yield (89%); White solid; m.p. 61 oC; []25
D = +152.9 (c 0.77, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.79-7.72 (m, 4H), 7.49-7.47 (m, 3H), 7.38 (d, J = 8.4 Hz, 

1H), 7.26-7.22 (m, 1H), 7.15-7.10 (m, 1H), 6.99 (d, J = 6.9 Hz, 1H), 6.59 (d, J = 9.9 

Hz, 1H), 6.25 (d, J = 9.9 Hz, 1H), 4.32 (t, J = 9.6 Hz, 1H) 3.25 (s, 3H), 3.04-3.01 (m, 

2H); 13C NMR (CDCl3, TMS, 75 MHz)  196.4, 176.1, 146.3, 144.2, 133.2, 132.6, 

130.2, 130.1, 130.0, 129.2, 128.7, 127.6, 127.5, 126.6, 125.3, 125.1, 123.0, 109.0, 

54.8, 49.3, 41.8, 26.6; IR (KBr)  3054, 3018, 1710, 1580, 1472, 1352, 1140, 823, 

756, 691; HRMS Calcd. For C24H19NO2S + H+: 386.1217, found: 386.1209. The 

product was analyzed by HPLC to determine the enantiomeric excess: 88% ee 

(Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 

13.66 and 18.92 min. 
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(1R,6R)-1'-methyl-6-(thiophen-2-ylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4-d

ione: 

Yield (83%); Yellow solid; m.p. 53 oC; []25
D = +99 (c 0.18, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.44 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 4.5 Hz, 1H), 

7.18-7.06 (m, 2H), 6.99 (d, J = 7.8 Hz, 1H), 6.90-6.86 (m, 2H), 6.56 (d, J = 9.9 Hz, 

1H), 6.24 (d, J = 9.9 Hz, 1H), 4.02 (dd, J1 = 5.7 Hz and J2 = 12.6 Hz, 1H), 3.34 (s, 

3H), 3.10-2.92 (m, 2H); 13C NMR (CDCl3, TMS, 75 MHz)  196.4, 175.9, 146.1, 

144.3, 136.1, 131.1, 130.1, 129.6, 127.6, 125.2, 124.9, 123.0, 109.0, 54.6, 51.6, 41.3, 

26.7; IR (KBr)  3034, 3087, 1614, 1527, 1432, 1325, 1134, 864, 826, 743, 690; 

HRMS Calcd. For C18H15NO2S2 + H+: 342.0624, found: 342.0617. The product was 

analyzed by HPLC to determine the enantiomeric excess: 95% ee (Chiralpak IC, 

i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 12.98 and 18.15 

min. 

 

(1R,6R)-5'-methoxy-1'-methyl-6-(naphthalen-2-ylthio)spiro[cyclohex[2]ene-1,3'-i

ndoline]-2',4-dione: 

Yield (85%); White solid; m.p. 86 oC; []25
D = +201.9 (c 0.84, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.79-7.72 (m, 4H), 7.49-7.46 (m, 2H), 7.39-7.36 (m, 1H), 

6.97-6.88 (m, 2H), 6.79 (s, 1H), 6.59 (d, J = 9.6 Hz, 1H), 6.25 (d, J = 9.9 Hz, 1H), 

4.30 (t, J = 9.3 Hz, 1H), 3.75 (s, 3H), 3.22 (s, 3H), 3.01 (d, J = 10.2 Hz, 2H); 13C 

NMR (CDCl3, TMS, 75 MHz)  196.3, 175.5, 155.9, 146.3, 137.5, 133.1, 132.5, 
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130.2, 129.9, 129.1, 128.5, 127.5, 127.4, 126.4, 113.8, 112.6, 109.1, 55.6, 55.1, 49.0, 

41.6, 26.6; IR (KBr)  3064, 3012, 1702, 1611, 1452, 1375, 1127, 1070, 820, 743, 

690; HRMS Calcd. For C25H21NO3S + H+: 416.1325, found: 416.1315. The product 

was analyzed by HPLC to determine the enantiomeric excess: 84% ee (Chiralpak IC, 

i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 17.12 and 25.34 

min. 

