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1. General information 

Commercially available compounds were used without further purification. Solvents were 

dried according to standard procedures. Column chromatography was performed with silica 

gel (200300 mesh). Melting points were determined with an XT-4 melting-point apparatus 

and are uncorrected. 1H NMR spectra were measured with Bruker Ascend 400 MHz 

spectrometer, chemical shifts were reported in δ (ppm) units relative to tetramethylsilane 

(TMS) as internal standard. 13C NMR spectra were measured at 100 MHz with 400 MHz 

spectrometer, chemical shifts are reported in ppm relative to tetramethylsilane and referenced 

to solvent peak (CDCl3, δ C = 77.00 ppm; acetone-d6, δ C = 30.83 ppm). 19F NMR spectra 

were measured at 376 MHz. High resolution mass spectra (Electron spray ionization) were 

measured with an Agilent 6520 Accurate-Mass Q-TOF MS system equipped with an 

electrospray ionization (ESI) source. Optical rotations were measured with a Krüss P8000 

polarimeter. Optical rotations were measured with a polarimeter at the indicated concentration 

with the units of g/100 mL. Enantiomeric excesses were determined by chiral HPLC analysis 

using an Agilent 1200 LC instrument with a Daicel Chiralpak IA or IC column. 

 

2. Materials 

1a‒1l were prepared according to literature reported by Fan and co-workers.[1] 1m was 

prepared following a slightly modified procedure.[2] 2a‒2m were prepared according to the 

literature.[3] The chiral organocatalysts were prepared by following the reported procedures.[4] 

 

1-Benzyl-3-((4-nitro-3-phenylisoxazol-5-yl)methylene)indolin-2-one (1m). Red solid, m.p. 

195197 °C. 1H NMR (400 MHz, CDCl3):  8.43 (d, J = 8.0 Hz, 1H, ArH), 8.16 (s, 1H, =CH), 

7.70–7.67 (m, 2H, ArH), 7.59–7.52 (m, 3H, ArH), 7.35–7.29 (m, 6H, ArH), 7.09 (td, J1 = 7.8 
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Hz, J2 = 0.8 Hz, 1H, ArH), 6.77 (d, J = 8.0 Hz, 1H, ArH), 5.00 (s, 2H, CH2) ppm. 13C NMR 

(100 MHz, CDCl3):  167.3, 165.4, 158.5, 145.8, 135.9, 135.2, 133.5, 131.1, 129.3, 128.9, 

128.7, 127.9, 127.4, 127.3, 125.3, 123.1, 119.7, 112.4, 109.7, 44.1 ppm. HRMS (ESI): m/z 

calcd. for C25H18N3O4 [M + H]+ 424.1292, found 424.1285. 

 

3. Procedure for the synthesis of compounds 3 

To a dried small bottle were added 1 (0.10 mmol), 2 (0.12 mmol), chiral organocatalyst C2 

(2.8 mg, 0.005 mmol, 5 mol%) and DCE (1.0 mL). The mixture was stirred at –10 C for 

12–48 h. After completion of the reaction, the residue was purified by flash column 

chromatography on silica gel to afford the pure products 3 as solid. Racemates were prepared 

following a similar procedure with achiral catalyst (5 mol%). 

N

NH

N
O OBn Bn

CF3N
O

NO2

3aa
 

(3R,3'R,4'S,5'S)-1,1''-Bibenzyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoromethyl)dis

piro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3aa). From 1a (36.1 mg, 0.10 

mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

67.3 mg (99% yield) compound 3aa as a white solid, m.p. 131133 °C. HPLC (Daicel 

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

9.5 min (minor), tR = 24.2 min (major); 93% ee. [α]D
25 = +13.0 (c = 3.13, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.14–6.92 (m, 11H, ArH), 6.86 (d, J = 4.8 Hz, 2H, ArH), 6.82–6.78 (m, 

3H, ArH), 6.50 (d, J = 7.6 Hz, 1H, ArH), 6.44 (d, J = 7.6 Hz, 1H, ArH), 6.12 (d, J = 9.6 Hz, 

1H, NH), 5.36–5.28 (m, 1H, CH), 5.23 (d, J = 15.6 Hz, 1H, CH2), 5.09 (d, J = 16.0 Hz, 1H, 

CH2), 4.44 (d, J = 15.6 Hz, 1H, CH2), 4.42 (d, J = 16.0 Hz, 1H, CH2), 3.55 (d, J = 9.6 Hz, 1H, 

CH), 2.42 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  173.6, 172.7, 167.5, 155.9, 

143.5, 143.3, 134.7, 134.6, 131.0, 130.3, 129.9, 128.47, 128.45, 127.3, 127.2, 126.9, 126.7, 
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126.0, 125.1, 124.8 (q, 1JC–F = 278.9 Hz), 124.7, 122.8, 122.1, 121.8, 109.75, 109.70, 73.7, 

65.1, 62.3 (q, 2JC–F = 31.8 Hz), 44.1, 44.0, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3 

ppm. HRMS (ESI): m/z calcd. for C37H29F3N5O5 [M + H]+ 680.2115, found 680.2113. 

N

NH

N
O O Bn

CF3N
O

NO2

3ba
 

(3R,3'R,4'S,5'S)-1-Benzyl-1''-methyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluorometh

yl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ba). From 1b (28.5 mg, 

0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 56.3 mg (93% yield) compound 3ba as a white solid, m.p. 131–133 °C. HPLC (Daicel 

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

12.3 min (minor), tR = 26.8 min (major); 90% ee. [α]D
25 = +33.4 (c = 2.28, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.41 (d, J = 7.2 Hz, 1H, ArH), 7.21–7.14 (m, 4H, ArH), 7.10 (td, J1 = 

7.8 Hz, J2 = 0.8 Hz, 1H, ArH), 6.93 (td, J1 = 7.7 Hz, J2 = 0.8 Hz, 1H, ArH), 6.87–6.84 (m, 2H, 

ArH), 6.68 (td, J1 = 7.8 Hz, J2 = 0.8 Hz, 1H, ArH), 6.64 (d, J = 7.6 Hz, 1H, ArH), 6.44 (d, J = 

7.6 Hz, 1H, ArH), 6.35 (d, J = 7.2 Hz, 1H, ArH), 5.68 (d, J = 9.2 Hz, 1H, NH), 5.34–5.31 (m, 

1H, CH), 5.17 (d, J = 16.0 Hz, 1H, CH2), 4.37 (d, J = 16.0 Hz, 1H, CH2), 3.74 (d, J = 11.2 Hz, 

1H, CH), 3.07 (s, 3H, CH3), 2.43 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  174.1, 

172.6, 168.3, 156.1, 144.3, 143.0, 134.8, 130.8, 130.2, 129.8, 128.6, 127.3, 126.7, 125.9, 

125.5, 125.0, 124.6 (q, 1JC–F = 278.7 Hz), 122.33, 122.29, 121.5, 109.6, 108.5, 74.3, 65.2, 

62.4 (q, 2JC–F = 31.4 Hz), 45.1, 43.9, 26.6, 11.3 ppm. 19F NMR (376 MHz, CDCl3):  72.4 

ppm. HRMS (ESI): m/z calcd. for C31H25F3N5O5 [M + H]+ 604.1802, found 604.1795. 
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(3R,3'R,4'S,5'S)-1-Benzyl-1''-ethyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoromethyl

)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ca). From 1c (29.9 mg, 

0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 53.8 mg (87% yield) compound 3ca as a white solid, m.p. 120–122 °C. HPLC (Daicel 

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

8.9 min (minor), tR = 23.7 min (major); 96% ee. [α]D
25 = +45.9 (c = 2.14, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.40 (d, J = 7.6 Hz, 1H, ArH), 7.21–7.13 (m, 4H, ArH), 7.09 (td, J1 = 

