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1． General experimental information 

Reagents were purchased from commercial sources and were used as received unless mentioned 

otherwise. Reactions were monitored by TLC. 
1
H NMR and 

13
C NMR spectra were recorded in 

CDCl3 or DMSO-d6. 1H NMR chemical shifts are reported in ppm employed as the internal 

standard (CDCl3 at 7.26 ppm, DMSO-d6 at 2.50 ppm). Data are reported as follows: chemical shift, 

multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), 

coupling constants (Hz) and integration. 
13

C NMR chemical shifts are reported in ppm with the 

solvent resonance as the internal standard (CDCl3 at 77.16 ppm, DMSO-d6 at 39.52 ppm). Melting 

points products were recorded on a Büchi Melting Point B-545. The HRMS were recorded by The 

HRMS were recorded by Agilent 6545 LC/Q-TOF mass spectrometer. 

2． General experimental procedures for synthesis of compounds 1. 

The N-2,2,2-trifluoroethylisatin ketimines 1 are known compounds, which were prepared 

according to literatures. Compounds 1a-1q were synthesized with same method
[1]

. 

 

In the dry reaction flask equipped with a water separator and a condenser was added the 

mixture of isatin S1 (10.0 mmol), 2,2,2-trifluoroethylamine hydrochloride (15.0 mmol) and TsOH 

(1.0 mmol) in toluene (10.0 mL). Then, the mixture was refluxed to separate the water until 

complete disappearance of the isatin S1. Let cool slightly before evaporation of the toluene, and 

the crude reside was purified by flash chromatography on silica gel (petroleum ether / ethyl 

acetate = 15:1 to 8:1) to give the corresponding N-2,2,2-trifluoroethylisatin ketimines 1. 

3． General experimental procedures for synthesis of compound 2. 

 The 2-methyl-2-(phenylmethyl)-4-cyclopentene-1,3-dione 2 are known compounds, which 

were prepared according to literatures. Compounds 2a-2n were synthesized with same method
[2]

. 

 

2-methylcyclopentane-1,3-dione (2.2 g, 20.0 mmol, 1.0 equiv) was stirred with 1.0 M aq. 

NaOH solution (1.0 equiv) at room temperature for 10 min. To this suspension benzyl bromide 

(6.8 g, 40.0 mmol, 2.0 equiv) was added at once and the resulting bi-phasic solution was stirred 

vigorously. After being stirred for 48 hours, the reaction mixture was diluted with EtOAc (50.0 

mL). The aqueous phase was back-extracted with EtOAc twice (50.0 mL×2). The combined 

organic phase was dried over anhydrous Na2SO4 and concentrated under reduced pressure. After 

an evaporation of the organic solvent, the crude residue was purified by chromatography (silica 

gel, hexane/ethyl acetate = 7:1). Compound S2 (3.5 g, 87% yield) was obtained as a white solid 

according to the procedure mentioned above. 



S2 

To a solution of 2,2-disubstituted cyclopentane-1,3-dione (1.6 g, 8.0 mmol, 1.0 equiv) in 

MeOH (50.0 mL) under argon atmosphere was added copper (II) bromide (3.9 g, 17.6 mmol, 2.2 

equiv) and the resulting brown solution was refluxed for 1.0 hour. The reaction mixture was 

cooled to room temperature and then added in sequence: 10.0 mL of H2O, 10.0 mL of HCl aq (1.0 

M), and 50.0 mL of DCM. The aqueous phase was separated and extracted for 2 times with DCM. 

The collected organic phases were dried over MgSO4, filtered and concentrated under reduced 

pressure. After an evaporation of the organic solvent, the crude residue was purified by 

chromatography (silica gel, hexane / ethyl acetate = 10:1). Compound 2 (1.5 g, 94% yield) was 

obtained as a yellow solid according to the procedure mentioned above. 

4． General experimental procedures for synthesis of compound 4
[3]

. 

The diethyl 2-((2,2,2-trifluoroethyl)imino)malonate 4 is known compound, which was 

prepared according to literatures. 

 

Diethyl ketomalonate (2.4 g, 14.0 mmol, 1.0 equiv); 2,2,2-trifluoroethyl-amine hydrochloride 

(3.8 g, 28.0 mmol, 2.0 equiv), and p-toluenesulfonic acid (0.2 g, 1.4 mmol, 0.1 equiv) were 

suspended in toluene (40.0 mL) in a two-neck flask with a water separator and a condenser. The 

mixture was then heated to separate the water until complete disappearance of the starting 

materials (about 30-60 minutes), after which it was cooled to room temperature, washed with a 

small quantity of saturated NaHCO3 solution, extracted with ethyl acetate and washed with brine, 

and dried over anhydrous Na2SO4. After an evaporation of the organic solvent, the crude residue 

was purified by chromatography (silica gel, hexane / ethyl acetate = 5:1). Ketimine 4 (3.0 g, 84% 

yield) was obtained as a pale yellow liquid according to the procedure mentioned above. 

5. General experimental procedures for synthesis of compounds 3. 

 

In a dry reaction tube equipped with a magnetic stirring bar, N-2,2,2-trifluoroethylisatin 

ketimines 1 (0.3 mmol), DABCO (33.6 mg, 0.3mmol, 1.5 equiv), and 2 (40.2 mg, 0.2 mmol, 1.0 

equiv), DCE (2.0 mL) were added in sequence. Then the mixture was stirred for 24 h at 50 ℃，

After completion, the reaction mixture was directly purified by flash chromatography on silica gel 

(petroleum ether / ethyl acetate, 15:1 - 10:1) to give the corresponding products 3. 

1',5-dibenzyl-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopenta[c]pyrr 

ole-1,3'-indoline] -2',4,6(5H)-trione (3aa) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 99.5 mg, 96% yield; 85:15 dr, mp 194.4-195.3 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.38 (d, J = 7.3 Hz, 1H), 7.35 – 7.19 (m, 9H), 7.11 (m, 1H), 

7.07 – 7.01 (m, 2H), 6.74 (d, J = 7.8 Hz, 1H), 4.85 (d, J = 15.9 Hz, 1H), 4.66 (d, J = 5.6 Hz, 1H), 

4.59 (d, J = 15.9 Hz, 1H), 4.44 (m, 1H), 4.04 (d, J = 3.1 Hz, 2H), 3.01 (d, J = 13.3 Hz, 1H), 2.85 

(d, J = 13.3 Hz, 1H), 0.95 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.8, 210.8, 178.0, 143.1, 135.5, 134.5, 130.2, 129.6, 

128.6, 128.4, 128.08, 127.4, 127.2, 127.1, 125.6 (q, J = 276.8 Hz, 1C), 124.1, 123.1, 109.7, 70.9, 

62.0, 58.7 (q, J = 30.4 Hz, 1C), 57.8, 51.3, 42.7, 41.4, 14.3. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H26F3N2O3, 519.1890, found: 519.1895. 

 

5-benzyl-1',5-dimethyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopenta[c] 

pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ba) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 81.4 mg, 92% yield; 83:17 dr, mp 239.0-239.7 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.42 – 7.31 (m, 2H), 7.30 – 7.19 (m, 3H), 7.14 (m, 1H), 7.02 

(m, 3H), 4.50 (d, J = 5.6 Hz, 1H), 4.39 (m, 1H), 4.02 (dd, J = 12.0, 4.0 Hz, 1H), 3.97 (d, J = 12.0 

Hz, 1H), 2.96 (s, 3H), 2.93 (s, 1H), 2.83 (d, J = 13.3 Hz, 1H), 0.92 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.7, 210.8, 177.8, 144.0, 134.4, 130.2, 129.7, 128.6, 

128.0, 127.1,125.6 (q, J = 276.8 Hz, 1C), 123.9, 123.0, 108.9, 70.94, 62.0, 58.7 (q, J = 30.4 Hz, 

1C), 57.7, 51.1, 41.3, 25.7, 14.4. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C24H22F3N3O3, 443.1577, found: 443.1572. 

 

5-benzyl-1'-ethyl-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopenta[c] 

pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ca) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 
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White solid; 83.8 mg, 92% yield; 90:10 dr, mp 158.1-158.8 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.29 – 7.16 (m, 5H), 7.03 (m, 1H), 6.94 – 6.85 (m, 2H), 6.75 (d, J 

= 7.8 Hz, 1H), 4.56 – 4.43 (m, 1H), 3.61 (m, 1H), 3.38 (m, 1H), 3.03 (d, J = 12.0 Hz, 1H), 2.84 (d, 

J = 12.9 Hz, 1H), 2.75 (d, J = 12.9 Hz, 1H), 2.61 (dd, J = 12.0, 4.5 Hz, 1H), 2.18 (s, 1H), 1.19 (s, 

3H), 1.10 (t, J = 7.2 Hz, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.3, 210.8, 177.6, 142.9, 134.5, 130.2, 129.7, 128.8, 

128.0, 127.1,125.6 (q, J = 279.8 Hz, 1C), 124.1, 122.9, 109.0, 70.6, 61.8, 58.8 (q, J = 30.3 Hz, 1C), 

58.0, 51.1, 41.3, 33.8, 14.3, 12.2.  

HRMS (ESI) m/z: [M+H]
+
 calcd for C25H24F3N2O3, 457.1734, found: 457.1736. 

 

1'-allyl-5-benzyl-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopenta[c]p 

yrrole-1,3'-indoline]-2',4,6(5H)-trione (3da) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 90.1 mg, 96% yield, 83:17 dr, mp 149.0-149.7 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.36 (m, 2H), 7.28 (m, J = 3.7 Hz, 3H), 7.15 m, 1H), 7.03 (dd, 

J = 7.3, 2.3 Hz, 2H), 6.92 (d, J = 7.8 Hz, 1H), 5.70 (m, 1H), 5.22 (dd, J = 17.3, 1.7 Hz, 1H), 5.13 

(dd, J = 10.4, 1.7 Hz, 1H), 4.58 (d, J = 5.6 Hz, 1H), 4.42 (m, 1H), 4.22 (m, 1H), 4.05 (dd, J = 9.9, 

6.6 Hz, 1H), 4.01 (d, J = 3.8 Hz, 1H), 3.98 (d, J = 11.9 Hz, 1H), 2.95 (d, J = 13.3 Hz, 1H), 2.87 (d, 

J = 13.3 Hz, 1H), 0.92 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.6, 210.9, 177.7, 143.1, 134.5, 131.3, 130.3, 129.6, 

128.6, 128.0, 127.1, 125.6 (q, J = 279.1 Hz, 1C),124.1, 123.0, 116.9, 109.6, 70.8, 61.9, 58.7 (q, J 

= 30.6 Hz, 1C), 57.9, 51.1, 41.4, 41.3, 14.3. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C26H24F3N2O3, 469.1734, found: 469.1735. 

