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General Information 

All reactions were carried out under an atmosphere of argon using oven-dried glassware. Super 

dry solvents, metal catalysts, were purchased from chemical companies and used without further 

treatment. Flash column chromatography was performed using silica gel (300-400 mesh). 1H 

NMR ,13C NMR, 19F NMR spectra were recorded in CDCl3 or DMSO-d6 on a 400 MHz 

spectrometer; chemical shifts are reported in ppm with the solvent signals as reference, and 

coupling constants (J) are given in Hertz. The peak information is described as: s = singlet, d = 

doublet, t = triplet, q = quartet, m= multiplet. High-resolution mass spectra (HRMS) were 

recorded on a commercial apparatus (ESI Source). α-Hydroxy-1-indanone1, 

α-hydroxyacetophenone2, 3-hydroxychroman-4-one3 and alkylidene azlactone4 were synthesized 

according to the literature. 

General Procedure for optimization of the reaction conditions. 

Under a nitrogen atmosphere, a solution of diethylzinc (40 μL, 1.0 M in hexane, 0.04 mmol) 

was added dropwise to a solution of L (0.02 mmol) in solvent (2 mL). After the mixture was 

stirred for 30 min at room temperature, then, α-hydroxy-1-indanone 1a (0.2 mmol) and alkylidene 

azlactone 2a (0.2 mmol) were added. The reaction mixture was stirred for 24 h at the same 

temperature. The reaction was quenched with HCl solution (1 M, 2 mL), and the organic layer was 

extracted with CH2Cl2 (3 × 5 mL). The combined organic layer was washed with brine and dried 

over Na2SO4. The solvent was removed under reduced pressure by using a rotary evaporator. The 

residue was purified by flash chromatography with petroleum ether/ethyl acetate (4/1) to afford 

the desired product 3a. 

Synthesis of chiral α-amino-γ-butyrolactones. 

Under a nitrogen atmosphere, a solution of diethylzinc (40 μL, 1.0 M in hexane, 0.04 mmol) 

was added dropwise to a solution of L4 (0.02 mmol) in THF (2 mL). After the mixture was stirred 

for 30 min at room temperature, then, α-hydroxy-1-indanone 1 or α-hydroxyacetophenone 1 or 

3-hydroxychroman-4-one 1 (0.2 mmol) and alkylidene azlactone 2 (0.2 mmol) were added. The 

reaction mixture was stirred for 24 h at the same temperature. The reaction was quenched with 

HCl solution (1 M, 2 mL), and the organic layer was extracted with CH2Cl2 (3 × 5 mL). The 

combined organic layer was washed with brine and dried over Na2SO4. The solvent was removed 

under reduced pressure by using a rotary evaporator. The residue was purified by flash 

chromatography with petroleum ether/ethyl acetate (4/1) to afford the desired product 3. 

Characterization of 3 

N-((2S,3S,4R)-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)benzamid

e (3a):  

   

Yellow solid in 70% isolated yield (83mg, >20:1 dr); [α]D
20 = +125 (c = 1.0, DMSO, 99% ee); m.p. = 

112.6-113.4 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.70 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 

7.79-7.73 (m, 1H), 7.56-7.43 (m, 5H), 7.39-7.30 (m, 5H), 7.20-7.13 (m, 2H), 6.04-5.97 (m, 1H), 4.35 

(d, J = 8.8 Hz, 1H), 3.36 (d, J = 18.1 Hz, 1H), 3.01 (d, J = 18.2 Hz, 1H); 13C NMR (101 MHz, 
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DMSO-d6) δ 201.5 , 173.9, 167.1, 151.1, 136.9, 134.7, 133.3, 132.3, 131.5, 129.2, 128.6 , 128.0, 127.4, 

126.9, 124.8 , 88.6 , 52.5 , 49.9 , 36.3; IR (neat): 3386, 2919, 1788, 1716, 1655, 1160, 747, 699, 467 

cm-1; HRMS (ESI): m/z for [M+H]+: calcd 398.1387, found 398.1384; HPLC: Daicel Chiralpak IA, 

n-hexane/i-PrOH = 50/50, flow rate = 1 mL/min, λ = 254 nm, tmajor = 15.50 min and tminor = 9.28min. 

N-((2S,3S,4R)-6'-chloro-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3b):  

 

 

Major diastereoisomer of 3b: Yellow solid in 80% isolated yield (103mg, 5:1 dr); [α]D
20 = +79 (c = 1.0, 

CDCl3, 94% ee); m.p. = 222.8-223.6 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.74 (d, J = 7.5 Hz, 1H), 

7.91-7.81 (m, 2H), 7.62-7.56 (m, 1H), 7.53-7.42 (m, 3H), 7.40-7.28 (m, 5H), 7.23-7.01 (m, 3H), 

6.07-5.89 (m, 1H), 4.43 (d, J = 8.8 Hz, 1H), 3.31 (d, J = 18.1 Hz, 1H), 2.94 (d, J = 18.2 Hz, 1H); 13C 

NMR (101 MHz, DMSO-d6) δ 200.6, 173.7, 167.0, 148.2, 136.2, 134.6, 133.3, 131.4, 130.6, 129.3, 

128.9,128.4, 128.0, 127.5, 127.3, 123.7, 88.2, 52.4, 49.8, 35.4; IR (neat): 3392, 2926, 1797, 1715, 1667, 

1523, 1156, 713, 509 cm-1; HRMS (ESI):m/z for [M+H]+: calcd 432.0997, found 432.0995; HPLC: 

Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 14.89 min 

and tminor = 10.98min. 

N-((2S,3S,4R)-5'-methyl-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3c): 

 

Yellow solid in 80% isolated yield (99mg, >20:1 dr); [α]D
20 = +77 (c = 1.0, DMSO, 95% ee); m.p. = 

235.5-236.3 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.69 (d, J = 7.2 Hz, 1H), 7.73 (d, J = 7.7 Hz, 1H), 

7.53-7.42 (m, 3H), 7.39-7.27 (m, 7H), 7.16 (d, J = 5.9 Hz, 2H), 6.08 – 5.93 (m, 1H), 4.30 (d, J = 8.6 Hz, 

1H), 3.31 (d, J = 22.4 Hz, 1H), 2.95 (d, J = 18.2 Hz, 1H), 2.39 (s, 3H); 13C NMR (101 MHz, DMSO-d6) 

δ 200.7, 173.9, 167.0, 151.4, 148.2, 134.8, 133.3, 131.5, 129.9, 129.7, 129.3, 128.7, 128.0, 127.5, 127.0, 

124.77, 88.77, 52.5, 50.15, 36.1, 21.8; IR (neat): 3399, 2926, 1783, 1712, 1671, 1609, 1123, 1085, 709, 

496 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 412.1543, found 432.1542; HPLC: Daicel Chiralpak 

IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 16.07min and tminor = 

12.64min. 