7.8 Hz, J2 = 1.2 Hz, 1H, ArH), 6.93 (td, J1 = 7.7 Hz, J2 = 0.8 Hz, 1H, ArH), 6.84–6.82 (m, 2H, 

ArH), 6.69–6.65 (m, 2H, ArH), 6.42 (d, J = 7.6 Hz, 1H, ArH), 6.33 (d, J = 7.2 Hz, 1H, ArH), 

5.67 (d, J = 9.6 Hz, 1H, NH), 5.40–5.30 (m, 1H, CH), 5.19 (d, J = 16.0 Hz, 1H, CH2), 4.34 (d, 

J = 16.0 Hz, 1H, CH2), 3.76–3.68 (m, 2H, CH2 + CH), 3.59–3.50 (m, 1H, CH2), 2.44 (s, 3H, 

CH3), 0.95 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ 173.7, 172.5, 168.4, 

156.1, 143.5, 143.1, 134.9, 130.7, 130.2, 129.7, 128.6, 127.3, 126.6, 125.9, 125.7, 124.9, 

124.6 (q, 1JC–F = 278.7 Hz), 122.5, 122.3, 121.3, 109.6, 108.6, 74.5, 65.2, 62.5 (q, 2JC–F = 31.4 

Hz), 44.9, 43.9, 35.0, 11.8, 11.3 ppm. 19F NMR (376 MHz, CDCl3):  72.3 ppm. HRMS 

(ESI): m/z calcd. for C32H27F3N5O5 [M + H]+ 618.1959, found 618.1943. 

 

(3R,3'R,4'S,5'S)-1-Benzyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-1''-(4-nitrobenzyl)-5'-(triflu

oromethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3da). From 1d 
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(40.6 mg, 0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

30.6 mg (42% yield) compound 3da as a light yellow solid, m.p. 149–151 °C. HPLC (Daicel 

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

14.6 min (minor), tR = 32.4 min (major); 87% ee. [α]D
25 = +23.8 (c = 1.28, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.71 (d, J = 8.8 Hz, 1H, ArH), 7.27 (d, J = 8.8 Hz, 1H, ArH), 7.19-7.13 

(m, 2H, ArH), 7.00–6.90 (m, 6H, ArH), 6.81 (t, J = 7.6 Hz, 1H, ArH), 6.72 (d, J = 7.6 Hz, 2H, 

ArH), 6.61 (d, J = 7.6 Hz, 1H, ArH), 6.49 (d, J = 8.0 Hz, 1H, ArH), 6.44 (d, J = 7.6 Hz, 1H, 

ArH), 5.90 (d, J = 9.6 Hz, 1H, NH), 5.42–5.34 (m, 1H, CH), 5.29 (d, J = 16.4 Hz, 2H, CH2), 

4.43 (d, J = 16.4 Hz, 1H, CH2), 4.33 (d, J = 16.4 Hz, 1H, CH2), 3.67 (d, J = 10.4 Hz, 1H, CH), 

2.45 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ 173.7, 172.9, 167.9, 156.1, 147.1, 

143.4, 143.0, 142.1, 134.4, 131.0, 130.5, 130.0, 128.5, 127.6, 127.2, 126.4, 126.1, 125.3, 

125.1, 124.6 (q, 1JC–F = 278.9 Hz), 123.7, 122.6, 122.5, 122.2, 109.7, 109.2, 74.3, 65.2, 62.6 

(q, 2JC–F = 31.6 Hz), 44.8, 43.9, 43.6, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.4 ppm. 

HRMS (ESI): m/z calcd. for C37H28F3N6O7 [M + H]+ 725.1966, found 725.1951. 

N
H

NH

N
O O Bn

CF3N
O

NO2
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(3R,3'R,4'S,5'S)-1-Benzyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoromethyl)dispiro[i

ndoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ea). From 1e (27.1 mg, 0.10 mmol) 

and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 mesh) column chromatography 

using ethyl acetate/petroleum ether (1:2) as eluent to obtain 48.5 mg (82% yield) compound 

3ea as a light yellow solid, m.p. 165–167 °C. HPLC (Daicel Chiralpak IC, 

n-hexane/2-propanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 6.9 min 

(minor), tR = 9.1 min (major); 53% ee. [α]D
25 = +13.7 (c = 0.99, CH2Cl2). 1H NMR (400 MHz, 

acetone-d6):  9.45 (s, 1H, NH), 8.08 (d, J = 7.6 Hz, 1H, ArH), 7.45 (d, J = 7.2 Hz, 2H, ArH), 

7.31–7.18 (m, 5H, ArH), 7.06 (td, J1 = 7.8 Hz, J2 = 1.2 Hz, 1H, ArH), 6.85 (d, J = 8.0 Hz, 1H, 
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ArH), 6.72–6.93 (m, 2H, NH + ArH), 6.63–6.59 (m, 2H, ArH), 5.42–5.31 (m, 1H, CH), 5.13 

(d, J = 16.0 Hz, 1H, CH2), 4.66–4.61 (m, 2H, CH2 + CH), 2.39 (s, 3H, CH3) ppm. 13C NMR 

(100 MHz, acetone-d6):  176.8, 173.4, 168.4, 157.7, 146.1, 143.7, 138.2, 133.1, 132.0, 131.8, 

130.3, 129.5, 129.3, 129.1, 127.7 (q, 1JC–F = 278.7 Hz), 127.5, 126.5, 125.3, 123.3, 123.0, 

111.9, 110.8, 74.2, 67.7, 63.2 (q, 2JC–F = 31.8 Hz), 45.3, 44.3, 12.3 ppm. 19F NMR (376 MHz, 

acetone-d6):  73.0 ppm. HRMS (ESI): m/z calcd. for C30H23F3N5O5 [M + H]+ 590.1646, 

found 590.1638. 

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5''-methyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3fa). From 1f (37.5 

mg, 0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

49.2 mg (71% yield) compound 3fa as a white solid, m.p. 119–121 °C. HPLC (Daicel 

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

7.7 min (minor), tR = 15.6 min (major); 94% ee. [α]D
25 = +3.1 (c = 1.81, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.11–7.02 (m, 6H, ArH), 6.98–6.91 (m, 5H, ArH), 6.80 (td, J1 = 7.6 Hz, 

J2 = 0.8 Hz, 1H, ArH), 6.74 (t, J = 7.0 Hz, 3H, ArH), 6.44 (d, J = 7.6 Hz, 1H, ArH), 6.37 (d, J 

= 8.0 Hz, 1H, ArH), 6.17 (d, J = 9.6 Hz, 1H, NH), 5.34–5.26 (m, 1H, CH), 5.22 (d, J = 16.0 

Hz, 1H, CH2), 5.04 (d, J = 15.6 Hz, 1H, CH2), 4.43 (d, J = 16.0 Hz, 1H, CH2), 4.41 (d, J = 

16.0 Hz, 1H, CH2), 3.48 (d, J = 9.2 Hz, 1H, CH), 2.42 (s, 3H, CH3), 2.19 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  173.9, 172.4, 167.5, 155.9, 143.6, 140.9, 134.7, 131.3, 131.0, 

130.23, 130.17, 128.5, 127.23, 127.21, 127.0, 126.8, 126.7, 125.2, 124.8 (q, 1JC–F = 278.9 Hz), 

124.7, 123.0, 122.0, 109.7, 109.4, 73.5, 65.2, 62.3 (q, 2JC–F = 31.6 Hz), 44.2, 44.0, 43.8, 21.1, 

11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3 ppm. HRMS (ESI): m/z calcd. for 

C38H31F3N5O5 [M + H]+ 694.2272, found 694.2263. 
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CF3N
O
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(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5''-fluoro-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ga). From 1g (30.0 

mg, 0.08 mmol) and 2a (30.0 mg, 0.10 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 54.4 mg (97% yield) compound 3ga as a white solid, m.p. 131–133 °C. HPLC (Daicel 

