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General Experimental Method 

 

Unless otherwise stated, all the reagents were purchased from commercial suppliers and used without 

purification. Isatins and pyrazolones were purchased from Aldrich, TCI chemicals and Alfa-aeser. 

HPLC grade solvents were purchased from RANKEM. All the reactions were carried out in oven 

dried glassware. Thin-layer chromatography (TLC) was performed using silica gel 60 GF254 pre-

coated aluminum backed plates (2.5 mm). Visualization was accomplished by irradiation with UV 

light at 254 nm and the solution of Phosphomolybdic Acid (PMA) was used to stain products. The 

column chromatography was performed using silica gel (200-300 mesh) eluting with petroleum ether 

and ethyl acetate. The NMR spectra were recorded using tetramethylsilane as the internal standard. 1H 

NMR spectra were recorded at 400 MHz, and 13C NMR spectra were recorded at 100 MHz (Bruker 

and Jeol). Chemical shifts (δ) are reported in ppm downfield from CDCl3 (δ = 7.26 ppm) for 1H NMR 

and relative to the central CDCl3 resonance (δ = 77.16 ppm) for 13C NMR spectroscopy. For 1H NMR, 

data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, dd = double doublet, 

t = triplet, q = quartet, br = broad, m = multiplet), coupling constants (J) are given in Hz and 

integration. IR spectra were obtained using FT-IR spectrophotometer as neat and are reported in cm-1. 

All the samples were analyzed by High-resolution mass spectrometer (HRMS) using ESI TOF. 

Optical rotations were measured at 589 nm at 25 °C. Optical rotation was measured in CHCl3 

solution. HPLC analysis was performed using an Agilent 1200 infinity series HPLC System with a 

diode array detector. Enantiomeric excess was determined by HPLC analysis on Chiralpak IC (4.6 

mm × 250 mm) and Chiralpak IA (4.6 mm × 250 mm) columns in comparison with authentic racemic 

materials using n-hexane and isopropanol as eluents. Data were analyzed by using Agilent EZChrom 

Elite and Agilent OpenLAB software. Melting points were measured using BUCHI M-560 melting 

point instrument. All melting points were measured in open glass capillary and values are 

uncorrected. Catalysts C2, C3, C4, C6, C7, C8 were synthesized according to the literature 

procedures.1 Morita-Baylis-Hillman carbonates 1a-1m were prepared according to the literature 

procedure.3 Substituted pyrazonlone 4, 5-diones were synthesized according to the literature 

procedure.4 
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Appendix-I: Screening of catalysts with free hydroxyl group  

 

 

General procedure A for the racemic synthesis of spiro-oxindole-pyrazolone 

dihydrofuran 

 

 

 

 

 

To a solution of Morita-Baylis-Hillman carbonate 1a (50 mg, 1.0 equiv.) in 1 mL of DCM, 

pyrazole-4, 5-dione 2a (27 mg, 1.0 equiv.) and DMAP C1 (4.0 mg, 0.2 equiv.) were added at 

room temperature. The resulting mixture was stirred for 2 h. After completion of the reaction 

(monitored by TLC), solvent was evaporated under reduced pressure and the residue was 

purified by silica gel (100-200 mesh) using column chromatography (petroleum ether/ethyl 

acetate 70:30) to obtain the desired product 3a as white solid in 98% yield (59 mg).  
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General procedure B for the asymmetric synthesis of spiro-oxindole-pyrazolone 

dihydrofuran  

 

To a solution of Morita-Baylis-Hillman carbonate 1a (50 mg, 1.0 equiv.) in  1 mL of THF, 

pyrazole-4, 5-dione 2a (27 mg, 1.0 equiv.) and catalyst C6, (9.3 mg, 0.2 equiv.) were added 

at -20 °C. The resulting mixture was stirred for 24 h. After completion of the reaction 

(monitored by TLC) the solvent was evaporated under reduced pressure and the residue was 

purified by silica gel (100-200 mesh) using column chromatography (petroleum ether/ethyl 

acetate 70:30) to obtain desired product 3a as white solid in 75% yield (45 mg).  

Procedure for the synthesis of 5ad  (Suzuki coupling reaction)-Application of this 

protocol 

 

 

 

 

To a solution of 3d (38 mg, 1.0 equiv.) in toluene/H2O (1 mL/0.3 mL) at RT was added 4-methoxy 

phenylboronic acid 4a (18 mg, 1.5 equiv.), Pd(PPh3)4 (5.5 mg, 0.06 equiv.) and K3PO4 (41 mg, 2.5 

equiv.) sequentially under argon atmosphere. The reaction mixture was heated to 80 °C and 

maintained at this temperature for stirring 24 h. After which, the reaction mixture was cooled to room 

temperature and filtered through celite bed and the solvent was evaporated under reduce pressure. The 

residue was purified by column chromatography (silica gel 100-200 mesh) to afford the desired 

compound 5ad as white solid (28 mg, 60 % isolated yield). 
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Characterization Data : 

Methyl (2'R, 3S)-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-dihydrodispiro[indoline-

3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3a) 

 

 

 

 

 

The compound 3a was obtained following the general procedure B, starting from 1a, 2a and 

catalyst C6. 3a was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as white solid (45 mg, 75%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.3, MP: 

127-130 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate = 0.6 

mL/min, λ = 254 nm, tR(major) = 24.68 min, tR(minor) = 33.08 min, 93% ee. [𝒂]𝑫
𝟐𝟓= +374.2 

(c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.83 (s, 1H), 7.50 (dd, J = 8.8, 1.0 Hz, 

2H), 7.45 (d, J = 8.2 Hz, 1H), 7.33 – 7.26 (m, 3H), 7.16 – 7.10 (m, 1H), 7.04 (td, J = 7.7, 0.7 

Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 3.59 (s, 3H), 3.22 (s, 3H), 2.35 (s, 3H). 13C NMR (100 

MHz, CDCl3): δ (ppm) 172.9, 167.1, 162.3, 159.3, 157.6, 143.9, 137.0, 130.3, 128.9, 127.0, 

125.7, 123.3, 122.9, 119.1, 113.8, 108.5, 93.2, 63.2, 51.8, 27.1, 16.1. FTIR (cm-1): 3099, 

2950, 1713, 1615, 1490, 1350, 1277, 1196, 1120, 1040, 991, 922, 746, 689, 643, 605. HRMS 

(ESI TOF) m/z calcd. For C23H20N3O5 [M+H] 418.1403, found 418.1403 

 

Methyl (2'R, 3S)-1,3'',4-trimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3b)  

 

         

 

 

 

 

The compound 3b was obtained following the general procedure B, starting from 1b, 2a and 

catalyst C6. 3b was purified by column chromatography (Silica gel, petroleum ether/EtOAc 
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70:30) as light brown solid (55 mg, 92%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 

0.35, MP: 189-191 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 35.89 min, tR(minor) = 49.68 min, 90% ee. 