N-((2S,3S,4R)-5'-fluoro-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3d): 
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Yellow solid in 76% isolated yield (94mg, >20:1 dr); [α]D
20 = +90 (c = 1.0, DMSO, 99% ee); m.p. = 

239.1-240.2 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.71 (d, J = 7.4 Hz, 1H), 7.98-7.85 (m, 1H), 

7.52-7.43 (m, 3H), 7.41-7.29 (m, 7H), 7.17 (d, J = 6.6 Hz, 2H), 6.05-5.92 (m, 1H), 4.38 (d, J = 8.8 Hz, 

1H), 3.36 (d, J = 17.9 Hz, 1H), 3.02 (d, J = 18.4 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 199.7, 

173.8, 167.40 (d, J = 256.0 Hz), 167.0, 154.46 (d, J = 11.3 Hz), 134.7, 133.3, 131.5, 129.2, 128.7, 

128.2,128.3 127.4, 127.3, 117.0, 116.7, 113.8, 113.6, 88.6, 52.5, 50.0, 36.3; 19F NMR (376 MHz, 

DMSO-d6) δ -99.98; IR (neat):3383, 2929, 1799, 1713, 1662, 1264, 1139, 714, 646,498 cm-1; HRMS 

(ESI): m/z for [M+H]+: calcd 416.1293, found 416.1292; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 14.65 min and tminor = 18.34 min. 

N-((2S,3S,4R)-5'-chloro-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3e): 

 

Yellow solid in 78% isolated yield (100mg, >20:1 dr); [α]D
20 = +97 (c = 1.0, DMSO, 98% ee); m.p. = 

232.2-233.4 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.72 (d, J = 7.4 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 

7.65 (s, 1H), 7.59 (d, J = 8.1 Hz, 1H), 7.52-7.42 (m, 3H), 7.40-7.29 (m, 5H), 7.17 (d, J = 6.5 Hz, 2H), 

6.05-5.95 (m, 1H), 4.39 (d, J = 8.8 Hz, 1H), 3.35 (d, J = 18.3 Hz, 1H), 3.02 (d, J = 18.4 Hz, 1H); 13C 

NMR (101 MHz, DMSO-d6) δ 200.3, 173.8, 167.0, 152.9, 141.7, 134.7, 133.3, 131.5, 131.2, 129.3, 

129.0, 128.7, 128.0, 127.5, 127.0, 126.4, 88.5, 52.5, 49.9, 36.2; IR (neat): 3399, 2988, 1787, 1717, 

1667, 1629, 1102, 1084, 713, 464 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 432.0997, found 

432.0996; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, 

tmajor = 11.54 min and tminor = 15.50 min. 

N-((2S,3S,4R)-5'-bromo-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3f): 

 

Yellow solid in 40% isolated yield (57mg, >20:1 dr); [α]D
20 = +66 (c = 1.0, DMSO, 97% ee); m.p. = 

258.0-259.1 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.69 (d, J = 7.5 Hz, 1H), 7.83-7.70 (m, 3H), 

7.52-7.43 (m, 3H), 7.40-7.29 (m, 5H), 7.16 (d, J = 6.6 Hz, 2H), 6.07-5.90 (m, 1H), 4.38 (d, J = 8.8 Hz, 

1H), 3.35 (d, J = 19.0 Hz, 1H), 3.02 (d, J = 18.4 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 200.5, 

173.8, 167.0, 153.0, 134.7, 133.4, 131.9, 131.5, 131.2, 130.0, 129.3, 128.7, 128.0, 127.5, 126.4, 88.5, 

52.4, 49.9, 36.1; IR (neat): 3425, 2918, 1779, 1719, 1667, 1207, 1140, 913, 714, 489 cm-1; HRMS 

(ESI): m/z for [M+H]+: calcd 498.0311, found 498.0309; HPLC: Daicel Chiralpak IB, n-hexane/i-PrO 

=80/20, flow rate =1 mL/min, λ = 254 nm, tmajor = 15.73 min and tminor = 21.68 min. 

N-((2S,3S,4R)-4'-chloro-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3g): 
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Yellow solid in 78% isolated yield (101mg, >20:1 dr); [α]D

20 = +109 (c = 1.0, DMSO, 99% ee); m.p. = 

180.5-181.7 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.71 (d, J = 7.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 

7.65 (s, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.52-7.43 (m, 3H), 7.41-7.27 (m, 5H), 7.21-7.11 (m, 2H), 

6.08-5.91 (m, 1H), 4.39 (d, J = 8.4 Hz, 1H), 3.35 (d, J = 17.9 Hz, 1H), 3.02 (d, J = 18.3 Hz, 1H); 13C 

NMR(101 MHz, DMSO-d6) δ 200.3, 173.8, 167.0, 153.0, 141.7, 134.7, 133.3, 131.5, 131.2, 129.3, 

129.0, 128.7, 128.0, 127.5, 127.0, 126.4, 88.5, 52.5, 49.9, 36.2; IR (neat): 3399, 2923, 1788, 1717, 

1667, 1519, 1101, 702, 635, 493 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 432.0997, found 432.0995; 

HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 

17.12 min and tminor = 13.33 min. 

((2S,3S,4R)-4'-bromo-1',5-dioxo-3-phenyl-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)be

nzamide (3h):  

 

Yellow solid in 39% isolated yield (56mg, >20:1 dr); [α]D
20 = +172 (c = 1.0, DMSO, 99% ee); m.p. = 

236.1-237.4 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.71 (d, J = 7.3 Hz, 1H), 7.99 (s, 1H), 7.92 (d, J = 

7.8 Hz, 1H), 7.52-7.43 (m, 4H), 7.41-7.28 (m, 5H), 7.19-7.10 (m, 2H), 6.02-5.90 (m, 1H), 4.39 (d, J = 

8.7 Hz, 1H), 3.31 (d, J = 17.6 Hz, 1H), 2.96 (d, J = 18.3 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 

200.3, 173.8, 167.0, 150.1, 139.1, 134.6, 133.3, 131.5, 129.3, 129.1, 128.7, 128.0, 127.5, 127.1, 121.5, 

88.7, 52.4, 49.8, 36.1; IR (neat): 3384, 2933, 1798, 1714, 1662, 1524, 1132, 1084, 633, 509 cm-1; 

HRMS (ESI): m/z for [M+H]+: calcd 476.0492, found 476.0491; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 13.19 min and tminor = 17.52 min. 

