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1. General Information 

Reactions were monitored by thin layer chromatography (TLC), and compounds were 

visualized with a UV light at 254 nm and 365 nm. Column chromatography 

purifications were carried out using silica gel. 1H, 13C and 19FNMR spectra were 

recorded on a Bruker (300 MHz and 400 MHz) spectrometer in CDCl3 using 

tetramethylsilane (TMS) as internal standard. Data are presented as follows: chemical 

shift, integration, multiplicity (br = broad, s =singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet) and coupling constant in Hertz (Hz). Mass peaks are identified 

by the corresponding m/z values. The ee values determination was carried out using 

chiral high-performance liquid chromatography(HPLC) with Chiracel IA column. 

Optical rotations were measured on a digital polarimeter and are reported as follows: 

[α]D
T (1 g/100 mL, CHCl3). 

All solvents were obtained from commercial sources and were purified according to 

standard procedures. The starting materials (Z)-2-benzylidenebenzofuran-3(2H)-one 

and (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one were prepared 

according to literature method.[1,2] 

References: 

[1] (a) Wu, D.; Mei, H.; Tan, P.; Lu, W.; Zhu, J.; Wang, W.; Huang, J.; Li, J. 

Tetrahedron Lett 2015, 56, 4383–4387. (b) Nakano, H.; Saito, N.; Parker, L.; Tada, Y.; 

Abe, M.; Tsuganezawa, K.; Nagano, T. J. Med. Chem. 2012, 55, 5151–5164 

[2] Li, X.; Su, J.; Liu, Z.; Zhu, Y.; Dong, Z.; Qiu, S.; Wang, J.; Lin, L.; Shen, Z.; 

Yan, W.; Wang, K.; Wang, R. Org. Lett. 2016, 18, 950–959. 

 

2. Representative Procedure 

 

 

To a solution of quinine derived thiourea organocatalyst C6 (1 mg, 0.002mmol) and 

substrate 1(0.2mmol) in dry 1,2-dichloroethanewas added substrate 2(0.3 

mmol)(1.0mL) at rt. The reaction mixture was monitored by TLC inspection. The 

solvent was evaporated under reduced pressure and the crude residue was purified on 

silica gel flash column chromatography using ethyl acetate/hexanes (1/10) eluent to 

give the corresponding cycloadduct 3aa-3aj and 3ba-3ta. 

Racemates were prepared following the general procedure, yet catalyzed by the 

racemic mixture of two asymmetric catalysts. 
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3. Analytical Data and HPLC Chromatogram of the Products  

(2R,2'R,4'R,5'S)-1''-benzyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofura

n-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3aa) 

 

From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 76.3 mg 

(0.24 mmol, 1.2 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one, 

80.0 mg (73% yield) compound 3aa was obtained as white solid, mp = 117 - 119 °C. 

[α]D
20 = -122 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 11.4 min and 

tminor = 7.0 min. 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 7.4 Hz, 1H), 7.43 – 7.27 

(m, 7H), 7.27 – 7.19 (m, 2H), 7.19 – 7.07 (m, 3H), 7.07 – 6.95 (m, 2H), 6.83 (t, J = 

7.5 Hz, 1H), 6.73 (t, J = 7.4 Hz, 1H), 6.47 (d, J = 7.8 Hz, 1H), 5.38 – 5.10 (m, 2H), 

4.99 – 4.80 (m, 1H), 4.57 (d, J = 15.6 Hz, 1H), 2.69 (s, 1H). 13C NMR (100 MHz, 

CDCl3) δ 194.3, 174.1, 170.1, 143.6, 138.4, 135.5, 131.4, 130.5, 129.3, 128.8, 128.3, 

128.1, 127.6, 125.9, 125.6 (q, JC-F = 278.2 Hz), 124.2, 123.7, 122.5, 122.2, 121.8, 

112.3, 109.4, 97.8, 72.1, 62.4 (q, JC-F = 30.7 Hz), 51.1, 44.4. 19F NMR (282 MHz, 

CDCl3) δ -73.2. HRMS (ESI) m/z calcd for C32H23F3N2NaO3 [M+Na]+: 563.1553, 

found 563.1566. 

 

 
 Retention Time Area % Area Height Int Type Peak Type 

1 6.884 940642 59.30 47123 bb Unknown 

2 11.267 645722 40.70 27042 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.978 89401 0.28 8428 bb Unknown 

2 11.376 31340227 99.72 1350973 bv Unknown 

 

tert-butyl (2R,2'R,4'R,5'S)-2'',3-dioxo-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro 

[benzofuran-2,3'-pyrrolidine-2',3''-indoline]-1''-carboxylate (3ab) 

 

From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 78.7 mg 

(0.24 mmol, 1.2 equiv) tert-butyl (Z)-2-oxo-3-((2,2,2-trifluoroethyl)imino)indoline-1- 

carboxylate, 30.0 mg (27% yield) compound 3ab was obtained as white solid, mp = 

173 - 174 °C. [α]D
20 = -3 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. 2% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 5.0 min and tminor 

= 4.0 min. 1H NMR (300 MHz, CDCl3) δ 7.73 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 6.8 Hz, 

1H), 7.42 – 7.31 (m, 3H), 7.26 – 7.18 (m, 2H), 7.18 – 7.09 (m, 3H), 7.02 (dd, J = 7.6, 

0.9 Hz, 1H), 6.97 (d, J = 8.5 Hz, 1H), 6.77 (t, J = 7.5 Hz, 1H), 5.00 (d, J = 10.9 Hz, 

1H), 4.92 – 4.78 (m, 3H), 2.55 (s, 1H), 1.67 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 

194.0, 172.2, 170.1, 149.0, 140.3, 138.4, 131.0, 130.7, 129.2, 128.3, 128.2, 125.6, 

125.5 (q, JC-F = 277.8 Hz), 124.3, 124.1, 122.7, 122.2, 121.4, 115.2, 112.2, 97.4, 84.6, 

72.1, 62.3 (q, JC-F = 30.9 Hz), 50.8, 28.2. 19F NMR (282 MHz, CDCl3) δ -73.8. HRMS 

(ESI) m/z calcd for C30H25F3N2NaO5 [M+Na]+: 573.1608, found 573.1617. 

 

6
.9

7
7

1
1
.3

7
5

A
U

0.00

1.00

2.00

min

2.00 4.00 6.00 8.00 10.00 12.00 14.00

S 4



 
 Retention Time Area % Area Height Int Type Peak Type 

1 4.003 5439239 49.33 853401 bb Unknown 

2 4.964 5586937 50.67 722449 bb Unknown 

 
 Retention Time Area % Area Height Int Type Peak Type 

1 4.011 1640000 48.90 251207 bb Unknown 

2 4.986 1713513 51.10 217770 bb Unknown 

 

 

(2R,2'R,4'R,5'S)-1''-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofura

n-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ac) 

 

From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 57.8 mg 

(0.24 mmol, 1.2 equiv) (Z)-1-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one, 

90.0 mg (97% yield) compound 3ac was obtained as yellow solid, mp = 109 - 111 °C. 