[𝒂]𝑫
𝟐𝟓 = +308.04 (c 1.0, CHCl3).  1H NMR (400 MHz, CDCl3): δ (ppm) 7.83 (s, 1H), 7.50 

(dt, J = 8.9, 1.7 Hz, 2H), 7.33 – 7.24 (m, 3H), 7.17 – 7.09 (m, 1H), 7.07 – 7.01 (m, 1H), 6.65 

(d, J = 7.9 Hz, 1H), 3.59 (s, 3H), 3.18 (s, 3H), 2.32 (s, 3H), 2.26 (s, 3H). 13C NMR (100 

MHz, CDCl3): δ (ppm) 172.8, 167.2, 162.3, 159.4, 157.3, 141.5, 136.9, 132.3, 130.5, 128.8, 

127.5, 125.6, 123.0, 118.8, 113.7, 108.2, 93.2, 63.2, 51.7, 27.0, 21.2, 16.0. FTIR (cm-1): 

2924, 2858, 1713, 1620, 1496, 1440, 1350, 1279, 1189, 1042. 1114, 992, 925, 801, 741, 691, 

639. HRMS (ESI TOF) m/z calcd. For C24H22N3O5 [M+H] 432.1559, found 432.1551. 

Methyl (2'R, 3S)-4-methoxy-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro [indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3c)  

 

 

 

 

 

 

The compound 3c was obtained following the general procedure B, starting from 1c, 2a and 

catalyst C6. 3c was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as light brown solid (52 mg, 88%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 

0.20, MP: 164-168 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 61.75 min, tR(minor) = 68.16 min, 91% ee. 

[𝒂]𝑫
𝟐𝟓 = +285.8 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3): δ (ppm)  7.83 (s, 1H), 7.58 – 

7.51 (m, 2H), 7.34 – 7.25 (m, 2H), 7.18 – 7.09 (m, 1H), 7.08 (d, J = 2.5 Hz, 1H), 6.79 (dd, J 

= 8.5, 2.6 Hz, 1H), 6.68 (d, J = 8.5 Hz, 1H), 3.72 (s, 3H), 3.60 (s, 3H), 3.18 (s, 3H), 2.33 (s, 

3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 172.6, 167.1, 162.3, 159.4, 157.3, 156.0, 137.4, 

137.0, 128.9, 125.6, 124.3, 118.9, 115.4, 113.7, 108.9, 93.3, 63.4, 55.9, 51.8, 27.1, 16.0. 

FTIR (cm-1): 3096, 2925, 2854, 1716, 1622, 1495, 1446, 1353, 1286, 1200, 1123, 1035, 923, 

792, 746, 691, 638.   HRMS (ESI-TOF) m/z calcd. For C24H22N3O6 [M+H] 448.1509, found 

448.1506 
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Methyl (2'R, 3R)-4-bromo-1,3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3d) 

 

 

 

 

 

The compound 3d was obtained following the general procedure B, starting from 1d, 2a and 

catalyst C6. 3c was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as light yellow solid (53 mg, 91%, d.r. 90:10), Rf (petroleum ether/EtOAc 70:30) = 

0.32, MP: 185-188 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 24.37 min, tR(minor) = 29.65 min, 88% ee. 

[𝒂]𝑫
𝟐𝟓 = +171.0 (c 1.0, CHCl3) 1H NMR (400 MHz, CDCl3): δ (ppm) 7.83 (s, 1H), 7.60 (d, J 

= 1.9 Hz, 1H), 7.56 – 7.52 (m, 2H), 7.40 (dd, J = 8.3, 2.1 Hz, 1H), 7.36 – 7.30 (m, 2H), 7.20 

– 7.12 (m, 1H), 6.66 (d, J = 8.3 Hz, 1H), 3.63 (s, 3H), 3.19 (s, 3H), 2.33 (s, 3H). 13C NMR 

(100 MHz, CDCl3): δ (ppm) 172.4, 166.8, 162.2, 159.5, 159.5, 157.2, 142.9, 136.8, 133.2, 

130.1, 129.0, 125.9, 125.2, 119.0, 115.7, 113.5, 109.9, 92.9, 63.0, 52.0, 51.9, 27.1, 16.1. 

FTIR (cm-1): 3099, 2926, 1719, 1618, 1488, 1347, 1277, 1203, 1119, 990, 915, 813, 743, 

689, 642. HRMS (ESI TOF) m/z calcd. For C23H19BrN3O5 [M+H] 496.0508, 498.0488 found 

496.0517, 498.0493 

Methyl (2'R, 3R)-4-chloro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5'' 

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3e)  

 

 

 

 

 

 

The compound 3e was obtained following the general procedure B, starting from 1e, 2a and 

catalyst C6. 3e was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

75:25) as light brown solid (54 mg, 91%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 
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0.35, MP: 195-197 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 22.80 min, tR(minor) = 29.33 min, 92% ee. 

[𝒂]𝑫
𝟐𝟓 = +285.6 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm): 7.83 (s, 1H), 7.58 – 

7.52 (m, 2H), 7.47 (d, J = 2.1 Hz, 1H), 7.32 (dd, J = 8.5, 7.6 Hz, 2H), 7.28 – 7.22 (m, 1H), 

7.16 (d, J = 7.4 Hz, 1H), 6.71 (d, J = 8.3 Hz, 1H), 3.63 (s, 3H), 3.20 (s, 3H), 2.34 (s, 3H). 13C 

NMR (100 MHz, CDCl3): δ (ppm) 172.5, 166.7, 162.2, 159.4, 157.3, 142.4, 136.8, 130.3, 

129.0, 128.4, 127.4, 125.9, 125.0, 119.0, 118.9, 118.9, 118.9, 113.6, 109.4, 92.9, 63.0, 52.0, 

27.2, 16.1. FTIR (cm-1): 3098, 2923, 1717, 1620, 1490, 1440, 1347, 1277, 1202, 1119, 992, 

