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General information 

Unless otherwise stated, commercially available compounds were used without further 

purification. Column chromatography was carried out with silica gel (200300 mesh). 

Melting points were measured with a XT4 melting-point apparatus without correction. 1H 

NMR spectra were recorded with a Bruker Avance 400 MHz spectrometer. Chemical shifts 

were reported in δ (ppm) units relative to tetramethylsilane (TMS) as the internal standard. 

The data are reported as follows: chemical shift (ppm), and multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet or unresolved, br s = broad singlet), coupling 

constant(s) in Hz, integration assignment. 13C NMR spectra were recorded at 100 MHz. 

Infrared spectra were obtained with a Perkin Elmer Spectrum One spectrometer. The 

ESI-HRMS spectra were obtained with a Bruker APEX IV FTMS or Agilent 6520 

Accurate-Mass-Q-TOF MS spectrometer. Optical rotations were measured with a Krüss 

P8000 polarimeter at the indicated concentration with unit g per 100 mL. The enantiomeric 

excesses of the products were determined by chiral HPLC using an Agilent 1200 LC 

instrument with Daicel Chiralpak AD-H or IB columns.  

 

General procedure for the cascade reactions to synthesize the cyclohexanone-fused 

spiropyrazolones 

A mixture of pyrazolin-5-one 1 (0.2 mmol), nitroalkene 2 (0.24 mmol) and catalyst I 

(0.002 mmol) in THF (1.0 mL) was stirred at room temperature for 2 h. Then catalyst IV 

(0.04 mmol) and cinnamaldehyde 3 (0.3 mmol) were added and the reaction mixture was 

stirred for another 46 h. When the reaction was complete, the mixture was concentrated and 

purified by column chromatography on silica gel (with ethyl acetate–petroleum ether 1:3 as 

the eluent) to afford the intermediate product. Next, the intermediate product, PCC (0.4 mmol) 

and silica gel (86.2 mg) in CH2Cl2 (3 mL) was stirred at room temperature for 36 h, then the 

mixture was concentrated and purified by silica gel column chromatography (with ethyl 

acetate–petroleum ether 1:8 as the eluent) to afford the desired products 4. 

 

    
(5R,8S,9R,10R)-4-Methyl-9-nitro-2,8,10-triphenyl-2,3-diazaspiro[4.5]dec-3-ene-1,6-dione 

(4a). The product 4a was obtained according to the general procedure as white solid (53.6 mg, 

59% yield). HPLC (Daicel Chiralpak AD-H column, n-hexane2-propanol 80:20, flow rate 



 
 

S2

1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 21.8 min, >99% ee; minor 

diastereomer: tmajor = 6.4 min, >99% ee; m.p. 59–63 oC. []D
20 = 324.2 (c 2.9, CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ 7.547.51 (m, 2H, ArH), 7.397.37 (m, 3H, ArH), 7.32 (t, J = 8.0 

Hz, 2H, ArH), 7.227.19 (m, 2H, ArH), 7.177.15 (m, 4H, ArH), 7.137.10 (m, 2H, ArH), 

6.60 (dd, J1 = 5.8 Hz, J2 = 11.6 Hz, 1H, CH), 4.474.43 (m, 1H, CH), 4.12 (d, J = 12.0 Hz, 

1H, CH), 3.75 (dd, J1 = 6.4 Hz, J2 = 16.0 Hz, 1H, CH), 3.11 (dd, J1 = 4.0 Hz, J2 = 16.0 Hz, 1H, 

CH), 2.31 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 199.1, 167.7, 158.0, 136.7, 

136.5, 132.7, 129.1, 129.01, 128.97, 128.8, 128.7, 127.9, 127.5, 126.1, 119.8, 85.2, 73.2, 44.8, 

43.2, 41.8, 14.9 ppm; IR (KBr): v 3034, 2923, 1715, 1691, 1595, 1557, 1499, 1455, 1396, 

1366, 1298, 1258, 1202, 1152, 1115, 1032, 753, 742, 700, 656, 564, 507 cm1; HRMS (ESI): 

m/z calcd. for C27H24N3O4 [M + H]+ 454.17613, found 454.17705. 