 

1',5-dibenzyl-5'-fluoro-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclope 

nta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ea) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 84.7 mg, 79% yield; 84:16 dr, mp 209.0-209.7 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.32 (d, J = 3.3 Hz, 4H), 7.28 (m, 4H), 7.25 (d, J = 2.5 Hz, 1H), 

7.13 (m, 1H), 7.09 – 6.99 (m, 2H), 6.76 (dd, J = 8.6, 4.1 Hz, 1H), 4.86 (d, J = 16.0 Hz, 1H), 4.76 



S5 

(d, J = 5.6 Hz, 1H), 4.61 (d, J = 16.0 Hz, 1H), 4.52 – 4.36 (m, 1H), 4.13 (d, J = 12.0 Hz, 1H), 4.05 

(dd, J = 12.1, 4.4 Hz, 1H), 3.01 (d, J = 13.3 Hz, 1H), 2.88 (d, J = 13.3 Hz, 1H), 0.97 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 213.2, 211.2, 178.4, 160.6, 158.2, 139.7 (d, J = 1.8 Hz, 

1C), 135.7, 134.9, 130.9 (d, J = 7.9 Hz, 1C), 129.6 (d, J = 217.1 Hz, 1C),128.9, 127.9, 127.7, 

127.6, 126.0 (q, J = 279.4 Hz, 1C),116.4 (d, J =23.3 Hz, 1C), 112.6 (d, J = 25.0 Hz, 1C) 111.2 (d, 

J = 8.0 Hz, 1C), 71.5 (d, J = 1.0 Hz, 1C), 62.5, 59.3 (q, J = 31.3 Hz, 1C), 58.2, 51.6, 43.3, 41.9, 

14.8. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25F4N2O3, 537.1796, found: 537.1806. 

 

1',5-dibenzyl-6'-fluoro-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cycl 

openta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3fa) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 87.9 mg, 82% yield; 87:13 dr, mp. 209.1-209.7 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.32 (dd, J = 8.3, 5.5 Hz, 1H), 7.28 – 7.11 (m, 8H), 6.97 (dd, J 

= 7.2, 2.3 Hz, 2H), 6.84 (m, 1H), 6.64 (dd, J = 9.4, 2.3 Hz, 1H), 4.76 (d, J = 15.9 Hz, 1H), 4.59 (d, 

J = 5.5 Hz, 1H), 4.53 (d, J = 15.9 Hz, 1H), 4.34 (m, J = 6.8, 6.3 Hz, 1H), 3.97 (d, J = 2.0 Hz, 2H), 

2.92 (d, J = 13.3 Hz, 1H), 2.77 (d, J = 13.3 Hz, 1H), 0.86 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 213.2, 211.2, 178.8, 164.8, 162.3, 145.3 (d, J = 12.1 Hz, 

1C), 135.6, 134.9, 128.9, 128.1 (d, J = 218.1 Hz, 1C), 127.9, 127.8, 127.6, 126.3 (d, J = 10.2 Hz, 

1C), 126.0 (q, J = 279.8 Hz, 1C), 124.8 (d, J = 2.8 Hz, 1C), 109.6 (d, J = 22.5 Hz, 1C), 98.8 (d, J 

= 28.1 Hz, 1C), 70.9, 62.5, 59.1(q, J = 31.0 Hz, 1C), 58.2, 51.6, 43.3, 41.9, 14.7. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25F4N2O3, 537.1796, found: 537.1800. 

 

1',5-dibenzyl-5'-chloro-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclope 

nta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ga) 

 

The product was purified by flash column chromatography (petroleum ether /ethyl acetate = 15:1 

as the eluent); 

White solid; 100.5 mg, 91% yield; 85:15 dr, mp 249.3-250.0 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.42 (d, J = 2.2 Hz, 1H), 7.38 – 7.21 (m, 9H), 7.09 – 7.02 (m, 

2H), 6.77 (d, J = 8.4 Hz, 1H), 4.86 (d, J = 16.0 Hz, 1H), 4.76 (d, J = 5.6 Hz, 1H), 4.60 (d, J = 16.0 

Hz, 1H), 4.44 (m, 1H), 4.19 (d, J = 12.1 Hz, 1H), 4.05 (dd, J = 12.0, 4.5 Hz, 1H), 2.99 (d, J = 13.3 

Hz, 1H), 2.88 (d, J = 13.3 Hz, 1H), 0.95 (s, 3H). 
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13
C{

1
H} NMR (101 MHz, DMSO-d6) δ 212.7, 210.7, 177.7, 142.0, 135.1, 134.4, 130.6, 130.3, 

129.5, 128.5, 128.1, 127.5, 127.3, 127.2, 127.2, 125.8 (q, J = 260.1 Hz, 1C), 124.5, 111.2, 70.8, 

62.8, 58.7 (q, J = 30.6 Hz, 1C), 57.7, 51.1, 42.8, 41.5, 14.3. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

35
ClF3N2O3, 553.1500, found: 553.1512; calcd for 

C30H24
37

ClF3N2O3, 555.1486, found: 555.1494. 

1',5-dibenzyl-6'-chloro-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopen 

ta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ha) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 68.5 mg, 82% yield; 88:12 dr, mp 253.8-254.4 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.39 (d, J = 8.0 Hz, 1H), 7.37 – 7.21 (m, 8H), 7.17 (dd, J = 7.9, 

1.9 Hz, 1H), 7.05 (dd, J = 7.2, 2.3 Hz, 2H), 6.88 (d, J = 1.9 Hz, 1H), 4.86 (d, J = 16.0 Hz, 1H), 

4.70 (d, J = 5.5 Hz, 1H), 4.63 (d, J = 16.0 Hz, 1H), 4.47 – 4.37 (m, 1H), 4.06 (d, J = 1.9 Hz, 2H), 

3.01 (d, J = 13.3 Hz, 1H), 2.85 (d, J = 13.3 Hz, 1H), 0.94 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.7, 210.6, 178.1, 144.6, 135.1, 134.4, 134.0, 130.2, 

128.5, 128.1, 127.49, 127.47, 127.3, 127.2, 125.7,125.6 (q, J = 271.2 Hz, 1C), 122.9, 110.0, 70.5, 

62.1, 58.7 (q, J = 30.9 Hz, 1C), 57.8, 51.1, 42.8, 41.4, 14.2. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

35
ClF3N2O3, 553.1500, found: 553.1511; calcd for 

C30H24
37

ClF3N2O3, 555.1486, found: 555.1493. 

 

1',5-dibenzyl-7'-chloro-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cycl 

openta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ia) 

. 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 68.5 mg, 62% yield; 86:14 dr, mp 190.7-191.6 ℃; 
1
H NMR (400 MHz, CDCl3)

 
7.31 – 7.18 (m, 5H), 7.19 – 7.04 (m, 5H), 7.03 – 6.81 (m, 3H), 5.09 

(d, J = 16.2 Hz, 1H), 5.01 (d, J = 16.2 Hz, 1H), 4.45 (m, 1H), 3.02 (d, J = 12.0 Hz, 1H), 2.85 (d, J 

= 12.9 Hz, 1H), 2.73 (d, J = 12.9 Hz, 1H), 2.56 (dd, J = 12.1, 4.5 Hz, 1H), 2.24 (s, 1H), 1.07 (s, 

3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 214.2, 211.7, 178.6, 139.1, 136.6, 134.6, 132.8, 130.9, 129.4, 

128.9, 128.6, 128.0, 127.3, 126.5, 124.9 (q, J = 279.5 Hz, 1C), 124.8, 123.1, 116.0, 70.5, 63.0, 

59.6, 59.5 (q, J = 32.0 Hz, 1C), 52.7, 46.2, 45.1, 17.7. 
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HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

35
ClF3N2O3, 553.1500, found: 553.1511; calcd for 

C30H24
37

ClF3N2O3, 555.1486, found: 555.1492. 

1',5-dibenzyl-4'-bromo-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclope 

nta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ja) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 81.2 mg, 68% yield; 91: 9 dr, mp 238.1-238.8 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.41 – 7.16 (m, 10H), 7.06 (dd, J = 7.1, 2.4 Hz, 2H), 6.78 (d, J 

= 7.6 Hz, 1H), 4.87 (d, J = 16.0 Hz, 1H), 4.68 – 4.54 (m, 2H), 4.41 (dd, J = 12.4, 6.6 Hz, 2H), 

3.99 (dd, J = 12.3, 4.6 Hz, 1H), 3.07 (d, J = 13.2 Hz, 1H), 2.87 (d, J = 13.2 Hz, 1H), 0.98 (s, 3H). 

13C{
1
H} NMR (101 MHz, DMSO-d6) δ 213.6, 211.0, 177.5, 145.4, 135.0, 134.5, 131.6, 130.2, 

128.5, 128.1, 127.5, 127.2 127.2, 127.2, 125.9 (q, J = 256.4 Hz, 1C), 125.0, 119.0, 109.3, 72.2, 

62.2, 58.5 (q, J = 30.9 Hz, 1C), 54.0, 51.1, 42.9, 41.6, 14.7. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

79
BrF3N2O3, 597.0995, found: 597.1014; calcd for 

C30H24
81

BrF3N2O3, 599.0980, found: 599.0999. 

1',5-dibenzyl-5'-bromo-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopen

ta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ka) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 116.8 mg, 98% yield; 85:15 dr, mp 204.3-205.2 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.42 – 7.30 (m, 6H), 7.28 (d, J = 6.7 Hz, 4H), 7.11 – 7.03 (m, 

2H), 7.02 (s, 1H), 4.87 (d, J = 16.0 Hz, 1H), 4.72 (d, J = 5.6 Hz, 1H), 4.64 (d, J = 16.0 Hz, 1H), 

4.44 (m, 1H), 4.08 (d, J = 1.9 Hz, 2H), 3.02 (d, J = 13.3 Hz, 1H), 2.87 (d, J = 13.3 Hz, 1H), 0.94 

(s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.7, 210.6, 178.0, 144.6, 135.1, 134.4, 130.2, 128.5, 

128.1, 127.9, 127.5, 127.2, 127.2, 126.0, 125.8, 125.5 (q, J =280.1 Hz, 1C),122.3, 112.7, 70.5, 

62.1, 58.7 (q, J =31.2 Hz, 1C), 57.7, 51.1, 42.7, 41.3, 14.2. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

79
BrF3N2O3, 597.0995, found: 597.0992; calcd for 

C30H24
81

BrF3N2O3 599.0980, found: 599.0977. 