916, 815, 743, 689, 642. HRMS (ESI TOF) m/z calcd. For C23H19ClN3O5 [M+H] 452.1013 

found 452.1011 

Methyl (2'R, 3R)-4-fluoro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3f) 

 

 

 

 

 

Following general procedure using 1f, 2a and catalyst C6, 3f was obtained after column 

chromatography (silica gel, petroleum ether/EtOAc 75:25) as light brown solid (53 mg, 89%, 

d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.25, MP: 176-178 °C, HPLC: CHIRAPAK 

IC column, n-hexane/iso-propanol = 80/20, flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 

23.29 min, tR(minor) = 30.66 min, 92% ee. [𝒂]𝑫
𝟐𝟓 = +388.9 (c 1.0, CHCl3); 1H NMR (400 

MHz, CDCl3): δ (ppm)  7.83 (s, 1H), 7.58 – 7.51 (m, 2H), 7.35 – 7.28 (m, 2H), 7.26 – 7.22 

(m, 1H), 7.18 – 7.11 (m, 1H), 6.99 (td, J = 8.7, 2.6 Hz, 1H), 6.71 (dd, J = 8.6, 4.1 Hz, 1H), 

3.62 (s, 3H), 3.20 (s, 3H), 2.34 (s, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 172.6, 166.7, 

162.2, 159.4, 159.11 (d, J C-F = 240 Hz) , 157.4, 139.9, 136.9, 129.0, 125.01 (d, J = 8.6 Hz),  

118.9, 116.76 (d, J = 23.6 Hz), 115.30 (d, J = 26.1 Hz), 113.7, 108.98 (d, J = 8.0 Hz), 93.0, 

77.5, 77.2, 76.8, 63.3, 51.9, 27.2, 16.1. 19F NMR (377 MHz, CDCl3): δ (ppm) -119.6. FTIR 

(cm-1): 3093, 2928, 1720, 1625, 1494, 1450, 1351, 1276, 1123, 1041, 993, 919, 799, 747, 

691, 640. HRMS (ESI TOF) m/z calcd. For C23H19FN3O5 [M+H] 436.1309 found 436.1310 
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Methyl (2'R, 3R)-4-iodo-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3g)  

 

 

 

 

 

 

 

The compound 3g was obtained following the general procedure B, starting from 1g, 2a and 

catalyst C6. 3g was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

75:25) as light brown solid (51 mg, 89%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 

0.34, MP: 166-170 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 28.18 min, tR(minor) = 32.25 min, 91% ee. 

[𝒂]𝑫
𝟐𝟓 = +130.6 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.83 (s, 1H), 7.75 (d, J 

= 1.7 Hz, 1H), 7.63 – 7.50 (m, 3H), 7.39 – 7.30 (m, 2H), 7.19 – 7.12 (m, 1H), 6.55 (dd, J = 

8.2, 1.7 Hz, 1H), 3.63 (s, 3H), 3.18 (s, 3H), 2.32 (s, 3H).  13C NMR (100 MHz, CDCl3): δ 

(ppm) 172.2, 166.8, 162.2, 159.6, 157.1, 143.6, 139.1, 136.7, 135.4, 129.0, 125.9, 125.4, 

119.0, 113.4, 110.5, 93.0, 85.5, 62.8, 51.9, 27.1, 16.0. FTIR (cm-1): 3100, 2923, 2857, 1717, 

1623, 1487, 1346, 1277, 1199, 1121, 1040, 990, 915, 811, 746, 689, 643, 605. HRMS (ESI 

TOF) m/z calcd. For C23H19IN3O5 [M+H] 544.0369 found 544.0369 

Methyl (2'R, 3S)-7-fluoro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3h)  

 

 

 

 

 

The compound 3h was obtained following the general procedure B, starting from 1h, 2a and 

catalyst C6. 3h was purified by column (Silica gel, petroleum ether/EtOAc 80:20) as light 

brown solid (54 mg, 90%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.53, MP: 165-

168 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate = 0.6 



SI Page S10 
 

mL/min, λ = 254 nm, tR(major) = 19.88 min, tR(minor) = 30.43 min, 93% ee. [𝒂]𝑫
𝟐𝟓 = +302.8 

(c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.82 (s, 1H), 7.58 – 7.49 (m, 2H), 7.35 

– 7.28 (m, 2H), 7.25 – 7.22 (m, 1H), 7.15 (tt, J = 7.0, 1.1 Hz, 1H), 7.05 – 6.93 (m, 2H), 3.62 

(s, 3H), 3.42 (d, J = 2.8 Hz, 3H), 2.34 (s, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 172.6, 

166.8, 162.2, 159.3, 157.4, 147.60 (d, J C-F = 243.8 Hz), 136.9, 130.6 (d, J C-F = 9 Hz), 129.0, 

126.1, 125.8, 123.25 (d, J C-F = 6.5 Hz), 122.94 (d, J = 3.3 Hz), 119.0, 118.4, 118.2, 113.9, 

93.1, 63.3, 51.9, 29.63 (d, J C-F = 6.2 Hz), 16.1. 19F NMR (377 MHz, CDCl3): δ (ppm) -

136.1.  FTIR (cm-1): 2922, 2859, 1718, 1626, 1486, 1349, 1281, 1243, 1188, 1122, 990, 913, 

850, 740, 691, 643. HRMS(ESI TOF) m/z calcd. For C23H19FN3O5 [M+H] 436.1309 found 

436.1313 

Methyl (2'R, 3S)-1, 3''-dimethyl-4-nitro-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2',4''-pyrazole]-4'-carboxylate (3i)  

 

 

 

 

 

 

The compound 3i was obtained following the general procedure B, starting from 1i, 2a and 

catalyst C6. 3e was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as light brown solid (54 mg, 92%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 

0.15, MP: 192-194 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 36.25 min, tR(minor) = 46.02 min, 90% ee. 

[𝒂]𝑫
𝟐𝟓 = +13.0 (c 1.03, CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.37 (d, J = 2.3 Hz, 

1H), 8.27 (dd, J = 8.6, 2.1 Hz, 1H), 7.86 (s, 1H), 7.55 (dt, J = 8.9, 1.7 Hz, 2H), 7.30 (t, J = 7.9 

Hz, 2H), 7.14 (t, J = 7.4 Hz, 1H), 6.88 (d, J = 8.6 Hz, 1H), 3.64 (s, 3H), 3.28 (s, 3H), 2.38 (s, 

3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 172.8, 165.9, 161.9, 159.2, 157.3, 148.8, 143.5, 

136.7, 128.9, 127.1, 125.8, 124.4, 123.0, 118.5, 113.6, 108.1, 92.3, 62.7, 52.0, 27.4, 16.1. 