[α]D
20 = -156 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR analysis. 99% 

ee was determined by HPLC analysis (Daicel Chiralcel IA column, hexane/2-propanol/ 
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DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 11.1 min and tminor = 6.6 min. 1H 

NMR (300 MHz, CDCl3) δ 7.52 (d, J = 6.8 Hz, 1H), 7.45 – 7.33 (m, 3H), 7.25 – 7.07 

(m, 5H), 7.02 (d, J = 8.4 Hz, 1H), 6.88 (td, J = 7.6, 0.8 Hz, 1H), 6.78 (t, J = 7.5 Hz, 

1H), 6.66 (d, J = 7.8 Hz, 1H), 5.14 (d, J = 10.9 Hz, 1H), 4.91 – 4.74 (m, 1H), 3.20 (s, 

3H), 2.36 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 194.3, 174.0, 170.1, 144.4, 138.3, 

131.4, 130.6, 129.2, 128.3, 128.1, 125.7, 125.7 (q, JC-F = 270.0 Hz), 124.3, 123.6, 

122.4, 122.1, 121.7, 112.3, 108.3, 97.8, 72.0, 62.4 (q, JC-F = 30.7 Hz), 50.9, 26.4. 19F 

NMR (282 MHz, CDCl3) δ -73.8. HRMS (ESI) m/z calcd for C26H20F3N2O3 [M+H]+: 

465.1421, found 465.1429. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 5.820 214631 39.90 13755 bb Unknown 

2 9.599 323267 60.10 16538 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.606 9213 0.50 1121 bb Unknown 

2 11.125 1819938 99.50 90113 bb Unknown 

 

(2R,2'R,4'R,5'S)-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[benzofuran-2,3'-pyrr

olidine-2',3''-indoline]-2'',3-dione (3ad) 
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From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 54.7 mg 

(0.24 mmol, 1.2 equiv) (Z)-3-((2,2,2-trifluoroethyl)imino)indolin-2-one, 70.0 mg (78% 

yield) compound 3ad was obtained as yellow solid, mp = 109 - 110 °C. [α]D
20 = -136 

(c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR analysis. 97% ee was 

determined by HPLC analysis (Daicel Chiralcel IA column, hexane/2-propanol/ 

DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 19.1 min and tminor = 14.3 min. 1H 

NMR (300 MHz, CDCl3) δ 8.40 (s, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.45 – 7.34 (m, 3H), 

7.23 (d, J = 0.7 Hz, 1H), 7.19 – 7.08 (m, 4H), 7.02 (d, J = 8.4 Hz, 1H), 6.86 (td, J = 

7.6, 0.8 Hz, 1H), 6.82 – 6.72 (m, 2H), 5.10 (d, J = 10.9 Hz, 1H), 4.92 – 4.75 (m, 1H), 

2.64 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 194.4, 175.8, 170.1, 141.6, 138.4, 131.4, 

130.6, 129.3, 128.3, 128.1, 126.1, 125.7 (q, JC-F = 269.9 Hz), 124.3, 124.0, 122.4, 

122.2, 121.7, 112.3, 110.3, 97.6, 72.4, 62.4 (q, JC-F = 30.7 Hz), 50.9. 19F NMR (282 

MHz, CDCl3) δ -73.3. HRMS (ESI) m/z calcd for C25H18F3N2O3 [M+H]+: 451.1264, 

found 451.1268. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 14.486 1022834 51.87 38641 bb Unknown 

2 19.374 948911 48.13 27475 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 14.253 5149014 98.27 201169 bb Unknown 

2 19.092 90441 1.73 3397 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5''-chloro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ae) 

 

From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 105.6 mg 

(0.30 mmol, 1.5 equiv) (Z)-1-benzyl-5-chloro-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 114.0 mg (99% yield) compound 3ae was obtained as pale yellow solid, mp = 

139 - 140 °C. [α]D
20 = -21 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 10.9 min and 

tminor = 6.4 min. 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 2.0 Hz, 1H), 7.43 – 7.36 

(m, 3H), 7.33 – 7.22 (m, 6H), 7.17 – 7.08 (m, 3H), 7.04 (d, J = 8.4 Hz, 1H), 6.95 (dd, 

J = 8.4, 2.1 Hz, 1H), 6.75 (t, J = 7.3 Hz, 1H), 6.38 (d, J = 8.4 Hz, 1H), 5.25 – 5.10 (m, 

2H), 4.96 – 4.79 (m, 1H), 4.55 (d, J = 15.7 Hz, 1H), 2.97 (d, J = 8.1 Hz, 1H). 13C 

NMR (100 MHz, CDCl3): δ 194.0, 173.8, 170.1, 142.0, 138.7, 135.0, 131.2, 130.3, 

129.3, 128.8, 128.4, 128.2, 127.8, 127.8, 127.6, 126.6, 125.6 (q, JC-F = 278.4 Hz), 

125.5, 124.1, 122.4, 121.6, 112.4, 110.4, 97.5, 72.2, 62.4 (q, JC-F = 30.7 Hz), 51.1, 

44.5. 19F NMR (376 MHz, CDCl3) δ -73.2. HRMS (ESI) m/z calcd for 

C32H22ClF3N2NaO3 [M+Na]+: 597.1163, found 597.1157. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.355 1034502 48.18 73637 bb Unknown 

2 11.229 1112502 51.82 49276 bb Unknown 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 10.866 9793709 100.00 495952 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5''-bromo-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3af) 

 

From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 119.1 mg 

(0.30 mmol, 1.5 equiv) (Z)-1-benzyl-5-bromo-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 116.2 mg (94% yield) compound 3af was obtained as pale yellow solid, mp = 

141 - 142 °C. [α]D
20 = +20 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 12.0 
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min and tminor = 6.5 min. 1H NMR (300 MHz, CDCl3) δ 7.69 (d, J = 1.9 Hz, 1H), 7.46 

– 7.36 (m, 3H), 7.33 – 7.22 (m, 6H), 7.19 – 7.08 (m, 4H), 7.05 (d, J = 8.4 Hz, 1H), 

6.78 (t, J = 7.5 Hz, 1H), 6.34 (d, J = 8.4 Hz, 1H), 5.26 – 5.10 (m, 2H), 4.98 – 4.73 (m, 

1H), 4.54 (d, J = 15.6 Hz, 1H), 2.96 (s, 1H). 13C NMR(100 MHz, CDCl3) δ 194.0, 

173.6, 170.1, 142.5, 138.7, 134.9, 133.2, 131.1, 129.3, 129.3, 128.9, 128.4, 128.3, 

127.8, 127.6, 125.8, 125.5 (q, JC-F = 278.2 Hz), 124.2, 122.5, 121.6, 115.0, 112.4, 

110.9, 97.5, 72.1, 62.4 (q, J C-F = 30.8 Hz), 51.0, 44.5. 19F NMR (282 MHz, CDCl3) δ 

-73.2. HRMS (ESI) m/z calcd for C32H22BrF3N2NaO3 [M+Na]+: 641.0658, found 

641.0647. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.535 670150 48.94 49704 bb Unknown 

2 12.144 699059 51.06 30755 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 12.021 2569843 100.00 115642 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5''-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ag) 
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From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 99.6 mg 

(0.30 mmol, 1.5 equiv) (Z)-1-benzyl-5-methyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 107.2 mg (97% yield) compound 3ag was obtained as pale yellow solid, mp = 

133 - 134 °C. [α]D
20 = -61 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 14.6 min and 

tminor = 6.4 min. 1H NMR (300 MHz, CDCl3) δ 7.52 – 7.38 (m, 3H), 7.36 – 7.25 (m, 

5H), 7.25 – 7.16 (m, 2H), 7.16 – 7.04 (m, 3H), 7.01 (d, J = 8.3 Hz, 1H), 6.84 – 6.74 

(m, 1H), 6.69 (t, J = 7.5 Hz, 1H), 6.34 (d, J = 8.0 Hz, 1H), 5.33 – 5.09 (m, 2H), 4.99 – 

4.77 (m, 1H), 4.53 (d, J = 15.6 Hz, 1H), 2.99 (d, J = 7.6 Hz, 1H), 2.14 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 194.4, 174.1, 170.3, 141.0, 138.4, 135.6, 132.1, 131.6, 