1',5-dibenzyl-7'-bromo-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclo 

penta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3la) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 75.1 mg, 63% yield; 85:15 dr, mp 151.5-152.3 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.46 (m, 2H), 7.34 – 7.25 (m, 5H), 7.25 – 7.21 (m, 1H), 7.21 – 

7.16 (m, 2H), 7.11 (m, 1H), 7.08 – 7.00 (m, 2H), 5.06 (s, 2H), 4.75 (d, J = 5.5 Hz, 1H), 4.41 (dd, J 

= 9.8, 4.9 Hz, 1H), 4.08 (d, J = 2.8 Hz, 2H), 3.00 (d, J = 13.3 Hz, 1H), 2.86 (d, J = 13.3 Hz, 1H), 

0.86 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.7, 210.5, 179.0, 140.5, 137.0, 135.2, 134.4, 132.2, 

130.2, 28.2, 128.1, 127.2, 126.8, 125.9, 125.6 (q, J =271.4 Hz, 1C),125.1 124.0, 101.7, 70.2, 62.0, 

58.8 (q, J =31.4 Hz, 1C), 58.1, 51.1, 44.2, 41.3, 14.1. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

79
BrF3N2O3, 597.0995, found: 597.0996; calcd for 

C30H24
81

BrF3N2O3, 599.0980, found: 599.0979. 

 

1',5-dibenzyl-5-methyl-3,7'-bis(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclope 

nta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ma) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 80.9 mg, 69% yield; 83:17 dr, mp 248.2-248.8 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.77 (d, J = 7.4 Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H), 7.40 (m, 1H), 

7.26 (m, 5H), 7.19 (m, 1H), 7.12 (d, J = 7.6 Hz, 2H), 7.09 – 7.00 (m, 2H), 4.92 (d, J = 17.6 Hz, 

1H), 4.82 (s, 1H), 4.78 (s, 1H), 4.41 (m, 1H), 4.17 (d, J = 12.0 Hz, 1H), 4.12 (dd, J = 12.0, 3.8 Hz, 

1H), 2.99 (d, J = 13.3 Hz, 1H), 2.87 (d, J = 13.3 Hz, 1H), 0.81 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 213.2, 210.9, 180.3, 141.8, 136.3, 134.8, 132.2, 130.7, 

129.5, 128.6, 128.5, 128.2, 127.6, 127.0, 126.4 (q, J = 273.7 Hz, 1C), 126.0 (q. J = 278.8 Hz), 

125.7, 124.0, 112.0 (q, J = 33.3 Hz), 69.2, 62.5, 59.1 (q, J = 31.3 Hz, 1C), 58.4, 51.5, 46.3, 41.8, 

14.5. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H25F6N2O3, 587.1764, found: 587.1772. 

1',5-dibenzyl-5'-methoxy-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclop

enta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3na) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 105.3 mg, 96% yield; 80:20 dr, mp 188.5-189.4 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.38 – 7.20 (m, 8H), 7.13 – 7.02 (m, 2H), 6.99 (d, J = 2.5 Hz, 

1H), 6.83 (dd, J = 8.6, 2.6 Hz, 1H), 6.65 (d, J = 8.5 Hz, 1H), 4.84 (d, J = 15.9 Hz, 1H), 4.68 (d, J 

= 5.6 Hz, 1H), 4.58 (d, J = 15.9 Hz, 1H), 4.47 (m, J = 10.5, 5.2 Hz, 1H), 4.14 – 3.99 (m, 2H), 3.74 

(s, 3H), 3.01 (d, J = 13.3 Hz, 1H), 2.87 (d, J = 13.3 Hz, 1H), 0.98 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.8, 210.8, 177.7, 156.0, 136.3, 135.5, 134.5, 130.3, 

129.9, 128.4, 128.1, 127.3, 127.2, 127.2, 125.6 (q, J = 279.3 Hz, 1C), 114.1, 111.1 110.3, 71.3, 

62.0, 58.8 (q, J = 30.9 Hz, 1C), 57.9, 55.6, 51.3, 42.8, 41.5, 14.4. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H28F3N2O4, 549.1996, found: 549.1998. 

 

1',5-dibenzyl-6'-methoxy-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyc 

lopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3oa) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 88.8 mg, 81% yield; 85:15 dr, mp 205.1-205.9 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.27 – 7.11 (m, 9H), 7.04 – 6.93 (m, 2H), 6.58 (dd, J = 8.3, 2.3 

Hz, 1H), 6.28 (d, J = 2.3 Hz, 1H), 4.75 (d, J = 15.8 Hz, 1H), 4.57 – 4.43 (m, 2H), 4.33 (m, J = 9.7, 

5.2 Hz, 1H), 3.98 – 3.78 (m, 2H), 3.62 (s, 3H), 2.93 (d, J = 13.4 Hz, 1H), 2.76 (d, J = 13.9 Hz, 1H), 

0.86 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.8, 210.9, 178.5, 160.8, 144.4, 135.6, 134.5, 130.2, 

128.4, 128.1, 127.4, 127.3, 127.2, 125.6 (q, J =279.8 Hz, 1C),125.0, 120.2, 106.9, 97.6, 70.7, 62.0, 

58.5 (q, J = 31.0 Hz, 1C), 57.7, 55.4, 51.2, 42.7, 41.5, 14.4. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H28F3N2O4, 549.1996, found: 549.1998. 

1',5-dibenzyl-5,5'-dimethyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopenta[c]p

yrrole-1,3'-indoline]-2',4,6(5H)-trione (3pa) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 
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as the eluent); 

White solid; 101.1 mg, 95% yield; 89:11 dr, mp 231.8-232.4 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.50 – 7.22 (m, 8H), 7.20 (s, 1H), 7.13 – 6.94 (m, 3H), 6.62 (d, 

J = 7.9 Hz, 1H), 4.83 (d, J = 15.9 Hz, 1H), 4.64 (d, J = 5.6 Hz, 1H), 4.57 (d, J = 15.9 Hz, 1H), 

4.44 (m 1H), 3.99 (m, 2H), 3.01 (d, J = 13.3 Hz, 1H), 2.86 (d, J = 13.3 Hz, 1H), 2.30 (s, 3H), 0.96 

(s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.8, 210.8, 177.9, 140.7, 135.5, 134.5, 132.3, 130.2, 

129.7, 128.5, 128.4 128.1, 127.3, 127.2, 127.1, 125.8 (q, J = 287.9 Hz, 1C), 124.8, 109.5, 71.0, 

62.0, 58.7 (q, J = 30.7 Hz, 1C), 57.8, 51.3, 42.7, 41.6, 20.6, 14.4. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H28F3N2O3, 533.2047, found: 533.2048. 

1',5-dibenzyl-5,5',7'-trimethyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopenta[

c]pyr role-1,3'-indoline]-2',4,6(5H)-trione (3qa) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate = 15:1 

as the eluent); 

White solid; 87.4 mg, 80% yield; 83:17 dr, mp.190.7-191.6 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.32 – 7.19 (m, 5H), 7.16 (m, 1H), 7.08 – 6.99 (m, 2H), 6.93 (dd, 

J = 6.4, 2.9 Hz, 2H), 6.90 (d, J = 1.9 Hz, 1H), 6.72 (d, J = 1.9 Hz, 1H), 5.00 (d, J = 16.9 Hz, 1H), 

4.73 (d, J = 16.9 Hz, 1H), 4.58 – 4.34 (m, 1H), 3.04 (d, J = 12.0 Hz, 1H), 2.86 (d, J = 12.9 Hz, 

1H), 2.74 (d, J = 12.9 Hz, 1H), 2.56 (dd, J = 12.0, 4.6 Hz, 1H), 2.19 (s, 4H), 2.05 (s, 3H), 1.09 (s, 

3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 214.8, 212.1, 179.0, 138.7, 136.9, 134.9, 134.8, 133.7, 129.5, 

129.0, 129.0, 128.5, 128.0, 127.4, 125.7, 125.1 (q, J = 279.8Hz, 1C), 123.0, 120.4, 70.8, 63.1,59.6 

(q, J = 31.8Hz, 1C), 59.5, 52.9, 46.3, 45.2, 20.8, 18.4, 17.9. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C32H30F3N2O3, 547.2203, found: 547.2199. 

 

1'-benzyl-5-methyl-5-(3-methylbenzyl)-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cy

clopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ab) 

 

The product was purified by flash column chromatography (petroleum ether /ethyl acetate =15:1 

as the eluent); 

White solid; 102.1 mg, 96% yield; 84:16 dr, mp 190.6-191.4 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.38 (dd, J = 7.4, 1.3 Hz, 1H), 7.31 (d, J = 4.3 Hz, 4H), 7.29 – 

7.21 (m, 2H), 7.17 (m, 1H), 7.11 (m, 1H), 7.08 (d, J = 7.4 Hz, 1H), 6.86 (s, 1H), 6.82 (d, J = 7.6 

Hz, 1H), 6.75 (d, J = 7.8 Hz, 1H), 4.85 (d, J = 16.0 Hz, 1H), 4.65 (d, J = 5.6 Hz, 1H), 4.59 (d, J = 
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16.0 Hz, 1H), 4.43 (q, J = 6.9 Hz, 1H), 3.97 (d, J = 2.3 Hz, 2H), 2.96 (d, J = 13.3 Hz, 1H), 2.80 (d, 

J = 13.3 Hz, 1H), 2.25 (s, 3H), 0.96 (s, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 213.8, 211.8, 178.9, 144.1, 138.1 136.4 135.4, 131.8, 130.6, 

129.6, 129.4, 129.0, 128.8 128.3, 128.2, 128.2,126.6 (q, J = 279.8 Hz, 1C), 125.1, 124.1, 110.7, 

71.9, 63.0, 59.7 (q, J = 30.6 Hz, 1C), 58.8, 52.3, 43.7, 42.6, 21.9, 15.5. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H28F3N2O3, 533.2047, found: 533.2046. 

1'-benzyl-5-methyl-5-(4-methylbenzyl)-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cy

clopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ac) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 100.0 mg, 94% yield; 82:18 dr, mp 131.2-132.0 ℃; 
1
H NMR (400 MHz, DMSO-d6)δ 7.31 – 7.21 (m, 3H), 7.21 – 7.14 (m, 3H), 7.11 (m, 1H), 7.04 – 

6.94 (m, 3H), 6.80 (d, J = 7.8 Hz, 2H), 6.55 (d, J = 7.8 Hz, 1H), 4.84 (d, J = 15.7 Hz, 1H), 4.54 – 

4.46 (m, 1H), 4.43 (d, J = 15.8 Hz, 1H),3.10 (d, J = 12.0 Hz, 1H), 2.83 (d, J = 13.0 Hz, 1H), 2.72 

(d, J = 13.0 Hz, 1H), 2.64 (dd, J = 12.0, 4.6 Hz, 1H), 2.25 (s, 3H), 2.21 (s, 1H), 1.15 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6)/ δ 214.7, 212.2, 178.1, 143.0, 137.8, 134.9, 131.5, 130.3, 

129.6, 129.4, 128.9, 128.1, 127.9, 127.3,125.1 (q, J = 276.7 Hz, 1C) ,123.9, 123.7, 110.0, 71.3, 

63.2, 59.7 (q, J = 31.5 Hz, 1C), 59.2, 52.8, 45.9 43.9, 21.2, 17.8. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H28F3N2O3, 533.2047, found: 533.2043. 