FTIR (cm-1): 3100, 2926, 2856, 1723, 1613, 1496, 1444, 1337, 1292, 1199, 1124, 993, 923, 

831, 743, 691, 643. HRMS (ESI TOF) m/z calcd. For C23H19N4O7 [M+H] 463.1254 found 

463.1253 
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Methyl (2'R, 3S)-1-allyl-3''-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3j) 

 

 

 

 

 

The compound 3j was obtained following the general procedure B, starting from 1j, 2a and 

catalyst C6. 3j was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

85:15) as light yellow solid (53 mg, 90%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 

0.44, MP: 148-151 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(major) = 25.18 min, tR(minor) = 30.05 min, 91% ee. 

[𝒂]𝑫
𝟐𝟓 = +349.4 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm) 7.85 (s, 1H), 7.52 – 

7.42 (m, 3H), 7.32 – 7.26 (m, 2H), 7.23 (dd, J = 7.8, 1.3 Hz, 1H), 7.17 – 7.10 (m, 1H), 7.03 

(td, J = 7.6, 1.0 Hz, 1H), 6.75 (d, J = 7.8 Hz, 1H), 5.86 – 5.70 (m, 1H), 5.22 – 5.09 (m, 2H), 

4.42 (ddt, J = 16.7, 5.0, 1.7 Hz, 1H), 4.24 (ddt, J = 16.7, 4.6, 1.8 Hz, 1H), 3.60 (s, 3H), 2.34 

(s, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 172.7, 167.1, 162.3, 159.4, 157.8, 143.0, 

136.9, 130.6, 130.2, 128.9, 127.0, 125.7, 123.3, 122.8, 119.1, 117.5, 113.7, 109.4, 93.4, 63.4, 

51.8, 42.8, 16.2. FTIR (cm-1): 3094, 2923, 2857, 2314, 1719, 1618, 1490, 1356, 1285, 1237, 

1187, 1124, 988, 923, 751, 687. HRMS(ESI TOF) m/z calcd. For C25H22N3O5 [M+H] 

444.1559 found 444.1561 

Methyl (2'R, 3S)-1-benzyl-3''-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3k)  

 

 

 

 

 

 

The compound 3k was obtained following the general procedure B, starting from 1k, 2a and 

catalyst C6. 3k was purified by column chromatography (Silica gel, petroleum ether/EtOAc 
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85:15) as light brown solid (48 mg, 82%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 

0.47, MP: 139-141 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.9 mL/min, λ = 254 nm, tR(major) = 13.62 min, tR(minor) = 17.92 min, 93% ee. 

[𝒂]𝑫
𝟐𝟓 = +59.2 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.86 (s, 1H), 7.51 – 

7.45 (m, 2H), 7.43 (dd, J = 7.4, 0.9 Hz, 1H), 7.32 – 7.26 (m, 2H), 7.16 (ddt, J = 7.5, 4.3, 1.7 

Hz, 5H), 7.13 – 7.06 (m, 2H), 7.03 (td, J = 7.6, 0.9 Hz, 1H), 6.61 (d, J = 7.8 Hz, 1H), 5.05 (d, 

J = 15.9 Hz, 1H), 4.78 (d, J = 16.0 Hz, 1H), 3.58 (s, 3H), 2.36 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ (ppm) 172.9, 166.9, 162.3, 159.2, 158.5, 142.5, 137.0, 135.0, 130.3, 128.9, 128.9, 

127.7, 127.1, 126.8, 125.7, 123.6, 122.8, 119.0, 114.0, 109.5, 93.4, 63.8, 51.8, 44.3, 16.3.  

FTIR (cm-1): 2923, 1718, 1607, 1492, 1357, 1281, 1234, 1178, 1126, 987, 917, 836, 743, 

695, 643. HRMS (ESI TOF) m/z calcd. For C29H24N3O5 [M+H] 494.1716 found 494.1713 

Ethyl (2'R, 3S)-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-dihydrodispiro[indoline-3, 

3'-furan-2', 4''-pyrazole]-4'-carboxylate (3l)  

 

 

 

 

 

The compound 3l was obtained following the general procedure B, starting from 1l, 2a and 

catalyst C6. 3l was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

80:20) as light brown solid (55 mg, 92%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 

0.41, MP: 189-191 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, 

flow rate = 0.6 mL/min, λ = 254 nm, tR(minor) = 25.51 min, tR(major) = 30.98 min, 90% ee. 

[𝒂]𝑫
𝟐𝟓 = +391 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm) 7.84 (s, 1H), 7.54 – 7.49 

(m, 2H), 7.48 – 7.43 (m, 1H), 7.33 – 7.24 (m, 3H), 7.13 (t, J = 7.4 Hz, 1H), 7.04 (td, J = 7.6, 

1.0 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 4.00 (qq, J = 7.4, 3.7 Hz, 2H), 3.20 (s, 3H), 2.35 (s, 

3H), 1.06 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 173.0, 167.1, 161.8, 

159.1, 157.7, 143.9, 137.0, 130.2, 128.9, 127.0, 125.7, 123.6, 122.8, 119.0, 114.3, 108.4, 

93.2, 63.2, 60.6, 27.0, 16.2, 14.0. FTIR (cm-1): 2924, 1722, 1622, 1492, 1368, 1290, 1125, 

1030, 950, 820,754, 690, 599. HRMS (ESI TOF) m/z calcd. For C24H22N3O5 [M+H] 

432.1559 found 432.1557 
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tert-butyl (2'R, 3S)-1, 3''-dimethyl-2,5''-dioxo-1''-phenyl-1'',5''-dihydrodispiro[indoline-

3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3m)  

 

 

 

 

 

 

 

 

 

The compound 3m was obtained following the general procedure B, starting from 1m, 2a and 

catalyst C6. 3m was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

85:15 as light brown solid (54 mg, 92%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.5, 

MP: 65-68 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate = 

0.6 mL/min, λ = 254 nm, tR(minor) = 15.32 min, tR(major) = 15.94 min, 88% ee. [𝒂]𝑫
𝟐𝟓 = 

+345.6 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm) 7.79 (s, 1H), 7.54 – 7.43 (m, 