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

8.1 min (minor), tR = 15.3 min (major); 91% ee. [α]D
25 = +12.2 (c = 1.73, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.16–6.96 (m, 10H, ArH), 6.87–6.81 (m, 2H, ArH), 6.78 (d, J = 7.6 Hz, 

2H, ArH), 6.65 (dd, J1 = 8.2 Hz, J2 = 1.8 Hz, 1H, ArH), 6.49 (d, J = 7.6 Hz, 1H, ArH), 6.41 

(dd, J1 = 8.6 Hz, J2 = 4.2 Hz, 1H, ArH), 6.14 (d, J = 9.6 Hz, 1H, NH), 5.29–5.21 (m, 1H, CH), 

5.21 (d, J = 16.0 Hz, 1H, CH2), 5.06 (d, J = 16.0 Hz, 1H, CH2), 4.44 (d, J = 16.0 Hz, 1H, 

CH2), 4.43 (d, J = 16.0 Hz, 1H, CH2), 3.52 (d, J = 9.2 Hz, 1H, CH), 2.45 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  173.5, 172.4, 167.1, 158.0 (d, 1JCF = 240.3 Hz), 156.0, 143.5, 

139.32, 139.30, 134.6, 134.3, 131.1, 130.5, 128.6, 128.5, 127.4 (d, 3JCF = 8.7 Hz), 127.0, 

126.7, 125.0, 124.7 (q, 1JC–F = 279.1 Hz), 124.5, 124.4, 122.3, 116.3 (d, 2JCF = 23.2 Hz), 

114.1 (d, 2JCF = 25.8 Hz), 110.3 (d, 3JCF = 8.0 Hz), 109.9, 73.6, 65.2, 62.2 (q, 2JC–F = 31.7 

Hz), 44.22, 44.20, 43.8, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.2, –119.5 ppm. 

HRMS (ESI): m/z calcd. for C37H28F4N5O5 [M + H]+ 698.2021, found 698.1998. 

N
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(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5''-chloro-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ha). From 1h (39.6 

mg, 0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

67.0 mg (94% yield) compound 3ha as a white solid, m.p. 126–128 °C. HPLC (Daicel 

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

8.2 min (minor), tR = 25.0 min (major); 93% ee. [α]D
25 = –1.3 (c = 0.71, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.16–7.04 (m, 7H, ArH), 7.01–6.97 (m, 4H, ArH), 6.89–6.84 (m, 2H, 

ArH), 6.77 (d, J = 7.2 Hz, 2H, ArH), 6.50 (d, J = 8.0 Hz, 1H, ArH), 6.40 (d, J = 8.4 Hz, 1H, 

ArH), 6.13 (d, J = 9.6 Hz, 1H, NH), 5.29–5.21 (m, 1H, CH), 5.20 (d, J = 16.0 Hz, 1H, CH2), 

5.04 (d, J = 16.0 Hz, 1H, CH2), 4.46 (d, J = 16.0 Hz, 1H, CH2), 4.44 (d, J = 15.6 Hz, 1H, 

CH2), 3.48 (d, J = 9.2 Hz, 1H, CH), 2.46 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  

173.5, 172.3, 167.2, 156.1, 143.5, 141.9, 134.7, 134.2, 131.1, 130.6, 129.8, 128.64, 128.55, 

127.5, 127.4, 127.3, 127.0, 126.7, 126.4, 125.1, 124.70, 124.66 (q, 1JC–F = 279.1 Hz), 124.5, 

122.4, 110.6, 109.9, 73.6, 65.1, 62.3 (q, 2JC–F = 31.8 Hz), 44.27, 44.26, 43.9, 11.4 ppm. 19F 

NMR (376 MHz, CDCl3):  72.3 ppm. HRMS (ESI): m/z calcd. for C37H28ClF3N5O5 [M + 

H]+ 714.1726, found 714.1728. 

N

NH

N
O OBn Bn

CF3N
O
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Br

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5''-bromo-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ia). From 1i (44.0 

mg, 0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 53.1 mg (70% yield) compound 3ia as a white solid, m.p. 129131 °C. HPLC (Daicel 

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

8.5 min (minor), tR = 25.4 min (major); 91% ee. [α]D
25 = –3.1 (c = 0.84, CH2Cl2). 1H NMR 
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(400 MHz, CDCl3):  7.23 (dd, J1 = 8.4 Hz, J2 = 2.0 Hz, 1H, ArH), 7.16–7.03 (m, 6H, ArH), 

7.01–6.96 (m, 4H, ArH), 6.92–6.87 (m, 2H, ArH), 6.78 (d, J = 7.2 Hz, 2H, ArH), 6.50 (d, J = 

8.0 Hz, 1H, ArH), 6.35 (d, J = 8.4 Hz, 1H, ArH), 6.09 (d, J = 10.0 Hz, 1H, NH), 5.30–5.21 (m, 

1H, CH), 5.19 (d, J = 15.6 Hz, 1H, CH2), 5.03 (d, J = 15.6 Hz, 1H, CH2), 4.45 (d, J = 16.0 Hz, 

1H, CH2), 4.43 (d, J = 15.6 Hz, 1H, CH2), 3.50 (d, J = 9.2 Hz, 1H, CH), 2.46 (s, 3H, CH3) 

ppm. 13C NMR (100 MHz, CDCl3):  173.4, 172.3, 167.2, 156.1, 143.5, 142.4, 134.6, 134.2, 

132.6, 131.1, 130.6, 129.1, 128.64, 128.55, 127.5, 127.4, 127.0, 126.8, 125.1, 125.0, 124.64 

(q, 1JC–F = 279.7 Hz), 124.57, 122.4, 114.4, 111.1, 110.0, 73.7, 65.1, 62.3 (q, 2JC–F = 31.8 Hz), 

44.3, 44.0, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3 ppm. HRMS (ESI): m/z calcd. for 

C37H28
79BrF3N5O5 [M + H]+ 758.1221, found 758.1247; calcd. for C37H28

81BrF3N5O5 [M + 

H]+ 760.1200, found 760.1221. 

N

NH

N
O OBn Bn

CF3N
O

NO2

3ja

Br

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-6''-bromo-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ja). From 1j (44.0 

mg, 0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1/3) as eluent to 

obtain 75.6 mg (99% yield) compound 3ia as a white solid, m.p. 137139 °C. HPLC (Daicel 

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

7.9 min (minor), tR = 17.2 min (major); 90% ee. [α]D
25 = +20.1 (c = 3.13, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.26 (d, J = 6.4 Hz, 1H, ArH), 7.15–6.99 (m, 7H, ArH), 6.92–6.84 (m, 

6H, ArH), 6.64 (d, J = 1.6 Hz, 1H, ArH), 6.51–6.46 (m, 2H, ArH), 5.94 (d, J = 9.2 Hz, 1H, 

NH), 5.34–5.25 (m, 1H, CH), 5.20 (d, J = 15.6 Hz, 1H, CH2), 5.04 (d, J = 16.0 Hz, 1H, CH2), 

4.43 (d, J = 16.0 Hz, 1H, CH2), 4.39 (d, J = 16.4 Hz, 1H, CH2), 3.63 (d, J = 10.0 Hz, 1H, CH), 

2.45 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  173.3, 172.9, 167.6, 156.1, 144.8, 

143.3, 134.4, 134.1, 131.0, 130.5, 128.6, 128.5, 127.5, 127.4, 126.9, 126.8, 126.7, 125.1, 
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125.0, 124.58 (q, 1JC–F = 279.0 Hz), 124.57, 123.8, 122.4, 121.6, 113.1, 109.9, 74.0, 64.9, 

62.5 (q, 2JC–F = 31.7 Hz), 44.4, 44.3, 44.1, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3 

ppm. HRMS (ESI): m/z calcd. for C37H28
79BrF3N5O5 [M + H]+ 758.1221, found 758.1214; 

calcd. for C37H28
81BrF3N5O5 [M + H]+ 760.1200, found 760.1199. 