N-((2S,3S,4R)-3-(4-methoxyphenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-

yl)benzamide (3i): 

 

Yellow solid in 85% isolated yield (109mg, >20:1 dr); [α]D
20 = +147 (c = 1.0, DMSO, 99% ee); m.p. = 

207.1-208.4 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.69 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 

7.76 (t, J = 7.9 Hz, 1H), 7.60-7.45 (m, 5H), 7.41-7.33 (m, 2H), 7.10 (d, J = 8.7 Hz, 2H), 6.91 (d, J = 8.7 

Hz, 2H), 6.05-5.97 (m, 1H), 4.30 (d, J = 8.8 Hz, 1H), 3.74 (s, 3H), 3.33 (d, J = 18.2 Hz, 1H), 3.03 (d, J 

= 18.2 Hz, 1H); 13C NMR(101 MHz, DMSO-d6) δ 201.5, 174.0, 167.0, 158.7, 151.0, 136.8, 133.3, 

132.4, 131.5, 130.4, 128.5, 128.1, 127.5, 126.9, 126.6, 124.8, 114.1, 88.8, 55.0, 52.4, 49.4, 36.3; IR 

(neat): 3360, 2917, 1791, 1708, 1662, 1258, 1185, 931, 754, 471 cm-1; HRMS (ESI): m/z for [M+H]+: 

calcd 428.1492, found 428.1491; HPLC:Daicel Chiralpak IB,n-hexane/i-PrOH = 80/20, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 17.64 min and tminor = 26.98 min. 
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N-((2S,3S,4R)-1',5-dioxo-3-(p-tolyl)-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)benzami

de (3j): 

 

Yellow solid in 70% isolated yield (86mg, >20:1 dr); [α]D
20 = +120 (c = 1.0, DMSO, 97% ee); m.p. = 

239.5-240.9 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.68 (d, J = 7.6 Hz, 1H), 7.83 (d, J = 7.7 Hz, 1H), 

7.76 (t, J = 7.3 Hz, 1H), 7.56-7.45 (m, 5H), 7.39-7.33 (m, 2H), 7.16 (d, J = 7.9 Hz, 2H), 7.05 (d, J = 7.9 

Hz, 2H), 6.03-5.93 (m, 1H), 4.29 (d, J = 8.8 Hz, 1H), 3.28 (d, J = 18.2 Hz, 1H), 2.98 (d, J = 18.2 Hz, 

1H), 2.29 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ201.5,174.0, 167.0, 151.1, 136.9, 133.3, 132.4, 

132.2,131.9,131.6, 129.2, 128.5, 128.1, 127.5, 126.9, 124.8, 88.7, 52.4, 49.6, 36.3, 20.7; IR (neat): 

3336, 2926, 1796, 1709, 1661, 1340, 1124, 998, 748, 567 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 

412.1543, found 412.1542; HPLC: Daicel Chiralpak IA, n-hexane/i-PrOH = 50/50, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 14.53 min and tminor = 10.41 min. 

N-((2S,3S,4R)-3-(4-fluorophenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3k): 

 

Yellow solid in 80% isolated yield (100mg, >20:1 dr); [α]D
20 = +148 (c = 1.0, DMSO, 99% ee); m.p. = 

200.3-201.5 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.78 (d, J = 7.5 Hz, 1H), 7.85 (d, J = 7.6 Hz, 1H), 

7.78 (t, J = 7.5 Hz, 1H), 7.57-7.47 (m, 5H), 7.41-7.35 (m, 2H), 7.24-7.17 (m, 4H), 6.07-5.95 (m, 1H), 

4.43 (d, J = 8.8 Hz, 1H), 3.39 (d, J = 18.1 Hz, 1H), 3.03 (d, J = 18.2 Hz, 1H); 13C NMR (101 MHz, 

DMSO-d6) δ 201.3, 173.8, 167.0, 161.58 (d, J = 244.1 Hz), 151.1, 136.9, 133.3, 132.4, 131.9, 131.1, 

131.1, 128.6, 128.1, 127.5, 126.9, 124.8, 115.6, 115.4, 88.5, 52.5, 49.1, 36.3; 19F NMR (376 MHz, 

DMSO) δ -114.39. IR (neat): 3349, 2921, 1793, 1698, 1337, 1224, 1195, 921, 732, 453 cm-1; HRMS 

(ESI): m/z for [M+H]+: calcd 416.1293, found 416.1290; HPLC: Daicel Chiralpak IA, 

n-hexane/i-PrOH = 50/50, flow rate = 1 mL/min, λ = 254 nm, tmajor = 18.92 min and tminor = 9.89 min. 

N-((2S,3S,4R)-3-(4-chlorophenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3l): 

 

Yellow solid in 72% isolated yield (93mg, >20:1 dr); [α]D
20 = +152 (c = 1.0, DMSO, 99% ee); m.p. = 

216.3-217.4 °C; 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 7.7 Hz, 1H), 7.70-7.64 (m, 1H), 7.50-7.39 
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(m, 4H), 7.37-7.29 (m, 5H), 7.09 (d, J = 8.4 Hz, 2H), 6.33 (d, J = 5.2 Hz, 1H), 6.06-5.98 (m, 1H), 4.31 

(d, J = 8.3 Hz, 1H), 3.42 (d, J = 18.0 Hz, 1H), 3.13 (d, J = 18.0 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 200.2, 174.8, 167.3, 150.2, 136.9, 134.5, 133.2, 132.7, 132.0, 130.1, 129.5, 128.7, 126.8, 126.5, 125.7, 

89.0, 53.7, 51.2, 36.6; IR (neat): 3350, 2923, 1795, 1703, 1663, 1326, 1220, 1192, 726, 522 cm-1; 

HRMS (ESI): m/z for [M+H]+: calcd 432.0997 found 432.0995; HPLC: Daicel Chiralpak IA, 

n-hexane/i-PrOH = 50/50, flow rate = 1 mL/min, λ = 254 nm, tmajor = 23.54 min and tminor = 10.71 min. 