3H), 7.33 – 7.23 (m, 3H), 7.17 – 7.09 (m, 1H), 7.04 (td, J = 7.6, 1.0 Hz, 1H), 6.74 (d, J = 7.8 

Hz, 1H), 3.18 (s, 3H), 2.35 (s, 3H), 1.16 (s, 9H). 13C NMR (100 MHz, CDCl3): δ (ppm) 

173.1, 167.2, 161.0, 159.0, 157.8, 143.8, 137.0, 130.0, 128.9, 127.0, 125.6, 124.1, 122.7, 

119.0, 115.5, 108.2, 93.3, 81.3, 63.3, 27.9, 26.9, 16.1. FTIR (cm-1): 3093, 2928, 1720, 1625, 

1494, 1450, 1351, 1276, 1123, 1041, 993, 919, 799, 747, 691, 640. HRMS (ESI TOF) m/z 

calcd. For C26H26N3O5 [M+H] 460.1872 found 460.1871 

Methyl (2'R, 3S)-1-methyl-2, 5''-dioxo-1'', 3''-diphenyl-1'', 5''-dihydrodispiro[indoline-

3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3n)  

                                       

 

 

 

 

 

 

The compound 3n was obtained following the general procedure B, starting from 1a, 2b and 

catalyst C6. 3n was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as brown solid (62 mg, 90%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.29, 
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MP: 183-186 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 254 nm, tR(major) = 21.74 min, tR(minor) = 30.06 min, 96% ee. [𝒂]𝑫
𝟐𝟓 = 

+310.6 (c 1.0, CHCl3);
 1H NMR (400 MHz, CDCl3): δ (ppm) 7.93 (s, 1H), 7.77 – 7.64 (m, 

2H), 7.45 – 7.31 (m, 6H), 7.28 – 7.21 (m, 2H), 7.19 – 7.13 (m, 1H), 7.09 (tt, J = 7.0, 1.1 Hz, 

1H), 6.88 (td, J = 7.7, 1.0 Hz, 1H), 6.65 (d, J = 7.7 Hz, 1H), 3.51 (s, 3H), 2.68 (s, 3H). 13C 

NMR (100 MHz, CDCl3): δ (ppm) 172.0, 167.8, 162.5, 160.5, 154.2, 144.6, 136.6, 131.1, 

130.4, 130.3, 128.9, 128.0, 128.0, 126.2, 126.1, 122.7, 122.6, 119.5, 112.4, 108.4, 94.4, 63.5, 

51.7, 26.4. FTIR (cm-1): 3061, 2953, 1719, 1616, 1491, 1346, 1276, 1193, 1116, 987, 925, 

800, 744, 684, 598. HRMS (ESI TOF) m/z calcd. For C28H22N3O5 [M+H] 480.1559 found 

480.1564 

 

Methyl (2'R, 3S)- 3''-(4-methoxyphenyl)-1-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3o) 

 

 

 

 

 

 

The compound 3o was obtained following the general procedure B, starting from 1a, 2c and 

catalyst C6. 3o was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as brown solid (68 mg, 93%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.17, 

MP: 197-199 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 254 nm, tR(major) = 39.91 min, tR(minor) = 57.83 min, 97% ee. [𝒂]𝑫
𝟐𝟓 = 

+174.6 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm) 7.92 (s, 1H), 7.72 – 7.66 (m, 

2H), 7.44 – 7.34 (m, 3H), 7.27 – 7.21 (m, 2H), 7.19 – 7.12 (m, 2H), 7.09 (d, J = 7.4 Hz, 1H), 

6.90 – 6.83 (m, 3H), 6.64 (d, J = 7.7 Hz, 1H), 3.80 (s, 3H), 3.51 (s, 3H), 2.72 (s, 3H). 13C 

NMR (100MHz, CDCl3): δ (ppm) 172.2, 167.7, 162.5, 161.9, 160.5, 153.9, 144.6, 136.7, 

130.3, 129.7, 128.9, 126.2, 126.0, 123.0, 122.7, 122.7, 119.5, 113.4, 112.3, 108.3, 94.7, 63.5, 

55.5, 51.7, 26.5. FTIR (cm-1): 3096, 2920, 2856, 1720, 1608, 1493, 1461, 1349, 1302, 1257, 

1186, 1118, 1026, 969, 924, 834, 737, 682, 612. HRMS (ESI TOF) m/z calcd. For 

C29H24N3O6 [M+H] 510.1665 found 510.1662 
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Ethyl (2'R, 3S)-1-methyl-2, 5''-dioxo-1'', 3''-diphenyl-1'', 5''-dihydrodispiro[indoline-3, 

3'-furan-2', 4''-pyrazole]-4'-carboxylate (3p)  

 

 

 

 

 

 

 

The compound 3p was obtained following the general procedure B, starting from 1l, 2b and 

catalyst C6. 3p was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as brown solid (62 mg, 93%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.35, 

MP: 133-137 °C, HPLC: CHIRAPAK IA column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 254 nm, tR(minor) = 16.06 min, tR(major) = 25.68 min, 97% ee. [𝒂]𝑫
𝟐𝟓 = 

+270.4 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm) 8.00 (s, 1H), 7.83 – 7.76 (m, 

2H), 7.53 – 7.40 (m, 6H), 7.36 – 7.28 (m, 2H), 7.26 – 7.15 (m, 2H), 6.96 (td, J = 7.7, 1.0 Hz, 

1H), 6.72 (d, J = 7.7 Hz, 1H), 3.99 (qd, J = 7.1, 2.6 Hz, 2H), 2.77 (s, 3H), 1.06 (t, J = 7.1 Hz, 

3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 172.1, 167.8, 162.0, 160.3, 154.3, 144.7, 136.6, 

131.1, 130.5, 130.3, 128.9, 128.0, 128.0, 126.2, 126.1, 122.9, 122.7, 119.5, 112.8, 108.3, 

94.4, 63.5, 60.5, 26.4, 14.1. FTIR (cm-1): 3060, 2923, 1718, 1617, 1490, 1375, 1336, 1277, 

1110, 1020, 961, 810, 777, 684, 596. HRMS (ESI TOF) m/z calcd. For C29H24N3O5 [M+H] 

494.1716 found 494.1714 

Tert-butyl (2'R, 3S)-1-methyl-2, 5''-dioxo-1'', 3''-diphenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3q) 

 

 

 

 

 

 

 