 

(1R,6R)-5'-chloro-1'-methyl-6-(naphthalen-2-ylthio)spiro[cyclohex[2]ene-1,3'-ind

oline]-2',4-dione: 

Yield (80%); White solid; m.p. 98 oC; []25
D = +223.7 (c 0.66, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.81-7.71 (m, 4H), 7.50-7.47 (m, 2H), 7.44-7.41 (m, 1H), 

7.38-7.35 (m, 1H), 7.19-7.18 (m, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.55 (d, J = 9.9 Hz, 

1H), 6.27 (d, J = 9.9 Hz, 1H), 4.32-4.26 (m, 1H), 3.21 (s, 3H), 3.02-2.98 (m, 2H); 13C 

NMR (CDCl3, TMS, 75 MHz)  195.9, 175.6, 145.3, 142.8, 133.2, 132.6, 130.5, 

130.1, 129.9, 128.7, 128.3, 127.6, 127.4, 127.0, 126.6, 125.5, 109.8, 54.9, 49.0, 41.6, 

26.7; IR (KBr)  3030, 3014, 1698, 1589, 1491, 1472, 1324, 1132, 1084, 817, 745, 

696; HRMS Calcd. For C24H18NO2SCl + Na+: 442.0647, found: 442.0639. The 

product was analyzed by HPLC to determine the enantiomeric excess: 84% ee 

(Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 

12.54 and 17.21 min. 
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(1R,6R)-1',5'-dimethyl-6-(naphthalen-2-ylthio)spiro[cyclohex[2]ene-1,3'-indoline]

-2',4-dione: 

Yield (81%); White solid; m.p. 72 oC; []25
D = +191.6 (c 0.43, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.79-7.71 (m, 4H), 7.48-7.47 (m, 2H), 7.37 (d, J = 8.1 Hz, 

1H), 7.26-7.23 (m, 1H), 6.99 (s, 1H), 6.88 (d, J = 7.8 Hz, 1H), 6.58 (d, J = 9.9 Hz, 

1H), 6.24 (d, J = 9.9 Hz, 1H), 4.33-4.27 (m, 1H), 3.24 (s, 3H), 3.05-3.01 (m, 2H), 

2.30 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz)  196.6, 176.0, 146.6, 141.8, 133.2, 

132.6, 130.3, 130.0, 129.1, 128.5, 127.5, 127.4, 126.5, 125.8, 125.1, 108.7, 54.9, 49.1, 

41.7, 26.6, 21.0; IR (KBr)  3043, 1702, 1596, 1483, 1459, 1231, 1145, 821, 752, 

689； HRMS Calcd. For C25H21NO2S + H+: 400.1373, found: 400.1366. The product 

was analyzed by HPLC to determine the enantiomeric excess: 82% ee (Chiralpak IC, 

i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 14.25 and 21.62 

min. 

 

(1R,6R)-1'-benzyl-6-(naphthalen-2-ylthio)spiro[cyclohex[2]ene-1,3'-indoline]-2',4

-dione: 

Yield (82%); White solid; m.p. 75 oC; []25
D = +177.2 (c 0.89, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.79-7.72 (m, 4H), 7.49-7.38 (m, 5H), 7.30-7.23 (m, 3H), 

7.06 (t, J = 7.2 Hz, 1H), 6.86 (d, J = 7.2 Hz, 1H), 6.64 (d, J = 9.9 Hz, 1H), 6.27 (d, J = 

10.2 Hz, 1H), 5.15 (d, J = 15.9 Hz, 1H), 4.85 (d, J = 15.9 Hz, 1H), 4.36 (dd, J1 = 5.4 

Hz, J2 = 12.6 Hz 1H), 3.16-3.07 (m, 2H); 13C NMR (CDCl3, TMS, 75 MHz)  196.4, 

176.4, 146.2, 143.3, 135.0, 133.3, 132.5, 130.1, 130.0, 129.3, 128.7, 127.7, 127.6, 

127.5, 127.3, 126.5, 125.3, 125.1, 123.0, 110.1, 54.8, 49.3, 44.3, 42.1; IR (KBr)  

3074, 3021, 1715, 1587, 1485, 1457, 1252, 1234, 814, 748, 685； HRMS Calcd. For 

C30H23NO2S + H+: 462.1527, found: 462.1522. The product was analyzed by HPLC 

to determine the enantiomeric excess: 92% ee (Chiralpak IC, i-propanol/hexane = 

50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 11.16 and 14.19 min. 
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N

O
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S

3aj, 88%ee

N

O

N

S

4E

NaHCO3, C2H5OH

NH2OH.HCl, reflux

OH

 

 

Under argon atmosphere, 3aj (77 mg, 0.2 mmol, 88% ee) and NaHCO3 were 

dissolved in 2 mL C2H5OH, and hydroxylammonium chloride (16.8 mg, 0.24 mmol) 

was added, the mixture was refluxed for 2 h. Then, the solvent was evaporated and the 

residue was purified by column chromatography followed by recrystallization (in 

CH3OH/DCM) to give (1R,6R)-4E in 36% yield, which was then directly analyzed by 

HPLC to determine the enantiomeric excess. 