 

   
(5R,8S,9R,10R)-4-Ethyl-9-nitro-2,8,10-triphenyl-2,3-diazaspiro[4.5]dec-3-ene-1,6-dion 

(4b). The product 4b was obtained according to the general procedure as white solid (72.6 mg, 

78% yield). HPLC (Daicel Chiralpak AD-H column, n-hexane2-propanol 80:20, flow rate 

1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 24.9 min, >99% ee; minor 

diastereomer: tmajor = 5.4 min, >99% ee; m.p. 61–65 oC. []D
20 = 323.0 (c 1.6, CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ 7.55 (d, J = 8.0 Hz, 2H, ArH), 7.397.38 (m, 3H, ArH), 7.34 (t, J 

= 8.0 Hz, 2H, ArH), 7.237.16 (m, 6H, ArH), 7.137.11 (m, 2H, ArH), 6.59 (dd, J1 = 5.6 Hz, 

J2 = 12.0 Hz, 1H, CH), 4.45 (dd, J1 = 6.0 Hz, J2 = 10.0 Hz, 1H, CH), 4.14 (d, J = 12.0 Hz, 1H, 

CH), 3.75 (dd, J1 = 6.4 Hz, J2 = 16.0 Hz, 1H, CH), 3.12 (dd, J1 = 4.0 Hz, J2 = 15.6 Hz, 1H, 

CH), 2.772.67 (m, 1H, CH), 2.622.50 (m, 1H, CH), 1.29 (t, J = 7.4 Hz, 3H, CH3) ppm; 13C 

NMR (100 MHz, CDCl3): δ 199.3, 167.9, 161.8, 136.9, 136.5, 132.9, 129.1, 128.98, 128.96, 

128.8, 128.7, 127.9, 127.6, 126.0, 119.8, 85.4, 73.4, 45.0, 43.2, 41.8, 22.2, 8.6 ppm; IR (KBr): 

v 3032, 1716, 1690, 1597, 1555, 1499, 1456, 1352, 1261, 1022, 801, 754, 740, 701 cm1; 

HRMS (ESI): m/z calcd. for C28H26N3O4 [M + H]+ 468.19178, found 468.19303. 

N
N

Ph

Ph

O

Ph
NO2 Ph

O

4c   
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(5R,8S,9R,10R)-9-Nitro-2,4,8,10-tetraphenyl-2,3-diazaspiro[4.5]dec-3-ene-1,6-dione (4c). 

The product 4c was obtained according to the general procedure as white solid (69.7 mg, 68% 

yield). HPLC (Daicel Chiralpak AD-H column, n-hexane2-propanol 80:20, flow rate 1.0 

mL/min, detection at 254 nm): major diastereomer: tmajor = 17.9 min, >99% ee; minor 

diastereomer: tmajor = 6.4 min, >99% ee; m.p. 72–75 oC. []D
20 = 262.6 (c 0.9, CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ 7.677.64 (m, 4H, ArH), 7.547.37 (m, 8H, ArH), 7.31 (d, J = 

7.6 Hz, 2H, ArH), 7.257.22 (m, 1H, ArH), 7.147.10 (m, 1H, ArH), 7.04 (t, J = 7.6 Hz, 2H, 

ArH), 6.84 (d, J = 7.6 Hz, 2H, ArH), 6.56 (dd, J1 = 6.4 Hz, J2 = 11.6 Hz, 1H, CH), 4.72 (dd, J1 

= 6.2 Hz, J2 = 12.2 Hz, 1H, CH), 4.42 (d, J = 11.2 Hz, 1H, CH), 3.74 (dd, J1 = 5.6 Hz, J2 = 

16.0 Hz, 1H, CH), 3.50 (dd, J1 = 6.8 Hz, J2 = 16.0 Hz, 1H, CH) ppm; 13C NMR (100 MHz, 

CDCl3): δ 199.3, 168.3, 156.5, 136.8, 136.3, 132.7, 130.9, 129.7, 128.99, 128.98, 128.92, 

128.88, 128.8, 128.7, 128.0, 127.7, 127.2, 126.5, 120.1, 86.8, 72.9, 46.5, 41.7, 41.2 ppm; IR 

(KBr): v 2921, 1718, 1695, 1596, 1556, 1497, 1456, 1385, 1319, 1275, 1262, 1198, 1087, 

1029, 897, 764, 749, 700, 691, 605, 505 cm1; HRMS (ESI): m/z calcd. for C32H26N3O4 [M + 

H]+ 516.19178, found 516.19287. 