130.8, 129.3, 128.7, 128.3, 128.1, 127.6, 126.9, 125.8 (q,JC-F = 278.1 Hz), 124.1, 

122.2, 121.8, 112.2, 109.2, 97.9, 72.4, 62.5 (q,JC-F = 30.6 Hz), 51.0, 44.4, 21.0. 19F 

NMR (376 MHz, CDCl3) δ -73.0. HRMS (ESI) m/z calcd for C33H25F3N2NaO3 

[M+Na]+: 577.1709, found 577.1699. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.473 289382 36.26 23133 bb Unknown 

2 14.715 508704 63.74 17913 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.434 25310 0.27 2822 bb Unknown 

2 14.570 9493334 99.73 353380 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5''-methoxy-4'-phenyl-5'-(trifluoromethyl)-3H-dispir

o[benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ah) 

 

From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 104.4 mg 

(0.30 mmol, 1.5 equiv) (Z)-1-benzyl-5-methoxy-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 100.0 mg (88% yield) compound 3ah was obtained as pale yellow solid, mp = 

134 - 135 °C. [α]D
20 = -42 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. 99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 21.4 min and 

tminor = 16.3 min. 1H NMR (300 MHz, CDCl3) δ 7.42 – 7.38 (m, 2H), 7.38 – 7.25 (m, 

5H), 7.25 – 7.17 (m, 3H), 7.16 – 7.04 (m, 3H), 7.01 (d, J = 8.4 Hz, 1H), 6.71 (t, J = 

7.4 Hz, 1H), 6.51 (dd, J = 8.6, 2.6 Hz, 1H), 6.36 (d, J = 8.5 Hz, 1H), 5.32 – 5.11 (m, 

2H), 4.98 – 4.78 (m, 1H), 4.52 (d, J = 15.6 Hz, 1H), 3.62 (s, 3H), 2.99 (d, J = 8.3 Hz, 

1H). 13C NMR (100 MHz, CDCl3) δ 194.2, 173.9, 170.1, 155.7, 138.4, 136.8, 135.5, 

131.4, 129.3, 128.7, 128.3, 128.1, 127.6, 125.7 (q, JC-F = 278.3 Hz), 124.9, 124.2, 

122.3, 121.8, 115.1, 113.1, 112.2, 109.9, 97.8, 72.3, 62.4 (q, JC-F = 30.7 Hz), 55.8, 

51.0, 44.5. 19F NMR (282 MHz, CDCl3) δ -73.0. HRMS (ESI) m/z calcd for 

C33H25F3N2NaO4 [M+Na]+: 593.1659, found 593.1648. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 16.449 836772 50.01 19642 bb Unknown 

2 21.228 836595 49.99 19895 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 16.258 47182 0.54 1386 bb Unknown 

2 21.388 8713050 99.46 203348 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-7''-chloro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ai) 

 

From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 105.9 mg 

(0.30 mmol, 1.5 equiv) (Z)-1-benzyl-7-chloro-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 97.4 mg (85% yield) compound 3ai was obtained as pale yellow yellow solid, 

mp = 110 - 111 °C. [α]D
20 = -235 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 
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19F NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 7.5 min 

and tminor = 6.3 min. 1H NMR (300 MHz, CDCl3) δ 7.52 (dd, J = 7.5, 1.2 Hz, 1H), 7.45 

– 7.35 (m, 3H), 7.33 – 7.21 (m, 6H), 7.17 – 7.07 (m, 3H), 7.06 – 6.97 (m, 2H), 6.81 

(td, J = 7.7, 2.9 Hz, 2H), 5.39 (d, J = 16.3 Hz, 1H), 5.26 (d, J = 16.3 Hz, 1H), 5.16 (d, 

J = 10.9 Hz, 1H), 4.94 – 4.75 (m, 1H), 2.45 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 

194.0, 174.8, 170.0, 139.8, 138.6, 137.3, 133.2, 131.1, 129.3, 128.5, 128.4, 128.2, 

127.1, 126.7, 125.6 (q, JC-F = 278.3 Hz), 124.8, 124.3, 123.4, 122.4, 121.6, 115.5, 

112.4, 97.5, 71.5, 63.9 (q, JC-F = 30.7 Hz), 51.1, 45.4. 19F NMR (282 MHz, CDCl3) δ 

-73.1. HRMS (ESI) m/z calcd for C32H22ClF3N2NaO3 [M+Na]+: 597.1163, found 

597.1153. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.315 3978461 49.05 374774 bb Unknown 

2 7.471 4132582 50.95 334213 bb Unknown 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.469 3695587 100.00 299055 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-7''-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3aj) 
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From 44.4 mg (0.20 mmol) (Z)-2-benzylidenebenzofuran-3(2H)-one and 99.6 mg 

(0.30 mmol, 1.5 equiv) (Z)-1-benzyl-7-methyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 101.9 mg (92% yield) compound 3aj was obtained as pale yellow yellow solid, 

mp = 140 - 141 °C. [α]D
20 = -191 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 

19F NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 10.1 

min and tminor = 7.5 min. 1H NMR (300 MHz, CDCl3) δ 7.47 (dd, J = 6.9, 1.6 Hz, 1H), 

7.43 – 7.35 (m, 3H), 7.34 – 7.17 (m, 6H), 7.17 – 7.06 (m, 3H), 7.02 (d, J = 8.4 Hz, 

1H), 6.90 – 6.71 (m, 3H), 5.29 (d, J = 17.0 Hz, 1H), 5.23 (d, J = 10.9 Hz, 1H), 5.05 (d, 

J = 16.9 Hz, 1H), 4.94 – 4.78 (m, 1H), 2.61 (s, 1H), 2.10 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 194.5, 175.3, 170.1, 141.7, 138.4, 137.5, 134.6, 131.5, 129.3, 128.8, 128.3, 

128.1, 127.1, 126.0, 125.7 (q, JC-F = 278.3 Hz), 124.4, 124.2, 123.9, 122.6, 122.2, 

121.8, 120.0, 112.4, 97.8, 71.5, 62.4(q, J C-F = 30.7 Hz), 51.1, 45.6, 18.8. 19F NMR 

(282 MHz, CDCl3) δ -73.0. HRMS (ESI) m/z calcd for C33H25F3N2NaO3 [M+Na]+: 

577.1709, found 577.1101. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.302 582570 50.57 42132 bb Unknown 

2 9.851 569519 49.43 31236 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 7.543 5955 0.39 585 bb Unknown 

2 10.108 1504144 99.61 76852 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(4-fluorophenyl)-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ba) 

 

From 48.0 mg (0.20 mmol) (Z)-2-(4-fluorobenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 97.0 mg (87% yield) compound 3ba was obtained as pale yellow solid, mp = 

121 - 122 °C. [α]D
20 = -116 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. 97% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 12.0 min and 

tminor = 8.6 min. 1H NMR (300 MHz, CDCl3) δ 7.55 (d, J = 7.5 Hz, 1H), 7.48 – 7.28 

(m, 7H), 7.28 – 7.17 (m, 2H), 7.08 – 6.97 (m, 2H), 6.91 – 6.74 (m, 4H), 6.48 (d, J = 

7.8 Hz, 1H), 5.32 – 5.13 (m, 2H), 4.94 – 4.74 (m, 1H), 4.57 (d, J = 15.6 Hz, 1H), 3.00 

(d, J = 8.1 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 194.2, 174.1, 170.1, 162.4 (d, JC-F 

=245.6 Hz), 143.5, 138.6, 135.4, 130.9, 130.9, 130.6, 128.8, 127.7, 127.6, 127.3 (d, 

