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1. Characterization data of compounds 3

(2S,3'S)-1'',3''-Dimethyl-3'-phenyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-4',5''-pyri-

midine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3aa). From 1a (22.7 mg, 0.12 mmol) and 2a 

(24.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 35.1 mg (81% yield) of 

compound 3aa as a white solid; m.p. 252254 °C. HPLC (Daicel Chiralpak IB, 

n-hexane/2-propanol 90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 15.4 min (major),

tR = 20.3 min (minor); 97% ee. [α]D
25 = +51.5° (c = 1.60, THF). 1H NMR (400 MHz, CDCl3):  

8.39 (s, 1H, NH), 7.85 (d, J = 7.6 Hz, 1H, ArH), 7.64 (t, J = 7.2 Hz, 1H, ArH), 7.41 (t, J = 7.6 Hz, 

2H, ArH), 7.197.12 (m, 3H, ArH), 6.82 (d, J = 7.2 Hz, 2H, ArH), 5.51 (s, 1H, CH), 4.02 (d, J = 

18.8 Hz, 1H, CH2), 3.57 (d, J = 18.8 Hz, 1H, CH2), 3.38 (s, 3H, CH3), 3.36 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  200.7, 195.7, 165.55, 165.49, 152.4, 150.6, 136.9, 133.8, 132.0, 

129.1, 128.3, 128.24, 128.20, 126.6, 125.2, 75.4, 73.0, 55.1, 37.8, 29.7, 29.2 ppm. HRMS (ESI): 

m/z calcd. for C23H20N3O4S [M + H]+ 434.1169, found 434.1169. 

(2S,3'S)-1'',3'',6-Trimethyl-3'-phenyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-4',5''- 

pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ba). From 1b (24.4 mg, 0.12 mmol) and 2a 

(24.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 39.9 mg (89% yield) of 

compound 3ba as a white solid; m.p. 236238 °C. HPLC (Daicel Chiralpak ADH, 
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n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 9.3 min (minor), tR = 

14.2 min (major); 88% ee. [α]D
25 = +58.7° (c = 0.98, THF). 1H NMR (400 MHz, CDCl3):  8.42 (s, 

1H, NH), 7.65 (s, 1H, ArH), 7.45 (dd, J1 =7.8 Hz, J2 = 1.0 Hz, 1H, ArH), 7.28 (d, J = 8.0 Hz, 1H, 

ArH), 7.197.11 (m, 3H, ArH), 6.816.79 (m, 2H, ArH), 5.50 (s, 1H, CH), 3.96 (d, J = 18.4 Hz, 

1H, CH2), 3.50 (d, J = 18.8 Hz, 1H, CH2), 3.37 (s, 3H, CH3), 3.36 (s, 3H, CH3), 2.40 (s, 3H, CH3) 

ppm. 13C NMR (100 MHz, CDCl3):  200.8, 195.6, 165.6, 165.5, 150.6, 149.9, 138.5, 138.2, 

134.0, 132.1, 129.0, 128.15, 128.09, 126.3, 125.0, 75.7, 73.1, 55.0, 37.5, 29.7, 29.2, 21.1 ppm. 

HRMS (ESI): m/z calcd. for C24H22N3O4S [M + H]+ 448.1326, found 448.1314. 

(2S,3'S)-6-Methoxy-1'',3''-dimethyl-3'-phenyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidi- 

ne-4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ca). From 1c (26.3 mg, 0.12 mmol) 

and 2a (24.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography 

using dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 23.1 mg (50% yield) 

compound 3ca as a white solid; m.p. 242244 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 12.1 min (minor), 

tR = 26.3 min (major); 56% ee. [α]D
25 = +37.5° (c = 0.73, THF). 1H NMR (400 MHz, CDCl3):  

8.19 (s, 1H, NH), 7.297.26 (m, 2H, ArH), 7.23 (dd, J1 =8.2 Hz, J2 = 2.6 Hz, 1H, ArH), 7.187.12 

(m, 3H, ArH), 6.826.80 (m, 2H, ArH), 5.52 (s, 1H, CH), 3.95 (d, J = 18.4 Hz, 1H, CH2), 3.85 (s, 

3H, OCH3), 3.47 (d, J = 18.8 Hz, 1H, CH2), 3.39 (s, 3H, CH3), 3.38 (s, 3H, CH3) ppm. 13C NMR 

(100 MHz, CDCl3):  200.7, 195.7, 165.6, 165.4, 160.0, 150.6, 145.5, 134.9, 132.1, 129.1, 128.2, 

128.1, 127.4, 126.6, 105.9, 76.0, 73.0, 55.7, 55.1, 37.3, 29.7, 29.3 ppm. HRMS (ESI): m/z calcd. 

for C24H22N3O5S [M + H]+ 464.1275, found 464.1266. 

