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

purifications. 1H NMR and 13C NMR spectra were recorded on a Bruker AVANCE Ⅲ spectrometer in 
CDCl3 using TMS as the internal standard, operating at 500 MHz and 126 MHz, respectively. HRMS 
data were measured on an Agilent 6120 LC/TOF-MS with ESI source. Chiral HPLC analyses were 
performed using Agilent 1260 chromatography and JASCO LC-2000 Plus. Chiralpak IA, IC, AD-H and 
OD-H columns were purchased from Daicel Chemical Industries (Shanghai, China). Optical rotations 
were measured on a Rudolph Autopol IV polarimeter. Flash column chromatography experiments were 
conducted using silica gel GF254 (200-300 mesh) eluting with ethyl acetate (EtOAc) and petroleum ether 
(PE). TLC experiments were carried out on glass-backed silica plates. Starting materials 2-
(phenyl(tosyl)methyl)phenols1 and 4-halogen pyrazolones2  were synthesized according to the known 
method. 
Typical experimental procedure for [4+1] cyclization 

+ CHCl3, H2O, r.t.R1
R2

OH

Ts

R1
O

*

*

N
N

R2O

R4

R3
IVb, K2CO3

1 2 3

N
N

O

R3

R4

Br

To a Schlenk tube equipped with a magnetic stir bar was charged with the catalyst IVb (0.010 mmol, 
10 mol%), K2CO3 (2.6 equiv., 0.26 mmol), the substituted 2-(phenyl(tosyl)methyl)phenol 1 (0.1 mmol) 
and 4-halogen pyrazolones 2 (1.3 equiv., 0.13 mmol), and 1.5 mL CHCl3 and 0.15 mL H2O were then 
added through syringe. The resulting solution was stirred at room temperature for 24 h. The reaction 
mixture was extracted with CH2Cl2, and the organic layer was concentrated under reduced pressure. The 
crude product was purified by flash column chromatography eluting with ethyl acetate (EtOAc) and 
petroleum ether (PE) to afford the resulting product. The enantiomeric excess was determined by HPLC 
using a Chiralpak IA, IC, ID, AD-H or OD-H column.
Diastereodivergent construction of the 4-spiropyrazolone
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To a Schlenk tube equipped with a magnetic stir bar was charged with the catalyst IIIb or IVb  (0.010 
mmol, 10 mol%), K2CO3 (2.6 equiv., 0.26 mmol), the substituted 2-(phenyl(tosyl)methyl)phenol 1 (0.1 
mmol) and 4-halogen pyrazolones 2 or 4 (1.3 equiv., 0.13 mmol), 1.5 mL CHCl3 and 0.15 mL H2O were 
then added through syringe. The resulting solution was stirred at room temperature for 24 h. Then it was 
extracted with CH2Cl2, and the organic layer was concentrated under reduced pressure. The crude product 
was purified by flash chromatography on silica gel, eluting with petroleum ether/ethyl acetate 1/10 (v/v) 
and the enantiomeric excess was determined by HPLC on Daicel Chiralpak IA with hexane/i-PrOH 
(90:10) as the eluent, flow = 1.0 mL/min, UV =254 nm.
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Control experiences for the racemic [4+1] cyclization
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Halo = Cl K2CO3 (2.6 eq) 3aa, 85: 15 dr
NEt3 (2.6 eq) 3aa, 76: 24 dr