JC-F = 3.05 Hz), 125.9, 125.6 (q, JC-F = 278.3 Hz), 124.2, 123.6, 122.6, 122.4, 121.7, 

115.5, 115.3, 112.4, 109.5, 97.6, 72.1, 62.6 (q, JC-F = 30.7 Hz), 50.3, 44.4. 19F NMR 

(376 MHz, CDCl3) δ -73.2, -113.7. HRMS (ESI) m/z calcd for C32H22F4N2NaO3 

[M+Na]+: 581.1459, found 581.1450. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 8.421 6066435 55.91 426683 bb Unknown 

2 12.051 4783240 44.09 235991 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 8.566 35557 1.59 2722 bb Unknown 

2 12.022 2199395 98.41 108987 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(4-chlorophenyl)-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ca) 

 

From 51.0 mg (0.20 mmol) (Z)-2-(4-chlorobenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 105.0 mg (92% yield) compound 3ca was obtained as pale yellow solid, mp = 

134 - 135 °C. [α]D
20 = -99 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 
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analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 13.5 min and 

tminor = 10.6 min. 1H NMR (300 MHz, CDCl3) δ 7.57 (d, J = 6.8 Hz, 1H), 7.42 – 7.36 

(m, 1H), 7.36 – 7.28 (m, 6H), 7.26 – 7.20 (m, 2H), 7.10 (d, J = 8.5 Hz, 2H), 7.03 (d, J 

= 8.3 Hz, 1H), 7.01 – 6.94 (m, 1H), 6.88 – 6.80 (m, 1H), 6.76 (t, J = 7.4 Hz, 1H), 6.47 

(d, J = 7.7 Hz, 1H), 5.31 – 5.11 (m, 2H), 4.93 – 4.76 (m, 1H), 4.57 (d, J = 15.7 Hz, 

1H), 3.06 (d, J = 7.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 194.2, 174.1, 170.1, 

143.5, 138.7, 135.4, 134.1, 130.7, 130.6, 130.1, 128.8, 128.6, 127.7, 127.6, 126.0, 

125.6 (q, JC-F = 278.3 Hz), 124.2, 123.4, 122.6, 122.5, 121.6, 112.4, 109.5, 97.5, 72.3, 

62.5 (q, JC-F = 30.7 Hz), 50.3, 44.4. 19F NMR (376 MHz, CDCl3) δ -73.1. HRMS (ESI) 

m/z calcd for C32H22ClF3N2NaO3 [M+Na]+: 597.1163, found 597.1160. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 10.625 2785400 58.07 150503 bb Unknown 

2 13.491 2011078 41.93 89675 bb Unknown 

 

Retention Time Area % Area Height Int Type Peak Type 

1 13.518 7624889 100.00 323070 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(4-bromophenyl)-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3da) 
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From 60.2 mg (0.20 mmol) (Z)-2-(4-bromobenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 119 mg (96% yield) compound 3da was obtained as pale yellow solid, mp = 

128 - 129 °C. [α]D
20 = -92 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 12.7 min and 

tminor = 9.8 min. 1H NMR (300 MHz, CDCl3) δ 7.52 (d, J = 6.9 Hz, 1H), 7.47 – 7.39 

(m, 1H), 7.36 – 7.30 (m, 4H), 7.29 – 7.22 (m, 6H), 7.06 – 6.97 (m, 2H), 6.88 – 6.77 

(m, 2H), 6.48 (d, J = 7.7 Hz, 1H), 5.27 – 5.12 (m, 2H) , 4.87 – 4.73 (m, 1H), 4.56 (d, J 

= 15.6 Hz, 1H), 2.39 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 194.2, 174.0, 170.1, 

143.5, 138.8, 135.4, 131.6, 131.0, 130.7, 128.8, 127.7, 127.6, 126.0, 125.6 (q, JC-F = 

278.3 Hz), 124.2, 123.4, 122.7, 122.5, 122.4, 121.6, 112.4, 109.5, 97.5, 72.3, 62.5 (q, 

JC-F = 30.7 Hz), 50.4, 44.4. 19F NMR (376 MHz, CDCl3) δ -73.1. HRMS (ESI) m/z 

calcd for C32H22BrF3N2NaO3 [M+Na]+: 641.0658, found 641.0662. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 9.829 9604835 47.95 548649 bb Unknown 

2 12.583 10424115 52.05 481019 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 12.744 2771140 100.00 125620 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(p-tolyl)-5'-(trifluoromethyl)-3H-dispiro[benzofur

an-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ea) 

 

From 47.2 mg (0.20 mmol) (Z)-2-(4-methylbenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 100.0 mg (90% yield) compound 3ea was obtained as pale yellow solid, mp = 

126 - 127 °C. [α]D
20 = -113 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. 99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 10.3 min and 

tminor = 7.0 min. 1H NMR (300 MHz, CDCl3) δ 7.53 (d, J = 6.9 Hz, 1H), 7.42 – 7.36 

(m, 1H), 7.35 – 7.32 (m, 3H), 7.32 – 7.19 (m, 5H), 7.04 – 6.92 (m, 4H), 6.88 – 6.72 

(m, 2H), 6.47 (d, J = 7.8 Hz, 1H), 5.22 (d, J = 15.7, 1H), 5.16 (d, J = 10.9, 1H), 4.89 – 

4.75 (m, 1H), 4.56 (d, J = 15.6 Hz, 1H), 2.38 (s, 1H), 2.17 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 194.5, 174.2, 170.2, 143.5, 138.5, 137.8, 135.5, 130.5, 129.2, 129.1, 

128.8, 128.4, 127.6, 126.0, 125.8 (q, JC-F = 278.3 Hz), 124.1, 123.7, 122.6, 122.2, 

121.8, 112.5, 109.4, 97.9, 72.3, 62.6 (q, JC-F = 30.5 Hz), 50.7, 44.4, 21.0. 19F NMR 

(376 MHz, CDCl3) δ -73.1. HRMS (ESI) m/z calcd for C33H25F3N2NaO3 [M+Na]+: 

577.1709, found 577.1702. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 7.050 2308269 56.20 186115 bb Unknown 

2 10.400 1799141 43.80 103260 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.035 25048 0.60 2536 bb Unknown 

2 10.311 4169716 99.40 234677 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(4-methoxyphenyl)-5'-(trifluoromethyl)-3H-dispir

o[benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3fa) 

 

From 50.4 mg (0.20 mmol) (Z)-2-(4-methoxybenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 98.0 mg (86% yield) compound 3fa was obtained as pale yellow solid, mp = 

150 - 151 °C. [α]D
20 = -107 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 
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NMR analysis. 98% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor =13.5 min and 

tminor = 9.3 min. 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 7.0 Hz, 1H), 7.39 – 7.27 

(m, 7H), 7.26 – 7.19 (m, 2H), 7.02 (d, J = 8.5 Hz, 1H), 7.01 – 6.93 (m, 1H), 6.82 (t, J 

= 7.4 Hz, 1H), 6.72 (t, J = 7.5 Hz, 1H), 6.66 (d, J = 8.7 Hz, 2H), 6.46 (d, J = 7.8 Hz, 

1H), 5.27 – 5.14 (m, 2H), 4.93 – 4.72 (m, 1H), 4.55 (d, J = 15.7 Hz, 1H), 3.61 (s, 3H), 

3.02 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 194.6, 174.2, 170.2, 159.2, 143.5, 138.5, 

135.5, 130.5, 130.4, 128.8, 127.6, 127.6, 126.0, 125.8 (q, JC-F = 278.3 Hz), 124.1, 

123.7, 123.3, 122.5, 122.2, 121.8, 113.8, 112.4, 109.4, 97.8, 72.2, 62.6 (q, JC-F = 30.4 