(2S,3'S)-5-Methoxy-1'',3''-dimethyl-3'-phenyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidi- 

ne-4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3da). From 1d (26.3 mg, 0.12 mmol) 

and 2a (24.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography 

using dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 37.2 mg (80% yield) 

compound 3da as a white solid, m.p. 225227 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 12.0 min (minor), 

tR = 26.1 min (major); 82% ee. [α]D
25 = +58.5° (c = 0.90, THF). 1H NMR (400 MHz, CDCl3):  

8.49 (s, 1H, NH), 7.297.25 (m, 2H, ArH), 7.22 (dd, J1 =8.2 Hz, J2 = 2.6 Hz, 1H, ArH), 7.177.12 
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(m, 3H, ArH), 6.80 (d, J = 7.2 Hz, 2H, ArH), 5.49 (s, 1H, CH), 3.94 (d, J = 18.4 Hz, 1H, CH2), 

3.85 (s, 3H, OCH3), 3.47 (d, J = 18.8 Hz, 1H, CH2), 3.38 (s, 3H, CH3), 3.36 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  200.9, 195.6, 165.6, 165.4, 159.9, 150.6, 145.5, 134.9, 132.0, 

129.1, 128.2, 128.0, 127.4, 126.6, 105.9, 76.0, 73.0, 55.7, 55.2, 37.2, 29.7, 29.3 ppm. HRMS 

(ESI): m/z calcd. for C24H22N3O5S [M + H]+ 464.1275, found 464.1260. 

(2S,3'S)-5-Fluoro-1'',3''-dimethyl-3'-phenyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine- 

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ea). From 1e (24.9 mg, 0.12 mmol) and 

2a (24.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 36.2 mg (80% yield) 

compound 3ea as a white solid, m.p. 236238 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 13.6 min (major), 

tR = 17.7 min (minor); 84% ee. [α]D
25 = +59.6° (c = 0.90, THF). 1H NMR (400 MHz, CDCl3):  

8.61 (s, 1H, NH), 7.81 (dd, J1 =8.4 Hz, J2 = 5.2 Hz, 1H, ArH), 7.217.05 (m, 5H, ArH), 6.81 (d, 

J = 7.2 Hz, 2H, ArH), 5.45 (s, 1H, CH), 4.02 (d, J = 19.2 Hz, 1H, CH2), 3.57 (d, J = 19.2 Hz, 1H, 

CH2), 3.37 (s, 3H, CH3), 3.36 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  199.1, 195.7, 

168.4 (d, 1JCF = 258.7 Hz), 165.5, 155.5 (d, 3JCF = 10.5 Hz), 150.5, 131.7, 130.3 (d, 4JCF = 

1.3 Hz), 129.1, 128.4, 128.1, 127.8 (d, 3JCF = 10.8 Hz), 116.9 (d, 2JCF = 23.6 Hz), 113.4 (d, 2JCF 

= 22.4 Hz), 75.6, 73.0, 55.3, 37.7, 29.7, 29.3 ppm. HRMS (ESI): m/z calcd. for C23H19FN3O4S 

[M + H]+ 452.1075, found 452.1069. 

(2S,3'S)-5-Bromo-1'',3''-dimethyl-3'-phenyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine- 

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3fa). From 1f (32.2 mg, 0.12 mmol) and 

2a (24.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 35.0 mg (68% yield) 

compound 3fa as a white solid, m.p. 235237 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 14.3 min (major), 

tR = 18.8 min (minor); 56% ee. [α]D
25 = +29.9° (c = 0.95, THF). 1H NMR (400 MHz, CDCl3):  

8.76 (s, 1H, NH), 7.70 (d, J = 8.0 Hz, 1H, ArH), 7.57 (s, 1H, ArH), 7.54 (d, J = 8.0 Hz, 1H, ArH), 

7.227.13 (m, 3H, ArH), 6.80 (d, J = 7.2 Hz, 2H, ArH), 5.45 (s, 1H, CH), 4.01 (d, J = 19.2 Hz, 1H, 

CH2), 3.55 (d, J = 18.8 Hz, 1H, CH2), 3.37 (s, 3H, CH3), 3.36 (s, 3H, CH3) ppm. 13C NMR 
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(100 MHz, CDCl3):  200.0, 195.8, 165.51, 165.49, 153.9, 150.5, 132.7, 132.6, 132.1, 131.7, 

129.9, 129.2, 128.4, 128.1, 126.3, 75.3, 73.0, 55.3, 37.5, 29.7, 29.3 ppm. HRMS (ESI): m/z calcd. 

for C23H19
79BrN3O4S [M + H]+ 512.0274, found 512.0270; calcd. for C23H19

81BrN3O4S [M + H]+ 

514.0254, found 514.0252. 