 

1'-benzyl-5-(3-methoxybenzyl)-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[c

yclopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ad) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 103.1 mg, 94% yield; 85:15 dr, mp 182.6-183.4 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.26 (dd, J = 8.0, 6.5 Hz, 2H), 7.23 – 7.17 (m, 2H), 7.17 – 7.14 (m, 

2H), 7.11 (m, 2H), 6.98 (m, 1H), 6.79 – 6.69 (m, 1H), 6.55 (d, J = 7.8 Hz, 1H), 6.49 (m, 1H), 6.45 

(t, J = 2.1 Hz, 1H), 4.84 (d, J = 15.7 Hz, 1H), 4.54 – 4.45 (m, 1H), 4.42 (d, J = 15.7 Hz, 1H), 3.65 

(s, 3H), 3.11 (d, J = 12.1 Hz, 1H), 2.84 (d, J = 12.8 Hz, 1H), 2.72 (d, J = 12.8 Hz, 1H), 2.66 (dd, J 

= 12.1, 4.5 Hz, 1H), 2.19 (s, 1H), 1.17 (s, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 214.5, 212.1, 178.1, 159.9, 143.0, 136.2, 134.9, 130.3, 130.1 

128.9, 128.0, 127.9, 127.3,125.1 (q, J = 276.8 Hz, 1C), 124.3, 123.9, 121.7, 114.8, 113.8, 110.0, 

71.3, 63.0, 59.6 (q, J = 31.5 Hz, 1C), 59.4, 55.4, 53.0, 46.4, 43.9, 18.0. 
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HRMS (ESI) m/z: [M+H]
+
 calcd for C31H28 F3N2O4,549.1996, found: 549.2004. 

 

1'-benzyl-5-(4-fluorobenzyl)-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyc

lopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ae) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 102.9 mg, 96% yield; 88:12 dr, mp 172.9-173.7 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.33 – 7.22 (m, 3H), 7.22 – 7.07 (m, 4H), 7.04 – 6.96 (m, 1H), 

6.95 – 6.81 (m, 4H), 6.56 (d, J = 7.8 Hz, 1H), 4.85 (d, J = 15.7 Hz, 1H), 4.52 (m, 1H), 4.44 (d, J = 

15.7 Hz, 1H), 3.15 (d, J = 12.1 Hz, 1H), 2.87 – 2.81 (m, 1H), 2.81 – 2.76 (m, 1H), 2.74 (d, J = 

13.2 Hz, 1H), 2.25 (s, 1H), 1.14 (s, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 214.3, 211.8, 178.1, 162.4 (d, J = 248.3 Hz, 1C), 143.0, 

134.8, 131.2 (d, J = 8.0 Hz, 1C), 130.4 (d, J = 3.0 Hz, 1C), 129.0, 127.9, 127.3, 125.0 (q, J = 

279.4 Hz, 1C), 124.4, 124.0, 115.9 (d, J = 21.3 Hz, 1C), 110.1, 71.4, 62.9, 62.8, 59.8 (q, J = 31.9 

Hz, 1C), 59.2, 52.7, 44.8, 43.9, 17.6. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25F4N2O3, 537.1796, found: 537.1802. 

1'-benzyl-5-(2-chlorobenzyl)-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyc

lopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione(3af) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 83.9 mg, 76% yield; 71:29 dr, mp 174.8-175.6 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.31 – 7.22 (m, 3H), 7.16 (m, 4H), 7.05 – 6.96 (m, 1H), 6.90 (d, J 

= 2.4 Hz, 2H), 6.89 (s, 2H), 6.56 (d, J = 7.8 Hz, 1H), 4.85 (d, J = 15.7 Hz, 1H), 4.52 (m, 1H), 4.44 

(d, J = 15.7 Hz, 1H), 3.15 (d, J = 12.1 Hz, 1H), 2.96 – 2.62 (m, 3H), 2.25 (s, 1H), 1.15 (s, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 214.3, 211.9, 178.1, 163.7, 161.2, 143.1, 134.9, 131.3, 131.2, 

130.4, 130.4, 129.07, 127.9, 127.3, 125.0 (q, J = 279.4 Hz, 1C), 124.4, 124.0, 116.0, 115.8, 110.1, 

71.4, 62.9, 59.8 (q, J = 31.9 Hz, 1C), 59.2, 52.7, 44.8, 44.0, 17.6. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

35
Cl F3N2O3, 553.1500, found: 553.1500; calcd for 

C30H24
37

Cl F3N2O3, 555.1486, found: 555.1485. 

 

1'-benzyl-5-(4-chlorobenzyl)-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyc

lopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ag) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 103.8 mg, 94% yield; 86:14 dr, mp 198.1-198.8 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.26 (dd, J = 7.9, 6.5 Hz, 3H), 7.23 – 7.07 (m, 6H), 7.00 (m, 1H), 

6.90 – 6.79 (m, 2H), 6.56 (d, J = 7.8 Hz, 1H), 4.84 (d, J = 15.7 Hz, 1H), 4.65 – 4.49 (m, 1H), 4.44 

(d, J = 15.7 Hz, 1H), 3.20 (d, J = 12.1 Hz, 1H), 2.86 (dd, J = 12.1, 4.6 Hz, 1H), 2.83 – 2.64 (m, 

2H), 2.27 (s, 1H), 1.14 (s, 3H). 
13

C{
1
H}NMR (101 MHz, CDCl3) δ 214.0, 211.6, 178.1, 143.0 134.8, 134.0, 133.0, 131.0, 130.4, 

129.0 129.0, 127.9 127.9, 127.3,125.0 (q, J = 276.7 Hz, 1C) 124.4, 124.0, 110.1, 71.4, 62.7, 59.8 

(q, J = 31.0 Hz, 1C), 59.1, 52.6 44.7, 43.9, 17.5. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

35
Cl F3N2O3, 553.1500, found: 553.1502; calcd for 

C30H24
37

Cl F3N2O3, 555.1486, found: 555.1486. 

 

1'-benzyl-5-(3-bromobenzyl)-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spir 

o[cyclopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ah) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 100.1 mg, 84% yield; 84:16 dr, mp 175.0-175.6 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.40 – 7.32 (m, 1H), 7.31 – 7.23 (m, 3H), 7.23 – 7.11 (m, 4H), 

7.11 – 7.04 (m, 2H), 7.01 (m, 1H), 6.84 (d, J = 7.9 Hz, 1H), 6.57 (d, J = 7.7 Hz, 1H), 4.85 (d, J = 

15.7 Hz, 1H), 4.53 (m, 1H), 4.44 (d, J = 15.7 Hz, 1H), 3.21 (d, J = 12.0 Hz, 1H), 2.88 – 2.76 (m, 

2H), 2.71 (d, J = 13.0 Hz, 1H), 2.43 – 2.01 (s, 1H), 1.15 (s, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 214.3, 211.9, 178.1, 163.7, 161.2, 143.1, 134.9, 131.3, 131.2, 

130.4, 130.4, 129.0, 127.9, 127.3, 125.0 (q, J = 276.6 Hz, 1C), 124.4, 124.0, 116.0, 115.8, 110.1, 

71.4, 62.9, 59.8 (q, J = 31.6 Hz, 1C), 59.2, 52.7, 44.8, 44.0, 17.6. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

79
BrF3N2O3, 597.0995, found, 597.0995, calcd for 

C30H24
81

BrF3N2O3, 599.0980, found: 599.0981. 

 

1'-benzyl-5-(4-bromobenzyl)-5-methyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cy

clopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ai) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 112.1 mg, 94% yield; 85:15 dr, mp 176.1-176.9 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.47 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 7.3 Hz, 1H), 7.31 (d, J = 

4.3 Hz, 4H), 7.26 (m, 2H), 7.12 (m, 1H), 7.03 (d, J = 8.0 Hz, 2H), 6.75 (d, J = 7.8 Hz, 1H), 4.84 (d, 

J = 15.9 Hz, 1H), 4.68 (d, J = 5.5 Hz, 1H), 4.60 (d, J = 15.9 Hz, 1H), 4.45 (m, 1H), 4.29 (dd, J = 

12.1, 4.4 Hz, 1H), 4.15 (d, J = 12.0 Hz, 1H), 3.08 – 2.78 (m, 2H), 0.92 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.4, 210.6, 178.0, 143.1, 135.5, 133.9, 132.6, 130.9, 

129.6, 128.6, 128.4, 127.4, 127.2,125.7 (q, J = 272.1 Hz, 1C), 124.2, 123.2, 120.5, 109.7, 71.0, 

61.6, 58.7 (q, J = 30.5 Hz, 1C), 57.7, 51.0, 42.8, 39.9, 13.8. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C30H25

79
BrF3N2O3, 597.0995, found, 597.0995, calcd for 

C30H24
81

BrF3N2O3, 599.0980, found: 599.0978. 

 

1'-benzyl-5-methyl-5-(naphthalen-1-ylmethyl)-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-s

piro[cyclopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3aj) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 111.3 mg, 98% yield; 89:11 dr, mp 190.2-191.1 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 8.07 – 8.00 (m, 1H), 7.97 – 7.89 (m, 1H), 7.88 (d, J = 8.2 Hz, 

1H), 7.51 (dd, J = 6.5, 3.3 Hz, 2H), 7.45 (m, 1H), 7.37 – 7.20 (m, 8H), 7.10 (m, 1H), 6.75 (d, J = 

7.7 Hz, 1H), 4.86 (d, J = 16.0 Hz, 1H), 4.65 (d, J = 5.5 Hz, 1H), 4.59 (d, J = 16.0 Hz, 1H), 4.44 (t, 

J = 7.0 Hz, 1H), 3.81 (s, 2H), 3.60 – 3.44 (m, 2H), 1.08 (s, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 213.2, 211.2, 178.6, 143.1, 135.4, 133.3, 132.0, 131.0, 

129.6, 129.1, 128.6, 128.6, 128.4, 128.0, 127.4, 127.2, 126.0, 125.8, 125.5 (q, J = 276.6 Hz, 1C), 

125.1, 124.0, 123.9, 123.2, 109.7, 71.0, 62.3, 58.7 (q, J = 30.6 Hz, 1C), 58.3, 51.7, 42.8, 37.8, 

15.5. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C34H28F3N2O3, 569. 2047, found: 569.2072. 