Hz), 55.0, 50.4, 44.4. 19F NMR (376 MHz, CDCl3) δ -73.1. HRMS (ESI) m/z calcd for 

C33H25F3N2NaO4 [M+Na]+: 593.1659, found 593.1654. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 9.278 2827577 48.30 170358 bb Unknown 

2 13.539 3026843 51.70 125431 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 9.322 93946 1.13 6804 bb Unknown 

2 13.491 8255339 98.87 345076 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(2-chlorophenyl)-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ga) 

9
.2

7
8

1
3
.5

3
9

A
U

0.00

0.05

0.10

0.15

min

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

9
.3

2
2

1
3
.4

9
1

A
U

0.00

0.10

0.20

0.30

min

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

S 22



 

From 51.0 mg (0.20 mmol) (Z)-2-(2-chlorobenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 89.0 mg (78% yield) compound 3ga was obtained as pale yellow solid, mp = 

137 - 138 °C. [α]D
20 = -51 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 12.2 min and 

tminor = 8.0 min. 1H NMR (300 MHz, CDCl3) δ 7.75 (dd, J = 7.8, 1.3 Hz, 1H), 7.58 (d, 

J = 7.5 Hz, 1H), 7.46 – 7.37 (m, 1H), 7.36 – 7.17 (m, 7H), 7.15 – 6.94 (m, 4H), 6.81 (t, 

J = 7.5 Hz, 1H), 6.72 (t, J = 7.5 Hz, 1H), 6.44 (d, J = 7.8 Hz, 1H), 6.21 (d, J = 10.9 

Hz, 1H), 5.20 (d, J = 15.7 Hz, 1H), 4.85 – 4.66 (m, 1H), 4.60 (d, J = 15.7 Hz, 1H), 

3.06 (d, J = 6.7 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 193.5, 173.9, 169.9, 143.6, 

138.6, 135.5, 135.4, 130.6, 130.2, 130.0, 129.2, 128.7, 127.6, 127.6, 126.5, 126.0, 

125.7 (q, JC-F = 276.8 Hz), 123.4, 122.6, 122.4, 112.5, 109.5, 97.4, 72.5, 63.9 (q, JC-F 

= 30.7 Hz), 45.5, 44.4. 19F NMR (376 MHz, CDCl3) δ -73.4. HRMS (ESI) m/z calcd 

for C32H22ClF3N2NaO3 [M+Na]+: 597.1163, found 597.1159. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.509 1481146 50.45 79709 bb Unknown 

2 11.869 1454735 49.55 60572 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 7.952 6652 0.29 413 bb Unknown 

2 12.239 2295603 99.71 88949 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(o-tolyl)-5'-(trifluoromethyl)-3H-dispiro[benzofur

an-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ha) 

 

From 47.2 mg (0.20 mmol) (Z)-2-(2-methylbenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 95 mg (86% yield) compound 3ha was obtained as pale yellow solid, mp =119 

- 120 °C. [α]D
20 = -54 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. 86% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 11.7 min and 

tminor = 6.6 min. 1H NMR (300 MHz, CDCl3) δ 7.69 – 7.58 (m, 1H), 7.57 – 7.49 (m, 

1H), 7.44 – 7.37 (m, 1H), 7.36 – 7.26 (m, 4H), 7.26 – 7.15 (m, 2H), 7.09 (d, J = 8.4 

Hz, 1H), 7.05 – 6.92 (m, 4H), 6.82 (td, J = 7.6, 0.7 Hz, 1H), 6.74 (t, J = 7.4 Hz, 1H), 

6.46 (d, J = 7.8 Hz, 1H), 5.79 (d, J = 10.9 Hz, 1H), 5.21 (d, J = 15.7 Hz, 1H), 4.82 – 

4.65 (m, 1H), 4.59 (d, J = 15.7 Hz, 1H), 2.95 (d, J = 8.4 Hz, 1H), 2.48 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 194.5, 174.1, 170.1, 143.6, 138.4, 138.3, 135.4, 130.7, 

130.5, 128.7, 128.4, 127.7, 127.6, 127.5, 125.8, 125.8 (q, JC-F = 279.4 Hz), 125.5, 

124.2, 123.7, 122.5, 122.2, 121.7, 112.4, 109.5, 98.0, 72.4, 63.6 (q, JC-F = 30.3 Hz), 

45.0, 44.4, 20.2. 19F NMR (376 MHz, CDCl3) δ -73.5. HRMS (ESI) m/z calcd for 

C33H25F3N2NaO3 [M+Na]+: 577.1709, found 577.1702. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.726 1164771 58.27 83268 bb Unknown 

2 12.194 834075 41.73 34973 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.578 405096 6.77 33779 bb Unknown 

2 11.721 5577667 93.23 253554 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(m-tolyl)-5'-(trifluoromethyl)-3H-dispiro[benzofur

an-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ia) 

 

From 47.2 mg (0.20 mmol) (Z)-2-(3-methylbenzylidene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 102.0 mg (93% yield) compound 3ia was obtained as pale yellow solid, mp = 

118 - 119 °C. [α]D
20 = -94 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. 99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 
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hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 14.5 min and 

tminor = 7.8 min. 1H NMR (300 MHz, CDCl3) δ 7.55 (d, J = 7.0 Hz, 1H), 7.44 – 7.27 

(m, 5H), 7.27 – 7.17 (m, 4H), 7.08 – 6.95 (m, 3H), 6.90 (d, J = 7.5 Hz, 1H), 6.83 (t, J 

= 7.5 Hz, 1H), 6.74 (t, J = 7.4 Hz, 1H), 6.47 (d, J = 7.8 Hz, 1H), 5.24 (d, J = 15.6 Hz, 

1H), 5.16 (d, J = 10.9 Hz, 1H), 4.95 – 4.75 (m, 1H), 4.55 (d, J = 15.6 Hz, 1H), 2.98 (d, 

J = 8.5 Hz, 1H), 2.18 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 194.4, 174.2, 170.2, 

143.6, 138.4, 137.9, 135.5, 131.3, 130.5, 130.3, 128.9, 128.8, 128.1, 127.6, 126.1, 

125.9, 125.7 (q, JC-F = 278.2 Hz), 124.2, 123.7, 122.5, 122.2, 121.8, 112.3, 109.4, 97.8, 

72.2, 62.5 (q, JC-F = 30.6 Hz), 51.0, 44.4, 21.3. 19F NMR (282 MHz, CDCl3) δ -73.2. 