(1R,6R,E)-4-(hydroxyimino)-1'-methyl-6-(naphthalen-2-ylthio)spiro[cyclohex[2]e

ne-1,3'-indolin]-2'-one: White solid; m.p. 193 oC; []25
D = +103.1 (c 0.37, CHCl3); 

1H NMR (CDCl3, TMS, 300 MHz)  7.78-7.72 (m, 4H), 7.45-7.42 (m, 4H), 7.18-7.10 

(m, 2H), 6.97-6.94 (m, 1H), 6.41 (d, J = 9.6 Hz, 1H), 5.92 (d, J = 9. Hz, 1H), 

4.06-4.02 (m, 1H), 3.68-3.62 (m, 1H), 3.24 (s, 3H), 2.79 (t, J = 16.5Hz, 1H); 13C 

NMR (DMSO-d6, TMS, 75 MHz)  176.4, 151.6, 144.0, 133.1, 131.9, 131.7, 130.7, 

130.0, 129.3, 129.0, 128.6, 127.6, 127.5, 127.3, 126.8, 126.4, 126.1, 124.7, 122.6, 

109.0, 54.1, 48.2, 27.1, 26.4; IR (KBr)  3407, 3034, 2935, 1701, 1684, 1611, 1482, 

1452, 1341, 1129, 813, 742, 685; The product was analyzed by HPLC to determine 

the enantiomeric excess: 88% ee (Chiralpak IC, i-propanol/hexane = 50/50, flow rate 

1.0 mL/min, λ = 254 nm); tr = 17.50 and 25.10 min. 
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III. Synthetic Application of the Michael Adduct 3aj. 

N

O

O

S

3aj, 88%ee

CH3OH, r.t., 24 h

Pd(OH)2/C, H2 (30 atm)

N

O

O

S

5, 92% yield, >20:1 dr, 88%ee  

To a solution of 3aj (77 mg, 0.2 mmol, 88% ee) in 2 mL CH3OH was added 

Pd(OH)2/C (7.7 mg, 10% w/w). The mixture was stirred under H2 (30 atm) at room 

temperature for 24 h. Then, the solvent was evaporated and the residue was purified 

by column chromatography to give 5 in 92% yield, which was then directly analyzed 

by HPLC to determine the enantiomeric excess.  

(1R,2R)-1'-methyl-2-(naphthalen-2-ylthio)spiro[cyclohexane-1,3'-indoline]-2',4-di

one: White solid; m.p. 61 oC; []25
D = +43.7 (c 0.35, CHCl3); 

1H NMR (CDCl3, TMS, 

300 MHz)  7.79-7.69 (m, 4H), 7.49-7.43 (m, 4H), 7.37 (d, J = 8.7 Hz, 1H), 7.13 (t, J 

= 7.8 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 3.97 (dd, J1 = 6.9 Hz, J2 = 11.4 Hz 1H), 3.27 

(s, 3H), 3.01-2.97 (m, 2H), 2.85-2.74 (m, 1H), 2.61-2.56 (m, 1H), 2.43-2.32 (m, 1H), 

2.01-1.95 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  206.9, 177.7, 144.0, 133.3, 

132.6, 130.3, 129.6, 129.2, 128.9, 128.6, 127.6, 127.5, 126.5, 124.6, 122.5, 108.9, 

51.5, 51.3, 45.7, 36.8, 32.8, 26.6; IR (KBr)  3057, 1721, 1603, 1583, 1317, 1115, 

819, 736, 678； HRMS Calcd. For C24H21NO2S + H+: 388.1379, found: 388.1366. 

The product was analyzed by HPLC to determine the enantiomeric excess: 88% ee 

(Chiralpak IC, i-propanol/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm); tr = 

13.93 and 21.18 min. 
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To a solution of 3aj (77 mg, 0.2 mmol, 88% ee) in 2 mL MeOH was added NaBH4 

(8.4 mg, 1.1 eq.), the mixture was stirred at this temperature for 1 h. Then, the solvent 

was evaporated and the residue was purified by column chromatography to give 6 in 

99% yield, which was then directly analyzed by HPLC to determine the enantiomeric 

excess.  