(2S,3'S)-5,6-Dimethoxy-1'',3''-dimethyl-3'-phenyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyr- 

rolidine-4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ga). From 1g (29.9 mg, 

0.12 mmol) and 2a (24.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column 

chromatography using dichloromethane/ethyl acetate/petroleum ether 1:1:2 as eluent to obtain 

25.2 mg (51% yield) compound 3ga as a white solid, m.p. 261263 °C. HPLC (Daicel Chiralpak 

ADH, n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 23.8 min 

(minor), tR = 47.2 min (major); 47% ee. [α]D
25 = +33.9° (c = 0.63, THF). 1H NMR (400 MHz, 

CDCl3):  8.54 (d, J = 4.0 Hz, 1H, NH), 7.21 (s, 1H, ArH), 7.197.13 (m, 3H, ArH), 6.806.78 (m, 

2H, ArH), 6.76 (s, 1H, ArH), 5.53 (s, 1H, CH), 3.93 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.89 (d, J 

= 19.2 Hz, 1H, CH2), 3.43 (d, J = 19.2 Hz, 1H, CH2), 3.40 (s, 3H, CH3), 3.38 (s, 3H, CH3) ppm. 

13C NMR (176 MHz, CDCl3):  198.7, 195.5, 165.7, 165.5, 157.2, 150.6, 150.0, 148.5, 132.3, 

129.1, 128.1, 127.9, 126.5, 107.2, 105.1, 75.7, 73.0, 56.4, 56.2, 54.7, 37.7, 29.7, 29.3 ppm. HRMS 

(ESI): m/z calcd. for C25H24N3O6S [M + H]+ 494.1380, found 494.1381. 

(2S,3'S)-3'-(4-Fluorophenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ab). From 1a (22.7 mg, 0.12 mmol) and 

2a (26.2 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 43.9 mg (97% yield) 

compound 3ab as a white solid, m.p. 241243 °C. HPLC (Daicel Chiralpak IC, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 13.5 min (major), 

tR = 22.6 min (minor); 95% ee. [α]D
25 = +67.2° (c = 0.95, THF). 1H NMR (400 MHz, DMSO):  

11.57 (s, 1H, NH), 7.87 (d, J = 7.6 Hz, 1H, ArH), 7.64 (td, J1 = 7.6 Hz, J2 = 0.8 Hz, 1H, ArH), 

7.60 (d, J = 7.6 Hz, 1H, ArH), 7.54 (t, J = 7.4 Hz, 1H, ArH), 7.036.98 (m, 2H, ArH), 6.776.73 

(m, 2H, ArH), 5.30 (s, 1H, CH), 3.84 (d, J = 19.6 Hz, 1H, CH2), 3.37 (d, J = 19.6 Hz, 1H, CH2), 

3.29 (s, 3H, CH3), 3.27 (s, 3H, CH3) ppm. 13C NMR (100 MHz, DMSO):  201.9, 193.3, 165.2, 

164.4, 161.2 (d, 1JCF = 243.9 Hz), 152.6, 150.3, 137.1, 133.6, 129.4 (d, 3JCF = 8.1 Hz), 128.42 (d, 
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4JCF = 3.3 Hz), 128.38, 126.9, 124.4, 115.8 (d, 2JCF = 21.3 Hz), 74.5, 73.1, 52.8, 37.6, 29.3, 28.9 

ppm. HRMS (ESI): m/z calcd. for C23H19FN3O4S [M + H]+ 452.1075, found 452.1069. 

(2S,3'S)-3'-(4-Chlorophenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ac). From 1a (22.7 mg, 0.12 mmol) and 

2c (27.9 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 43.0 mg (92% yield) 

compound 3ac as a white solid, m.p. 237239 °C. HPLC (Daicel Chiralpak IC, 

n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection at 254 nm): tR = 30.9 min (major), 

tR = 37.9 min (minor); 96% ee. [α]D
25 = +84.1° (c = 2.35, THF). 1H NMR (400 MHz, CDCl3):  

8.30 (s, 1H, NH), 7.84 (d, J = 7.6 Hz, 1H, ArH), 7.677.63 (m, 1H, ArH), 7.42 (t, J = 7.4 Hz, 2H, 

ArH), 7.12 (d, J = 8.4 Hz, 2H, ArH), 6.84 (d, J = 8.4 Hz, 2H, ArH), 5.48 (s, 1H, CH), 4.00 (d, J = 

18.8 Hz, 1H, CH2), 3.58 (d, J = 19.2 Hz, 1H, CH2), 3.374 (s, 3H, CH3), 3.365 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  200.5, 195.4, 165.26, 165.25, 152.2, 150.4, 137.1, 134.5, 133.7, 

130.4, 130.0, 129.3, 128.5, 126.7, 125.2, 75.2, 73.2, 54.2, 37.8, 29.8, 29.3 ppm. HRMS (ESI): m/z 

calcd. for C23H19ClN3O4S [M + H]+ 468.0779, found 468.0781. 