 

  

(5R,8S,9R,10R)-2-(4-Chlorophenyl)-4-methyl-9-nitro-8,10-diphenyl-2,3-diazaspiro[4.5]de

c-3-ene-1,6-dione (4d). The product 4d was obtained according to the general procedure as 

white solid (68.3 mg, 70% yield). HPLC (Daicel Chiralpak AD-H column, 

n-hexane2-propanol 80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: 

tmajor = 25.1 min, tminor = 10.5 min, >99% ee; minor diastereomer: tmajor = 6.5 min, >99% ee; 

m.p. 63–67 oC. []D
20 = 349.2 (c 2.9, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.537.49 (m, 

2H, ArH), 7.397.37 (m, 3H, ArH), 7.317.27 (m, 2H, ArH), 7.207.15 (m, 5H, ArH), 

7.127.10 (m, 2H, ArH), 6.57 (dd, J1 = 5.6 Hz, J2 = 12.0 Hz, 1H, CH), 4.474.43 (m, 1H, 

CH), 4.11 (d, J = 11.6 Hz, 1H, CH), 3.74 (dd, J1 = 6.4 Hz, J2 = 16.0 Hz, 1H, CH), 3.12 (dd, J1 

= 3.6 Hz, J2 = 16.0 Hz, 1H, CH), 2.31 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 

198.9, 167.7, 158.3, 136.4, 135.3, 132.6, 131.3, 129.2, 129.1, 128.9, 128.8, 127.9, 127.5, 

120.7, 85.1, 73.3, 44.8, 43.2, 41.8, 14.9 ppm; IR (KBr): v 2924, 1717, 1693, 1556, 1493, 

1455, 1394, 1365, 1297, 1276, 1262, 1202, 1094, 1013, 829, 764, 747, 700, 655, 564, 510 

cm1; HRMS (ESI): m/z calcd. for C27H23ClN3O4 [M + H]+ 488.13716, found 488.13863. 
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4e    
(5R,8S,9R,10R)-4-Methyl-9-nitro-8,10-diphenyl-2-(p-tolyl)-2,3-diazaspiro[4.5]dec-3-ene-

1,6-dione (4e). The product 4e was obtained according to the general procedure as white solid 

(57.6 mg, 62% yield). HPLC (Daicel Chiralpak AD-H column, n-hexane2-propanol 80:20, 

flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 23.9 min, tminor = 13.1 

min, >99% ee; minor diastereomer: tmajor = 6.0 min, >99% ee; m.p. 64–68 oC. []D
20 = 255.0 

(c 0.9, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.397.36 (m, 5H, ArH), 7.237.16 (m, 5H, 

ArH), 7.147.11 (m, 4H, ArH), 6.60 (dd, J1 = 5.6 Hz, J2 = 12.0 Hz, 1H, CH), 4.45 (dd, J1 = 

6.4 Hz, J2 = 10.0 Hz, 1H, CH), 4.11 (d, J = 12.0 Hz, 1H, CH), 3.76 (dd, J1 = 6.4 Hz, J2 = 15.6 

Hz, 1H, CH), 3.11 (dd, J1 = 3.6 Hz, J2 = 15.6 Hz, 1H, CH), 2.32 (s, 3H, CH3), 2.30 (s, 3H, 

CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 199.2, 167.6, 157.8, 136.6, 136.1, 134.2, 132.8, 

129.3, 129.1, 129.02, 128.97, 128.7, 127.9, 127.6, 120.0, 85.3, 73.1, 44.8, 43.2, 41.8, 21.0, 

14.9 ppm; IR (KBr): v 2920, 2850, 1690, 1557, 1512, 1454, 1366, 1298, 1259, 1203, 1074, 

1036, 818, 765, 746, 700, 656, 564, 507 cm1; HRMS (ESI): m/z calcd. for C28H26N3O4 [M + 

H]+ 468.19178, found 468.19310. 

N
N

Me

Ph

O

NO2 Ph

O

Cl

4f  

(5R,8S,9R,10R)-10-(4-Chlorophenyl)-4-methyl-9-nitro-2,8-diphenyl-2,3-diazaspiro[4.5]de

c-3-ene-1,6-dione (4f). The product 4f was obtained according to the general procedure as 

white solid (64.6 mg, 66% yield). HPLC (Daicel Chiralpak IB column, n-hexane2-propanol 

90:10, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 7.6 min, >99% 

ee; m.p. 59–63 oC. []D
20 = 308.2 (c 0.9, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.55 (d, J 

= 8.4 Hz, 2H, ArH), 7.407.34 (m, 5H, ArH), 7.21 (t, J = 7.4 Hz, 1H, ArH), 7.16 (s, 4H, ArH), 

7.117.09 (m, 2H, ArH), 6.56 (dd, J1 = 5.6 Hz, J2 = 12.0 Hz, 1H, CH), 4.43 (dd, J1 = 6.0 Hz, 
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J2 = 9.2 Hz, 1H, CH), 4.09 (d, J = 12.0 Hz, 1H, CH), 3.77 (dd, J1 = 6.8 Hz, J2 = 16.0 Hz, 1H, 