Halo = Br K2CO3 (2.6 eq) 3aa, 54: 46 dr
NEt3 (2.6 eq) 3aa, 59: 41 dr

To a Schlenk tube equipped with a magnetic stir bar was charged with organic base or inorganic base  
(2.6 equiv., 0.26 mmol), the substituted 2-(phenyl(tosyl)methyl)phenol 1 (0.1 mmol) and 4-halogen 
pyrazolones 2 or 4 (1.3 equiv., 0.13 mmol), 1.5 mL CHCl3 were then added through syringe. The 
resulting solution was stirred at room temperature for 24 h. Then it was extracted with CH2Cl2, and the 
organic layer was concentrated under reduced pressure. The crude product was purified by flash 
chromatography on silica gel, eluting with petroleum ether/ethyl acetate 1/10 (v/v) and the diastereo ratio 
was determined by chiral HPLC (JASCO LC-2000 Plus) on Daicel Chiralpak IA with hexane/i-PrOH 
(90:10) as the eluent, flow = 1.0 mL/min, UV =254 nm. 
The reduction of 3aa with LiAlH4
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Under nitrogen atmosphere, the solution of 3aa (0.05 mmol) in dry THF (1.0 mL) was cooled to -10 oC 
and LiAlH4 (2.5 M solution in THF, 80ul, 0.2 mmol) were then added through syringe. The mixture was 
warmed to room temperature and stirred for 6 h. Saturated NH4Cl solution (0.5 mL) was added to quench 
the reaction and the aqueous layer was extracted with EA. The combined organic layers was concentrated 
under reduced pressure. The crude product was purified by flash chromatography on silica gel, eluting 
with petroleum ether/ethyl acetate 1/20 (v/v). The racemate of 5 was synthesized through the reduction 
of the corresponding pre-isolated diastereoisomer, and the enantiomeric excess was determined by chiral 
HPLC (JASCO LC-2000 Plus) on Daicel Chiralpak AD-H with hexane/i-PrOH (80:20) as the eluent, 
flow = 1.0 mL/min, UV =254 nm.
Characterization and NMR spectra of resulting products 
(2S,3S)-7-methoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3aa)
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O N
N
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (95% yield, 37.0 mg). 1H NMR (500 MHz, CDCl3) δ 7.34 (q, J = 1.8 Hz, 1H), 7.33 (dd, 



S4

J = 2.1, 1.1 Hz, 1H), 7.32 -7.27 (m, 3H), 7.27 - 7.23 (m, 4H), 7.12 - 7.07 (m, 1H), 7.02 (dd, J = 8.1, 7.5 
Hz, 1H), 6.94 (dt, J = 8.2, 1.0 Hz, 1H), 6.79 (dt, J = 7.5, 1.1 Hz, 1H), 5.16 (s, 1H), 3.96 (s, 3H), 2.40 (s, 
3H). 13C NMR (126 MHz, CDCl3) δ 168.04, 158.08, 148.25, 144.83, 136.98, 133.76, 129.10, 128.58, 
128.48, 128.47, 127.84, 125.18, 123.00, 119.11, 117.47, 112.66, 92.32, 56.19, 55.34, 13.11. [α]D

30 = -
198.4 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column 
at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tR = 8.25 min, minor enantiomer: 
tR = 7.50 min. 90:10 dr, 98% ee. HRMS (ESI) calcd for C24H20N2O3Na m/z [M + Na]+: 407.1366, found: 
407.1360. 

(2S,3S)-7-ethoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ba)

OEt

O N
N
Ph

OPh

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (93% yield, 37.2 mg). 1H NMR (500 MHz, CDCl3) δ 7.35 – 7.32 (m, 1H), 7.32 (dd, 
J = 2.1, 1.1 Hz, 1H), 7.31 – 7.29 (m, 1H), 7.29 – 7.25 (m, 3H), 7.25 – 7.23 (m, 3H), 7.13 – 7.06 (m, 
1H), 6.99 (dd, J = 8.2, 7.4 Hz, 1H), 6.97 – 6.90 (m, 1H), 6.77 (dt, J = 7.4, 1.2 Hz, 1H), 5.14 (s, 1H), 
4.21 (q, J = 7.0 Hz, 2H), 2.40 (s, 3H), 1.49 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 
168.18, 158.29, 148.52, 144.14, 137.01, 133.92, 129.13, 128.59, 128.47, 128.45, 127.94, 125.18, 
122.93, 119.12, 117.44, 114.13, 92.30, 64.80, 55.41, 14.93, 13.17. [α]D

30 = -163.0 (c = 1.0 in 
CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID-H column at 254 nm 
(n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tR = 10.45 min, minor enantiomer: tR 

= 9.92 min. 86:14 dr, 92% ee. HRMS (ESI) calcd for C25H22N2O3Na m/z [M + Na]+: 421.1523, 



S5

found: 421.1522.