N-((2S,3S,4R)-3-(4-bromophenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)

benzamide (3m): 

 

Yellow solid in 80% isolated yield (111mg, >20:1 dr); [α]D
20 = +158 (c = 1.0, CDCl3, 99% ee); m.p. = 

204.1-205.5 °C; 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 7.7 Hz, 1H), 7.69-7.64 (m, 1H), 7.50-7.39 

(m, 6H), 7.37-7.31 (m, 3H), 7.03 (d, J = 8.5 Hz, 2H), 6.33 (d, J = 5.5 Hz, 1H), 6.05-5.98 (m, 1H), 4.30 

(d, J = 8.3 Hz, 1H), 3.41 (d, J = 18.0 Hz, 1H), 3.13 (d, J = 18.0 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 200.1, 174.8, 167.3, 150.2, 136.9, 133.7, 133.1, 132.7, 132.5, 132.0, 130.4, 128.7, 126.8, 126.5, 125.7, 

122.6, 88.9, 53.7, 51.3, 36.6; IR(neat): 3337, 2923, 1795, 1660, 1157, 1069, 725, 515 cm-1; HRMS 

(ESI): m/z for [M+H]+: calcd 476.0492, found 476.0490; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 12.43 min and tminor =26.42 min. 

N-((2S,3S,4R)-3-(3-methoxyphenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-

yl)benzamide (3n): 

 

 

Yellow solid in 75% isolated yield (96mg, >20:1 dr); [α]D
20 = +148 (c = 1.0, DMSO, 99% ee); m.p. = 

180.0-181.4 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.73 (d, J = 7.7 Hz, 1H), 7.84 (d, J = 7.5 Hz, 1H), 

7.77 (t, J = 7.5 Hz, 1H), 7.56-7.45 (m, 5H), 7.39-7.33 (m, 2H), 7.27 (t, J = 7.9 Hz, 1H), 6.92-6.87 (m, 

1H), 6.76-6.68 (m, 2H), 6.02 (t, J = 8.2 Hz, 1H), 4.31 (d, J = 8.8 Hz, 1H), 3.72 (s, 3H), 3.41 (d, J = 

18.3 Hz, 1H), 3.06 (d, J = 18.3 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 202.0, 174.4, 167.6, 159.7, 

151.7, 137.4, 136.7, 133.9, 132.8, 132.0, 130.3, 129.0, 128.6, 128.0, 127.4, 125.3, 121.9, 115.3, 113.8, 

89.0, 55.4, 53.0, 50.4, 36.8; IR (neat): 3266, 2922, 1783, 1716, 1665, 1326, 1227, 1173, 719, 472 cm-1; 

HRMS (ESI): m/z for [M+H]+: calcd 428.1492, found 428.1490; HPLC: Daicel Chiralpak IA, 

n-hexane/i-PrOH = 50/50, flow rate = 1 mL/min, λ = 254 nm, tmajor = 11.01 min and tminor = 8.60 min. 

N-((2S,3S,4R)-3-(2-methoxyphenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-

yl)benzamide (3o): 
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Yellow solid in 88% isolated yield (113mg, >20:1 dr); [α]D
20 = +138 (c = 1.0, DMSO, 99% ee); m.p. = 

126.9-128.6 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.17 (d, J = 14.0 Hz, 1H), 7.87-7.80 (m, 1H), 

7.78-7.71 (m, 1H), 7.57- 7.28 (m, 8H), 7.13-6.96 (m, 2H), 6.90-6.75 (m, 1H), 5.87-5.61 (m, 1H), 4.36 

(d, J = 6.2 Hz, 1H), 3.76 (s, 3H), 3.31 (d, J = 22.7 Hz, 2H), 2.90 (d, J = 18.1 Hz, 1H); 13C NMR (101 

MHz, DMSO-d6) δ 202.1, 173.9, 167.3, 157.2, 151.1, 136.8, 133.5 132.3, 131.4, 129.7, 128.5, 128.0, 

127.3, 126.8, 124.8, 122.7, 120.6, 110.9, 87.4, 55.0, 51.3, 36.0; IR (neat): 3339, 2937, 1783, 1718, 

1664, 1334, 1226, 1021, 749, 491 cm-1; HRMS. (ESI): m/z for [M+H]+: calcd 428.1492, found 

428.1491; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, 

tmajor = 13.92 min and tminor = 15.61 min. 

N-((3S,4R)-3-(2-chlorophenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)ben

zamide (3p): 

 

Yellow solid in 75% isolated yield (97mg, >20:1 dr); [α]D
20 = +175 (c = 1.0, DMSO, 98% ee); m.p. = 

212.1-213.8 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.85 (d, J = 7.2 Hz, 1H), 7.87 (d, J = 7.6 Hz, 1H), 

7.79 (t, J = 7.4 Hz, 1H), 7.59-7.34 (m, 11H), 6.23-6.05 (m, 1H), 4.76 (d, J = 8.8 Hz, 1H), 3.54 (d, J = 

18.1 Hz, 1H), 3.06 (d, J = 18.2 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 201.2, 173.5, 167.1, 151.1, 

137.1, 134.6, 133.3, 131.8, 131.6, 130.0, 129.7, 128.7, 128.1, 127.8, 127.5, 126.9, 124.9, 87.8, 52.0, 

46.0, 36.2; IR (neat): 3375, 2926, 1789, 1713, 1667, 1328, 1119, 879, 744, 457 cm-1; HRMS (ESI): 

m/z for [M+H]+: calcd 432.0997, found 432.0996; HPLC: Daicel Chiralpak IA, n-hexane/i-PrOH = 

50/50, flow rate = 1 mL/min, λ = 254 nm, tmajor = 10.78 min and tminor = 8.78 min. 