HRMS (ESI) m/z calcd for C33H25F3N2NaO3 [M+Na]+: 577.1709, found 577.1703. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.863 520881 65.83 31552 bb Unknown 

2 14.856 270346 34.17 9123 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.800 87466 0.72 5754 bb Unknown 

2 14.474 11999722 99.28 434712 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(naphthalen-1-yl)-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ja) 
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From 54.4 mg (0.20 mmol) (Z)-2-(naphthalen-1-ylmethylene)benzofuran-3(2H)-one 

and 95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indo 

lin-2-one, 105.0 mg (89% yield) compound 3ja was obtained as white solid, mp = 149 

- 150 °C. [α]D
20 = +163 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. 94% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 12.3 min and 

tminor = 6.6 min. 1H NMR (300 MHz, CDCl3) δ 8.50 (d, J = 8.7 Hz, 1H), 7.86 (d, J = 

7.2 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.65 – 7.55 (m, 3H), 7.42 (d, J = 7.5 Hz, 1H), 

7.39 – 7.27 (m, 6H), 7.27 – 7.18 (m, 1H), 7.09 – 6.94 (m, 3H), 6.84 (t, J = 7.5 Hz, 1H), 

6.63 (t, J = 7.4 Hz, 1H), 6.52 – 6.41 (m, 2H), 5.30 (d, J = 15.7 Hz, 1H), 5.08 – 4.85 

(m, 1H), 4.63 (d, J = 15.7 Hz, 1H), 3.04 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ 194.0, 174.3, 170.1, 143.7, 138.4, 135.4, 133.8, 132.4, 130.6, 128.8, 128.7, 

128.5, 127.6, 127.6, 127.5, 127.1, 126.7, 125.9, 125.8, 125.7 (q, JC-F = 278.4 Hz), 

124.4, 124.2, 123.8, 123.4, 122.6, 122.1, 121.7, 112.3, 109.6, 97.4, 72.5, 63.9 (q, JC-F 

= 30.4 Hz), 44.5, 43.8. 19F NMR (282 MHz, CDCl3) δ -73.4. HRMS (ESI) m/z calcd 

for C36H25F3N2NaO3 [M+Na]+: 613.1709, found 613.1701. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.488 2236821 49.57 145628 bb Unknown 

2 12.246 2275612 50.43 89023 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.627 860591 2.96 60353 bb Unknown 

2 12.348 28229269 97.04 1073160 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5''-bromo-4'-(naphthalen-1-yl)-5'-(trifluoromethyl)-3

H-dispiro[benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3jf) 

 

From 54.4 mg (0.20 mmol) (Z)-2-(naphthalen-1-ylmethylene)benzofuran-3(2H)-one 

and 119.0 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-5-bromo-3-((2,2,2-trifluoroethyl) 

imino)indolin-2-one, 100.0 mg (75% yield) compound 3jf was obtained as pale yellow 

solid, mp = 144 - 145 °C. [α]D
20 = +250 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H 

and 19F NMR analysis. 95% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 15.0 

min and tminor = 5.7 min. 1H NMR (400 MHz, CDCl3) δ 8.49 (d, J = 8.7 Hz, 1H), 7.87 

(d, J = 7.3 Hz, 1H), 7.81 – 7.71 (m, 2H), 7.71 – 7.62 (m, 2H), 7.50 – 7.43 (m, 2H), 

7.43 – 7.22 (m, 7H), 7.20 – 6.89 (m, 3H), 6.75 (t, J = 7.4 Hz, 1H), 6.46 – 6.32 (m, 2H), 

5.30 (d, J = 15.7 Hz, 1H), 5.02 – 4.91 (m, 1H), 4.64 (d, J = 15.7 Hz, 1H), 2.78 (s, 1H). 
13C NMR (100 MHz, CDCl3) δ 193.7, 173.8, 170.1, 142.6, 138.7, 134.8, 133.8, 133.3, 

132.3, 129.2, 128.9, 128.9, 128.5, 127.8, 127.5, 127.1, 127.1, 126.6, 125.9, 125.8, 

125.6 (q, JC-F = 270.7 Hz), 124.5, 124.4, 123.3, 122.4, 121.6, 115.1, 112.2, 111.1, 97.1, 

72.4, 63.9 (q, JC-F = 30.7 Hz), 44.6, 43.6. 19F NMR (282 MHz, CDCl3) δ -73.6. HRMS 

(ESI) m/z calcd for C36H24BrF3N2NaO3 [M+Na]+: 691.0815, found 691.0818. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 5.733 162096 2.42 12982 bb Unknown 

2 14.971 6533109 97.58 175077 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(naphthalen-2-yl)-5'-(trifluoromethyl)-3H-dispiro[

benzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ka) 

 

From 54.4 mg (0.20 mmol) (Z)-2-(naphthalen-2-ylmethylene)benzofuran-3(2H)-one 

and 95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indo 

lin-2-one, 96.6 mg (82% yield) compound 3ka was obtained as white solid, mp = 128 - 

129 °C. [α]D
20 = -59 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 11.8 min and 

tminor = 7.0 min. 1H NMR (300 MHz, CDCl3) δ 7.88 (s, 1H), 7.74 – 7.51 (m, 5H), 7.42 

– 7.17 (m, 8H), 7.12 (d, J = 7.6 Hz, 1H), 7.05 – 6.92 (m, 2H), 6.82 (t, J = 7.5 Hz, 1H), 

6.58 (t, J = 7.4 Hz, 1H), 6.46 (d, J = 7.8 Hz, 1H), 5.43 (d, J = 10.9 Hz, 1H), 5.25 (d, J 

= 15.6 Hz, 1H), 5.16 – 4.92 (m, 1H), 4.57 (d, J = 15.6 Hz, 1H), 3.12 (d, J = 8.0 Hz, 

1H). 13C NMR (100 MHz, CDCl3) δ 194.5, 174.3, 170.2, 143.6, 138.6, 135.5, 133.1, 

133.0, 130.6, 129.3, 129.2, 128.8, 128.1, 128.0, 127.7, 127.7, 127.5, 126.5, 126.2, 

126.1, 125.9 (q, JC-F = 280.5 Hz), 124.1, 123.7, 122.7, 122.3, 112.4, 109.5, 98.1, 72.5, 

62.7 (q, JC-F = 30.6 Hz), 51.2, 44.5. 19F NMR (376 MHz, CDCl3) δ -72.9. HRMS (ESI) 

m/z calcd for C36H25F3N2NaO3 [M+Na]+: 613.1709, found 613.1702. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 7.028 3068951 49.66 260737 bb Unknown 

2 11.812 3110832 50.34 155721 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 11.807 5959005 100.00 292886 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3la) 

 

From 47.2 mg (0.20 mmol) (Z)-2-benzylidene-4-methylbenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 83.2 mg (75% yield) compound 3la was obtained as pale yellow solid, mp 

=175 - 176 °C. [α]D
20 = -94 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. 83% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 9.9 min and tminor 

= 7.4 min. 1H NMR (300 MHz, CDCl3) δ 7.54 (d, J = 6.9 Hz, 1H), 7.46 – 7.34 (m, 
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4H), 7.30 (t, J = 7.2 Hz, 2H), 7.26 – 7.22 (m, 1H), 7.22 – 7.04 (m, 4H), 7.00 (t, J = 7.7 

Hz, 1H), 6.89 – 6.75 (m, 2H), 6.46 (d, J = 7.6 Hz, 2H), 5.43 (d, J = 15.6 Hz, 1H), 5.19 

(d, J = 10.9 Hz, 1H), 4.95 – 4.71 (m, 1H), 4.35 (d, J = 15.6 Hz, 1H), 2.96 (d, J = 8.2 

Hz, 1H), 2.25 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 194.7, 174.2, 170.5, 143.6, 

139.6, 137.7, 135.5, 131.6, 130.5, 129.4, 128.7, 128.3, 128.1, 127.7, 127.6, 125.9, 

125.7 (q, JC-F = 278.3 Hz), 123.8, 123.6, 122.5, 119.9, 109.4, 109.3, 97.2, 72.3, 62.5 

(q, JC-F = 30.6 Hz), 51.0, 44.4, 17.4. 19F NMR (282 MHz, CDCl3) δ -73.2. HRMS 

(ESI) m/z calcd for C33H25F3N2NaO3 [M+Na]+: 577.1709, found 577.1702. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.551 212777 20.30 16800 bb Unknown 

2 10.076 835499 79.70 47361 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 7.412 1066694 8.51 87300 bb Unknown 

2 9.926 11470142 91.49 662212 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5-chloro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ma) 
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From 51.4 mg (0.20 mmol) (Z)-2-benzylidene-5-chlorobenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 92.0 mg (80% yield) compound 3ma was obtained as pale yellow solid, mp = 