(2S,3'S)-3'-(4-Bromophenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ad). From 1a (22.7 mg, 0.12 mmol) and 

2d (32.3 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 46.3 mg (90% yield) 

compound 3ad as a white solid, m.p. 236238 °C. HPLC (Daicel Chiralpak IC, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 11.8 min (minor), 

tR = 13.9 min (major); 84% ee. [α]D
25 = +53.5° (c = 0.65, THF). 1H NMR (400 MHz, CDCl3):  

8.23 (s, 1H, NH), 7.84 (d, J = 7.6 Hz, 1H, ArH), 7.687.64 (m, 1H, ArH), 7.42 (t, J = 7.6 Hz, 2H, 

ArH), 7.28 (d, J = 8.8 Hz, 2H, ArH), 6.78 (d, J = 8.4 Hz, 2H, ArH), 5.48 (s, 1H, CH), 4.00 (d, J = 

18.8 Hz, 1H, CH2), 3.57 (d, J = 18.8 Hz, 1H, CH2), 3.38 (s, 3H, CH3), 3.37 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  200.5, 195.3, 165.23, 165.22, 152.1, 150.4, 137.1, 133.7, 132.3, 

131.0, 130.2, 128.5, 126.7, 125.3, 122.7, 75.1, 73.1, 54.1, 37.8, 29.8, 29.3 ppm. HRMS (ESI): m/z 

calcd. for C23H19
79BrN3O4S [M + H]+ 512.0274, found 512.0290; calcd. for C23H19

81BrN3O4S 

[M + H]+ 514.0254, found 514.0271. 
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(2S,3'S)-1'',3''-Dimethyl-3'-(4-nitrophenyl)-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine- 

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ae). From 1a (22.7 mg, 0.12 mmol) and 

2e (28.9 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 22.9 mg (48% yield) 

compound 3ae as a white solid, m.p. 240242 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection at 254 nm): tR = 37.4 min (minor), 

tR = 47.3 min (major); 89% ee. [α]D
25 = +38.4° (c = 1.15, THF). 1H NMR (400 MHz, DMSO):  

11.68 (s, 1H, NH), 8.02 (d, J = 8.8 Hz, 2H, ArH), 7.93 (d, J = 7.6 Hz, 1H, ArH), 7.83 (td, J1 = 

7.6 Hz, J2 = 0.8 Hz, 1H, ArH), 7.64 (d, J = 7.6 Hz, 1H, ArH), 7.58 (t, J = 7.4 Hz, 1H, ArH), 6.96 

(d, J = 8.4 Hz, 2H, ArH), 5.48 (s, 1H, CH), 3.79 (d, J = 19.2 Hz, 1H, CH2), 3.39 (d, J = 19.6 Hz, 

1H, CH2), 3.33 (s, 3H, CH3), 3.28 (s, 3H, CH3) ppm. 13C NMR (100 MHz, DMSO):  201.5, 

192.5, 165.0, 164.1, 152.6, 150.4, 146.5, 140.0, 137.2, 133.5, 128.6, 127.0, 124.7, 124.0, 74.2, 

72.9, 52.3, 37.8, 29.4, 29.0 ppm. HRMS (ESI): m/z calcd. for C23H19N4O6S [M + H]+ 479.1020, 

found 479.1026. 

(2S,3'S)-3'-(4-Methoxyphenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidi-

ne-4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3af). From 1a (22.7 mg, 0.12 mmol) 

and 2f (27.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography 

using dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 45.8 mg (99% yield) 

compound 3af as a white solid, m.p. 239241 °C. HPLC (Daicel Chiralpak IB, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 7.8 min (major), tR = 

9.7 min (minor); 96% ee. [α]D
25 = +72.3° (c = 0.68, THF). 1H NMR (400 MHz, CDCl3):  8.58 (s, 

1H, NH), 7.80 (d, J = 8.0 Hz, 1H, ArH), 7.61 (t, J = 7.2 Hz, 1H, ArH), 7.397.35 (m, 2H, ArH), 

6.86 (d, J = 8.8 Hz, 2H, ArH), 6.65 (d, J = 8.8 Hz, 2H, ArH), 5.36 (s, 1H, CH), 4.03 (d, J = 

18.8 Hz, 1H, CH2), 3.67 (s, 3H, OCH3), 3.59 (d, J = 18.8 Hz, 1H, CH2), 3.34 (s, 3H, CH3), 3.33 (s, 

3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  200.8, 196.1, 165.77, 165.76, 159.5, 152.3, 150.5, 

136.8, 133.8, 130.0, 128.2, 126.6, 125.0, 123.3, 114.4, 75.7, 73.4, 55.4, 55.1, 37.5, 29.6, 29.2 ppm. 

HRMS (ESI): m/z calcd. for C24H22N3O5S [M + H]+ 464.1275, found 464.1274. 
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(2S,3'S)-3'-(3-Bromophenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ag). From 1a (22.7 mg, 0.12 mmol) and 

2g (32.3 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 47.1 mg (92% yield) 

compound 3ag as a white solid, m.p. 236238 °C. HPLC (Daicel Chiralpak IC, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 11.6 min (major), 

tR = 20.7 min (minor); 99% ee. [α]D
25 = +56.7° (c = 1.23, THF). 1H NMR (400 MHz, CDCl3):  

8.53 (s, 1H, NH), 7.84 (d, J = 7.6 Hz, 1H, ArH), 7.677.63 (m, 1H, ArH), 7.41 (t, J = 7.0 Hz, 2H, 

ArH), 7.31 (d, J = 8.0 Hz, 1H, ArH), 7.057.00 (m, 2H, ArH), 6.83 (d, J = 7.6 Hz, 1H, ArH), 5.43 