CH), 3.11 (dd, J1 = 3.2 Hz, J2 = 16.0 Hz, 1H, CH), 2.30 (s, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3): δ 198.7, 167.5, 157.8, 136.6, 136.3, 135.1, 131.4, 129.3, 129.2, 129.0, 128.91, 

128.87, 127.9, 126.3, 119.7, 85.0, 73.1, 44.2, 43.3, 41.8, 14.9 ppm; IR (KBr): v 2922, 1716, 

1692, 1596, 1555, 1496, 1454, 1366, 1297, 1259, 1200, 1092, 1015, 799, 759, 749, 700, 691 

cm1; HRMS (ESI): m/z calcd. for C27H23ClN3O4 [M + H]+ 488.13716, found 488.13823. 

 

N
N

Me

Ph

O

NO2 Ph

O

Me

4g  

(5R,8S,9R,10R)-4-Methyl-9-nitro-2,8-diphenyl-10-(p-tolyl)-2,3-diazaspiro[4.5]dec-3-ene-

1,6-dione (4g). The product 4g was obtained according to the general procedure as white 

solid (70.8 mg, 76% yield). HPLC (Daicel Chiralpak AD-H column, n-hexane2-propanol 

80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 19.1 min, tminor 

= 12.8 min, 99% ee; minor diastereomer: tmajor = 6.1 min, tminor = 8.5 min, 99% ee; m.p. 61–64 
oC. []D

20 = 284.2 (c 0.5, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 7.6 Hz, 2H, 

ArH), 7.397.33 (m, 5H, ArH), 7.19 (t, J = 7.4 Hz, 1H ArH), 7.137.08 (m, 4H, ArH), 6.97 (d, 

J = 8.0 Hz, 2H, ArH), 6.56 (dd, J1 = 6.0 Hz, J2 = 12.0 Hz, 1H, CH), 4.45 (dd, J1 = 6.0 Hz, J2 = 

10.0 Hz, 1H, CH), 4.09 (d, J = 12.0 Hz, 1H, CH), 3.74 (dd, J1 = 6.4 Hz, J2 = 15.6 Hz, 1H, 

CH), 3.11 (dd, J1 = 4.0 Hz, J2 = 16.0 Hz, 1H, CH), 2.30 (s, 3H, CH3), 2.19 (s, 3H, CH3) ppm; 
13C NMR (100 MHz, CDCl3): δ 199.2, 167.8, 158.1, 138.9, 136.8, 136.6, 129.8, 129.7, 129.1, 

128.8, 128.7, 127.9, 127.4, 126.1, 119.8, 85.5, 73.4, 44.6, 43.2, 41.7, 21.0, 14.9 ppm; IR 

(KBr): v 2921, 2851, 1716, 1692, 1596, 1556, 1500, 1365, 1298, 1275, 1261, 1086, 1026, 

799, 763, 751, 700 cm1; HRMS (ESI): m/z calcd. for C28H26N3O4 [M + H]+ 468.19178, found 

468.19258. 

N
N

Me

Ph

O

NO2 Ph

O

Cl

4h   

(5R,8S,9R,10S)-10-(2-Chlorophenyl)-4-methyl-9-nitro-2,8-diphenyl-2,3-diazaspiro[4.5]de

c-3-ene-1,6-dione (4h). The product 4h was obtained according to the general procedure as 



 
 

S6

white solid (58.5 mg, 60% yield). HPLC (Daicel Chiralpak IB column, n-hexane2-propanol 

80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 5.9 min, >99% 

ee; m.p. 71–75 oC. []D
20 = 164.7 (c 1.7, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.62 (d, J 

= 8.4 Hz, 2H, ArH), 7.52 (dd, J1 = 1.2 Hz, J2 = 7.6 Hz, 1H, ArH), 7.437.35 (m, 5H, ArH), 

7.29 (d, J = 7.6 Hz, 1H, ArH), 7.22 (t, J = 7.4 Hz, 1H, ArH), 7.167.04 (m, 4H, ArH), 6.51 

(dd, J1 = 5.6 Hz, J2 = 11.6 Hz, 1H, CH), 5.03 (d, J = 11.6 Hz, 1H, CH), 4.50 (dd, J1 = 5.6 Hz, 

J2 = 10.4 Hz, 1H, CH), 3.74 (dd, J1 = 6.4 Hz, J2 = 16.0 Hz, 1H, CH), 3.20 (dd, J1 = 4.4 Hz, J2 

= 16.0 Hz, 1H, CH), 2.39 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 198.7, 168.0, 

158.7, 136.8, 136.3, 134.7, 131.2, 130.6, 130.0, 129.1, 128.9, 128.8, 127.9, 127.60, 127.56, 

126.2, 119.7, 86.1, 72.9, 43.1, 41.7, 39.5, 15.4 ppm; IR (KBr): v  2918, 2850, 1718, 1689, 

1594, 1557, 1499, 1366, 1297, 1259, 1197, 1024, 802, 797, 757, 700, 689, 649 cm1; HRMS 

(ESI): m/z calcd. for C27H23ClN3O4 [M + H]+ 488.13716, found 488.13834. 