The compound 3q was obtained following the general procedure B, starting from 1m, 2b and 

catalyst C6. 3q was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

80:20) as brown solid (61 mg, 91%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.53, 
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MP: 188-192 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 254 nm, tR(major) = 15.78 min, tR(minor) = 26.61min, 96% ee. [𝒂]𝑫
𝟐𝟓 = 

+111.8 (c 0.5, CHCl3); 1H NMR (400 MHz, CDCl3):δ(ppm) 7.94 (s, 1H), 7.83 – 7.76 (m, 

2H), 7.53 – 7.38 (m, 6H), 7.36 – 7.27 (m, 2H), 7.28 – 7.19 (m, 1H), 7.17 (d, J = 7.4 Hz, 1H), 

6.97 (td, J = 7.6, 1.0 Hz, 1H), 6.70 (d, J = 7.7 Hz, 1H), 2.77 (s, 3H), 1.13 (s, 9H). 13C 

NMR(100 MHz, CDCl3): δ (ppm) 172.2, 161.1, 159.9, 154.4, 144.7, 136.6, 131.0, 130.6, 

130.1, 128.9, 128.0, 128.0, 126.2, 126.0, 123.5, 122.6, 119.5, 114.3, 108.1, 94.5, 81.1, 63.5, 

27.9, 26.3. FTIR (cm-1): 3063, 2923, 2857, 1722, 1628, 1491, 1364, 1262, 1106, 1026, 963, 

922, 813, 746, 686, 596. HRMS (ESI TOF) m/z calcd. For C31H28N3O5 [M+H] 522.2029 

found 522.2040 

 

Ethyl (2'R, 3S)-1, 3''-dimethyl-2, 5''-dioxo-1''-(p-tolyl)-1'', 5''-dihydrodispiro[indoline-3, 

3'-furan-2', 4''-pyrazole]-4'-carboxylate (3r)  

 

 

 

 

 

 

 

 

 

 

 

 

The compound 3r was obtained following the general procedure B, starting from 1m, 2d and 

catalyst C6. 3r was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

75:25) as brown solid (58 mg, 94%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.41, 

MP: 179-180 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 254 nm, tR(major) = 15.35 min, tR(minor) = 20.86 min, 95% ee. [𝒂]𝑫
𝟐𝟓 = 

+332.6 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm) 7.84 (s, 1H), 7.47 – 7.43 (m, 

1H), 7.39 – 7.34 (m, 2H), 7.27 (td, J = 7.8, 1.2 Hz, 1H), 7.09 (d, J = 8.2 Hz, 2H), 7.03 (td, J = 

7.7, 1.0 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 4.00 (qq, J = 7.3, 3.7 Hz, 2H), 3.20 (s, 3H), 2.34 (s, 

3H), 2.28 (s, 3H), 1.06 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 173.0, 

167.0, 161.9, 159.2, 157.5, 143.9, 135.5, 134.5, 130.2, 129.4, 127.0, 123.6, 122.8, 119.1, 

114.2, 108.4, 93.2, 63.2, 60.6, 27.0, 21.1, 16.1, 14.0. FTIR (cm-1): 2920, 2860, 2190, 1717, 
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1621, 1509, 1463, 1368, 1279, 1112, 1026, 955, 897, 817, 748, 610. HRMS (ESI TOF) m/z 

calcd. For C25H24N3O5 [M+H] 446.1716 found 446.1723 

 

 

Methyl (2'R, 3S)-1''-(4-chlorophenyl)-1, 3''-dimethyl-2, 5''-dioxo-1'', 

5''dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3s)  

 

 

 

 

 

 

 

 

The compound 3s was obtained following the general procedure B, starting from 1a, 2e and 

catalyst C6. 3s was purified by column (Silica gel, petroleum ether/EtOAc 70:30) as off 

white solid (53mg, 90%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.34, MP: 215-218 

°C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate = 0.6 mL/min, 

λ = 254 nm, tR(major) = 31.79 min, tR(minor) = 41.26 min, 92% ee. [𝒂]𝑫
𝟐𝟓 = +331 (c 1.0, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm) 7.82 (s, 1H), 7.51 – 7.46 (m, 2H), 7.43 – 7.39 

(m, 1H), 7.32 – 7.22 (m, 3H), 7.03 (td, J = 7.6, 1.0 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 3.59 (s, 

3H), 3.21 (s, 3H), 2.34 (s, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 172.7, 166.8, 162.1, 

159.0, 157.9, 143.7, 135.4, 130.7, 130.3, 128.9, 126.8, 123.1, 122.7, 119.9, 113.8, 108.4, 

93.0, 63.2, 51.7, 26.9, 16.0. FTIR (cm-1): 3102, 2923, 2856, 1717, 1619, 1489, 1351, 1278, 

1194, 1123, 1036, 993, 928, 829, 747, 610. HRMS (ESI TOF) m/z calcd. For C25H24N3O5 

[M+H] 452.1013 found 452.1013 
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Methyl (2'R, 3S)-1,3''-dimethyl-2, 5''-dioxo-1''-(p-tolyl)-1'', 5''-dihydrodispiro[indoline-

3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3t)   

 

 

 

 

 

 

 

The compound 3t was obtained following the general procedure B, starting from 1a, 2d and 

catalyst C6. 3t was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as off white solid (53mg, 90%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.32, 

MP: 201-204 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 254 nm, tR(major) = 33.60 min, tR(minor) = 48.37 min, 88% ee. [𝒂]𝑫
𝟐𝟓 = 

+201.16 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm)  7.83 (s, 1H), 7.47 – 7.42 (m, 

1H), 7.39 – 7.33 (m, 2H), 7.30 – 7.24 (m, 1H), 7.09 (d, J = 8.2 Hz, 2H), 7.03 (td, J = 7.6, 1.0 

Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 3.58 (s, 3H), 3.20 (s, 3H), 2.33 (s, 3H), 2.28 (s, 3H). 13C 

NMR (100 MHz, CDCl3): δ (ppm) 172.8, 166.8, 162.2, 159.2, 157.2, 143.8, 135.4, 134.4, 

130.2, 129.3, 126.9, 123.2, 122.7, 119.0, 113.7, 108.4, 93.1, 63.0, 51.6, 26.9, 20.9, 16.0. 