 

1'-benzyl-5-methyl-5-(naphthalen-2-ylmethyl)-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-s

piro[cyclopenta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3ak) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 112.6 mg, 99% yield; 86:14 dr, mp 138.2-138.9 ℃ 
1
H NMR (400 MHz, CDCl3) δ 7.78 – 7.69 (m, 1H), 7.66 (dd, J = 9.0, 5.4 Hz, 2H), 7.39 (dd, J = 

6.3, 2.9 Hz, 3H), 7.25 (dd, J = 8.1, 6.5 Hz, 2H), 7.21 – 7.12 (m, 4H), 7.09 (m, 1H), 7.00 (dd, J = 

8.4, 1.8 Hz, 1H), 6.93 (m, 1H), 6.53 (d, J = 7.8 Hz, 1H), 4.84 (d, J = 15.7 Hz, 1H), 4.50 (m, J = 

11.3, 5.6 Hz, 1H), 4.41 (d, J = 15.7 Hz, 1H), 3.08 (d, J = 12.0 Hz, 1H), 3.00 (d, J = 13.0 Hz, 1H), 

2.92 (d, J = 13.0 Hz, 1H), 2.75 (dd, J = 12.1, 4.7 Hz, 1H), 2.12 (s, 1H), 1.21 (s, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 214.5, 212.1, 178.1, 143.0, 134.9, 133.3, 132.7, 132.1, 130.3, 

128.9, 128.7, 128.5, 127.9, 127.8, 127.8, 127.4, 127.3, 126.7, 126.4, 125.0 (q, J = 276.7 Hz, 1C), 

123.9, 123.6, 110.0, 71.3, 63.2, 59.7 (q, J = 29.1 Hz, 1C), 59.2, 52.8 46.1, 43.9, 17.9. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C34H28F3N2O3, 569. 2047, found: 569.2049. 

 

1',5-dibenzyl-5-ethyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclopenta[c] 

pyrrole-1,3'-indoline]-2',4,6(5H)-trione (3aI) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 73.4 mg, 69% yield; 88:12 dr, mp 171.2-171.8 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.34 (m , 5H), 7.30 – 7.20 (m, 5H), 7.11 (m, 1H), 7.08 – 6.98 

(m, 2H), 6.73 (d, J = 7.8 Hz, 1H), 4.91 (d, J = 16.1 Hz, 1H), 4.64 (d, J = 5.2 Hz, 1H), 4.59 (d, J = 

15.8 Hz, 1H), 4.47 (m, 1H), 4.01 (d, J = 12.4 Hz, 1H), 3.87 (dd, J = 12.5, 5.2 Hz, 1H), 3.09 (d, J = 

13.5 Hz, 1H), 2.99 (d, J = 13.5 Hz, 1H), 1.54 (m, J = 7.5 Hz, 2H), 0.87 (t, J = 7.6 Hz, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 212.3, 210.5, 177.7, 143.2, 135.6, 134.5, 130.1, 129.6, 

128.9, 128.4, 128.2, 127.3, 127.2, 127.2, 125.5 (q, J = 276.8 Hz, 1C), 124.1, 123.0, 109.6, 70.1, 

66.2, 58.6 (q, J = 30.5 Hz, 1C), 57.8, 51.3, 42.8, 40.3 22.1, 8.1. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H28F3N2O3, 533. 2047, found: 533.2048. 

 

1'-benzyl-5-(3-bromobenzyl)-5-ethyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclo

penta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione(3am) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 102.5 mg, 84% yield; 72:28 dr, mp 166.5-167.4 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.46 (dd, J = 7.9, 2.0 Hz, 1H), 7.42 – 7.37 (m, 1H), 7.37 – 7.28 

(m, 5H), 7.25 (dd, J = 8.9, 7.2 Hz, 3H), 7.12 (m, 1H), 7.07 (d, J = 7.7 Hz, 1H), 6.73 (d, J = 7.8 Hz, 

1H), 4.90 (d, J = 16.0 Hz, 1H), 4.65 (d, J = 5.3 Hz, 1H), 4.59 (d, J = 16.0 Hz, 1H), 4.54 – 4.40 (m, 

1H), 4.30 – 4.01 (m, 2H), 3.10 (d, J = 13.6 Hz, 1H), 3.01 (d, J = 13.6 Hz, 1H), 1.49 (m, J = 9.8, 

5.0 Hz, 2H), 0.84 (t, J = 7.5 Hz, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ

 
213.8, 211.3, 178.0, 143.0, 136.9, 134.8, 132.6, 131.2, 

130.5, 130.4, 129.0, 128.3, 127.9, 127.9, 127.3, 125.0 (q, J = 279.4 Hz, 1C), 124.4, 124.0, 122.9, 

110.2, 77.5, 77.2, 76.8, 71.4, 62.6, 59.7 (q, J = 31.7 Hz, 1C), 59.1, 52.7, 44.8, 44.0, 17.5. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H27

79
BrF3N2O3, 611.1152, found: 611.1149; calcd for 

C31H26
81

BrF3N2O3, 613.1136, found: 613.1139. 

 

1'-benzyl-5-(4-bromobenzyl)-5-ethyl-3-(trifluoromethyl)-2,3,3a,6a-tetrahydro-4H-spiro[cyclo

penta[c]pyrrole-1,3'-indoline]-2',4,6(5H)-trione(3an) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =15:1 

as the eluent); 

White solid; 107.3 mg, 88% yield; 84:16 dr, mp. 120.1-120.7 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ

1
H NMR (400 MHz, DMSO-d6) δ 7.48 (d, J = 8.0 Hz, 2H), 

7.40 (d, J = 7.3 Hz, 1H), 7.39 – 7.28 (m, 4H), 7.25 (m, 2H), 7.11 (m, 1H), 7.02 (d, J = 8.1 Hz, 2H), 

6.73 (d, J = 7.8 Hz, 1H), 4.90 (d, J = 16.0 Hz, 1H), 4.65 (d, J = 5.3 Hz, 1H), 4.58 (d, J = 16.0 Hz, 

1H), 4.48 (m, 1H), 4.19 (d, J = 12.5 Hz, 1H), 4.14 (dd, J = 12.5, 4.7 Hz, 1H), 3.07 (d, J = 13.6 Hz, 

1H), 3.00 (d, J = 13.6 Hz, 1H), 1.48 (dt, J = 11.7, 7.0 Hz, 2H), 0.83 (t, J = 7.5 Hz, 3H). 
13

C{
1
H} NMR (101 MHz, DMSO-d6) δ 211.8, 210.1, 177.7, 143.2, 135.6, 133.9, 132.4, 131.0, 

129.6, 128.8, 128.4, 127.3, 127.1,125.5 (q, J = 276.9 Hz, 1C) 124.2, 123.0, 120.6, 109.6, 70.0, 

66.0, 58.6 (q, J = 30.8 Hz, 1C), 57.6, 51.0, 42.8, 38.9, 21.5, 8.1. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C31H27

79
BrF3N2O3, 611. 1152, found: 611.1153; calcd for 

C31H26
81

BrF3N2O3, 613.1136, found: 613.1138. 

6. General experimental procedures for synthesis of compounds 5. 

 

In a dry reaction tube equipped with a magnetic stirring bar, 2 (60.2 mg, 0.3 mmol, 3.0 

equiv ), and 2-((2,2,2-trifluoroethyl)imino) malonate 4 (0.1 mmol), Cs2CO3 (31.8 mg, 0.09 mmol), 

DCE (3.0 mL) were added in sequence, Then the mixture was stirred at room temperature for 24 h. 
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After completion, the reaction mixture was directly purified by flash chromatography on silica gel 

(petroleum ether / ethyl acetate = 15:1 - 10:1) to give the corresponding products 5. 

Diethyl 

5-benzyl-5-methyl-4,6-dioxo-3-(trifluoromethyl)hexahydrocyclopenta[c]pyrrole-1,1(2H)-dica

rboxylate(5a) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 77.8 mg, 57% yield; > 20:1 dr, mp 162.1-162.9 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.25 – 7.12 (m, 3H), 6.98 – 6.86 (m, 2H), 4.26 (q, 2H), 4.21 – 4.06 

(m, 2H), 3.63 – 3.50 (m, 1H), 3.08 (d, J = 10.1 Hz, 1H), 2.99 (d, J = 12.9 Hz, 1H), 2.86 (t, J = 9.7 

Hz, 1H), 2.83 – 2.76 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 1.20 – 1.12 (m, 6H).
  

13
C{

1
H} NMR (101 MHz, CDCl3) δ 213.6, 212.9, 168.7, 166.2, 135.3, 129.6, 128.9 127.5, 123.6 

(q, J = 280.5 Hz, 1C), 74.7, 63.0, 62.4, 61.4 (q, J = 32.6 Hz, 1C), 60.7, 56.2, 49.8, 44.2, 19.5, 13.9, 

13.8.  

HRMS (ESI) m/z: [M+H]
+
 calcd for C22H25F3NO6, 456.1628, found: 456.1635. 

 

Diethyl 5-methyl-5-(3-methylbenzyl)-4,6-dioxo-3-(trifluoromethyl)hexahydrocyclopenta[c] 

pyrrole-1,1(2H)-dicarboxylate(5b) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 70.4 mg, 50% yield; > 20:1 dr, mp 136.9-137.7 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.13 (m, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.86 – 6.72 (m, 2H), 4.38 – 

4.27 (m, 2H), 4.27 – 4.05 (m, 2H), 3.71 – 3.52 (m, 1H), 3.12 (d, J = 10.1 Hz, 1H), 3.01 (d, J = 

12.9 Hz, 1H), 2.94 (t, J = 9.9 Hz, 1H), 2.87 (d, J = 4.1 Hz, 1H), 2.82 (d, J = 12.9 Hz, 1H), 2.28 (s, 

3H), 1.33 (t, J = 7.1 Hz, 3H), 1.28 – 1.13 (m, 6H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 213.6, 212.9, 168.7, 166.3, 138.5, 135.2, 130.3, 128.7, 128.3, 

126.5, 123.6 (q, J = 280.5 Hz, 1C), 74.6, 63.0, 62.4, 61.3 (q, J = 32.5 Hz, 1C), 60.7, 56.3, 49.8, 

44.4, 21.3, 19.4, 13.9 (2C). 

HRMS (ESI) m/z: [M+H]
+
 calcd for C23H27F3NO6, 470.1785, found: 470.1790. 

 

Diethyl 5-methyl-5-(4-methylbenzyl)-4,6-dioxo-3-(trifluoromethyl)hexahydrocyclopenta[c] 

pyrrole-1,1(2H)-dicarboxylate(5c) 
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The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 59.1 mg, 42% yield; > 20:1 dr, mp 113.3-114.2 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.04 (d, J = 7.8 Hz, 2H), 6.96 – 6.74 (m, 2H), 4.33 (m, 2H), 4.28 – 

4.09 (m, 2H), 3.63 (m, 1H), 3.20 (d, J = 10.2 Hz, 1H), 3.00 (d, J = 12.9 Hz, 1H), 2.93 (t, J = 9.8 

Hz, 1H), 2.88 (s, 1H), 2.83 (d, J = 13.0 Hz, 1H), 2.29 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H), 1.29 – 1.13 

(m, 6H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 213.8, 213.0, 168.7, 166.3, 137.2, 132.2, 129.5, 129.4, 123.7 

(q, J = 278.1 Hz, 1C), 74.8, 63.0, 62.4,61.4 (q, J = 32.3 Hz, 1C), 60.7, 56.2, 49.8, 43.8, 21.1, 19.4, 

13.9 (2C). 