N-((3S,4R)-3-(3,4-dimethylphenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl

)benzamide (3q): 

 
Yellow solid in 74% isolated yield (94mg, >20:1 dr); [α]D

20 = +115 (c = 1.0, DMSO, 98% ee); m.p. = 

204.8-206.4 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.70 (d, J = 7.7 Hz, 1H), 7.83 (d, J = 7.6 Hz, 1H), 

7.78-7.71 (m, 1H), 7.59 -7.44 (m, 6H), 7.40-7.33 (m, 2H), 7.10 (d, J = 7.7 Hz, 1H), 6.94 (s, 1H), 6.88 

(d, J = 7.7 Hz, 1H), 6.05-5.98 (m, 1H), 4.24 (d, J = 8.8 Hz, 1H), 3.31 (d, J = 18.2 Hz, 1H), 3.01 (d, J = 

18.2 Hz, 1H), 2.19 (s, 3H), 2.18 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 201.6, 174.1, 167.0, 151.1, 

136.8, 136.5, 135.7, 133.3, 132.3, 132.0, 131.5, 130.2, 129.7, 128.5, 128.1, 127.6, 126.9, 126.7, 124.8, 

88.7, 52.3, 49.7, 36.3, 19.4, 19.0; IR (neat): 3364, 2923, 1791, 1707, 1668, 1320, 1227, 1168, 756, 466 

cm-1; HRMS (ESI): m/z for [M+H]+: calcd 426.1700, found 426.1701; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 15.48 min and tminor = 13.85 min. 
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N-((2S,3S,4R)-3-(3-bromo-4-chlorophenyl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-in

den]-4-yl)benzamide (3r): 

 

Yellow solid in 80% isolated yield (122mg, >20:1 dr); [α]D
20 = +115 (c = 1.0, DMSO, 99% ee); m.p. = 

158.7-160.4 °C; 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 7.7 Hz, 1H), 7.71-7.65 (m, 1H), 7.50-7.44 

(m, 4H), 7.44-7.39 (m, 2H), 7.38 – 7.33 (m, 3H), 7.08 – 7.03 (m, 1H), 6.44 (d, J = 5.2 Hz, 1H), 6.04 – 

5.95 (m, 1H), 4.33 (d, J = 8.3 Hz, 1H), 3.44 (d, J = 18.0 Hz, 1H), 3.13 (d, J = 18.0 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 199.9, 174.5, 167.5, 150.1, 137.0, 135.0, 134.8, 134.0, 132.9, 132.6, 132.1, 131.0, 

128.8 128.7, 128.5, 126.9, 126.5, 125.7, 123.4, 88.8, 53.9, 51.0, 36.6; IR (neat): 3364, 2923, 1791, 

1707, 1668, 1320, 1227, 1168, 756, 466 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 510.0102, found 

510.0103; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate =1mL/min, λ =254 nm, 

tmajor = 11.45min and tminor = 24.14min. 

N-((2S,3S,4R)-3-(benzo[d][1,3]dioxol-4-yl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-ind

en]-4-yl)benzamide (3s): 

 
Yellow solid in 80% isolated yield (105mg, >20:1 dr); [α]D

20 = +74 (c = 1.0, DMSO, 97% ee); m.p. = 

253.1-254.4 °C; 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 

7.44-7.34 (m, 4H), 7.31- 7.23 (m, 3H), 6.67 (d, J = 7.9 Hz, 1H), 6.57-6.47 (m, 2H), 6.22 (d, J = 5.9 Hz, 

1H), 6.02-5.94 (m, 1H), 5.88 (d, J = 6.1 Hz, 2H), 4.10 (d, J = 8.3 Hz, 1H), 3.34 (d, J = 18.0 Hz, 1H), 

3.14 (d, J = 18.0 Hz, 1H); 13C NMR(101 MHz, CDCl3) δ 199.4, 174.0, 166.3, 149.3, 147.4, 146.7, 

135.7, 132.4, 131.7, 130.8, 127.6, 127.1, 125.9, 125.4, 124.6, 121.7, 107.9, 107.4 ,106.6, 100.4, 88.1, 

52.5, 50.4, 35.5; IR (neat): 3396, 2930, 1790, 1718, 1660, 1331, 1218, 873, 562, 471 cm-1; HRMS 

(ESI): m/z for [M+H]+: calcd 442.1285, found 442.1285; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor =24.00 min and tminor = 57.42 min. 

N-((3R,4R)-3-(furan-2-yl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)benzam

ide (3t): 

 

Yellow solid in 74% isolated yield (86mg, >20:1 dr); [α]D
20 = +140 (c =1.0, DMSO, 90% ee); m.p. = 

188.7-190.1 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.77 (d, J = 7.7 Hz, 1H), 7.87-7.75 (m, 2H), 7.71 (s, 

1H), 7.66 (d, J = 7.4 Hz, 2H), 7.60-7.48 (m, 3H), 7.45-7.37 (m, 2H), 6.49-6.26 (m, 2H), 5.96-5.84 (m, 

1H), 4.53 (d, J = 8.8 Hz, 1H), 3.38 (d, J = 17.2 Hz, 1H), 3.03 (d, J = 18.2 Hz, 1H); 13C NMR(101 MHz, 
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DMSO-d6) δ 201.0, 173.2 , 167.3, 151.0, 148.9, 143.9, 136.9, 133.3, 132.4, 131.6, 128.6, 128.1, 127.7, 

126.9, 124.8, 111.0, 110.1, 87.5, 51.3, 44.1, 36.0; IR (neat): 3441, 2925, 1784, 1707, 1668, 1232, 1164, 

786, 597, 467 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 408.1206, found 410.0998; HPLC: Daicel 

Chiralpak IB, n-hexane/i-PrOH = 50/50, flow rate = 1 mL/min, λ = 254 nm, tmajor = 12.64 min and tminor 

= 13.57 min. 

N-((3S,4R)-1',5-dioxo-3-(thiophen-2-yl)-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)benz

amide (3u): 

 

Yellow solid in 74% isolated yield (89mg, >20:1 dr); [α]D
20 = +207 (c = 1.0, DMSO, 99% ee); m.p. = 

212.6-213.9 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.78 (d, J = 7.5 Hz, 1H), 7.83 (d, J = 7.6 Hz, 1H), 

7.79-7.73 (m, 1H), 7.67 -7.61 (m, 2H), 7.58-7.48 (m, 4H), 7.45-7.36 (m, 2H), 7.08-7.01 (m, 1H), 

6.99-6.92 (m, 1H), 5.96-5.85 (m, 1H), 4.76 (d, J = 8.6 Hz, 1H), 3.43 (d, J = 18.3 Hz, 1H), 3.27 (d, J = 

18.3 Hz, 1H); 13C NMR(101 MHz, DMSO-d6) δ 201.0, 173.3, 167.2, 151.2, 136.9, 135.7, 133.3, 132.6, 

131.6, 128.6, 128.1, 127.6, 127.3, 126.9, 126.3, 124.7, 88.6, 52.7, 45.6, 36.4; IR (neat): 3433, 2926, 

1778, 1708, 1670, 1327, 1234,1128, 909, 702, 466 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 

402.1158,found 404.0950; HPLC: Daicel Chiralpak IB,n-hexane/i-PrOH = 50/50, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 10.28 min and tminor = 9.33 min. 