(1R,4S,6R)-4-hydroxy-1'-methyl-6-(naphthalen-2-ylthio)spiro[cyclohex[2]ene-1,3'

-indolin]-2'-one: White solid; m.p. 78 oC; []25
D = +95.1 (c 0.84, CHCl3); 

1H NMR 

(CDCl3, TMS, 300 MHz)  7.74-7.71 (m, 4H), 7.48-7.39 (m, 5H), 7.14 (t, J = 7.5 Hz, 

1H), 6.90 (d, J = 7.2 Hz, 1H), 6.05 (d, J = 9.9 Hz, 1H), 5.37 (d, J = 9.9 Hz, 1H), 4.49 

(s, 1H), 3.93 (d, J = 12.6 Hz, 1H), 3.17 (s, 3H), 2.58-2.53 (m, 1H), 2.16 (q, J = 13.2 

Hz, 1H), 1.93 (s, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  177.9, 143.5, 134.4, 133.1, 

132.2, 131.4, 130.6, 129.9, 128.9, 128.8, 128.3, 127.4, 127.2, 126.3, 126.1, 125.9, 

125.3, 122.6, 108.2, 66.2, 54.3, 48.8, 36.3, 26.3; IR (KBr)  3407, 3052, 2930, 1695, 

1609, 1491, 1469, 1351, 1132, 816, 747, 695; HRMS Calcd. For C24H21NO2S + Na+: 

410.1192, found: 410.11852. The product was analyzed by HPLC to determine the 

enantiomeric excess: 88% ee (Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 

mL/min, λ = 254 nm); tr = 32.63 and 42.00 min. 
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 Under argon atmosphere, 3aj (77.1 mg, 0.2 mmol, 88% ee) and K2CO3 (2.7 mg, 

0.02 mmol) were dissolved in 2 mL DCM, and 4-Chlorothiophenol (31.8 mg, 0.22 

mmol) was added, the mixture was stirred at room temperature overnight. Then, the 

solvent was evaporated and the residue was purified by column chromatography to 

give 7 in 81% yield, which was then directly analyzed by HPLC to determine the 

enantiomeric excess.  

(1R,2R,6R)-2-((4-chlorophenyl)thio)-1'-methyl-6-(naphthalen-2-ylthio)spiro[cyclo

hexane-1,3'-indoline]-2',4-dione: White solid; m.p. 83 oC; []25
D = +10.5 (c 0.44, 

CHCl3); 
1H NMR (CDCl3, TMS, 300 MHz)  7.76-7.69 (m, 4H), 7.48-7.34 (m, 4H), 

7.26-7.24 (m, 1H), 7.11 (d, J = 8.4 Hz, 2H), 6.96-6.91 (m, 4H), 4.02 (dd, J1 = 5.1 Hz 

and J2 = 12.6 Hz, 1H), 3.85 (t, J = 5.1 Hz, 1H), 3.57 (dd, J1 = 4.2 Hz and J2 = 15.6 Hz, 

1H), 3.46-3.36 (m, 1H), 3.28 (s, 3H), 2.88 (dd, J1 = 4.5 Hz and J2 = 15.9 Hz, 1H), 

2.63 (dd, J1 = 5.1 Hz and J2 = 15.9 Hz, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  

205.9, 175.3, 143.9, 134.8, 134.3, 133.4, 132.8, 132.6, 131.7, 130.0, 129.2, 129.0, 

128.9, 128.5, 127.6, 127.5, 126.7, 126.5, 122.2, 108.2, 54.8, 51.1, 50.5, 44.3, 42.1, 

26.4; IR (KBr)  3046, 1711, 1618, 1482, 1347, 1123, 827, 745, 697； HRMS Calcd. 

For C30H24NO2S2Cl + Na+: 552.0842, found: 552.0829. The product was analyzed by 

HPLC to determine the enantiomeric excess: 88% ee (Chiralpak IC, 

i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 254 nm); tr = 17.50 and 25.10 

min. 
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3ah, 86%ee

N

O

O

S

Cl

epi-7, 85% yield, 86%ee

DCM, r.t. overnight

K2CO3 (10 mol %)

(dr > 20:1)

S

Cl

  Under argon atmosphere, 3ah (73.8 mg, 0.2 mmol, 88% ee) and K2CO3 (2.7 mg, 

0.02 mmol) were dissolved in 2 mL DCM, and 4-Chlorothiophenol (31.8 mg, 0.22 

mmol) was added, the mixture was stirred at room temperature overnight. Then, the 

solvent was evaporated and the residue was purified by column chromatography to 

give epi-7 in 85% yield, which was then directly analyzed by HPLC to determine the 

enantiomeric excess. 