(s, 1H, CH), 3.99 (d, J = 18.8 Hz, 1H, CH2), 3.59 (d, J = 18.8 Hz, 1H, CH2), 3.36 (s, 6H, CH3) 

ppm. 13C NMR (100 MHz, CDCl3):  200.5, 195.2, 165.28, 165.26, 152.1, 150.4, 137.0, 134.1, 

133.7, 131.61, 131.58, 130.5, 128.5, 127.4, 126.6, 125.2, 123.0, 75.3, 73.1, 54.4, 37.7, 29.7, 29.3 

ppm. HRMS (ESI): m/z calcd. for C23H19
79BrN3O4S [M + H]+ 512.0274, found 512.0291; calcd. 

for C23H19
81BrN3O4S [M + H]+ 514.0254, found 514.0275. 

(2S,3'S)-1'',3''-Dimethyl-5'-thioxo-3'-(m-tolyl)-2''H-dispiro[indene-2,2'-pyrrolidine-4',5''-py-

rimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ah). From 1a (22.7 mg, 0.12 mmol) and 2h 

(25.8 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 44.6 mg (>99% yield) 

compound 3ah as a white solid, m.p. 235237 °C. HPLC (Daicel Chiralpak IC, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 17.4 min (major), 

tR = 57.8 min (minor); >99% ee. [α]D
25 = +63.1° (c = 3.87, THF). 1H NMR (400 MHz, CDCl3):  

8.92 (s, 1H, NH), 7.83 (d, J = 8.0 Hz, 1H, ArH), 7.61 (t, J = 7.4 Hz, 1H, ArH), 7.38 (t, J = 7.4 Hz, 

2H, ArH), 7.03 (t, J = 7.6 Hz, 1H, ArH), 6.97 (d, J = 7.6 Hz, 1H, ArH), 6.67 (d, J = 7.6 Hz, 1H, 

ArH), 6.61 (s, 1H, ArH), 5.38 (s, 1H, CH), 4.01 (d, J = 18.8 Hz, 1H, CH2), 3.59 (d, J = 18.8 Hz, 

1H, CH2), 3.329 (s, 3H, CH3), 3.326 (s, 3H, CH3), 2.11 (s, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  201.0, 195.8, 165.71, 165.66, 152.4, 150.5, 138.7, 136.8, 133.8, 131.5, 129.3, 129.1, 

128.8, 128.2, 126.5, 125.12, 125.05, 75.6, 73.1, 55.7, 37.6, 29.6, 29.1, 21.3 ppm. HRMS (ESI): 

m/z calcd. for C24H22N3O4S [M + H]+ 448.1326, found 448.1325. 
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(2S,3'S)-3'-(3-Methoxyphenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidi-

ne-4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ai). From 1a (22.7 mg, 0.12 mmol) 

and 2i (27.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography 

using dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 46.2 mg (>99% 

yield) compound 3ai as a white solid, m.p. 242244 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 11.3 min (major), 

tR = 17.6 min (minor); 93% ee. [α]D
25 = +54.3° (c = 1.23, THF). 1H NMR (400 MHz, CDCl3):  

8.61 (s, 1H, NH), 7.85 (d, J = 7.2 Hz, 1H, ArH), 7.64 (td, J1 = 7.6 Hz, J2 = 0.8 Hz, 1H, ArH), 7.41 

(t, J = 7.4 Hz, 2H, ArH), 7.05 (t, J = 8.0 Hz, 1H, ArH), 6.68 (dd, J1 = 8.0 Hz, J2 = 2.4 Hz, 1H, 

ArH), 6.35 (dt, J1 = 7.6 Hz, J2 = 0.8 Hz, 1H, ArH), 6.286.27 (m, 1H, ArH), 5.46 (s, 1H, CH), 

4.03 (d, J = 19.2 Hz, 1H, CH2), 3.56 (d, J = 19.2 Hz, 1H, CH2), 3.49 (s, 3H, OCH3), 3.37 (s, 3H, 

CH3), 3.36 (s, 3H, CH3) ppm. 13C NMR (176 MHz, CDCl3):  201.0, 195.6, 165.6, 165.4, 159.7, 

152.6, 150.6, 136.9, 133.9, 133.4, 130.1, 128.3, 126.7, 125.1, 120.0, 113.8, 113.7, 75.3, 72.9, 55.2, 

54.8, 37.9, 29.7, 29.2 ppm. HRMS (ESI): m/z calcd. for C24H22N3O5S [M + H]+ 464.1275, found 

464.1267. 