N

NH

N
O OBn Bn

CF3N
O

NO2

3ka

Br

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-7''-bromo-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ka). From 1k (44.0 

mg, 0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

69.9 mg (92% yield) compound 3ka as a white solid, m.p. 136138 °C. HPLC (Daicel 

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

7.8 min (minor), tR = 19.7 min (major); 88% ee. [α]D
25 = –11.8 (c = 3.08, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.36 (dd, J1 = 8.2 Hz, J2 = 0.6 Hz, 1H, ArH), 7.25 (d, J = 7.2 Hz, 1H, 

ArH), 7.13 (td, J1 = 7.7 Hz, J2 = 0.8 Hz, 1H, ArH), 7.10–7.02 (m, 6H, ArH), 6.99–6.89 (m, 

4H, ArH), 6.80 (t, J = 7.8 Hz, 1H, ArH), 6.55 (d, J = 7.2 Hz, 2H, ArH), 6.47 (d, J = 7.6 Hz, 

1H, ArH), 6.34 (d, J = 10.0 Hz, 1H, NH), 5.32–5.13 (m, 4H, CH + CH2), 4.43 (d, J = 16.0 Hz, 

1H, CH2), 3.39 (d, J = 8.0 Hz, 1H, CH), 2.45 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): 

 174.1, 172.5, 166.6, 156.0, 143.8, 140.7, 136.4, 136.2, 134.7, 131.2, 130.6, 128.5, 128.3, 

127.3, 127.0, 126.7, 126.4, 125.6, 125.4, 125.3, 124.8 (q, 1JC–F = 279.3 Hz), 123.7, 123.1, 

122.2, 109.9, 103.0, 73.4, 64.3, 62.1 (q, 2JC–F = 31.9 Hz), 45.0, 44.3, 43.5, 11.5 ppm. 19F 

NMR (376 MHz, CDCl3):  72.1 ppm. HRMS (ESI): m/z calcd. for C37H28
79BrF3N5O5 [M + 

H]+ 758.1221, found 758.1212; calcd. for C37H28
81BrF3N5O5 [M + H]+ 760.1200, found 

760.1203. 
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N

NH

N
O OBn Bn

CF3N
O

NO2

3la
 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-7''-methyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3la). From 1l (37.5 

mg, 0.10 mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 50.2 mg (72% yield) compound 3la as a white solid, m.p. 137139 °C. HPLC (Daicel 

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

10.1 min (minor), tR = 26.6 min (major); 90% ee. [α]D
25 = –6.1 (c = 2.27, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.13 (td, J1 = 7.8 Hz, J2 = 0.8 Hz, 1H, ArH), 7.08–6.89 (m, 12H, ArH), 

6.79 (t, J = 7.4 Hz, 1H, ArH), 6.50–6.45 (m, 3H, ArH), 6.32 (d, J = 10.0 Hz, 1H, NH), 

5.31–5.25 (m, 3H, CH + CH2), 4.76 (d, J = 17.2 Hz, 1H, CH2), 4.41 (d, J = 16.0 Hz, 1H, CH2), 

3.41 (d, J = 8.4 Hz, 1H, CH), 2.45 (s, 3H, CH3), 2.02 (s, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  174.3, 172.9, 167.2, 155.9, 143.9, 141.4, 136.6, 134.8, 134.1, 131.1, 130.4, 128.6, 

128.4, 127.2, 126.9, 126.8, 125.4, 124.89 (q, 1JC–F = 279.2 Hz), 124.86, 124.3, 124.2, 123.8, 

122.1, 122.0, 120.4, 109.7, 73.5, 64.4, 62.2 (q, 2JC–F = 31.9 Hz), 45.4, 44.2, 43.7, 18.7, 11.5 

ppm. 19F NMR (376 MHz, CDCl3):  72.1 ppm. HRMS (ESI): m/z calcd. for C38H31F3N5O5 

[M + H]+ 694.2272, found 694.2257. 

N

NH

N
O OBn Bn

CF3N
O

Ph
NO2

3ma  

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-4'-(4-nitro-3-phenylisoxazol-5-yl)-5'-(trifluoromethyl)dis

piro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ma). From 1m (42.3 mg, 0.10 

mmol) and 2a (38.2 mg, 0.12 mmol), purified by silica gel (200-300 
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mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 73.5 mg (99% yield) compound 3ma as a white solid, m.p. 109111 °C. HPLC (Daicel 

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

15.7 min (major), tR = 19.9 min (minor); 92% ee. [α]D
25 = +18.7 (c = 3.68, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.52–7.42 (m, 5H, ArH), 7.15–7.00 (m, 7H, ArH), 6.97–6.78 (m, 9H, 

ArH), 6.51 (d, J = 8.0 Hz, 1H, ArH), 6.45 (d, J = 7.6 Hz, 1H, ArH), 6.10 (d, J = 10.0 Hz, 1H, 

NH), 5.44–5.34 (m, 1H, CH), 5.22 (d, J = 15.6 Hz, 1H, CH2), 5.11 (d, J = 16.0 Hz, 1H, CH2), 

4.44 (d, J = 15.6 Hz, 1H, CH2), 4.42 (d, J = 16.0 Hz, 1H, CH2), 3.60 (d, J = 9.2 Hz, 1H, CH) 

ppm. 13C NMR (100 MHz, CDCl3):  173.6, 172.8, 168.0, 157.9, 143.51, 143.46, 134.7, 

134.6, 131.0, 130.5, 130.3, 130.0, 129.0, 128.51, 128.48, 127.3, 126.9, 126.7, 126.0, 125.1, 

124.9, 124.82, 124.81 (q, 1JC–F = 278.9 Hz), 122.9, 122.2, 121.8, 109.8, 109.7, 73.7, 65.3, 

62.2 (q, 2JC–F = 31.7 Hz), 44.3, 44.1 ppm. 19F NMR (376 MHz, CDCl3):  72.2 ppm. HRMS 

(ESI): m/z calcd. for C42H30F3N5O5Na [M + Na]+ 764.2091, found 764.2098. 

N

NH

N
O OBn

CF3N
O

NO2

3ab
 

(3R,3'R,4'S,5'S)-1''-Benzyl-1-methyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluorometh

yl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ab). From 1a (36.1 mg, 

0.10 mmol) and 2b (29.1 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:2) as eluent to 

obtain 59.7 mg (99% yield) compound 3ab as a white solid, m.p. 128130 °C. HPLC (Daicel 

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

9.0 min (minor), tR = 18.4 min (major); 89% ee. [α]D
25 = +4.1 (c = 2.77, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.32 (d, J = 7.6 Hz, 1H, ArH), 7.24 (t, J = 7.6 Hz, 1H, ArH), 7.17–7.08 

(m, 4H, ArH), 7.03 (t, J = 7.6 Hz, 1H, ArH), 6.87 (d, J = 7.6 Hz, 1H, ArH), 6.76–6.70 (m, 3H, 

ArH), 6.66 (d, J = 7.6 Hz, 1H, ArH), 6.47 (d, J = 8.0 Hz, 1H, ArH), 6.36 (d, J = 10.0 Hz, 1H, 

NH), 5.29–5.15 (m, 1H, CH), 4.94 (d, J = 15.6 Hz, 1H, CH2), 4.41 (d, J = 15.6 Hz, 1H, CH2), 
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3.30 (d, J = 8.0 Hz, 1H, CH), 3.11 (s, 3H, CH3), 2.39 (s, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  174.5, 171.3, 166.9, 155.7, 144.4, 142.7, 134.8, 131.0, 130.4, 130.1, 128.6, 127.3, 

126.7, 126.3, 125.2, 124.9 (q, 1JC–F = 279.2 Hz), 123.9, 123.3, 122.0, 121.9, 109.6, 108.2, 

72.8, 64.9, 61.9 (q, 2JC–F = 31.9 Hz), 43.8, 42.9, 26.4, 11.4 ppm. 19F NMR (376 MHz, CDCl3): 

 72.3 ppm. HRMS (ESI): m/z calcd. for C31H25F3N5O5 [M + H]+ 604.1802, found 604.1799. 