 

 

(5R,8S,9R,10R)-4-Methyl-9-nitro-2,8-diphenyl-10-(thiophen-2-yl)-2,3-diazaspiro[4.5]dec-

3-ene-1,6-dione (4i). The product 4i was obtained according to the general procedure as 

colorless oil (48.8 mg, 53% yield), HPLC (Daicel Chiralpak IB column, n-hexane2-propanol 

80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 6.6 min, tminor 

= 7.3 min, 99% ee; []D
20 = 156.4 (c 0.2, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.62 (d, J 

= 8.0 Hz, 2H, ArH), 7.397.34 (m, 5H, ArH), 7.20 (t, J = 7.4 Hz, 1H, ArH), 7.107.09 (m, 3H, 

ArH), 6.98 (d, J = 3.6 Hz, 1H, ArH), 6.80 (dd, J1 = 4.8 Hz, J2 = 4.0 Hz, 1H, ArH), 6.51 (dd, J1 

= 6.0 Hz, J2 = 12.0 Hz, 1H, CH), 4.444.38 (m, 2H, CH2), 3.74 (dd, J1 = 6.4 Hz, J2 = 16.0 Hz, 

1H, CH), 3.09 (dd, J1 = 4.0 Hz, J2 = 16.0 Hz, 1H, CH), 2.33 (s, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3): δ 198.5, 167.5, 158.0, 136.9, 136.3, 134.7, 129.2, 128.9, 127.8, 127.2, 126.5, 

126.1, 125.8, 119.7, 86.4, 73.6, 43.1, 41.5, 40.2, 14.8 ppm; IR (KBr): v 2917, 1715, 1692, 

1595, 1557, 1499, 1455, 1395, 1365, 1299, 1260, 1200, 1115, 1084, 1021, 855, 800, 755, 738, 

699, 658, 561, 506 cm1; HRMS (ESI): m/z calcd. for C25H22N3O4S [M + H]+ 460.13255, 

found 460.13319. 
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N
N

Me

Ph

O

NO2 Ph

O

MeO

4j    

(5R,8S,9R,10R)-10-(4-Methoxyphenyl)-4-methyl-9-nitro-2,8-diphenyl-2,3-diazaspiro[4.5]

dec-3-ene-1,6-dione (4j). The product 4j was obtained according to the general procedure as 

white solid (42.0 mg, 43% yield). HPLC (Daicel Chiralpak AD-H column, 

n-hexane2-propanol 80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: 

tmajor = 30.5 min, >99% ee; minor diastereomer: tmajor = 7.4 min, >99% ee; m.p. 81–85 oC. 

[]D
20 = 360.6 (c 1.1, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.57 (d, J = 8.4 Hz, 2H, ArH), 

7.397.33 (m, 5H, ArH), 7.217.11 (m, 5H, ArH), 6.68 (d, J = 8.8 Hz, 2H, ArH), 6.54 (dd, J1 

= 5.6 Hz, J2 = 12.0 Hz, 1H, CH), 4.43 (dd, J1 = 6.0 Hz, J2 = 10.0 Hz, 1H, CH), 4.08 (d, J = 

12.0 Hz, 1H, CH), 3.74 (dd, J1 = 6.6 Hz, J2 = 15.8 Hz, 1H, CH), 3.66 (s, 3H, OCH3), 3.11 (dd, 

J1 = 3.8 Hz, J2 = 15.8 Hz, 1H, CH), 2.30 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 

199.2, 167.8, 159.8, 158.1, 136.8, 136.6, 129.1, 128.81, 128.76, 128.7, 127.9, 126.1, 124.6, 

119.8, 114.4, 85.6, 73.5, 55.1, 44.3, 43.1, 41.7, 14.9 ppm; IR (KBr): v 2962, 1715, 1690, 

1611, 1595, 1553, 1514, 1499, 1455, 1395, 1364, 1298, 1258, 1182, 1115, 1085, 1030, 854, 

800, 753, 699, 655, 563, 505 cm1; HRMS (ESI): m/z calcd. for C28H26N3O5 [M + H]+ 

484.18670, found 484.18747. 