(2S,3'S)-3'-(3,4-Dimethoxyphenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyr- 

rolidine-4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3aj). From 1a (22.7 mg, 0.12 

mmol) and 2j (30.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column 

chromatography using dichloromethane/ethyl acetate/petroleum ether 1:1:2 as eluent to obtain 

47.8 mg (97% yield) compound 3aj as a white solid, m.p. 201203 °C. HPLC (Daicel Chiralpak 

IC, n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 34.7 min (minor), 

tR = 43.7 min (major); 94% ee. [α]D
25 = +57.8° (c = 1.18, THF). 1H NMR (400 MHz, CDCl3):  

8.74 (s, 1H, NH), 7.78 (d, J = 7.6 Hz, 1H, ArH), 7.637.59 (m, 1H, ArH), 7.37 (t, J = 7.2 Hz, 2H, 

ArH), 6.61 (d, J = 8.4 Hz, 1H, ArH), 6.42 (dd, J1 = 8.4 Hz, J2 = 2.0 Hz, 1H, ArH), 6.26 (d, J = 2.0 

Hz, 1H, ArH), 5.36 (s, 1H, CH), 4.04 (d, J = 18.8 Hz, 1H, CH2), 3.73 (s, 3H, OCH3), 3.55 (d, J = 

19.2 Hz, 1H, CH2), 3.43 (s, 3H, OCH3), 3.37 (s, 3H, CH3), 3.36 (s, 3H, CH3) ppm. 13C NMR 

(100 MHz, CDCl3):  201.3, 196.0, 165.70, 165.66, 152.5, 150.5, 148.9, 148.8, 136.8, 133.9, 

128.3, 126.6, 124.9, 123.9, 120.5, 111.6, 111.2, 75.4, 73.1, 55.70, 55.66, 55.3, 37.8, 29.7, 29.2 

ppm. HRMS (ESI): m/z calcd. for C25H24N3O6S [M + H]+ 494.1380, found 494.1387. 
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(2S,3'S)-1'',3''-Dimethyl-5'-thioxo-3'-(o-tolyl)-2''H-dispiro[indene-2,2'-pyrrolidine-4',5''-pyri- 

midine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ak). From 1a (22.7 mg, 0.12 mmol) and 2k 

(25.8 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 42.1 mg (94% yield) 

compound 3ak as a white solid, m.p. 237239 °C. HPLC (Daicel Chiralpak IB, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 8.9 min (major), tR = 

11.9 min (minor); 84% ee. [α]D
25 = +95.1° (c = 1.15, THF). 1H NMR (400 MHz, DMSO):  11.52 

(s, 1H, NH), 7.69 (d, J = 7.6 Hz, 1H, ArH), 7.667.62 (m, 1H, ArH), 7.46 (d, J = 7.6 Hz, 1H, 

ArH), 7.42 (d, J = 7.6 Hz, 1H, ArH), 7.38 (t, J = 7.4 Hz, 1H, ArH), 7.147.10 (m, 1H, ArH), 7.05 

(td, J1 =7.4 Hz, J2 = 0.8 Hz, 1H, ArH), 6.99 (d, J = 7.2 Hz, 1H, ArH), 5.44 (s, 1H, CH), 4.13 (d, 

J = 18.8 Hz, 1H, CH2), 3.47 (d, J = 18.8 Hz, 1H, CH2), 3.26 (s, 3H, CH3), 3.15 (s, 3H, CH3), 2.09 

(s, 3H, CH3) ppm. 13C NMR (100 MHz, DMSO):  202.4, 195.4, 166.3, 166.1, 152.0, 149.6, 

137.9, 136.8, 133.2, 131.1, 128.9, 128.5, 128.23, 128.16, 126.5, 126.3, 123.8, 75.4, 74.2, 51.2, 

36.2, 29.0, 28.8, 19.2 ppm. HRMS (ESI): m/z calcd. for C24H22N3O4S [M + H]+ 448.1326, found 

448.1337. 

(2S,3'R)-3'-(2-Bromophenyl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3al). From 1a (22.7 mg, 0.12 mmol) and 

2l (32.3 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether 1:1:5 as eluent to obtain 22.0 mg (43% yield) 

compound 3al as a white solid, m.p. 242244 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 12.2 min (minor), 

tR = 14.7 min (major); 76% ee. [α]D
25 = +91.0° (c = 0.90, THF). 1H NMR (400 MHz, DMSO):  

11.55 (s, 1H, NH), 7.68 (d, J = 7.6 Hz, 1H, ArH), 7.607.55 (m, 2H, ArH), 7.407.35 (m, 3H, 

ArH), 7.347.30 (m, 1H, ArH), 7.08 (td, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H, ArH), 5.67 (s, 1H, CH), 

4.06 (d, J = 18.4 Hz, 1H, CH2), 3.38 (d, J = 18.4 Hz, 1H, CH2), 3.25 (s, 3H, CH3), 3.16 (s, 3H, 

CH3) ppm. 13C NMR (100 MHz, DMSO):  201.2, 195.1, 165.8, 165.6, 150.8, 149.6, 136.4, 133.6, 

133.4, 130.5, 130.0, 129.8, 128.1, 127.9, 126.23, 126.21, 123.8, 75.9, 73.9, 53.9, 35.8, 29.1, 28.8 

ppm. HRMS (ESI): m/z calcd. for C23H19
79BrN3O4S [M + H]+ 512.0274, found 512.0271; calcd. 