 

(3R,3'R,4'S,5'S)-1-Allyl-1''-benzyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoromethyl)

dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ac). From 1a (36.1 mg, 0.10 

mmol) and 2c (32.2 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

62.3 mg (99% yield) compound 3ac as a white solid, m.p. 117119 °C. HPLC (Daicel 

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

8.4 min (minor), tR = 35.8 min (major); 88% ee. [α]D
25 = +7.0 (c = 2.79, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.20 (td, J1 = 7.8 Hz, J2 = 0.8 Hz, 1H, ArH), 7.16–7.09 (m, 4H, ArH), 

7.05–7.01 (m, 2H, ArH), 6.92 (t, J = 7.4 Hz, 1H, ArH), 6.81–6.77 (m, 3H, ArH), 6.65 (d, J = 

8.0 Hz, 1H, ArH), 6.47 (d, J = 7.6 Hz, 1H, ArH), 6.19 (d, J = 9.6 Hz, 1H, NH), 5.66–5.56 (m, 

1H, =CH), 5.32–5.22 (m, 1H, CH), 5.03 (d, J = 16.0 Hz, 1H, CH2), 4.93 (d, J = 10.4 Hz, 1H, 

=CH2), 4.81 (d, J = 17.6 Hz, 1H, =CH2), 4.56–4.51 (m, 1H, CH2), 4.41 (d, J = 16.0 Hz, 1H, 

CH2), 3.96 (dd, J1 = 16.4 Hz, J2 = 5.6 Hz, 1H, CH2), 3.42 (d, J = 8.8 Hz, 1H, CH), 2.40 (s, 3H, 

CH3) ppm. 13C NMR (100 MHz, CDCl3):  173.7, 172.1, 167.3, 155.8, 143.6, 143.1, 134.8, 

131.0, 130.9, 130.3, 130.0, 128.6, 127.3, 126.7, 126.1, 125.1, 124.8 (q, 1JC–F = 279.1 Hz), 

124.4, 123.0, 122.0, 121.8, 117.4, 109.6, 109.4, 73.3, 65.1, 62.2 (q, 2JC–F = 31.8 Hz), 44.0, 

43.5, 42.6, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3 ppm. HRMS (ESI): m/z calcd. for 

C33H27F3N5O5 [M + H]+ 630.1959, found 630.1963. 
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(3R,3'R,4'S,5'S)-1''-Benzyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoromethyl)dispiro

[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ad). From 1a (36.1 mg, 0.10 mmol) 

and 2d (27.4 mg, 0.12 mmol), purified by silica gel (200-300 mesh) column chromatography 

using ethyl acetate/petroleum ether (1:2) as eluent to obtain 48.5 mg (82% yield) compound 

3ad as a white solid, m.p. 159161 °C. HPLC (Daicel Chiralpak IA, n-hexane/2-propanol = 

70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 13.9 min (minor), tR = 44.6 min 

(major); 66% ee. [α]D
25 = +11.1 (c = 1.08, CH2Cl2). 1H NMR (400 MHz, acetone-d6):  9.35 

(s, 1H, NH), 8.18–8.14 (m, 1H, ArH), 7.25–7.18 (m, 3H, ArH), 7.14–7.05 (m, 3H, ArH), 6.87 

(d, J = 7.6 Hz, 1H, ArH), 6.75 (d, J = 10.8 Hz, 1H, NH), 6.69 (d, J = 7.6 Hz, 1H, ArH), 6.62 

(d, J = 7.2 Hz, 2H, ArH), 6.59–6.53 (m, 2H, ArH), 5.40–5.29 (m, 1H, CH), 4.82 (d, J = 16.0 

Hz, 1H, CH2), 4.59 (d, J = 9.2 Hz, 1H, CH), 4.46 (d, J = 16.4 Hz, 1H, CH2), 2.37 (s, 3H, CH3) 

ppm. 13C NMR (100 MHz, acetone-d6):  177.9, 171.9, 168.4, 157.6, 145.3, 144.6, 137.3, 

133.1, 132.2, 131.7, 130.4, 129.2, 128.9, 128.1, 127.8, 127.7 (q, 1JC–F = 278.7 Hz), 126.1, 

125.3, 123.7, 122.5, 111.4, 111.4, 74.5, 67.4, 63.4 (q, 2JC–F = 31.8 Hz), 44.6, 43.7, 12.4 ppm. 

19F NMR (376 MHz, acetone-d6):  72.9 ppm. HRMS (ESI): m/z calcd. for C30H23F3N5O5 

[M + H]+ 590.1646, found 590.1634. 

 

(3R,3'R,4'S,5'S)-1''-Benzyl-1-(4-bromobenzyl)-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifl

uoromethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ae). From 1a 

(36.1 mg, 0.10 mmol) and 2e (47.8 mg, 0.12 mmol), purified by silica gel (200-300 
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mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 73.0 mg (96% yield) compound 3ae as a white solid, m.p. 125127 °C. HPLC (Daicel 

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

8.4 min (minor), tR = 25.4 min (major); 92% ee. [α]D
25 = 4.7 (c = 3.16, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.18–7.02 (m, 7H, ArH), 6.97–6.91 (m, 3H, ArH), 6.82–6.78 (m, 3H, 

ArH), 6.69 (d, J = 7.6 Hz, 2H, ArH), 6.52 (d, J = 8.0 Hz, 1H, ArH), 6.39 (d, J = 7.6 Hz, 1H, 

ArH), 6.22 (d, J = 10.0 Hz, 1H, NH), 5.35–5.27 (m, 1H, CH), 5.23 (d, J = 16.0 Hz, 1H, CH2), 

5.09 (d, J = 16.0 Hz, 1H, CH2), 4.41 (d, J = 16.0 Hz, 1H, CH2), 4.29 (d, J = 16.0 Hz, 1H, 

CH2), 3.50 (d, J = 9.2 Hz, 1H, CH), 2.42 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  

173.9, 172.2, 167.3, 155.9, 143.3, 143.2, 134.4, 133.7, 131.5, 131.0, 130.4, 130.1, 128.7, 

128.5, 127.3, 126.4, 126.1, 125.3, 124.8 (q, 1JC–F = 279.0 Hz), 124.5, 122.9, 122.3, 122.0, 

121.2, 109.7, 109.5, 73.5, 65.0, 62.2 (q, 2JC–F = 31.8 Hz), 43.9, 43.7, 43.6, 11.4 ppm. 19F 

NMR (376 MHz, CDCl3):  72.4 ppm. HRMS (ESI): m/z calcd. for C37H28
79BrF3N5O5 [M + 

H]+ 758.1220, found 758.1204; calcd. for C37H28
81BrF3N5O5 [M + H]+ 760.1200, found 

760.1189. 