N-((3S,4R)-3-(naphthalen-1-yl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)be

nzamide (3v): 

 

Yellow solid in 72% isolated yield (97mg, >20:1 dr); [α]D
20 = +136 (c = 1.0, DMSO, 99% ee); m.p. = 

167.6-168.9 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.60 (d, J = 8.1 Hz, 1H), 7.98-7.85 (m, 4H), 

7.75-7.69 (m, 1H), 7.66-7.60 (m, 1H), 7.57-7.51 (m, 2H), 7.44-7.29 (m, 4H), 7.23-7.15 (m, 4H), 

6.42-6.33 (m, 1H), 5.30 (d, J = 8.7 Hz, 1H), 3.56 (d, J = 18.3 Hz, 1H), 3.11 (d, J = 18.3 Hz, 1H); 13C 

NMR(101 MHz, DMSO-d6) δ 201.5, 174.2, 167.4, 151.0, 136.8, 133.4, 132.4, 131.2, 130.8, 128.5, 

128.2, 127.8, 127.3, 126.8, 126.2, 125.6, 124.9, 123.2, 88.5, 52.9, 44.0, 36.50; IR (neat): 3399, 2970, 

1789, 1717, 1662, 1513, 1087, 902, 785, 575 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 468.1570, 

found 470.1360; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 

254 nm, tmajor = 16.22 min and tminor = 20.35min. 

N-((3S,4R)-3-(naphthalen-2-yl)-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)be

nzamide (3w): 
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Yellow solid in 71% isolated yield (95mg, >20:1 dr); [α]D
20 = +142 (c = 1.0, DMSO, 99% ee); m.p. = 

207.6-208.9 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.83 (d, J = 7.2 Hz, 1H), 7.97-7.89 (m, 2H), 

7.89-7.81 (m, 2H), 7.79-7.69 (m, 2H), 7.57-7.44 (m, 6H), 7.42-7.36 (m, 1H), 7.35-7.30 (m, 1H), 

7.30-7.19 (m, 2H), 6.17-6.06 (m, 1H), 4.54 (d, J = 8.7 Hz, 1H), 3.39 (d, J = 18.3 Hz, 1H), 3.02 (d, J = 

18.2 Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 201.5, 174.0, 167.0, 151.2, 136.9, 133.2, 132.8, 132.6, 

132.2, 131.4, 128.6, 128.2, 128.0, 127.5, 126.8, 126.3, 124.8, 88.6, 52.6, 50.2, 36.3; IR (neat): 3349, 

2917, 1791, 1705, 1661, 1345, 1211, 1185, 931, 749, 646, 480 cm-1; HRMS (ESI): m/z for [M+H]+: 

calcd 468.1570, found 470.1363; HPLC: Daicel Chiralpak IA, n-hexane/i-PrOH = 60/40, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 28.66 min and tminor = 46.62 min. 

N-((3S,4R)-3-cyclopropyl-1',5-dioxo-1',3',4,5-tetrahydro-3H-spiro[furan-2,2'-inden]-4-yl)benzami

de (3x): 

 

Yellow solid in 70% isolated yield (76mg, >20:1 dr); [α]D
20 = + 58 (c = 1.0, DMSO, 73% ee); m.p. = 

245.6-246.9 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.14 (d, J = 8.5 Hz, 1H), 7.93 (d, J = 7.2 Hz, 2H), 

7.86-7.75 (m, 2H), 7.70-7.64 (m, 1H), 7.62-7.48 (m, 4H), 5.59-5.48 (m, 1H), 4.08 (d, J = 17.8 Hz, 1H), 

3.45 (d, J = 17.8 Hz, 1H), 2.23 – 2.08 (m, 1H), 0.97 – 0.81 (m, 1H), 0.58 – 0.43 (m, 2H), 0.00 (d, J = 

2.5 Hz, 2H); 13C NMR (101 MHz, DMSO-d6) δ 202.1, 174.2, 166.7, 151.3, 136.8, 133.5, 132.4, 131.7, 

128.4, 127.5, 126.8, 124.6, 88.9, 54.9, 51.5, 48.5, 34.6, 8.4, 3.8, 3.4, 2.7; IR (neat): 3350, 2922, 1788, 

1709, 1661, 1334, 1232, 1073, 998, 713, 572 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 382.1414, 

found 384.1205; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 

254 nm, tmajor = 10.16 min and tminor = 15.48 min.  

N-((3R,4S,5S)-5-benzoyl-2-oxo-4-phenyltetrahydrofuran-3-yl)benzamide (3aa) 

 

Yellow solid in 70% isolated yield (81mg, >20:1 dr); [α]D
20 = +36 (c = 1.0, CH2Cl2, 98% ee); m.p. = 

90.6-91.9 °C; 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 

7.48-7.40 (m, 2H), 7.38-7.27 (m, 6H), 7.25-7.16 (m, 4H), 6.07 (s, 1H), 6.00 (d, J = 5.9 Hz, 1H), 

5.18-5.10 (m, 1H), 4.26 (d, J = 8.6 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 192.5, 174.3, 167.7, 135.4, 

134.8, 133.1, 132.9, 132.0, 129.5, 129.3, 128.6, 127.6, 126.9, 82.7, 52.2, 47.7; IR (neat): 3345, 3030, 

1792, 1654, 1562, 1151,694, 510, cm-1; HRMS (ESI): m/z for [M+H]+: calcd 386.1387, found 
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386.1386; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, 

tmajor = 12.22 min and tminor = 33.33 min. 