HRMS (ESI) m/z: [M+H]
+
 calcd for C23H27F3NO6, 470.1785, found: 470.1788.  

 

Diethyl 5-(3-methoxybenzyl)-5-methyl-4,6-dioxo-3-(trifluoromethyl)hexahydrocyclopenta[c] 

pyrrole-1,1(2H)-dicarboxylate(5d) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 78.6 mg, 54% yield; > 20:1 dr, mp 110.8-111.4 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.15 (m, 1H), 6.77 (dd, J = 8.2, 2.6 Hz, 1H), 6.57 (d, J = 7.5 Hz, 

1H), 6.53 (m, 1H), 4.32 (m, 2H), 4.28 – 4.12 (m, 2H), 3.75 (d, J = 1.9 Hz, 3H), 3.63 (m, 1H), 3.19 

(d, J = 10.2 Hz, 1H), 3.03 (d, J = 12.7 Hz, 1H), 2.97 (t, J = 9.9 Hz, 1H), 2.85 (d, J = 12.8 Hz, 2H), 

1.32 (m, 3H), 1.27 – 1.18 (m, 6H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 213.8, 212.9, 168.8, 166.4, 159.8, 137.0, 129.9, 123.7 (q, J = 

280.5 Hz, 1C), 121.9, 115.2, 113.3, 74.8, 63.1, 62.5, 61.5 (q, J = 32.6Hz, 1C), 60.7, 56.4, 55.3, 

50.0, 44.4, 19.7, 14.1, 14.0. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C23H27F3NO7, 486.1734, found: 486.1714. 

 

Diethyl 5-(4-fluorobenzyl)-5-methyl-4,6-dioxo-3-(trifluoromethyl)hexahydrocyclopenta [c] 

pyrrole-1,1(2H)-dicarboxylate(5e) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 85.2 mg, 60% yield; > 20:1 dr, mp 152.6-153.4 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.05 – 6.82 (m, 4H), 4.32 (m, 2H), 4.28 – 4.11 (m, 2H), 3.68 – 

3.59 (m, 1H), 3.25 (d, J = 10.1 Hz, 1H), 3.01 (d, J = 13.1 Hz, 1H), 2.96 (d, J = 9.8 Hz, 1H), 2.93 – 

2.89 (m, 1H), 2.86 (d, J = 13.2 Hz, 1H), 1.32 (t, J = 7.2 Hz, 3H), 1.29 – 1.18 (m, 6H). 
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13
C{

1
H} NMR (101 MHz, CDCl3) δ 213.7, 212.9, 168.8, 166.3, 162.2 (d, J = 247.6 Hz, 1C), 

131.4 (d, J = 8.0 Hz, 1C), 131.3 (d, J = 3.3 Hz, 1C), 123.7 (q, J = 280.4 Hz, 1C), 115.7 (d, J = 

21.3 Hz, 1C), 75.0, 63.2, 62.6, 61.6 (q, J = 32.5 Hz, 1C), 60.7, 60.7, 56.3, 49.8, 42.7, 19.8, 14.0. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C22H24F4NO6, 474.1534, found: 474.1534. 

 

Diethyl 5-(2-chlorobenzyl)-5-methyl-4,6-dioxo-3-(trifluoromethyl)hexahydrocyclopenta[c] 

pyrrole-1,1(2H)-dicarboxylate(5f) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 64.6 mg, 44% yield; > 20:1 dr, mp 159.1-159.8℃; 
1
H NMR (400 MHz, CDCl3) δ 7.38 – 7.31 (m, 1H), 7.26 – 7.23 (m, 2H), 7.08 (dd, J = 6.8, 2.5 Hz, 

1H), 4.42 – 4.28 (m, 2H), 4.27 – 4.10 (m, 2H), 3.77 (d, J = 10.2 Hz, 2H), 3.37 (t, J = 10.1 Hz, 1H), 

3.10 (d, J = 2.9 Hz, 2H), 2.90 (d, J = 4.2 Hz, 1H), 1.31 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H), 

1.20 (s, 3H). 
113

C{
1
H}NMR (101 MHz, CDCl3) δ 211.0 (2C), 168.7, 166.3, 134.6, 132.7, 132.1, 130.0, 129.2, 

127.0, 123.6 (q, J = 280.5Hz, 1C),74.0, 63.0, 62.3, 61.0 (q, J = 32.4 Hz, 1C), 59.3, 55.6, 49.9, 40.3, 

17.8, 14.0, 13.9. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C22H24

35
ClF3NO6, 490.1239, found: 490.1242; calcd for 

C22H23
37

ClF3NO6, 492.1225, found: 492.1225. 

 

Diethyl 5-(4-bromobenzyl)-5-methyl-4,6-dioxo-3-(trifluoromethyl)hexahydrocyclopenta[c] 

pyrrole-1,1(2H)-dicarboxylate(5g) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 84.8 mg, 53% yield; > 20:1 dr, mp 149.1-150.0 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.36 (dd, J = 8.0, 1.9 Hz, 1H), 7.12 (dd, J = 14.4, 6.6 Hz, 2H), 

6.92 (d, J = 7.6 Hz, 1H), 4.32 (m, 2H), 4.29 – 4.13 (m, 2H), 3.66 (m, 1H), 3.29 (d, J = 10.1 Hz, 

1H), 3.08 – 2.96 (m, 2H), 2.92 (d, J = 3.9 Hz, 1H), 2.83 (d, J = 13.1 Hz, 1H), 1.33 (t, J = 7.2 Hz, 

3H), 1.29 – 1.20 (m, 6H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 213.1, 212.3 168.7, 166.1, 137.8 132.7, 130.7, 130.3, 128.4, 

123.5 (q, J = 280.3 Hz, 1C),122.7, 74.9, 63.1, 62.5, 61.5 (q, J = 32.4 Hz, 1C), 60.4, 56.1, 49.7, 

42.7, 19.8, 14.0, 13.9. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C22H24

79
BrF3NO6, 534.0734, found: 534.0732; calcd for 

C22H23
81

BrF3NO6,, 536.0716, found: 536.0717. 
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Diethyl 5-methyl-5-(naphthalen-1-ylmethyl)-4,6-dioxo-3-(trifluoromethyl) hexahy 

drocyclopenta[c]pyrrole-1,1(2H)-dicarboxylate(5h) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 89.4 mg, 59% yield; > 20:1 dr, mp 158.3-159.1 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.98 – 7.91 (m, 1H), 7.87 – 7.80 (m, 1H), 7.78 (d, J = 8.2 Hz, 1H), 

7.49 (m, 2H), 7.37 (m, 1H), 7.18 (d, J = 7.0 Hz, 1H), 4.37 – 4.15 (m, 2H), 4.15 – 3.97 (m, 2H), 

3.56 (m, 6.8 Hz, 1H), 3.48 (s, 2H), 2.88 – 2.72 (m, 2H), 2.64 (d, J = 10.4 Hz, 1H), 1.34 (s, 3H), 

1.23 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.1 Hz, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 213.2, 212.8, 168.5, 166.2, 133.9, 131.7, 131.6, 128.9, 128.7, 

128.4, 126.5, 126.1, 125.3, 124.1, 123.7 (q, J = 280.4 Hz, 1C), 74.0, 62.9, 62.2, 61.0 (q, J = 32.4 

Hz, 1C), 60.6, 56.5, 50.2, 41.0, 19.5, 13.9 (2C). 

HRMS (ESI) m/z: [M+H]
+
 calcd for C26H27F3NO6, 506.1785, found: 506.1789. 

 

Diethyl 5-methyl-5-(naphthalen-2-ylmethyl)-4,6-dioxo-3-(trifluoromethyl) hexahy 

drocyclopenta[c]pyrrole-1,1(2H)-dicarboxylate(5i) 

 

The product was purified by flash column chromatography (petroleum ether / ethyl acetate =10:1 

as the eluent); 

White solid; 75.8 mg, 50% yield; > 20:1 dr, mp 122.5-123.4 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.82 – 7.74 (m, 2H), 7.72 (d, J = 8.5 Hz, 1H), 7.51 – 7.41 (m, 3H), 

7.11 (dd, J = 8.4, 1.7 Hz, 1H), 4.33 (m, J = 7.1 Hz, 2H), 4.22 – 4.05 (m, 2H), 3.59 (m, 3.8 Hz, 1H), 

3.21 (t, J = 11.8 Hz, 2H), 3.06 (d, J = 13.0 Hz, 1H), 2.95 – 2.83 (m, 2H), 1.39 – 1.27 (m, 6H), 1.15 

(t, J = 7.1 Hz, 3H). 
13

C{
1
H} NMR (101 MHz, CDCl3) δ 213.8, 212.9, 168.8, 166.3, 133.4, 133.0, 132.5, 128.7, 128.5, 

127.9, 127.7, 127.7, 126.5, 126.2, 123.7 (q, J = 280.4 Hz, 1C), 74.9, 63.1, 62.5, 61.6 (q, J = 32.6 

Hz, 1C), 60.9, 56.3, 49.8, 44.0, 19.9, 14.0, 13.9. 

HRMS (ESI) m/z: [M+H]
+
 calcd for C26H27F3NO6, 506.1785, found: 506.1790. 

 

7. Scale-up experiment. 
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In a dry 100 mL round-bottom flask equipped with a magnetic stirring bar, 

N-2,2,2-trifluoroethylisatin ketimines 1a (1.2 g, 3.75 mmol, 1.5 equiv), DABCO (0.4 g, 3.75 

mmol,1.5 equiv), and 2a (0.5 g, 2.5 mmol, 1.0 equiv), DCE (25.0 mL) were added in sequence. 

Then the mixture was stirred for 24 h at 50 ℃. After completion, the reaction mixture was directly 

purified by flash chromatography on silica gel (petroleum ether / ethyl acetate = 15:1) to give the 

corresponding product 3aa. 

 

8. Different transformations of products.  

8.1. Procedure for the synthesis of 6. 

 
Compound 3aa (0.1 g, 0.2 mmol) was dissolved in MeOH (2.0 mL), and then NaBH4 (22.7 

mg, 3.0 equiv) was added slowly at 0 ℃. The reaction mixture was then allowed to stir at room 

temperature for 4 h. The reaction system was monitored by TLC until 3aa disappeared completely. 