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5-fluoro-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluorom

ethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3af). From 1a (36.1 mg, 

0.10 mmol) and 2f (40.4 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1/3) as eluent to obtain 

66.1 mg (95% yield) compound 3af as a white solid, m.p. 128130 °C. HPLC (Daicel 

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

8.0 min (minor), tR = 20.3 min (major); 88% ee. [α]D
25 = +5.4 (c = 2.71, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.18 (td, J1 = 7.7 Hz, J2 = 0.8 Hz, 1H, ArH), 7.12–6.95 (m, 10H, ArH), 

6.81–6.76 (m, 4H, ArH), 6.54 (d, J = 8.0 Hz, 1H, ArH), 6.37 (dd, J1 = 8.4 Hz, J2 = 4.4 Hz, 1H, 
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ArH), 6.26 (d, J = 8.0 Hz, 1H, NH), 5.29–5.20 (m, 2H, CH + CH2), 5.02 (d, J = 15.6 Hz, 1H, 

CH2), 4.44 (t, J = 15.6 Hz, 2H, CH2), 3.44 (d, J = 8.4 Hz, 1H, CH), 2.41 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  173.9, 171.9, 167.0, 158.2 (d, 1JCF = 240.2 Hz), 155.9, 143.1, 

139.6, 134.5 (d, 3JCF = 8.6 Hz), 131.1, 130.3, 128.6, 128.5, 127.4 (d, 4JCF = 3.0 Hz), 127.1, 

126.7, 126.1, 126.0, 125.9, 124.7 (q, 1JC–F = 279.2 Hz), 122.7, 122.1, 116.6 (d, 2JCF = 23.0 

Hz), 113.6 (d, 2JCF = 26.1 Hz), 110.2 (d, 3JCF = 7.8 Hz), 110.0, 73.4, 64.9, 62.1 (q, 2JC–F = 

31.8 Hz), 44.4, 44.0, 43.4, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3, –119.5 ppm. 

HRMS (ESI): m/z calcd. for C37H28F4N5O5 [M + H]+ 698.2021, found 698.2023. 

N

NH

N
O OBn Bn

CF3N
O

NO2

3ag

Br

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5-bromo-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluorom

ethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ag). From 1a (36.1 mg, 

0.10 mmol) and 2g (47.8 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 75.0 mg (99% yield) compound 3ag as a white solid, m.p. 119121 °C. HPLC (Daicel 

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

8.1 min (minor), tR = 21.5 min (major); 89% ee. [α]D
25 = +58.0 (c = 3.64, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.22–7.16 (m, 3H, ArH), 7.11–6.96 (m, 10H, ArH), 6.72 (d, J = 7.2 Hz, 

2H, ArH), 6.55 (d, J = 8.0 Hz, 1H, ArH), 6.32–6.30 (m, 2H, ArH + NH), 5.28–5.19 (m, 1H, 

CH), 5.18 (d, J = 16.0 Hz, 1H, CH2), 4.99 (d, J = 16.0 Hz, 1H, CH2), 4.47 (d, J = 15.6 Hz, 1H, 

CH2), 4.45 (d, J = 15.6 Hz, 1H, CH2), 3.39 (d, J = 8.4 Hz, 1H, CH), 2.41 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3):  173.7, 171.5, 166.8, 155.9, 143.0, 142.6, 134.5, 134.3, 133.0, 

131.1, 130.3, 128.62, 128.56, 128.5, 127.5, 127.4, 127.1, 126.6, 126.2, 124.7 (q, 1JC–F = 279.2 

Hz), 122.8, 122.2, 114.5, 111.0, 110.0, 73.1, 64.9, 62.1 (q, 2JC–F = 31.9 Hz), 44.3, 44.0, 43.1, 

11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3 ppm. HRMS (ESI): m/z calcd. for 
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C37H27
79BrF3N5O5Na [M + Na]+ 780.1040, found 780.1043; calcd. for C37H27

81BrF3N5O5Na 

[M + Na]+ 782.1020, found 782.1031. 

N

NH

N
O OBn Bn

CF3N
O

NO2

3ah
 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5-methyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ah). From 1a (36.1 

mg, 0.10 mmol) and 2h (39.9 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

68.7 mg (99% yield) compound 3ah as a white solid, m.p. 123125 °C. HPLC (Daicel 

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

9.8 min (minor), tR = 24.4 min (major); 90% ee. [α]D
25 = +39.7 (c = 3.24, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.14–6.95 (m, 7H, ArH), 6.91–6.86 (m, 6H, ArH), 6.78 (d, J = 7.6 Hz, 

2H, ArH), 6.49 (d, J = 7.6 Hz, 1H, ArH), 6.31 (d, J = 8.0 Hz, 1H, ArH), 6.13 (d, J = 9.6 Hz, 

1H, NH), 5.36–5.27 (m, 1H, CH), 5.19 (d, J = 16.0 Hz, 1H, CH2), 5.09 (d, J = 16.0 Hz, 1H, 

CH2), 4.44 (d, J = 16.0 Hz, 1H, CH2), 4.40 (d, J = 16.0 Hz, 1H, CH2), 3.55 (d, J = 9.6 Hz, 1H, 

CH), 2.42 (s, 3H, CH3), 2.11 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  173.5, 172.8, 

167.6, 156.0, 143.4, 141.0, 134.8, 134.6, 131.7, 131.0, 130.4, 129.8, 128.5, 128.4, 127.3, 

127.2, 126.9, 126.7, 126.02, 126.01, 124.8 (q, 1JC–F = 279.0 Hz), 124.7, 122.9, 121.7, 109.8, 

109.4, 73.9, 65.2, 62.4 (q, 2JC–F = 31.7 Hz), 44.08, 44.06, 44.0, 20.9, 11.4 ppm. 19F NMR (376 

MHz, CDCl3):  72.3 ppm. HRMS (ESI): m/z calcd. for C38H31F3N5O5 [M + H]+ 694.2272, 

found 694.2274. 

N

NH

N
O OBn Bn

CF3N
O

NO2

3ai

OMe
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(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5-methoxy-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluoro

methyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ai). From 1a (36.1 

mg, 0.10 mmol) and 2i (41.8 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

66.7 mg (94% yield) compound 3ai as a white solid, m.p. 123125 °C. HPLC (Daicel 

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

11.2 min (minor), tR = 27.8 min (major); 89% ee. [α]D
25 = +37.0 (c = 2.83, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.14 (td, J1 = 7.7 Hz, J2 = 0.8 Hz, 1H, ArH), 7.07–6.93 (m, 10H, ArH), 

6.76 (d, J = 7.6 Hz, 2H, ArH), 6.68 (d, J = 2.0 Hz, 1H, ArH), 6.63 (dd, J1 = 8.4 Hz, J2 = 2.4 

Hz, 1H, ArH), 6.50 (d, J = 7.6 Hz, 1H, ArH), 6.33 (d, J = 8.4 Hz, 1H, ArH), 6.21 (d, J = 9.6 

Hz, 1H, NH), 5.34–5.26 (m, 1H, CH), 5.20 (d, J = 16.0 Hz, 1H, CH2), 5.09 (d, J = 16.0 Hz, 

1H, CH2), 4.44 (d, J = 16.0 Hz, 1H, CH2), 4.39 (d, J = 16.0 Hz, 1H, CH2), 3.53 (s, 3H, CH3), 

3.52 (d, J = 9.2 Hz, 1H, CH), 2.42 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  173.5, 

172.4, 167.4, 156.0, 155.3, 143.4, 136.8, 134.8, 134.5, 131.0, 130.0, 128.5, 128.4, 127.3, 

127.2, 126.9, 126.6, 126.1, 125.5, 124.8 (q, 1JC–F = 279.1 Hz), 123.0, 121.8, 115.9, 111.8, 

110.2, 109.9, 73.8, 65.0, 62.3 (q, 2JC–F = 31.7 Hz), 55.8, 44.2, 44.0, 43.7, 11.4 ppm. 19F NMR 

(376 MHz, CDCl3):  72.2 ppm. HRMS (ESI): m/z calcd. for C38H31F3N5O6 [M + H]+ 

710.2221, found 710.2231. 