N-((3R,4S,5S)-5-(4-methylbenzoyl)-2-oxo-4-phenyltetrahydrofuran-3-yl)benzamide (3ba) 

 

Yellow solid in 68% isolated yield (81mg, >20:1 dr); [α]D
20 = +56 (c = 1.0, CH2Cl2, 99% ee); m.p. = 

76.6-77.9 °C; 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.2 Hz, 2H), 7.39-7.33 (m, 1H), 7.33-7.27 (m, 

5H), 7.26-7.21 (m, 4H), 7.20-7.17 (m, 2H), 6.05 (d, J = 0.6 Hz, 1H), 5.94 (d, J = 6.2 Hz, 1H), 5.18-5.11 

(m, 1H), 4.25 (d, J = 8.7 Hz, 1H), 2.37 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 192.1, 174.4, 167.6, 

146.0, 135.5, 133.2, 132.0, 130.4, 129.9, 129.5, 128.9 ,128.5, 127.6, 126.8, 82.6, 52.2, 47.8, 21.9; IR 

(neat): 3356, 2927, 1800, 1667, 1494, 1137, 723, 634 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 

400.1543, found 400.1542; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 10.97 min and tminor = 21.07 min. 

N-((3R,4S,5S)-5-(3-methylbenzoyl)-2-oxo-4-phenyltetrahydrofuran-3-yl)benzamide (3ca) 

 
Yellow solid in 67% isolated yield (81mg, >20:1 dr); [α]D

20 = +36 (c =1.0, CH2Cl2, 92% ee); m.p. = 

77.6-78.9 °C; 1H NMR (400 MHz, CDCl3) δ 7.78 (s, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.50-7.35 (m, 8H), 

7.34-7.28 (m, 2H), 7.28 -7.24 (m, 2H), 6.12 (s, 1H), 6.03 (d, J = 6.1 Hz, 1H), 5.26-5.18 (m, 1H), 4.33 

(d, J = 8.7 Hz, 1H), 2.42 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 192.7, 174.3, 167.6, 139.3, 135.5, 

133.2, 132.9, 132.0, 129.5, 129.2, 129.0, 128.6 127.6, 126.8, 125.8, 82.7, 52.2, 47.7, 21.4; IR (neat): 

3337, 2921, 1786, 1656, 1157, 1149, 696, 511 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 400.1543, 

found 400.1540; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 

254 nm, tmajor = 11.74 min and tminor = 25.07 min. 

N-((3R,4S,5S)-5-(3-chlorobenzoyl)-2-oxo-4-phenyltetrahydrofuran-3-yl)benzamide (3da) 

 
Yellow solid in 65% isolated yield (82mg, 10:1 dr); [α]D

20 = +36 (c = 1.0, CH2Cl2, 97% ee); m.p. = 

100.6-101.9 °C; 1H NMR (400 MHz, CDCl3) δ 7.98-7.92 (m, 1H), 7.79-7.74 (m, 1H), 7.66-7.61 (m, 

1H), 7.49-7.42 (m, 2H), 7.41 -7.35 (m, 5H), 7.32-7.24 (m, 4H), 6.13-6.05 (m, 2H), 5.23-5.15 (m, 1H), 

4.34 (d, J = 8.9 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 191.6, 174.0, 167.7, 135.8, 135.1, 134.7, 

134.5, 133.0, 132.0, 130.5, 129.6, 128.9, 128.6, 127.6, 126.8, 82.6, 52.2, 47.4; IR (neat): 3327, 2919, 

1792, 1654, 1533, 1156, 700, 496 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 420.0997, found 

420.0993; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, 

tmajor = 11.96 min and tminor = 25.84 min. 

N-((3R,4S,5S)-5-(3-bromobenzoyl)-2-oxo-4-phenyltetrahydrofuran-3-yl)benzamide (3ea) 
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Yellow solid in 68% isolated yield (95mg, >20:1 dr); [α]D

20 = +36 (c = 1.0, CH2Cl2, 97% ee); m.p. = 

102.6-103.9 °C; 1H NMR (400 MHz, CDCl3) δ 8.13-8.08 (m, 1H), 7.85-7.76 (m, 2H), 7.46-7.35 (m, 

7H), 7.33-7.28 (m, 2H), 7.27-7.24 (m, 2H), 6.12-6.03 (m, 2H), 5.22-5.15 (m, 1H), 4.34 (d, J = 9.2 Hz, 

1H); 13C NMR (101 MHz, CDCl3) δ 191.5, 174.0, 167.7, 137.6, 135.1, 134.7, 133.0, 132.0, 131.8, 

130.7, 129.6, 128.8, 128.6, 127.6, 127.1, 126.9, 123.7, 82.6, 52.1, 47.4; IR (neat): 3309, 2927, 1782, 

1656, 1527, 1152, 688 cm-1; HRMS (ESI): m/z for [M+H]+: calcd 464.0492, found 464.0493; HPLC: 

Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, flow rate =1mL/min, λ = 254 nm, tmajor = 13.10 min 

and tminor = 28.54 min. 

N-((3R,4S,5S)-2-oxo-4-phenyl-5-(thiophene-2-carbonyl)tetrahydrofuran-3-yl)benzamide (3fa) 

 
Yellow solid in 65% isolated yield (76mg, >20:1 dr); [α]D

20 = +56 (c =1.0, CH2Cl2, 93% ee); m.p. = 

111.6-112.9 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.88 (d, J = 7.6 Hz, 1H), 8.17 (d, J = 4.6 Hz, 1H), 

7.90 (d, J = 3.3 Hz, 1H), 7.56 (d, J = 7.4 Hz, 2H), 7.52-7.46 (m, 1H), 7.42-7.36 (m, 2H), 7.31-7.21 (m, 

6H), 6.30 (d, J = 6.0 Hz, 1H), 5.02 (t, J = 8.6 Hz, 1H), 4.29-4.17 (m, 1H); 13CNMR (101MHz, 

DMSO-d6) δ 188.0, 173.8, 167.5, 140.6, 137.7, 135.7, 135.2, 133.6, 132.1, 129.7, 129.3, 128.8, 128.1, 

127.8, 82.6, 52.4, 48.1; IR(neat): 3327, 2923, 1786, 1660, 1409, 700, 503 cm-1; HRMS(ESI): m/z for 

[M+H]+: calcd 392.0951, found 392.0948; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 80/20, 

flow rate = 1 mL/min, λ = 254 nm, tmajor = 13.69 min and tminor = 28.28 min. 