 

N
N

Me

Ph

O

NO2 Ph

O

O2N

4k  

(5R,8S,9R,10R)-4-Methyl-9-nitro-10-(3-nitrophenyl)-2,8-diphenyl-2,3-diazaspiro[4.5]dec-

3-ene-1,6-dione (4k). The product 4k was obtained according to the general procedure as 

white solid (29.8 mg, 30% yield). HPLC (Daicel Chiralpak AD-H column, 

n-hexane2-propanol 80:20, flow rate 1.0 mL/min, detection at 254 nm): tmajor = 28.1 min, 

tminor = 21.6 min, 99% ee; m.p. 100–104 oC. []D
20 = 310.4 (c 1.0, CH2Cl2); 1H NMR (400 

MHz, CDCl3): δ 8.12 (s, 1H, ArH), 8.06 (d, J = 8.0 Hz, 1H, ArH), 7.59 (d, J = 8.0 Hz, 1H, 

ArH), 7.54 (d, J = 8.4 Hz, 2H, ArH), 7.437.32 (m, 6H, ArH), 7.19 (t, J = 7.6 Hz, 1H, ArH), 

7.127.10 (m, 2H, ArH), 6.68 (dd, J1 = 5.6 Hz, J2 = 12.0 Hz, 1H, CH), 4.484.45 (m, 1H, 
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CH), 4.22 (d, J = 12.0 Hz, 1H, CH), 3.83 (dd, J1 = 6.8 Hz, J2 = 16.0 Hz, 1H, CH), 3.13 (dd, J1 

= 2.8 Hz, J2 = 16.0 Hz, 1H, CH), 2.36 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 

198.2, 167.2, 157.6, 148.3, 136.4, 136.0, 135.2, 133.3, 130.2, 129.4, 129.1, 129.0, 127.9, 

126.4, 124.0, 123.0, 119.5, 84.4, 72.8, 44.2, 43.5, 41.9, 14.9 ppm; IR (KBr): v 2920, 2850, 

1718, 1692, 1555, 1532, 1498, 1365, 1351, 1297, 1260, 1200, 1099, 1087, 1018, 801, 759, 

751, 690 cm1; HRMS (ESI): m/z calcd. for C27H23N4O6 [M + H]+ 499.16121, found 

499.16206. 

 

N
N

Me

Ph

O

Ph
NO2

O

F

4l  
(5R,8S,9R,10R)-8-(4-Fluorophenyl)-4-methyl-9-nitro-2,10-diphenyl-2,3-diazaspiro[4.5]de

c-3-ene-1,6-dione (4l). The product 4l was obtained according to the general procedure as 

white solid (53.3 mg, 57% yield). HPLC (Daicel Chiralpak IB column, n-hexane2-propanol 

95:5, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: tmajor = 9.3 min, >99% 

ee; minor diastereomer: tmajor = 12.8 min, tminor = 8.4 min, 96% ee; m.p. 59–63 oC. []D
20 = 

246.9 (c 0.4, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.53 (d, J = 8.0 Hz, 2H, ArH), 7.34 (t, 

J = 7.8 Hz, 2H, ArH), 7.237.18 (m, 6H, ArH), 7.137.06 (m, 4H, ArH), 6.56 (dd, J1 = 6.0 Hz, 

J2 = 12.0 Hz, 1H, CH), 4.48 (dd, J1 = 6.0 Hz, J2 = 10.4 Hz, 1H, CH), 4.08 (d, J = 11.6 Hz, 1H, 

CH), 3.74 (dd, J1 = 6.4 Hz, J2 = 16.0 Hz, 1H, CH), 3.11 (dd, J1 = 4.4 Hz, J2 = 16.0 Hz, 1H, 

CH), 2.29 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 199.0, 167.6, 157.8, 136.7, 

132.6, 132.3, 129.64, 129.55, 129.1, 128.8, 127.5, 126.2, 119.8, 116.3, 116.1, 85.4, 73.1, 45.0, 

42.3, 41.7, 15.0 ppm; IR (KBr): v 2920, 1716, 1691, 1596, 1555, 1499, 1365, 1297, 1265, 

1101, 740, 704 cm1; HRMS (ESI): m/z calcd. for C27H23FN3O4 [M + H]+ 472.16671, found 

472.16753. 