FTIR (cm-1): 2922, 2312, 1722, 1621, 1511, 1468, 1355, 1281, 1197, 1127, 1037, 991, 928, 

821, 753, 695, 609. HRMS (ESI TOF) m/z calcd. For C24H22N3O5 [M+H] 432.1559 found 

432.1559 

 

Methyl (2'R, 3S)-3''-isopropyl-1-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3u)  
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The compound 3u was obtained following the general procedure B, starting from 1a, 2f and 

catalyst C6. 3u was purified by column (Silica gel, petroleum ether/EtOAc 70:30) as off 

white solid (57mg, 89%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.36, MP: 157-159 

°C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate = 0.9 mL/min, 

λ = 254 nm, tR(minor) = 8.58 min, tR(major) = 9.33 min, 86% ee. [𝒂]𝑫
𝟐𝟓 = +275 (c 1.0, 

CHCl3);  1H NMR (400 MHz, CDCl3): δ(ppm)  7.86 (s, 1H), 7.50 – 7.40 (m, 3H), 7.32 – 

7.26 (m, 2H), 7.26 – 7.23 (m, 1H), 7.15 – 7.09 (m, 1H), 7.00 (td, J = 7.7, 1.0 Hz, 1H), 6.77 

(d, J = 7.7 Hz, 1H), 3.59 (s, 3H), 3.27 (p, J = 6.8 Hz, 1H), 3.20 (s, 3H), 1.26 (d, J = 6.7 Hz, 

3H), 1.23 (d, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) 173.1, 167.7, 164.6, 

162.4, 159.9, 144.1, 136.9, 130.3, 128.9, 126.7, 125.6, 123.3, 122.9, 119.1, 119.1, 119.0, 

119.0, 113.1, 108.5, 94.3, 63.3, 51.8, 29.8, 27.0, 22.9, 19.3. FTIR (cm-1): 3991, 2927, 1719, 

1622, 1493, 1351, 1265, 1217, 1128, 991, 909, 733. HRMS (ESI TOF) m/z calcd. For 

C25H24N3O5 [M+H] 446.1716 found 446.1716 

 

 

Ethyl (2'R, 3S)- 3''-isopropyl-1-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3v)  

 

 

 

 

 

 

The compound 3v was obtained following the general procedure B, starting from 1l, 2f and 

catalyst C6. 3v was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as off white solid (53mg, 83%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.45, 

MP: 166-167 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.9 mL/min, λ = 254 nm, tR(minor) = 8.63 min, tR(major) = 10.43 min, 88% ee. [𝒂]𝑫
𝟐𝟓 = 

+277 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ(ppm)  7.87 (s, 1H), 7.51 – 7.41 (m, 

3H), 7.32 – 7.27 (m, 2H), 7.25 (dd, J = 7.8, 1.3 Hz, 1H), 7.16 – 7.09 (m, 1H), 7.00 (td, J = 

7.7, 1.0 Hz, 1H), 6.76 (d, J = 7.7 Hz, 1H), 4.00 (qd, J = 7.1, 2.9 Hz, 2H), 3.28 (p, J = 6.8 Hz, 

1H), 3.19 (s, 3H), 1.27 (d, J = 6.7 Hz, 3H), 1.23 (d, J = 6.9 Hz, 3H), 1.06 (t, J = 7.1 Hz, 
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3H).13C NMR (100 MHz, CDCl3): δ (ppm) 173.1, 167.6, 164.7, 161.8, 159.6, 144.0, 136.9, 

130.1, 128.7, 126.7, 125.5, 123.5, 122.7, 118.9, 113.5, 108.2, 94.2, 63.2, 60.4, 29.7, 26.8, 

22.8, 19.1, 13.9.  FTIR (cm-1):  2926, 1717, 1624, 1493, 1347, 1267, 1218, 1125, 1019, 908, 

808, 736. HRMS (ESI TOF) m/z calcd. For C26H25N3O5 [M+H] 460.1872 found 460.1872 

 

Methyl (2'R, 3S)-1-allyl-3''-isopropyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate (3w)  

 

 

                        

 

 

 

The compound 3w was obtained following the general procedure B, starting from 1j, 2f and 

catalyst C6. 3w was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

80:20) as off white solid (51mg, 81%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.59, 

MP: 169-170 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 254 nm, tR(minor) = 10.29 min, tR(major) = 10.98 min, 90% ee. [𝒂]𝑫
𝟐𝟓 = 

+175 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.49 – 7.41 (m, 3H), 7.32 

– 7.26 (m, 2H), 7.22 (td, J = 7.8, 1.3 Hz, 1H), 7.16 – 7.10 (m, 1H), 7.00 (td, J = 7.6, 1.0 Hz, 

1H), 6.73 (d, J = 7.8 Hz, 1H), 5.77 (ddt, J = 17.2, 10.3, 4.9 Hz, 1H), 5.23 – 5.12 (m, 2H), 

4.38 (ddt, J = 16.6, 5.0, 1.7 Hz, 1H), 4.26 (ddt, J = 16.6, 4.6, 1.8 Hz, 1H), 3.59 (s, 3H), 3.24 

(h, J = 6.8 Hz, 1H), 1.26 (d, J = 6.6 Hz, 3H), 1.24 (d, J = 6.9 Hz, 3H). 13C NMR (CDCl3, 100 

MHz): δ (ppm) 173.0, 167.7, 164.8, 162.4, 159.8, 143.2, 137.0, 130.5, 130.2, 128.9, 126.9, 

125.6, 123.5, 122.8, 119.1, 117.7, 113.3, 109.4, 94.5, 63.5, 51.7, 42.8, 30.2, 22.6, 19.2. 