(1S,2R,6R)-2-((4-chlorophenyl)thio)-1'-methyl-6-(naphthalen-2-ylthio)spiro[cyclo

hexane-1,3'-indoline]-2',4-dione: White solid; m.p. 81 oC; []25
D = +11.2 (c 0.37, 

CHCl3); 
1H NMR (CDCl3, TMS, 300 MHz)  7.77-7.75 (m, 1H), 7.65-7.62 (m, 2H), 

7.48-7.43 (m, 3H), 7.32-7.26 (m, 2H), 7.20-7.14 (m, 5H), 6.94 (d, J = 7.5 Hz, 1H), 

6.79-6.75 (m, 1H), 4.08-4.04 (m, 1H), 3.74 (m, 1H), 3.59-3.40 (m, 2H), 3.34 (s, 3H), 

2.95- 2.90 (m, 1H), 2.60-2.54 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  206.1, 

134.8, 133.2, 132.6, 130.3, 129.4, 128.6, 127.6, 126.6, 126.4, 122.1, 108.3, 51.5, 50.0, 

44.5, 42.1, 26.5, 14.2; IR (KBr)  3061, 2935, 1715, 1514, 1472, 1341, 1126, 817, 

750, 691； The product was analyzed by HPLC to determine the enantiomeric excess: 

86% ee (Chiralpak IC, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 254 nm); 

tr = 19.78 and 32.49 min. 
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 Under argon atmosphere, 3aj (77 mg, 0.2 mmol, 88% ee) and DABCO (2.2 mg, 

0.02 mmol) were dissolved in 2 mL DCM, and 2-Naphthalenethiol (35.3 mg, 0.22 

mmol) was added, the mixture was stirred at room temperature overnight. Then, the 

solvent was evaporated and the residue was purified by column chromatography to 

give 8 in 70% yield, which was then directly analyzed by HPLC to determine the 

enantiomeric excess. This control experiment demonstrates that the two substituted 

groups at 2,6-position in the cyclohexanone are in trans configuration, otherwise 

meso-compound should be generated. 

(2R,6R)-1'-methyl-2,6-bis(naphthalen-2-ylthio)spiro[cyclohexane-1,3'-indoline]-2

',4-dione: White solid; mp 79 oC; []25
D = +10 (c 0.27, CHCl3); 

1H NMR (CDCl3, 

TMS, 300 MHz)  7.76-7.64 (m, 6H), 7.46-7.27 (m, 9H), 7.17 (d, J = 8.1 Hz, 1H), 

6.95 (d, J = 6.6 Hz, 1H), 6.80 (t, J = 7.2 Hz, 1H), 4.15-4.11 (m, 1H), 3.89 (m, 1H), 

3.61-3.44 (m, 2H), 3.32 (s, 3H), 2.97-2.92 (m, 1H), 2.67-2.61 (m, 1H); 13C NMR 

(CDCl3, TMS, 75 MHz)  206.3, 175.5, 144.0, 133.1, 132.7, 132.5, 130.3, 130.0, 

129.3, 129.1, 128.8, 128.5, 127.6, 126.6, 126.4, 122.1, 108.2, 54.8, 51.1, 50.0, 44.6, 

42.1, 26.4; IR (KBr)  3057, 1696, 1607, 1484, 1312, 1023, 857, 762, 662； HRMS 

Calcd. For C34H27NO2S2 + Na+: 568.1370, found: 568.1375. The product was 

analyzed by HPLC to determine the enantiomeric excess: 88% ee (Chiralpak IC, 

i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 254 nm); tr = 22.00 and 38.87 

min. 

 

IV. X-ray Crystal Structures of (1R,6R)-4E 
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Crystal data for (1R,6R)-4E: C24H20N2O2S, Mr = 400.48, T = 296 K, 

Orthorhombic, space group P212121, a = 8.8678(9), b = 9.3161(9), c = 24.972(3) Å, V 

= 2063.0(4) Å3, Z = 4, 4277 reflections measured, 3493 unique (Rint = 0.0363) which 

were used in all caclculations. The final wR2 = 0.0851 (all data), Flack  = 0.02(7). 

CCDC 932106 contains the supplementary crystallographic data, which can be 

obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the 

Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; 

fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 

 

V. Proposed transition-state model for our catalytic system 
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VII. 1H NMR and 13C NMR Spectra 
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VIII. HPLC Chromatograms 
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