After that, the reaction mixture was quenched by a drop of water and directly purified by column 

chromatography on silica gel (petroleum ether / ethyl acetate = 15:1) to provide compound 6 as a 

white solid (89.5 mg, 86% yield). 

White solid; 89.5 mg, 86% yield; 83:17 dr, mp 188.2-188.9 ℃; 
1
H NMR (300 MHz, DMSO-d6) δ 7.44 – 7.27 (m, 5H), 7.28 – 7.18 (m, 5H), 7.13 (dd, J = 7.5, 1.1 

Hz, 1H), 7.11 – 7.01 (m, 2H), 6.79 – 6.70 (m, 1H), 5.58 (s, 1H), 4.92 (d, J = 15.9 Hz, 1H), 4.70 (d, 

J = 16.0 Hz, 1H), 4.63 – 4.50 (m, 1H), 3.95 (d, J = 11.6 Hz, 2H), 3.68 (ddd, J = 11.1, 6.3, 3.8 Hz, 

2H), 2.86 – 2.69 (m, 2H), 0.90 (s, 3H). 
13

C NMR{
1
H} (75 MHz, CDCl3) δ 218.1, 180.1, 141.7, 136.2, 135.2, 132.5, 130.3, 129.1, 128.5, 

127.9, 127.4, 127.3, 126.7 (q, J = 277.5 Hz, 1C),126.6, 123.88, 123.6, 110.0, 75.5, 70.8, 59.4, 59.3, 

58.7 (q, J = 30.0 Hz, 1C), 44.2, 43.2, 41.2, 14.8.   

HRMS (ESI) m/z [M+H]
+
 calcd for C30H28F3N2O3, 521.2047, found: 521.2046.  

 

8.2 Procedure for the synthesis of 7. 

 

The solution of compound 3aa (0.1 g, 0.20 mmol) in DCM (2.0 mL) was stirred at room 

temperature in a sealed tube. Subsequently, m-CPBA (76.1 mg, 0.44mmol) was added to the 

above solution. The reaction mixture was then allowed to stir 48 h. The reaction mixture was 

quenched by the addition of NaHCO3 aq (15 mL), and diluted with EtOAc (15 mL). The organic 

layer was separated, and the aqueous layer was extracted twice with EtOAc (2 × 15 mL). The 

combined organic layers were dried over Na2SO4, Subsequently, the organic phase was 

concentrated under reduced pressure. The crude product was purified by flash column 
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chromatography on silica gel (petroleum ether / ethyl acetate = 15:1) to afford the desired product 

7 as a white solid (44.9 mg, 42% yield). 

White solid; 44.9 mg, 42% yield; 86:14 dr, mp 135.8-136.6 ℃; 
1
H NMR (300 MHz, CDCl3) δ 7.37 – 7.24 (m, 7H), 7.24 – 7.14 (m, 3H), 7.07 (m, J = 7.6, 1.0 Hz, 

1H), 7.04 – 6.93 (m, 2H), 6.60 (d, J = 7.8 Hz, 1H), 5.07 (s, 1H), 4.76 (s, 2H), 4.60 (m, J = 6.2 Hz, 

1H), 3.00 (d, J = 11.9 Hz, 1H), 2.93 (d, J = 12.9 Hz, 1H), 2.84 (d, J = 12.9 Hz, 1H), 2.46 (dd, J = 

11.9, 6.0 Hz, 1H), 1.27 (s, 3H). 
13

C NMR{
1
H} (75 MHz, CDCl3) δ 214.2, 211.2, 174.7, 144.3, 134.9, 134.6, 130.8, 129.5, 129.1, 

128.9, 128.2, 127.8, 127.2, 126.6, 125.8, 124.9 (q, J = 277.2 Hz, 1C), 124.2, 123.6, 110.1, 65.6 (q, 

J = 30.5 Hz, 1C), 62.3, 54.3, 48.2, 46.4, 43.8, 18.2. 

HRMS (ESI) m/z [M+H]
+
 calcd for C30H26F3N2O4, 535.1839, found: 535.1845. 

 

8.3 Procedure for the synthesis of 8. 

 

Compound 3aa (0.10 g, 0.20 mmol) and polyformaldehyde (0.5 g, 30.0 equiv) was dissolved 

in the mixture solvents of MeOH /THF (1:1, 4.0 mL). Then the NaBH3CN (0.3 g, 20.0 equiv) was 

added into the mixture at room temperature for 30 minutes. The reaction mixture was then allowed 

to stir 72 h at 50 ℃. After completion, the reaction mixture was quenched by addition of 1.0 M 

NaOH (10.0 mL). The aqueous layer was extracted with DCM (2×10.0 mL). The combined 

organic layers were dried over anhydrous Na2SO4. After filtration, the solution was concentrated 

under reduced pressure and the resulting crude mixture was purified by hexane beating twice to 

provide compound 8 as a white solid (100.1 mg, 89% yield). 

White solid; 100.1 mg, 89% yield; 86:14 dr, mp 192.3-193.1 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.31 (m, 5H), 7.27 (d, J = 6.5 Hz, 3H), 7.22 (d, J = 7.8 Hz, 2H), 

7.08 (m, 1H), 7.04 – 6.96 (m, 2H), 6.65 (d, J = 7.8 Hz, 1H), 4.72 (s, 3H), 4.06 (d, J = 11.0 Hz, 1H), 

3.73 (d, J = 11.0 Hz, 1H), 3.13 (d, J = 10.2 Hz, 1H), 2.99 (s, 3H), 2.96 (d, J = 12.7 Hz, 1H), 2.84 

(d, J = 12.7 Hz, 1H), 2.60 (dd, J = 12.0, 4.0 Hz, 1H), 1.28 (s, 3H). 
13

C NMR{
1
H} (101 MHz, CDCl3) δ 214.5, 211.0, 177.5, 144.0, 135.3, 134.9, 130.6, 129.5, 129.0, 

128.9, 128.1, 127.8, 127.4, 126.1, 125.7(q, J = 304.0 Hz, 1C),124.4, 123.6, 110.0, 79.2, 73.8, 63.3, 

60.6(q, J = 30.0 Hz, 1C), 58.5, 56.4, 52.1, 46.4, 43.9, 17.7. 

HRMS (ESI) m/z [M+H]
+
 calcd for C32H30F3N2O4, 563.2152, found: 563.2163. 

 

8.4 Procedure for the synthesis of 9. 
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To an oven-dried schlenk tube, 3ak (119.2 mg, 0.20 mmol), PhB(OH)2 (36.6 mg, 0.30mmol), 

Cs2CO3 (130.4 mg, 0.40 mmol) were added and then the mixture solvents of ethanol (0.4 mL) and 

toluene (2.0 mL) was added into reaction tube. The reaction mixture was stirred at 120 ℃ under 

N2 atmosphere for 12 hours. The heat source is an oil bath. When the mixture was cooled to room 

temperature, the brine (10 mL) was added to quench the reaction. The aqueous layer was extracted 

with DCM (2×10.0 mL), and the combined organic layers were dried over anhydrous Na2SO4. 

After filtration, the organic phase was concentrated and purified by column chromatography on 

silica gel (petroleum ether / ethyl acetate = 15:1) to afford product 9 as a white solid (108.1 mg, 91% 

yield). 

White solid; 108.1 mg, 91% yield; 86:14 dr, mp.140.0-140.7 ℃; 
1
H NMR (400 MHz, DMSO-d6) δ 7.64 – 7.53 (m, 2H), 7.46 (m, 3H), 7.43 – 7.39 (m, 1H), 7.39 – 

7.37 (m, 1H), 7.36 – 7.23 (m, 8H), 7.13 – 6.95 (m, 3H), 4.93 (d, J = 15.9 Hz, 1H), 4.73 (d, J = 

15.9 Hz, 1H), 4.69 (d, J = 5.6 Hz, 1H), 4.52 – 4.38 (m, 1H), 4.06 (d, J = 3.9 Hz, 2H), 3.02 (d, J = 

13.3 Hz, 1H), 2.87 (d, J = 13.3 Hz, 1H), 0.96 (s, 3H). 
13

C NMR{
1
H} (101 MHz, DMSO-d6) δ 212.8, 210.8, 178.2, 143.9, 142.0, 139.9, 135.6, 134.5, 

130.2, 129.0, 128.4, 128.1, 127.8, 127.7, 127.3, 127.3, 127.2, 126.7,125.6 (q, J = 276.4 Hz, 1C), 

124.6, 121.7, 108.1, 70.8, 62.0, 58.7 (q, J = 31.0 Hz, 1C)57.8, 51.3, 42.7, 41.5, 14.3. 

HRMS (ESI) m/z [M+H]
+
 calcd for C36H30F3N2O3, 595.2203 found: 595.2209 

 

9. X-ray crystal structure of compounds 3aa, 8 and 5a. 

Single crystal of compound 3aa was prepared from the mixture solvent of MeOH/ 

Dichloromethane (V : V = 6/1) at room temperature by slow evaporation of solvent. A suitable 

crystal was selected for structure determination on a Xcalibur, Eos, Gemini diffractometer. The 

crystal was kept at 293(2) K during data collection. Using Olex2
[1]

, the structure was solved with 

the ShelXS
[2]

 structure solution program using Direct Methods and refined with the ShelXL
[3]

 

refinement package using Least Squares minimisation. 

[1] Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J, Howard, J. A. K.; Puschmann, H. J. Appl. 

Cryst. 2009, 42, 339-341. 

[2]Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122. 

[3]Sheldrick, G. M. Acta Cryst. 2015, C71, 3-8. 

 

ORTEP of 3aa (at 50% level) 

Crystal data and structure refinement for 3aa. 

Identification code 3aa 

Empirical formula C30H25F3N2O3 

Formula weight 518.52 

Temperature/K 179.99(10) 

Crystal system triclinic 

Space group P-1 
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a/Å 8.6814(4) 

b/Å 10.3082(6) 

c/Å 14.7740(8) 

α/° 88.935(5) 

β/° 81.813(4) 

γ/° 71.234(5) 

Volume/Å3 1238.55(12) 

Z 2 

ρcalcg/cm3 1.390 

μ/mm-1 0.105 

F(000) 540.0 

Crystal size/mm3 0.15 × 0.13 × 0.11 

Radiation Mo Kα (λ = 0.71073) 

2Θ range for data collection/° 4.174 to 49.998 

Index ranges -8 ≤ h ≤ 10, -8 ≤ k ≤ 12, -17 ≤ l ≤ 17 

Reflections collected 8048 

Independent reflections 4362 [Rint = 0.0190, Rsigma = 0.0344] 

Data/restraints/parameters 4362/0/348 

Goodness-of-fit on F2 1.082 

Final R indexes [I>=2σ (I)] R1 = 0.0424, wR2 = 0.0968 

Final R indexes [all data] R1 = 0.0508, wR2 = 0.1027 

Largest diff. peak/hole / e Å-3 0.18/-0.32 

 

Single crystal of compound 5a was prepared from the mixture solvent of Hexane/Ethyl 

acetate (V : V = 8/1) at room temperature by slow evaporation of solvent. 