HRMS (ESI TOF) m/z calcd. For C27H26N3O5 [M+H] 472.1872 found 472.1872. 
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Methyl (2'R, 3S)-1-benzyl- 3'' -(4-methoxyphenyl)- 2, 5''-dioxo-1''-phenyl-1'', 5''- 

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate   (3x) 

 

 

 

 

 

 

The compound 3x was obtained following the general procedure B, starting from 1k, 2c and 

catalyst C6. 3x was purified by column chromatography (Silica gel, petroleum ether/EtOAc 

70:30) as yellow solid (59mg, 85%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.35, 

MP: 172-174 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate 

= 0.6 mL/min, λ = 290 nm, tR(major) = 25.45 min, tR(minor) = 37.80 min, 98% ee. [𝒂]𝑫
𝟐𝟓 = 

+60 (c 0.1, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.02 (s, 1H), 7.86 – 7.81 (m, 2H), 7.50 – 

7.44 (m, 3H), 7.34 – 7.27 (m, 2H), 7.21 – 7.03 (m, 7H), 6.96 – 6.88 (m, 3H), 6.54 (d, J = 7.8 

Hz, 1H), 4.60 (d, J = 15.9 Hz, 1H), 4.48 (d, J = 15.9 Hz, 1H), 3.86 (s, 3H), 3.58 (s, 3H). 13C 

NMR (CDCl3, 100 MHz): δ (ppm) 172.4, 167.7, 162.3, 161.8, 160.2, 154.2, 143.6, 136.6, 

135.0, 130.1, 129.6, 128.8, 128.6, 127.4, 126.9, 126.4, 125.8, 123.1, 122.9, 122.5, 119.3, 

113.3, 112.9, 109.3, 94.8, 63.6, 55.3, 51.6, 44.1. HRMS (ESI TOF) m/z calcd. For 

C35H28N3O6 [M+H] 586.1978 found 586.1978. 

Methyl (2'R, 3S)-1-benzyl-2, 5''-dioxo-1'', 3''-diphenyl-1'', 5''-dihydrodispiro[indoline-3, 

3'-furan-2', 4''-pyrazole]-4'-carboxylate (3y) 

 

 

 

 

 

 

The compound 3y was obtained following the general procedure B, starting from 1k, 2b and 

catalyst C6. 3y was purified by column chromatography (Silica gel, petroleum ether/EtOAc 
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70:30) as white solid (55mg, 84%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.47, 

MP: 134.6-136.4 °C, HPLC: CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow 

rate = 0.6 mL/min, λ = 254 nm, tR(major) = 19.18 min, tR(minor) = 22.08 min, 92% ee. 

[𝒂]𝑫
𝟐𝟓 = +158 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.02 (s, 1H), 7.89 – 7.84 (m, 

2H), 7.47 (tdd, J = 7.2, 3.1, 1.4 Hz, 4H), 7.43 – 7.38 (m, 2H), 7.35 – 7.28 (m, 2H), 7.21 – 

7.14 (m, 4H), 7.14 – 7.01 (m, 3H), 6.94 (td, J = 7.6, 0.9 Hz, 1H), 6.55 (d, J = 7.7 Hz, 1H), 

4.55 (d, J = 16.0 Hz, 1H), 4.46 (d, J = 15.9 Hz, 1H), 3.57 (s, 3H). 13C NMR (CDCl3, 100 

MHz): δ (ppm) 172.2, 167.8, 162.2, 160.2, 154.5, 143.6, 136.5, 134.9, 131.0, 130.4, 130.1, 

128.8, 128.6, 127.9, 127.9, 127.4, 126.9, 126.4, 126.0, 123.0, 122.6, 119.4, 112.9, 109.4, 

94.5, 63.6, 51.6, 44.0. HRMS (ESI TOF) m/z calcd. For C34H26N3O5 [M+H] 556.1872 found 

556.1872 

Procedure for the synthesis of 5ad  (Suzuki coupling reaction) 

 
Methyl (2'R, 3S)-5-(4-methoxyphenyl)-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 3'-furan-2', 4''-pyrazole]-4'-carboxylate  

 

 

 

 

 

 

White solid (28 mg, 60%, d.r. >20:1), Rf (petroleum ether/EtOAc 70:30) = 0.32, HPLC: 

CHIRAPAK IC column, n-hexane/iso-propanol = 80/20, flow rate = 0.6 mL/min, λ = 290nm, 

tR(minor) = 57.60 min, tR(major) = 40.59 min, 91% ee. [𝒂]𝑫
𝟐𝟓 = +3.00 (c 1.0, CHCl3);   1H 

NMR (400 MHz, CDCl3) δ 7.84 (s, 1H), 7.63 (d, J = 1.6 Hz, 1H), 7.45 (tt, J = 6.7, 2.0 Hz, 

5H), 7.25 – 7.20 (m, 2H), 7.12 – 7.07 (m, 1H), 6.97 – 6.92 (m, 2H), 6.82 (d, J = 8.1 Hz, 1H), 

3.85 (s, 3H), 3.59 (s, 3H), 3.24 (s, 3H), 2.36 (s, 3H).13C NMR (100 MHz,  CDCl3): δ (ppm) 

173.0, 167.3, 162.3, 159.4, 159.1, 157.6, 142.6, 136.9, 135.9, 133.3, 128.9, 128.5, 128.1, 

125.8, 123.8, 119.1, 114.3, 113.7, 108.6, 93.4, 63.5, 55.5, 51.8, 27.2, 16.1.HRMS (ESI TOF) 

m/z calcd. For C30H25N3O6 [M+H] 524.1822 found 524.1821. 
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Copies of 1H and 13C Spectra (3a-3y) and 5ad 
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19F-NMR Spectrum of 3f 
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19F-NMR Sprectrum of 3h 
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HPLC Chromatograms (3a-3y) and 5ad 
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Molecular Structure of compound 3a using Single Crystal X-ray analysis  

Datablock: T1_a 
 
Bond precision: C-C = 0.0046 A Wavelength=1.54178 

Cell: a=11.2231(13) b=8.1552(9) c=11.9835(14) 

 
alpha=90 beta=115.450(5) gamma=90 

Temperature: 100 K 
  

 
Calculated Reported 

Volume 990.4(2) 990.4(2) 
Space group P 21 P 21 
Hall group P 2yb P 2yb 
Moiety formula C23 H19 N3 O5 ? 
Sum formula C23 H19 N3 O5 C23 H19 N3 O5 
Mr 417.41 417.41 
Dx,g cm-3 1.400 1.400 
Z 2 2 
Mu (mm-1) 0.832 0.832 
F000 436.0 436.0 
F000' 437.43 

 h,k,lmax 14,10,15 14,10,14 
Nref 4279[ 2294] 4111 
Tmin,Tmax 0.890,0.928 0.633,0.754 
Tmin' 0.890 

 
Correction method= # Reported T Limits: Tmin=0.633 

Tmax=0.754 AbsCorr = MULTI-SCAN  
Data completeness= 1.79/0.96 Theta(max)= 78.820 
R(reflections)= 0.0368( 3820) wR2(reflections)= 0.0954( 4111) 
S = 1.071 Npar= 284 
                                                                                                                                                                               

Flack Parameter Value (CIF)   -0.03(11) 
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Molecular Stricture of compound 3a using Single Crystal X-ray analysis  
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