N

NH

N
O OBn Bn

CF3N
O

NO2

3aj

F

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-6-fluoro-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluorom

ethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3aj). From 1a (36.1 mg, 

0.10 mmol) and 2j (40.4 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

69.1 mg (99% yield) compound 3aj as a white solid, m.p. 121123 °C. HPLC (Daicel 

Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 
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7.5 min (minor), tR = 18.5 min (major); 93% ee. [α]D
25 = +3.0 (c = 3.29, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.22–7.16 (m, 2H, ArH), 7.11–6.95 (m, 9H, ArH), 6.84 (dd, J1 = 8.4 Hz, 

J2 = 5.2 Hz, 1H, ArH), 6.69 (d, J = 7.6 Hz, 2H, ArH), 6.52 (d, J = 8.0 Hz, 1H, ArH), 6.38 (td, 

J1 = 8.9 Hz, J2 = 2.0 Hz, 1H, ArH), 6.33 (d, J = 9.6 Hz, 1H, NH), 6.18 (dd, J1 = 8.8 Hz, J2 = 

2.0 Hz, 1H, ArH), 5.28–5.21 (m, 1H, CH), 5.19 (d, J = 15.6 Hz, 1H, CH2), 5.04 (d, J = 15.6 

Hz, 1H, CH2), 4.42 (d, J = 15.6 Hz, 2H, CH2), 3.41 (d, J = 8.4 Hz, 1H, CH), 2.41 (s, 3H, CH3) 

ppm. 13C NMR (100 MHz, CDCl3):  174.4, 171.6, 166.9, 163.9 (d, 1JCF = 247.7 Hz), 155.9, 

145.5 (d, 3JCF = 11.7 Hz), 143.0, 134.5, 134.3, 131.1, 130.2, 128.6, 128.5, 127.5, 127.4, 

127.1, 126.6 (d, 3JCF = 9.9 Hz), 126.5, 126.2, 124.8 (q, 1JC–F = 279.3 Hz), 123.1, 122.1, 119.5 

(d, 4JCF = 2.9 Hz), 109.9, 108.2 (d, 2JCF = 22.3 Hz), 98.4 (d, 2JCF = 27.5 Hz), 72.9, 64.9, 

62.0 (q, 2JC–F = 32.0 Hz), 44.4, 43.9, 43.1, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.3, 

–108.0 ppm. HRMS (ESI): m/z calcd. for C37H28F4N5O5 [M + H]+ 698.2022, found 698.2003. 

N

NH

N
O OBn Bn

CF3N
O

NO2

3ak

Cl

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-6-chloro-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluorom

ethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3ak). From 1a (36.1 

mg, 0.10 mmol) and 2k (42.3 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

63.7 mg (89% yield) compound 3ak as a white solid, m.p. 127129 °C. HPLC (Daicel 

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

7.5 min (minor), tR = 18.0 min (major); 92% ee. [α]D
25 = +6.1 (c = 2.81, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.24–7.16 (m, 2H, ArH), 7.12–6.96 (m, 9H, ArH), 6.78 (d, J = 8.0 Hz, 

1H, ArH), 6.69–6.66 (m, 3H, ArH), 6.52 (d, J = 7.6 Hz, 1H, ArH), 6.44 (d, J = 2.0 Hz, 1H, 

ArH), 6.34 (d, J = 10.0 Hz, 1H, NH), 5.29–5.20 (m, 1H, CH), 5.19 (d, J = 15.6 Hz, 1H, CH2), 

5.05 (d, J = 16.0 Hz, 1H, CH2), 4.43 (d, J = 16.0 Hz, 1H, CH2), 4.41 (d, J = 16.0 Hz, 1H, 

CH2), 3.37 (d, J = 8.0 Hz, 1H, CH), 2.41 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  
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174.3, 171.4, 166.8, 155.9, 145.0, 143.0, 136.3, 134.4, 134.3, 131.1, 130.3, 128.6, 128.5, 

127.5, 127.4, 127.1, 126.5, 126.24, 126.17, 124.8 (q, 1JC–F = 279.3 Hz), 123.0, 122.4, 122.2, 

121.9, 110.1, 109.9, 72.9, 64.9, 62.1 (q, 2JC–F = 32.0 Hz), 44.4, 43.9, 43.0, 11.4 ppm. 19F 

NMR (376 MHz, CDCl3):  72.3 ppm. HRMS (ESI): m/z calcd. for C37H28ClF3N5O5 [M + 

H]+ 714.1726, found 714.1733. 

 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-7-bromo-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluorom

ethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3al). From 1a (36.1 mg, 

0.10 mmol) and 2l (47.8 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to 

obtain 70.8 mg (93% yield) compound 3al as a white solid, m.p. 200202 °C. HPLC (Daicel 

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

8.0 min (minor), tR = 16.0 min (major); 90% ee. [α]D
25 = –36.9 (c = 3.25, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.30 (dd, J1 = 8.2 Hz, J2 = 0.6 Hz, 1H, ArH), 7.18–7.13 (m, 2H, ArH), 

7.11–7.04 (m, 6H, ArH), 6.91–6.83 (m, 6H, ArH), 6.70 (t, J = 7.8 Hz, 1H, ArH), 6.52 (d, J = 

7.6 Hz, 1H, ArH), 6.08 (d, J = 9.6 Hz, 1H, NH), 5.36–5.24 (m, 3H, CH + CH2), 4.97 (d, J = 

15.6 Hz, 1H, CH2), 4.46 (d, J = 15.6 Hz, 1H, CH2), 3.55 (d, J = 9.2 Hz, 1H, CH), 2.41 (s, 3H, 

CH3) ppm. 13C NMR (100 MHz, CDCl3):  174.5, 172.5, 167.3, 156.0, 143.3, 141.1, 136.8, 

136.4, 134.6, 131.0, 130.2, 128.6, 128.3, 128.1, 127.4, 126.71, 126.66, 126.1, 125.9, 124.7 (q, 

1JC–F = 279.1 Hz), 124.4, 123.3, 122.4, 121.9, 109.9, 102.7, 73.0, 65.2, 62.2 (q, 2JC–F = 31.6 

Hz), 45.0, 44.2, 44.0, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.2 ppm. HRMS (ESI): 

m/z calcd. for C37H28BrF3N5O5 [M + H]+ 758.1220, found 758.1253; calcd. for 

C37H28
81BrF3N5O5 [M + H]+ 760.1200, found 760.1216. 
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N

NH

N
O OBn Bn

CF3N
O

NO2

3am
 

(3R,3'R,4'S,5'S)-1,1''-Dibenzyl-5,7-dimethyl-4'-(3-methyl-4-nitroisoxazol-5-yl)-5'-(trifluo

romethyl)dispiro[indoline-3,2'-pyrrolidine-3',3''-indoline]-2,2''-dione (3am). From 1a 

(36.1 mg, 0.10 mmol) and 2m (41.6 mg, 0.12 mmol), purified by silica gel (200-300 

mesh) column chromatography using ethyl acetate/petroleum ether (1:3) as eluent to obtain 

66.1 mg (97% yield) compound 3am as a white solid, m.p. 219221 °C. HPLC (Daicel 

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

11.3 min (minor), tR = 23.9 min (major); 92% ee. [α]D
25 = +22.3 (c = 2.61, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.13 (td, J1 = 7.8 Hz, J2 = 0.8 Hz, 1H, ArH), 7.08–6.96 (m, 7H, ArH), 

6.86–6.81 (m, 3H, ArH), 6.73 (s, 1H, ArH), 6.69 (d, J = 7.2 Hz, 3H, ArH), 6.51 (d, J = 8.0 Hz, 

1H, ArH), 5.98 (d, J = 9.2 Hz, 1H, NH), 5.41–5.31 (m, 1H, CH), 5.24 (d, J = 17.2 Hz, 1H, 

CH2), 5.12 (d, J = 15.6 Hz, 1H, CH2), 4.86 (d, J = 17.2 Hz, 1H, CH2), 4.44 (d, J = 16.0 Hz, 

1H, CH2), 3.64 (d, J = 10.0 Hz, 1H, CH), 2.43 (s, 3H, CH3), 2.15 (s, 3H, CH3), 1.97 (s, 3H, 

CH3) ppm. 13C NMR (100 MHz, CDCl3):  174.0, 173.6, 168.0, 156.0, 143.7, 138.9, 136.9, 

134.8, 134.7, 131.7, 130.9, 129.8, 128.5, 128.4, 127.3, 126.8, 126.7, 126.0, 125.9, 125.2, 

124.8 (q, 1JC–F = 279.0 Hz), 124.0, 122.7, 121.6, 119.9, 109.8, 73.6, 65.4, 62.5 (q, 2JC–F = 31.6 

Hz), 45.2, 44.7, 44.2, 20.7, 18.5, 11.4 ppm. 19F NMR (376 MHz, CDCl3):  72.2 ppm. 