for C23H19
81BrN3O4S [M + H]+ 514.0254, found 514.0253. 
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(2S,3'S)-1'',3''-Dimethyl-3'-(naphthalen-1-yl)-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-

4',5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3am). From 1a (22.7 mg, 0.12 mmol) 

and 2m (29.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography 

using dichloromethane/ethyl acetate/petroleum ether (1:1:4) as eluent to obtain 33.1 mg (68% 

yield) compound 3am as a white solid, m.p. 240242 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection at 254 nm): tR = 26.9 min (minor), 

tR = 30.9 min (major); 57% ee. [α]D
25 = +70.8° (c = 0.93, THF). 1H NMR (400 MHz, DMSO):  

11.63 (s, 1H, NH), 8.04 (d, J = 8.8 Hz, 1H, ArH), 7.76 (d, J = 8.0 Hz, 2H, ArH), 7.73 (d, J = 

7.2 Hz, 1H, ArH), 7.567.51 (m, 2H, ArH), 7.49 (d, J = 7.6 Hz, 1H, ArH), 7.467.40 (m, 3H, 

ArH), 7.21 (t, J = 7.4 Hz, 1H, ArH), 6.15 (s, 1H, CH), 4.18 (d, J = 18.8 Hz, 1H, CH2), 3.53 (d, J = 

18.4 Hz, 1H, CH2), 3.32 (s, 3H, CH3), 3.02 (s, 3H, CH3) ppm. 13C NMR (100 MHz, DMSO):  

202.1, 195.3, 166.1, 166.0, 151.9, 149.7, 136.6, 133.4, 133.2, 131.7, 129.4, 128.8, 127.9, 127.1, 

126.9, 126.6, 126.4, 125.8, 125.0, 123.8, 121.8, 75.4, 74.5, 48.8, 36.6, 29.0, 28.9 ppm. HRMS 

(ESI): m/z calcd. for C27H22N3O4S [M + H]+ 484.1326, found 484.1337. 

(2S,3'S)-3'-(Furan-2-yl)-1'',3''-dimethyl-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-4',5''-

pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3an). From 1a (22.7 mg, 0.12 mmol) and 2n 

(23.4 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether (1:1:4) as eluent to obtain 38.9 mg (92% yield) 

compound 3an as a white solid, m.p. 245247 °C. HPLC (Daicel Chiralpak IC, 

n-hexane/2-propanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): tR = 12.1 min (major), 

tR = 26.7 min (minor); 97% ee. [α]D
25 = +65.6° (c = 1.08, THF). 1H NMR (400 MHz, CDCl3):  

8.28 (s, 1H, NH), 7.86 (d, J = 7.2 Hz, 1H, ArH), 7.717.67 (m, 1H, ArH), 7.45 (t, J = 7.2 Hz, 2H, 

ArH), 7.14 (d, J = 1.6 Hz, 1H, ArH), 6.13 (dd, J1 =3.2 Hz, J2 = 2.0 Hz, 1H, ArH), 5.66 (d, J = 

3.2 Hz, 1H, ArH), 5.38 (s, 1H, CH), 4.18 (d, J = 19.2 Hz, 1H, CH2), 3.48 (d, J = 19.2 Hz, 1H, 

CH2), 3.42 (s, 3H, CH3), 3.36 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  200.8, 195.5, 

165.5, 164.8, 152.3, 150.7, 146.0, 142.6, 137.0, 133.7, 128.4, 126.5, 125.2, 110.8, 108.7, 74.4, 

71.9, 50.4, 38.0, 29.8, 29.3 ppm. HRMS (ESI): m/z calcd. for C21H18N3O5S [M + H]+ 424.0962, 

found 424.0969. 

S10



 

 

(2S,3'S)-1'',3''-Dimethyl-3'-(thiophen-2-yl)-5'-thioxo-2''H-dispiro[indene-2,2'-pyrrolidine-4',

5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (3ao). From 1a (22.7 mg, 0.12 mmol) and 

2o (25.0 mg, 0.10 mmol), purified by silica gel (200–300 mesh) column chromatography using 

dichloromethane/ethyl acetate/petroleum ether (1:1:4) as eluent to obtain 36.0 mg (82% yield) 

compound 3ao as a white solid, m.p. 232234 °C. HPLC (Daicel Chiralpak IB, 

n-hexane/2-propanol = 90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 17.2 min (major), 

tR = 22.4 min (minor); 92% ee. [α]D
25 = +80.8° (c = 0.55, THF). 1H NMR (400 MHz, CDCl3):  

8.24 (s, 1H, NH), 7.79 (d, J = 7.6 Hz, 1H, ArH), 7.637.60 (m, 1H, ArH), 7.417.36 (m, 2H, 

ArH), 7.12 (dd, J1 = 5.2 Hz, J2 = 0.8 Hz, 1H, ArH), 6.78 (dd, J1 = 5.2 Hz, J2 = 3.6 Hz, 1H, ArH), 

6.73 (d, J = 3.2 Hz, 1H, ArH), 5.70 (s, 1H, CH), 4.32 (d, J = 18.8 Hz, 1H, CH2), 3.57 (d, J = 

18.4 Hz, 1H, CH2), 3.38 (s, 3H, CH3), 3.36 (s, 3H, CH3) ppm. 13C NMR (176 MHz, CDCl3):  

200.7, 195.6, 165.24, 165.17, 152.2, 150.4, 136.8, 133.7, 132.1, 129.5, 128.3, 126.9, 126.5, 125.0, 

75.4, 73.7, 52.0, 38.0, 29.7, 29.3 ppm. HRMS (ESI): m/z calcd. for C21H18N3O4S2 [M + H]+ 

440.0733, found 440.0732. 