 

N
N

Me

Ph

O

Ph
NO2

O

OMe

4m  



 
 

S9

(5R,8S,9R,10R)-8-(4-Methoxyphenyl)-4-methyl-9-nitro-2,10-diphenyl-2,3-diazaspiro[4.5]

dec-3-ene-1,6-dione (4m). The product 4m was obtained according to the general procedure 

as white solid (50.6 mg, 52% yield). HPLC (Daicel Chiralpak AD-H column, 

n-hexane2-propanol 80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: 

tmajor = 23.5 min, tminor = 13.6 min, 99% ee; minor diastereomer: tmajor = 7.5 min, >99% ee; m.p. 

67–71 oC. []D
20 = 317.8 (c 0.7, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.51 (d, J = 7.6 Hz, 

2H, ArH), 7.33 (t, J = 8.0 Hz, 2H, ArH), 7.237.16 (m, 6H, ArH), 7.03 (d, J = 8.4 Hz, 2H, 

ArH), 6.90 (d, J = 8.8 Hz, 2H, ArH), 6.57 (dd, J1 = 5.6 Hz, J2 = 12.0 Hz, 1H, CH), 4.40 (dd, 

J1 = 6.0 Hz, J2 = 9.2 Hz, 1H, CH), 4.09 (d, J = 12.0 Hz, 1H, CH), 3.81 (s, 3H, OCH3), 3.76 

(dd, J1 = 6.4 Hz, J2 = 15.6 Hz, 1H, CH), 3.08 (dd, J1 = 3.6 Hz, J2 = 15.6 Hz, 1H, CH), 2.31 (s, 

3H, CH3)  ppm; 13C NMR (100 MHz, CDCl3): δ 199.3, 167.7, 159.8, 158.0, 136.7, 132.8, 

129.03, 128.97, 128.8, 128.3, 127.6, 126.1, 119.8, 114.5, 85.3, 73.3, 55.3, 44.7, 42.7, 42.1, 

15.0 ppm; IR (KBr): v 2921, 1714, 1691, 1596, 1554, 1515, 1500, 1365, 1274, 1260, 1183, 

1033, 800, 763, 749, 702 cm1; HRMS (ESI): m/z calcd. for C28H26N3O5 [M + H]+ 484.18670, 

found 484.18724. 

 

 
(5R,8S,9R,10R)-8-(2-Methoxyphenyl)-4-methyl-9-nitro-2,10-diphenyl-2,3-diazaspiro[4.5]

dec-3-ene-1,6-dione (4n). The product 4n was obtained according to the general procedure as 

white solid (61.5 mg, 64% yield). HPLC (Daicel Chiralpak AD-H column, 

n-hexane2-propanol 80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: 

tmajor = 18.3 min, >99% ee; minor diastereomer: tmajor = 8.1 min, tminor = 7.2 min, >99% ee; 

m.p. 82–85 oC. []D
20 = 342.7 (c 1.5, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 

8.4 Hz, 2H, ArH), 7.34 (t, J = 7.8 Hz, 3H, ArH), 7.217.17 (m, 6H, ArH), 7.046.94 (m, 3H, 

ArH), 6.62 (dd, J1 = 6.0 Hz, J2 = 11.6 Hz, 1H, CH), 4.82 (dd, J1 = 5.6 Hz, J2 = 11.2 Hz, 1H, 

CH), 4.24 (d, J = 11.6 Hz, 1H, CH), 3.78 (s, 3H, OCH3), 3.54 (dd, J1 = 6.8 Hz, J2 = 16.4 Hz, 

1H, CH), 3.09 (dd, J1 = 4.8 Hz, J2 = 16.4 Hz, 1H, CH), 2.25 (s, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3): δ 198.2, 168.2, 158.1, 157.9, 136.8, 133.2, 129.8, 129.0, 128.9, 128.8, 127.6, 

126.0, 125.2, 121.1, 119.8, 111.7, 85.5, 73.1, 55.5, 45.9, 41.1, 37.7, 14.9 ppm; IR (KBr): v  

3064, 2925, 2841, 1716, 1691, 1596, 1555, 1497, 1458, 1395, 1365, 1298, 1255, 1200, 1118, 

1025, 799, 755, 737, 702, 690, 655, 564, 490 cm1; HRMS (ESI): m/z calcd. for C28H26N3O5 

[M + H]+ 484.18670, found 484.18744. 
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N
N

Me

O

NO2 Ph

O

Cl

Me

4o       

(5R,8S,9R,10R)-2-(4-Chlorophenyl)-4-methyl-9-nitro-8-phenyl-10-(p-tolyl)-2,3-diazaspir

o[4.5]dec-3-ene-1,6-dione (4o). The product 4o was obtained according to the general 

procedure as white solid (51.0 mg, 51% yield), HPLC (Daicel Chiralpak AD-H column, 

n-hexane2-propanol 80:20, flow rate 1.0 mL/min, detection at 254 nm): major diastereomer: 

tmajor = 23.0 min, >99% ee; minor diastereomer: tmajor = 6.3 min, >99% ee; m.p. 82–86 oC. 