 

ORTEP of 5a (at 50% level) 

Crystal data and structure refinement for 5a 

Identification code 5a 

Empirical formula C22H24F3NO6 

Formula weight 455.42 

Temperature/K 293(2) 

Crystal system triclinic 

Space group P-1 

a/Å 10.1328(11) 

b/Å 11.3561(14) 

c/Å 11.5752(17) 

α/° 67.509(13) 

β/° 64.451(13) 
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γ/° 81.505(10) 

Volume/Å3 1110.1(3) 

Z 2 

ρcalcg/cm3 1.363 

μ/mm-1 0.988 

F(000) 476.0 

Crystal size/mm3 0.15 × 0.11 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.428 to 134.114 

Index ranges -9 ≤ h ≤ 12, -13 ≤ k ≤ 12, -13 ≤ l ≤ 13 

Reflections collected 7940 

Independent reflections 3935 [Rint = 0.0248, Rsigma = 0.0330] 

Data/restraints/parameters 3935/0/296 

Goodness-of-fit on F2 1.049 

Final R indexes [I>=2σ (I)] R1 = 0.0502, wR2 = 0.1356 

Final R indexes [all data] R1 = 0.0612, wR2 = 0.1496 

Largest diff. peak/hole / e Å-3 0.27/-0.23 

 

Single crystal of compound 8 was prepared from the mixture solvent of MeOH/Ethyl acetate 

(V : V = 5/1) at room temperature by slow evaporation of solvent. 

 

ORTEP of 8 (at 50% level) 

Crystal data and structure refinement for 8. 

Identification code 8 

Empirical formula C32H29F3N2O4 

Formula weight 562.57 

Temperature/K 296.15 

Crystal system triclinic 

Space group P-1 

a/Å 10.034(10) 

b/Å 12.228(12) 

c/Å 12.997(13) 

α/° 69.56(2) 

β/° 86.77(2) 

γ/° 87.29(2) 

Volume/Å3 1491(3) 

Z 2 

ρcalcg/cm3 1.253 
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μ/mm-1 0.095 

F(000) 588.0 

Crystal size/mm3 0.15 × 0.12 × 0.11 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 5.158 to 50.416 

Index ranges -11 ≤ h ≤ 11, -14 ≤ k ≤ 14, -15 ≤ l ≤ 15 

Reflections collected 40902 

Independent reflections 5302 [Rint = 0.0772, Rsigma = 0.0602] 

Data/restraints/parameters 5302/0/376 

Goodness-of-fit on F2 1.037 

Final R indexes [I>=2σ (I)] R1 = 0.0622, wR2 = 0.1240 

Final R indexes [all data] R1 = 0.1239, wR2 = 0.1531 

Largest diff. peak/hole / e Å-3 0.18/-0.23 

 

References: 

[1] (a) Ma, M.; Zhu, Y.; Sun, Q.; Li, X.; Su, J; Zhao, L.; Zhao, Y.; Qiu, S.; Yan, W.; Wang, K.; 

Wang, R. The asymmetric synthesis of CF3-containing spiro[pyrrolidin-3,2′-oxindole] through the 

organocatalytic 1,3-dipolar cycloaddition reaction. Chem. Commun., 2015, 51, 8789. (b) Ryu, H.; 

Seo, J.; Ko H. M. Synthesis of Spiro[oxindole-3,2′-pyrrolidine] Derivatives from Benzynes and 

Azomethine Ylides through 1,3-Dipolar Cycloaddition Reactions. J. Org. Chem. 2018, 83, 14102. 

[2] Das, T.; Saha, P.; Singh, V. K. Silver(I)-Ferrophox Catalyzed Enantioselective 

Desymmetrization of Cyclopentenedione: Synthesis of Highly Substituted Bicyclic Pyrrolidines 

Org. Lett., 2015, 17, 5088. 

[3] Zhi Y., Zhao, K., Liu, Q.; Wang, A.; Enders, D. Asymmetric synthesis of functionalized 

trifluoromethyl-substituted pyrrolidines: Via an organocatalytic domino Michael/Mannich [3+2] 

cycloaddition. Chem. Commun. 2016, 52, 14011. 
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10. 
1
H NMR, 

13
C{

1
H } NMR spectra for compounds 3, 5, 6, 7, 8, 9. 

1
H NMR (400 MHz, DMSO-d6) of 3aa 

 
13

C{
1
H} NMR (101 MHz, DMSO-d6) of 3aa 
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1
H NMR (400 MHz, DMSO-d6) of 3ba 

 
13

C{
1
H} NMR (101 MHz, DMSO-d6) of 3ba 
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1
H NMR (400 MHz, CDCl3) of 3ca 

 

 
13

C{
1
H} NMR (101 MHz, DMSO-d6) of 3ca 
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1
H NMR (400 MHz, DMSO-d6) of 3da 
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C{
1
H} NMR (101 MHz, DMSO-d6) of 3da 
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1
H NMR (400 MHz, DMSO-d6) of 3ea 
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1
H} NMR (101 MHz, DMSO-d6) of 3ea 
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1
H NMR (400 MHz, DMSO-d6) of 3fa 

 
13

C{
1
H} NMR (101 MHz, DMSO-d6) of 3fa 
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1
H NMR (400 MHz, DMSO-d6) of 3ga 
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C{
1
H} NMR (101 MHz, DMSO-d6) of 3ga 
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1
H NMR (400 MHz, DMSO-d6) of 3ha 
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1
H} NMR (101 MHz, DMSO-d6) of 3ha 
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1
H NMR (400 MHz, CDCl3) of 3ia 
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C{
1
H} NMR (101 MHz, CDCl3) of 3ia 
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1
H NMR (400 MHz, DMSO-d6) of 3ja
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1
H} NMR (101 MHz, DMSO-d6) of 3ja 
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1
H NMR (400 MHz, DMSO-d6) of 3ka 
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C{
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H} NMR (101 MHz, DMSO-d6) of 3ka 
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1
H NMR (400 MHz, DMSO-d6) of 3la

 

 
13

C{
1
H} NMR (101 MHz, DMSO-d6) of 3la 
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1
H NMR (400 MHz, DMSO-d6) of 3ma

 

 

13
C{

1
H} NMR (101 MHz, DMSO-d6) of 3ma 
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1
H NMR (400 MHz, DMSO-d6) of 3na 

 
13

C{
1
H} NMR (101 MHz, DMSO-d6) of 3na 
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1
H NMR (400 MHz, DMSO-d6) of 3oa 
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C{
1
H} NMR (101 MHz, DMSO-d6) of 3oa 
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1
H NMR (400 MHz, DMSO-d6) of 3pa

 

 

 

 
13

C{
1
H} NMR (101 MHz, DMSO-d6) of 3pa 
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1
H NMR (400 MHz, CDCl3) of 3qa 
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C{
1
H} NMR (101 MHz, CDCl3) of 3qa 
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1
H NMR (400 MHz, DMSO-d6) of 3ab 
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C{
1
H} NMR (101 MHz, DMSO-d6) of 3ab 
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1
H NMR (400 MHz, CDCl3) of 3ac 
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C{
1
H} NMR (101 MHz, CDCl3) of 3ac 
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1
H NMR (400 MHz, CDCl3) of 3ad 
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H} NMR (101 MHz, CDCl3) of 3ad 
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1
H NMR (400 MHz, CDCl3) of 3ae 
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1
H} NMR (101 MHz, CDCl3) of 3ae 
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1
H NMR (400 MHz, CDCl3) of 3af 
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C{
1
H} NMR (101 MHz, CDCl3) of 3af 
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1
H NMR (400 MHz, CDCl3) of 3ag 
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H} NMR (101 MHz, CDCl3) of 3ag 
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1
H NMR (400 MHz, CDCl3) of 3ah 

 
13

C{
1
H} NMR (101 MHz, CDCl3) of 3ah 
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1
H NMR (400 MHz, DMSO-d6) of 3ai 
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1
H} NMR (101 MHz, DMSO-d6) of 3gi 
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1
H NMR (400 MHz, DMSO-d6) of 3aj 

 
13
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1
H} NMR (101 MHz, DMSO-d6) of 3aj 
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1
H NMR (400 MHz, CDCl3) of 3ak 

 

 
13
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H} NMR (101 MHz, CDCl3) of 3ak 
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1
H NMR (400 MHz, DMSO-d6) of 3al 
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C{
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H} NMR (101 MHz, DMSO-d6) of 3al 
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1
H NMR (400 MHz, DMSO-d6) of 3am 
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H} NMR (101 MHz, DMSO-d6) of 3am 
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1
H NMR (400 MHz, DMSO-d6) of 3an 
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H} NMR (101 MHz, DMSO-d6) of 3an 
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1
H NMR (400 MHz, CDCl3) of 5a 
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H} NMR (101 MHz, CDCl3) of 5a
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1
H NMR (400 MHz, CDCl3) of 5b 

 
 

13
C{

1
H} NMR (101 MHz, CDCl3) of 5b 
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1
H NMR (400 MHz, CDCl3) of 5c 
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H} NMR (101 MHz, CDCl3) of 5c 
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1
H NMR (400 MHz, CDCl3) of 5d 

13
C{

1
H} NMR (101 MHz, CDCl3) of 5d 

 

 

 
1
H NMR (400 MHz, CDCl3) of 5e 
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13
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H} NMR (101 MHz, CDCl3) of 5e 
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1
H NMR (400 MHz, CDCl3) of 5f 
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1
H NMR (400 MHz, CDCl3) of 5g 
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H} NMR (101 MHz, CDCl3) of 5g 
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1
H NMR (400 MHz, CDCl3) of 5h 
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H} NMR (101 MHz, CDCl3) of 5h 

 

 
1
H NMR (400 MHz, CDCl3) of 5i 
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13
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1
H NMR (300 MHz, DMSO-d6) of 6 
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H} NMR (75 MHz, CDCl3) of 6 
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1
H-

1
H COSY spectra for stereochemistry of product 6 

 

 

Attribution of hydrogen in compound 6 
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1
H NMR (300 MHz, CDCl3) of 7 

 
 

13
C{

1
H} NMR (75 MHz, CDCl3) of 7 
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1
H NMR (400 MHz, CDCl3) of 8 
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H} NMR (101 MHz, CDCl3) of 8 
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1
H NMR (400 MHz, DMSO-d6) of 9 
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H} NMR (101 MHz, DMSO-d6) of 9 
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11.  MS spectra for compounds 3, 5, 6, 7, 8, 9. 

MS spectra of 3aa 
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