124 -125 °C. [α]D
20 = -94 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 8.6 min and tminor 

= 5.8 min. 1H NMR (300 MHz, CDCl3) δ 7.54 (d, J = 7.4 Hz, 1H), 7.44 – 7.20 (m, 

8H), 7.20 – 7.08 (m, 4H), 7.06 – 6.95 (m, 2H), 6.84 (t, J = 7.5 Hz, 1H), 6.51 (d, J = 

7.8 Hz, 1H), 5.36 – 5.10 (m, 2H), 4.99 – 4.76 (m, 1H), 4.57 (d, J = 15.6 Hz, 1H), 3.04 

(d, J = 8.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 193.3, 173.9, 168.5, 143.6, 138.4, 

135.4, 131.1, 130.8, 129.2, 128.8, 128.5, 128.4, 127.8, 127.7, 127.6, 125.8, 125.6 (q, 

JC-F = 278.3 Hz), 123.6, 123.4, 122.8, 122.7, 113.7, 109.6, 98.8, 72.2, 62.3 (q, JC-F = 

30.8 Hz), 51.2, 44.5. 19F NMR (282 MHz, CDCl3) δ -73.1. HRMS (ESI) m/z calcd for 

C32H22ClF3N2NaO3 [M+Na]+: 597.1163, found 597.1154. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 5.794 1799782 49.30 191980 bb Unknown 

 8.412 1850851 50.70 131996 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 8.571 16430306 100.00 1141126 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5-bromo-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3na) 

 

From 60.2 mg (0.20 mmol) (Z)-2-benzylidene-5-bromobenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 98.9 mg (80% yield) compound 3na was obtained as pale yellow solid, mp = 

144 - 145 °C. [α]D
20 = -117 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 10.4 

min and tminor = 6.6 min. 1H NMR (300 MHz, CDCl3) δ 7.53 (d, J = 7.5 Hz, 1H), 7.41 

(dd, J = 8.8, 2.2 Hz, 1H), 7.39 – 7.28 (m, 7H), 7.27 – 7.22 (m, 1H), 7.20 – 7.09 (m, 

3H), 7.03 (td, J = 7.8, 1.1 Hz, 1H), 6.93 (d, J = 8.8 Hz, 1H), 6.84 (td, J = 7.6, 0.7 Hz, 

1H), 6.52 (d, J = 7.8 Hz, 1H), 5.30 – 5.15 (m, 2H), 5.00 – 4.78 (m, 1H), 4.57 (d, J = 

15.6 Hz, 1H), 3.04 (d, J = 8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 193.1, 173.9, 

168.9, 143.5, 141.0, 135.4, 131.1, 130.8, 129.2, 128.8, 128.5, 128.4, 127.7, 127.6, 

126.7, 125.9, 125.6 (q, JC-F = 278.3 Hz), 123.4, 123.3, 122.7, 115.0, 114.2, 109.7, 98.7, 

72.2, 62.3 (q, JC-F = 30.8 Hz), 51.2, 44.5. 19F NMR (376 MHz, CDCl3) δ -73.1. HRMS 

(ESI) m/z calcd for C32H22BrF3N2NaO3 [M+Na]+: 641.0658, found 641.0646. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.608 916939 50.06 73365 bb Unknown 

2 10.685 914920 49.94 46006 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 10.373 4674367 100.00 240523 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-5-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3oa) 

 

From 47.2 mg (0.20 mmol) (Z)-2-benzylidene-5-methylbenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 107.6 mg (98% yield) compound 3oa was obtained as pale yellow solid, mp = 

140 - 141 °C. [α]D
20 = -118 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 10.2 

min and tminor = 6.9 min. 1H NMR (300 MHz, CDCl3) δ 7.58 (d, J = 6.9 Hz, 1H), 7.47 
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– 7.25 (m, 6H), 7.25 – 7.17 (m, 1H), 7.16 – 7.02 (m, 4H), 7.01 – 6.87 (m, 3H), 6.82 (t, 

J = 7.3 Hz, 1H), 6.46 (d, J = 7.7 Hz, 1H), 5.32 – 5.15 (m, 2H), 5.04 – 4.77 (m, 1H), 

4.55 (d, J = 15.7 Hz, 1H), 3.05 (s, 1H), 1.99 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

194.4, 174.3, 168.7, 143.5, 139.8, 135.5, 131.8, 131.6, 130.5, 129.3, 128.8, 128.3, 

128.1, 127.6, 126.0, 125.8 (q, JC-F = 278.5 Hz), 123.8, 123.6, 122.6, 121.6, 112.0, 

109.4, 98.0, 72.3, 62.5 (q, JC-F = 30.6 Hz), 51.1, 44.4, 20.3. 19F NMR (376 MHz, 

CDCl3) δ -73.0. HRMS (ESI) m/z calcd for C33H25F3N2NaO3 [M+Na]+: 577.1709, 

found 577.1699. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.764 507932 49.71 40367 bb Unknown 

2 10.045 513938 50.29 27869 bb Unknown 

 

Retention Time Area % Area Height Int Type Peak Type 

1 6.921 30892 0.38 3732 bb Unknown 

2 10.183 8084284 99.62 441906 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-6-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3pa) 
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From 47.2 mg (0.20 mmol) (Z)-2-benzylidene-6-methylbenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 93.0 mg (84% yield) compound 3pa was obtained as yellow solid, mp = 133 - 

134 °C. [α]D
20 = -108 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 12.0 min and 

tminor = 6.2 min. 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 7.4 Hz, 1H), 7.45 – 7.26 

(m, 6H), 7.26 – 7.18 (m, 1H), 7.18 – 7.03 (m, 4H), 6.99 (t, J = 7.7 Hz, 1H), 6.89 – 

6.77 (m, 2H), 6.52 (d, J = 7.9, 1H), 6.46 (d, J = 7.7, 1H), 5.28 – 5.14 (m, 2H), 4.95 – 

4.82 (m, 1H), 4.56 (d, J = 15.7 Hz, 1H), 3.01 (d, J = 8.1 Hz, 1H), 2.22 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 193.5, 174.2, 170.7, 150.6, 143.6, 135.5, 131.5, 130.5, 

129.3, 128.7, 128.3, 128.1, 127.6, 127.6, 125.9, 125.7 (q, JC-F = 278.2 Hz), 123.9, 

123.8, 123.7, 122.5, 119.4, 112.3, 109.4, 98.0, 72.2, 62.4 (q, JC-F = 30.6 Hz), 51.0, 

44.4, 22.5. 19F NMR (282 MHz, CDCl3) δ -73.1. HRMS (ESI) m/z calcd for 

C33H25F3N2NaO3 [M+Na]+: 577.1709, found 577.1698. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.022 227602 43.83 20753 bb Unknown 

2 11.608 291723 56.17 15204 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.154 18519 0.43 2334 bb Unknown 

2 11.988 4244453 99.57 220014 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-6-chloro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3qa) 

 

From 51.4 mg (0.20 mmol) (Z)-2-benzylidene-6-chlorobenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 110.0 mg (96% yield) compound 3qa was obtained as pale yellow solid, mp = 

134 - 135 °C. [α]D
20 = -149 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 11.6 

min and tminor = 6.2 min. 1H NMR (300 MHz, CDCl3) δ 7.51 (d, J = 7.1 Hz, 1H), 7.42 

– 7.29 (m, 6H), 7.28 – 7.22 (m, 1H), 7.21 – 7.09 (m, 4H), 7.09 – 6.99 (m, 2H), 6.88 (t, 

J = 7.4 Hz, 1H), 6.74 (dd, J = 8.3, 1.5 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 5.30 – 5.12 