[]D
20 = 374.5 (c 1.0, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 8.8 Hz, 2H, ArH), 

7.397.37 (m, 3H, ArH), 7.30 (d, J = 8.8 Hz, 2H, ArH), 7.127.05 (m, 4H, ArH), 6.96 (d, J = 

8.0 Hz, 2H, ArH), 6.53 (dd, J1 = 6.0 Hz, J2 = 12.0 Hz, 1H, CH), 4.44 (dd, J1 = 6.0 Hz, J2 = 

10.0 Hz, 1H, CH), 4.08 (d, J = 12.0 Hz, 1H, CH), 3.72 (dd, J1 = 6.6 Hz, J2 = 15.8 Hz, 1H, 

CH), 3.11 (dd, J1 = 3.8 Hz, J2 = 15.8 Hz, 1H, CH), 2.30 (s, 3H, CH3), 2.18 (s, 3H, CH3) ppm; 
13C NMR (100 MHz, CDCl3): δ 199.1, 167.8, 158.4, 138.9, 136.5, 135.4, 131.2, 129.8, 129.6, 

129.1, 128.9, 128.7, 127.9, 127.3, 120.7, 85.4, 73.4, 44.6, 43.1, 41.8, 21.0, 14.9 ppm; IR 

(KBr): v  2921, 1716, 1693, 1556, 1492, 1454, 1364, 1297, 1276, 1261, 1215, 1093, 1012, 

829, 748, 700, 655, 564, 509 cm1; HRMS (ESI): m/z calcd. for C28H25ClN3O4 [M + H]+ 

502.15281, found 502.15377. 

       

(5R,8S,9R,10R)-2-(4-Chlorophenyl)-8-(2-methoxyphenyl)-4-methyl-9-nitro-10-(3-nitroph

enyl)-2,3-diazaspiro[4.5]dec-3-ene-1,6-dione (4p). The product 4p was obtained according 

to the general procedure as white solid (68.7 mg, 61% yield). HPLC (Daicel Chiralpak AD-H 

column, n-hexane2-propanol 70:30, flow rate 1.0 mL/min, detection at 254 nm): major 



 
 

S11

diastereomer: tmajor = 20.2 min, tminor = 18.1 min, >99% ee; minor diastereomer: tmajor = 13.4 

min, tminor = 7.9 min, 99% ee; m.p. 205–208 oC. []D
20 = 360.8 (c 1.0, CH2Cl2); 1H NMR 

(400 MHz, CDCl3): δ 8.11 (s, 1H, ArH), 8.03 (dd, J1 = 1.2 Hz, J2 = 8.4 Hz, 1H, ArH), 7.56 (d, 

J = 8.8 Hz, 3H, ArH), 7.35 (t, J = 8.0 Hz, 2H, ArH), 7.29 (d, J = 8.8 Hz, 2H, ArH), 7.006.95 

(m, 3H, ArH), 6.68 (dd, J1 = 6.0 Hz, J2 = 12.0 Hz, 1H, CH), 4.74 (d, J = 2.4 Hz, 1H, CH), 

4.40 (d, J = 12.0 Hz, 1H, CH), 3.77 (s, 3H, OCH3), 3.59 (dd, J1 = 7.2 Hz, J2 = 16.8 Hz, 1H, 

CH), 3.06 (dd, J1 = 3.6 Hz, J2 = 16.8 Hz, 1H, CH), 2.29 (s, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3): δ 196.4, 167.7, 158.1, 157.8, 148.2, 135.5, 135.0, 133.1, 131.4, 130.2, 130.1, 

129.5, 128.9, 124.4, 123.9, 122.9, 121.3, 120.4, 112.3, 84.8, 72.6, 55.5, 45.1, 41.0, 38.8, 14.9 

ppm; IR (KBr): v 3094, 2947, 2844, 1729, 1714, 1687, 1593, 1557, 1528, 1492, 1366, 1352, 

1319, 1297, 1287, 1255, 1242, 1208, 1152, 1119, 1091, 1033, 1010, 909, 833, 813, 769, 756, 

737, 689, 678, 653, 566, 505 cm1; HRMS (ESI): m/z calcd. for C28H24ClN4O7 [M + H]+ 

563.1328, found 563.1331. 
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Copies of 1H and 13C NMR spectra of new compounds 
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Copies of HPLC chromatograms  
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