HRMS (ESI): m/z calcd. for C39H33F3N5O5 [M + H]+ 708.2428, found 708.2425. 
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4. Gram-scale synthesis of 3aa 

 

3-methyl-4-nitro-5-isatylidenyl-isoxazole 1a (542.0 mg, 1.5 mmol), N-2,2,2-trifluoroethyl- 

isatin ketimine 2a (572.9 mg, 1.8 mmol) and catalyst C2 (42.2 mg, 5 mol%) were dissolved in 

dry DCE (15 mL) at –10 C. After stirring at this temperature for 72 h, the reaction mixture 

was concentrated and directly purified by silica gel column chromatography (petroleum 

ether/ethyl acetate, 3:1) to afford the desired product 3aa as a white solid (1.0075 g, 99% 

yield) with >20:1 dr and 93% ee. 

 

5. Procedure and the characterization data of compounds 4 

N

NH

N
O OBn Bn

CF3N
O

NH2

4, 40% yield
>20:1 dr, 93% ee

SnCl2 2H2O, rt

THF/HCl, 12 h

N

NH

N
O OBn Bn

CF3N
O

NO2

3aa, >20:1 dr, 93% ee
 

SnCl22H2O (225.7 mg, 1.0 mmol) was added to the solution of compound 3aa (135.9 mg, 

0.20 mmol) in THF (4 mL) at room temperature. Then HCl (conc.) (0.25 mL) was added to it 

dropwise and the reaction mixture was stirred for 12 h. After that, the reaction mixture was 

added NaOH (1 N) solution until the pH value is 13 and extracted with ethyl acetate (3  10 

mL). The combined organic layer was dried over anhydrous Na2SO4 and concentrated. The 

residue was purified by silica gel column chromatography (petroleum ether/ethyl acetate, 2:1) 

to afford the desired product 4 as a white solid (52.0 mg, 40% yield). m.p. 194196 °C. 

HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection at 

254 nm): tR = 29.2 min (minor), tR = 36.0 min (major); 93% ee. [α]D
25 = –33.8 (c = 2.49, 

CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.78 (d, J = 7.2 Hz, 1H, ArH), 7.28–7.26 (m, 2H, 
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ArH), 7.20–7.11 (m, 2H, ArH), 7.09–7.02 (m, 5H, ArH), 6.92 (t, J = 7.6 Hz, 2H, ArH), 

6.56–6.50 (m, 2H, ArH), 6.45 (d, J = 7.6 Hz, 3H, ArH), 6.37 (d, J = 7.6 Hz, 1H, ArH), 5.79 (d, 

J = 10.4 Hz, 1H, NH), 5.29 (d, J = 15.6 Hz, 1H, CH2), 5.26–5.19 (m, 1H, CH), 5.00 (d, J = 

16.4 Hz, 1H, CH2), 4.42 (d, J = 15.6 Hz, 2H, CH2), 3.03–2.73 (m, 3H, CH + NH2), 2.04 (s, 

3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  175.9, 172.7, 154.4, 146.7, 143.9, 142.6, 

135.2, 134.4, 130.1, 129.7, 128.5, 127.5, 127.3, 127.1, 126.5, 125.9, 125.4 (q, 1JC–F = 279.3 

Hz), 125.1, 125.0, 124.0, 123.6, 122.4, 121.8, 109.7, 109.2, 72.1, 64.4, 60.2 (q, 2JC–F = 31.8 

Hz), 44.3, 43.6, 41.1, 9.2 ppm. 19F NMR (376 MHz, CDCl3):  72.6 ppm. HRMS (ESI): m/z 

calcd. for C37H31F3N5O3 [M + H]+ 650.2374, found 650.2357. 

 

6. Procedure and the characterization data of compound 5 

N

NH

N
O OBn Bn

CF3N
O

NO2

3aa, >20:1 dr , 93% ee

SnCl2 2H2O, HCl

THF/H2O, reflux, 2 h

TMSCHN2, MeOH

THF, 0 C, 1 h
N

NH

N
O OBn Bn

CF3

H3CO
O

5, 43% yield
>20:1 dr , 93% ee  

The mixture of compound 3aa (135.9 mg, 0.2 mmol), SnCl2ꞏ2H2O (135.4 mg, 0.6 mmol), 

THF (5.0 mL), water (5.0 mL), and HCl (conc.) (0.5 mL) was heated at reflux for 2 h and 

then cooled to room temperature. THF was evaporated in vacuo, and the water layer was 

extracted with ethyl acetate (3×10 mL). The combined organic layer was dried over 

anhydrous Na2SO4. After evaporation of solvent, the resulted residue was dissolved in dry 

THF (2 mL) at 0 C, then TMSCHN2 (0.4 mL) and MeOH (80 μL) were added to the reaction 

mixture slowly. After stirring at this temperature for 1 h, the reaction mixture was 

concentrated and directly purified by silica gel column chromatography (petroleum 

ether/ethyl acetate, 3:1) to afford the desired product 5 as a white solid (53.2 mg, 43% yield). 

m.p. 244246 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 10.3 min (minor), tR = 34.9 min (major); 93% ee. [α]D
25 = 

–103.9 (c = 0.64, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.52 (d, J = 7.2 Hz, 1H, ArH), 

7.33–7.31 (m, 2H, ArH), 7.21 (t, J = 7.6 Hz, 1H, ArH), 7.15–7.04 (m, 6H, ArH), 6.97 (t, J = 
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7.6 Hz, 2H, ArH), 6.61 (d, J = 7.2 Hz, 2H, ArH), 6.55–6.50 (m, 3H, ArH), 6.40 (d, J = 7.6 Hz, 

1H, ArH), 5.23 (d, J = 15.6 Hz, 1H, CH2), 5.15 (d, J = 9.6 Hz, 1H, NH), 5.08–4.98 (m, 2H, 

CH2 + CH), 4.48 (d, J = 16.0 Hz, 1H, CH2), 4.45 (d, J = 15.6 Hz, 1H, CH2), 3.24 (s, 3H, CH3), 

2.86 (d, J = 6.4 Hz, 1H, CH) ppm. 13C NMR (100 MHz, CDCl3):  175.4, 171.4, 168.5, 143.9, 

142.9, 135.4, 134.8, 130.2, 129.9, 128.53, 128.48, 127.7, 127.4, 127.2, 126.4, 125.44, 125.40 

(q, 1JC–F = 279.5 Hz), 125.0, 123.4, 122.2, 121.7, 109.5, 109.2, 72.4, 63.0, 60.7 (q, 2JC–F = 

32.3 Hz), 52.2, 49.7, 44.3, 43.6 ppm. HRMS (ESI): m/z calcd. for C35H28F3N3O4Na [M + Na]+ 

634.1924, found 634.1928. 
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8. Copies of 1H, 19F and 13C NMR spectra of new compounds 
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9. Copies of HPLC chromatograms 
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