2. Characterization data of compound 4 

(2S,3'S)-1'',3''-Dimethyl-3'-(m-tolyl)-2''H-dispiro[indene-2,2'-pyrrolidine-4',5''-pyrimidine]-

1,2'',4'',5',6''(1''H,3H,3''H)-pentaone (4). From 3ah (44.8 mg, 0.10 mmol, 1.0 equiv.) and 

m-CPBA (∼85%, 60.9 mg, 0.30 mmol, 3.0 equiv.), purified by silica gel (200–300 mesh) column 

chromatography using ethyl acetate/petroleum ether (1:2) as eluent to obtain 35.1 mg (81% yield) 

compound 4 as a white solid, m.p. 234–236 °C. HPLC (Daicel Chiralpak ADH, 

n-hexane/2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 11.7 min (minor), 

tR = 20.3 min (major); 99% ee. [α]D
25 = +59.7° (c = 0.70, THF). 1H NMR (400 MHz, CDCl3):  

7.80 (d, J = 7.6 Hz, 1H, ArH), 7.58 (t, J = 7.4 Hz, 1H, ArH), 7.387.34 (m, 2H, ArH), 7.01 (t, J = 

7.6 Hz, 1H, ArH), 6.96 (d, J = 7.6 Hz, 1H, ArH), 6.696.63 (m, 3H, ArH + NH), 5.16 (s, 1H, CH), 

4.00 (d, J = 18.4 Hz, 1H, CH2), 3.44 (d, J = 18.4 Hz, 1H, CH2), 3.373.36 (m, 3H, CH3), 

3.323.31 (m, 3H, CH3), 2.11 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  202.3, 168.0, 

166.0, 165.8, 152.5, 150.5, 138.7, 136.5, 134.0, 131.7, 129.4, 129.2, 128.8, 128.0, 126.5, 125.1, 

124.8, 68.8, 65.3, 55.3, 38.1, 29.5, 29.0, 21.3 ppm. HRMS (ESI): m/z calcd. for C24H22N3O5 

[M + H]+ 432.1554, found 432.1545. 
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3. Characterization data of compound 5 

(2S,3'S)-1'',3''-Dimethyl-5'-(methylthio)-3'-(m-tolyl)-2''H,3'H-dispiro[indene-2,2'-pyrrole-4',

5''-pyrimidine]-1,2'',4'',6''(1''H,3H,3''H)-tetraone (5). From 3ah (44.8 mg, 0.10 mmol, 

1.0 equiv.), dry K2CO3 (21.0 mg, 0.23 mmol, 1.50 equiv.) and iodomethane (12.5 μl, 0.20 mmol, 

2.0 equiv.), purified by silica gel (200–300 mesh) column chromatography using ethyl 

acetate/petroleum ether (1:4) as eluent to obtain 44.0 mg (95% yield) compound 5 as a white solid, 

m.p. 202–204 °C. HPLC (Daicel Chiralpak ADH, n-hexane/2-propanol 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 12.8 min (minor), tR = 21.2 min (major); 99% ee. [α]D
25 = 

+64.8° (c = 1.10, THF). 1H NMR (400 MHz, CDCl3):  7.83 (d, J = 7.6 Hz, 1H, ArH), 7.607.56 

(m, 1H, ArH), 7.41 (d, J = 7.6 Hz, 1H, ArH), 7.36 (t, J = 7.4 Hz, 1H, ArH), 7.07 (t, J = 7.6 Hz, 1H, 

ArH), 6.99 (d, J = 7.6 Hz, 1H, ArH), 6.786.75 (m, 2H, ArH), 5.18 (s, 1H, CH), 3.67 (d, J = 

17.6 Hz, 1H, CH2), 3.40 (d, J = 17.6 Hz, 1H, CH2), 3.33 (s, 3H, CH3), 3.32 (s, 3H, CH3), 2.44 (s, 

3H, CH3), 2.18 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  202.5, 167.6, 166.6, 166.3, 

153.1, 150.2, 138.7, 135.6, 134.5, 132.7, 130.0, 129.1, 128.7, 127.6, 126.5, 125.8, 125.0, 86.3, 

73.9, 61.0, 37.4, 29.4, 28.9, 21.3, 14.1 ppm. HRMS (ESI): m/z calcd. for C25H24N3O4S [M + H]+ 

462.1482, found 462.1478. 
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4. Copies of 1H and 13C spectra of new compounds
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