(m, 2H), 4.95 – 4.75 (m, 1H), 4.57 (d, J = 15.6 Hz, 1H), 2.98 (d, J = 8.4 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 192.8, 173.9, 170.2, 144.5, 143.6, 135.4, 131.1, 130.7, 

129.2, 128.8, 128.5, 128.3, 127.7, 127.6, 125.8, 125.6 (q, JC-F = 278.2 Hz), 124.9, 

123.5, 123.4, 122.7, 120.4, 112.7, 109.6, 98.7, 72.1, 62.3 (q, JC-F = 30.8 Hz), 51.1, 

44.4. 19F NMR (282 MHz, CDCl3) δ -73.3. HRMS (ESI) m/z calcd for 

C32H22ClF3N2NaO3 [M+Na]+: 597.1163, found 597.1155. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 6.234 146659 23.62 13335 bb Unknown 

2 11.417 474162 76.38 23261 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 11.581 13381520 100.00 639180 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-7-methyl-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ra) 

 

From 47.2 mg (0.20 mmol) (Z)-2-benzylidene-7-methylbenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 109.0 mg (98% yield) compound 3ra was obtained as yellow solid, mp = 134 - 

135 °C. [α]D
20 = -135 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 9.6 min and tminor 

= 6.5 min. 1H NMR (300 MHz, CDCl3) δ 7.57 (d, J = 7.1 Hz, 1H), 7.38 – 7.27 (m, 
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6H), 7.26 – 7.20 (m, 1H), 7.18 – 6.92 (m, 6H), 6.85 (t, J = 7.4 Hz, 1H), 6.61 (t, J = 7.5 

Hz, 1H), 6.46 (d, J = 7.7 Hz, 1H), 5.23 (d, J = 15.7 Hz, 1H), 5.16 (d, J = 10.9 Hz, 1H), 

4.98 – 4.84 (m, 1H), 4.55 (d, J = 15.7 Hz, 1H), 3.06 (d, J = 8.0 Hz, 1H), 2.39 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 194.9, 174.4, 168.7, 143.5, 138.8, 135.5, 131.5, 130.6, 

129.1, 128.8, 128.2, 128.1, 127.6, 127.6, 125.8 (q, JC-F = 278.2 Hz), 125.6, 123.9, 

122.5, 122.3, 122.1, 121.3, 121.1, 109.4, 97.6, 72.3, 62.5 (q, JC-F = 30.5 Hz), 51.2, 

44.4, 14.3. 19F NMR (376 MHz, CDCl3) δ -73.1. HRMS (ESI) m/z calcd for 

C33H25F3N2NaO3 [M+Na]+: 577.1709, found 577.1700. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.508 658800 47.39 41954 bb Unknown 

2 9.523 731267 52.61 34457 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 9.565 3808806 100.00 220969 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-7-chloro-4'-phenyl-5'-(trifluoromethyl)-3H-dispiro[b

enzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3sa) 
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From 51.4 mg (0.20 mmol) (Z)-2-benzylidene-7-chlorobenzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 104.0 mg (90% yield) compound 3sa was obtained as pale yellow solid, mp = 

127 - 128 °C. [α]D
20 = -159 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F 

NMR analysis. >99% ee was determined by HPLC analysis (Daicel Chiralcel IA 

column, hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 11.0 

min and tminor = 6.8 min. 1H NMR (300 MHz, CDCl3) δ 7.66 (d, J = 7.3 Hz, 1H), 7.40 

(d, J = 6.9 Hz, 2H), 7.37 – 7.26 (m, 5H), 7.26 – 7.20 (m, 1H), 7.18 – 7.04 (m, 4H), 

7.01 (t, J = 7.7 Hz, 1H), 6.87 (t, J = 7.5 Hz, 1H), 6.63 (td, J = 7.7, 2.0 Hz, 1H), 6.49 (d, 

J = 7.7 Hz, 1H), 5.30 – 5.12 (m, 2H), 5.01 – 4.85 (m, 1H), 4.56 (d, J = 15.6 Hz, 1H), 

3.08 (d, J = 8.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 193.6, 173.8, 165.2, 143.5, 

137.6, 135.4, 131.1, 130.8, 129.2, 128.8, 128.5, 128.3, 127.7, 127.6, 125.8, 125.7 (q, 

JC-F = 278.3 Hz), 123.4, 123.1, 122.8, 122.3, 118.0, 109.5, 98.8, 72.1, 62.5 (q, JC-F = 

30.7 Hz), 51.3, 44.4. 19F NMR (376 MHz, CDCl3) δ -73.1. HRMS (ESI) m/z calcd for 

C32H22ClF3N2NaO3 [M+Na]+: 597.1163, found 597.1155. 

 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 6.775 1249245 48.99 110836 bb Unknown 

2 11.172 1300822 51.01 70245 bb Unknown 
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 Retention Time Area % Area Height Int Type Peak Type 

1 11.022 12303371 100.00 662295 bb Unknown 

 

(2R,2'R,4'R,5'S)-1''-benzyl-4'-(thiophen-2-yl)-5'-(trifluoromethyl)-3H-dispiro[be

nzofuran-2,3'-pyrrolidine-2',3''-indoline]-2'',3-dione (3ta) 

 

From 45.6 mg (0.20 mmol) (Z)-2-(thiophen-2-ylmethylene)benzofuran-3(2H)-one and 

95.4 mg (0.30 mmol, 1.5 equiv) (Z)-1-benzyl-3-((2,2,2-trifluoroethyl)imino)indolin 

-2-one, 96.4 mg (88% yield) compound 3ta was obtained as yellow solid, mp = 96 - 

97 °C. [α]D
20 = -130 (c = 1.0, CHCl3). Dr (>20:1) determined by 1H and 19F NMR 

analysis. 98% ee was determined by HPLC analysis (Daicel Chiralcel IA column, 

hexane/2-propanol/DCM 16:4:1, 1.0 mL/min). Retention time: tmajor = 13.4 min and 

tminor = 8.9 min. 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 7.2 Hz, 1H), 7.49 – 7.43 

(m, 1H), 7.37 – 7.21 (m, 6H), 7.13 (d, J = 8.4 Hz, 1H), 7.07 (d, J = 5.0 Hz, 1H), 7.05 

– 6.97 (m, 2H), 6.88 – 6.74 (m, 3H), 6.48 (d, J = 7.8 Hz, 1H), 5.57 (d, J = 10.6 Hz, 

1H), 5.20 (d, J = 15.6 Hz, 1H), 4.75 – 4.61 (m, 1H), 4.58 (d, J = 15.7 Hz, 1H), 2.98 (d, 

J = 8.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 193.9, 174.0, 170.3, 143.6, 138.5, 

135.4, 133.4, 130.7, 128.8, 128.4, 127.7, 127.6, 126.4, 126.3, 125.9, 125.5 (q, JC-F = 

278.3 Hz), 124.3, 123.5, 122.6, 122.4, 121.8, 112.8, 109.5, 97.0, 71.8, 64.9 (q, JC-F = 

30.5 Hz), 46.9, 44.4. 19F NMR (282 MHz, CDCl3) δ -73.3. HRMS (ESI) m/z calcd for 

C30H22F3N2O3S [M+H]+: 547.1298, found 547.1308. 
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 Retention Time Area % Area Height Int Type Peak Type 

1 8.877 1915806 73.82 110767 bb Unknown 

2 13.617 679492 26.18 28385 bb Unknown 

 

 Retention Time Area % Area Height Int Type Peak Type 

1 8.855 24898 0.80 1868 bb Unknown 

2 13.440 3090835 99.20 132518 bb Unknown 
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4. X-ray Structure of Compound 3ua  
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