N-((3R,3'S,4'R)-4,5'-dioxo-3'-phenyl-4',5'-dihydro-3'H-spiro[chromane-3,2'-furan]-4'-yl)benzami

de (3ga) 

 

Yellow solid in 88% isolated yield (109mg, 7:1 dr); [α]D
20 = +156 (c = 1.0, CH2Cl2, 92% ee); m.p. = 

178.6-179.9 °C; 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 7.6 Hz, 1H), 7.65-7.50 (m, 1H), 7.46-7.26 

(m, 8H), 7.22-7.07 (m, 3H), 6.96 (d, J = 8.3 Hz, 1H), 6.40 (d, J = 5.5 Hz, 1H), 5.66-5.53 (m, 1H), 4.46 

(d, J = 11.9 Hz, 1H), 4.35 (d, J = 8.2 Hz, 1H), 4.25 (d, J = 11.9 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 188.6, 174.2, 167.3, 161.3, 137.3, 133.1, 132.2, 131.9, 129.3, 128.9, 128.5, 126.9, 122.7, 118.1, 117.9, 

82.0, 69.0, 52.2, 49.6; IR (neat): 3360, 2917, 1800, 1467, 1154, 1020, 717, 501 cm-1; HRMS (ESI): 

m/z for [M+H]+: calcd 414.1336, found 414.1334; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 

80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 11.05 min and tminor = 9.35 min. 

N-((3R,3'S,4'R)-6-methyl-4,5'-dioxo-3'-phenyl-4',5'-dihydro-3'H-spiro[chromane-3,2'-furan]-4'-y

l)benzamide (3ha) 
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Yellow solid in 70% isolated yield (90mg, 10:1 dr); [α]D
20 = +171 (c =1.0,CH2Cl2, 96% ee); m.p. = 

168.6-169.9 °C; 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 1.1 Hz, 1H), 7.44-7.34 (m, 7H), 7.32-7.26 

(m, 2H), 7.16-7.09 (m, 2H), 6.86 (d, J = 8.5 Hz, 1H), 6.32 (d, J = 5.7 Hz, 1H), 5.65-5.55 (m, 1H), 4.43 

(d, J = 11.9 Hz, 1H), 4.33 (d, J = 8.3 Hz, 1H), 4.22 (d, J = 11.9 Hz, 1H), 2.37 (s, 3H); 13C NMR 

(101MHz, CDCl3) δ 188.7, 174.2, 167.3, 159.3, 138.5, 133.1, 132.3, 131.9, 129.3, 128.8, 128.5, 128.0, 

126.8, 117.7, 82.0, 69.0, 52.1, 49.6, 20.5; IR (neat): 3311, 2921, 1798, 1663, 1489, 1156, 696, 504 cm-1; 

HRMS (ESI): m/z for [M+H]+: calcd 428.1492, found 428.1490; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 12.56 min and tminor = 25.39 min. 

N-((3R,3'S,4'R)-7-fluoro-4,5'-dioxo-3'-phenyl-4',5'-dihydro-3'H-spiro[chromane-3,2'-furan]-4'-yl

)benzamide (3ia) 

 
Yellow solid in 75% isolated yield (97mg, 9:1 dr); [α]D

20 = +80 (c = 1.0, CH2Cl2, 97% ee); m.p. = 

182.6-183.2 °C; 1H NMR (400 MHz, CDCl3) δ 8.12-8.00 (m, 1H), 7.42-7.32 (m, 6H), 7.32-7.24 (m, 

2H), 7.21-7.07 (m, 2H), 6.96 -6.84 (m, 1H), 6.71-6.61 (m, 1H), 6.37 (d, J = 6.0 Hz, 1H), 5.68-5.52 (m, 

1H), 4.47 (d, J = 12.0 Hz, 1H), 4.35 (d, J = 8.3 Hz, 1H), 4.26 (d, J = 12.0 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 187.2, 174.0, 168.24 (d, J = 259.2 Hz), 167.3, 162.88 (d, J = 13.8 Hz), 133.1, 132.0, 

131.3, 129.4, 129.0, 128.5, 126.8, 115.1, 111.6, 111.4, 105.0, 104.7, 81.6, 69.5, 52.2, 49.5; 19F NMR 

(376 MHz, CDCl3) δ -97.41; IR (neat): 3296, 2917, 1792, 1613, 1250, 1071, 698, 496, cm-1; HRMS 

(ESI): m/z for [M+H]+: calcd 432.1242, found 432.1240; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 16.95 min and tminor = 28.86 min. 

Gram-scale reaction  

 

Under a nitrogen atmosphere, a solution of diethylzinc (800 μL, 1.0 M in hexane, 0.8 mmol) was added 

dropwise to a solution of L4 (0.4 mmol) in MeCN (10 mL). After the mixture was stirred for 30 min at 

room temperature, then, α-hydroxy-1-indanone 1a (4.0 mmol) and isatylidene malononitriles 2h (4.0 

mmol) were added. The reaction mixture was stirred for 24 h at the same temperature. The reaction was 

quenched with HCl solution (1 M, 2 mL), and the organic layer was extracted with EA (3 × 5 mL). The 

combined organic layer was washed with brine and dried over Na2SO4. The solvent was removed under 
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reduced pressure by using a rotary evaporator. The residue was purified by flash chromatography with 

petroleum ether/ethyl acetate (4/1) to afford the desired product 1.15g of 3n. 
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NMR Spectra of compounds 
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HPLC spectra of compounds

 

 



52 

 

 

 

 



53 

 

 



54 

 

 

 



55 

 

 



56 

 

 

 

 



57 

 

 

 

 



58 

 

 

 

 



59 

 

 
 

 

 



60 

 

 

 

 



61 

 

 

 

 



62 

 

 

 



63 

 

 

 

 



64 

 

 

 

 



65 

 

 

 

 



66 

 

 

 

 



67 

 

 

 

 



68 

 

 

 

 



69 

 

 

 



70 

 

 

 

 



71 

 

 

 



72 

 

 



73 

 

Single-crystal X-ray diffraction of 3a (CCDC 2074877) 
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Single-crystal X-ray diffraction of 3ha (CCDC 2092642) 
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Single-crystal X-ray diffraction of 3ia (CCDC 2097633) 
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Single-crystal X-ray diffraction of rac-3aa (CCDC 2097681) 
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