 

(2S,3S)-

6-methoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ca)
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N
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (95% yield, 36.5 mg). 1H NMR (500 MHz, CDCl3) δ 7.37 – 7.30 (m, 4H), 7.30 – 7.24 (m, 
4H), 7.23 (dd, J = 6.1, 1.8 Hz, 2H), 7.12 – 7.08 (m, 1H), 7.07 – 7.03 (m, 1H), 6.92 (dd, J = 1.8, 1.1 Hz, 
1H), , 5.13 (s, 1H), 3.94 (s, 3H), 2.40 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.63, 157.43, 147.55, 
145.20, 136.81, 132.82, 129.50, 129.00, 128.71, 128.62, 128.58, 125.29, 120.26, 119.07, 116.12, 114.42, 
92.50, 56.44, 55.05, 13.06. [α]D

30 = -189.38 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by 
HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major 
enantiomer: tR = 14.26 min, minor enantiomer: tR = 23.28 min. 94:6 dr, 95% ee. HRMS (ESI) calcd for 
C24H20N2O3Na m/z [M + Na]+: 407.1366, found: 407.1363.
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(2S,3S)-5-bromo-7-methoxy-3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-
one (3da)

O N
N
Ph

OPh
Br

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as colorless oil (95% yield, 44.0 mg). 1H NMR (500 MHz, CDCl3) δ 7.37 – 7.28 (m, 5H), 7.28 – 7.24 
(m, 2H), 7.24 – 7.21 (m, 2H), 7.12 – 7.04 (m, 2H), 6.95 – 6.88 (m, 1H), 5.13 (s, 1H), 3.94 (s, 3H), 2.39 
(s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.67, 157.47, 147.59, 145.24, 136.84, 132.85, 129.03, 128.75, 
128.66, 128.62, 128.15, 125.32, 120.30, 119.11, 116.15, 114.45, 92.54, 56.47, 55.08, 13.10. [α]D

30 = -
227.5 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak OD-H 
column at 254 nm (n-hexane/i-PrOH = 96/4), 0.7 mL/min; Major enantiomer: tR = 16.97 min, minor 
enantiomer: tR = 20.97 min. 80:20 dr, 98% ee. HRMS (ESI) calcd for C24H19N2O3Na m/z [M + Na]+: 
485.0471, found: 485.0469.
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(2S,3S)-3-(4-fluorophenyl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ea)

O N
N
Ph

OMe

O

F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (95% yield, 38.1 mg). 1H NMR (500 MHz, CDCl3) δ 7.41 – 7.36 (m, 2H), 7.27 (dd, 
J = 8.7, 7.3 Hz, 2H), 7.21 (dd, J = 8.5, 5.4 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 7.04 – 6.92 (m, 4H), 
6.74 (d, J = 7.5 Hz, 1H), 5.13 (s, 1H), 3.95 (s, 3H), 2.38 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 
167.96, δ 162.70 (d, J = 247.6 Hz), 158.13, 148.13, 144.87, 136.96, 130.86 (d, J = 8.3 Hz), 129.68 
(d, J = 3.1 Hz), 128.68, 127.79, 125.30, 123.14, 118.97, 117.27, 115.47 (d, J = 21.6 Hz), 112.78, 
92.13, 56.20, 54.61, 13.07. 19F NMR (471 MHz, CDCl3) δ -113.21. [α]D

30 = -150.30 (c = 1.0 in 
CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm 
(n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tR = 9.44 min, minor enantiomer: tR = 
8.51 min. 82:18 dr, 98% ee. HRMS (ESI) calcd for C24H19FN2O3Na m/z [M + Na]+: 425.1272, 
found: 425.1271.

(2S,3S)-3-(4-chlorophenyl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3fa)
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (93% yield, 38.9 mg). 1H NMR (500 MHz, CDCl3) δ 7.41 – 7.37 (m, 2H), 7.30 – 7.27 (m, 
2H), 7.27 – 7.24 (m, 2H), 7.19 – 7.16 (m, 2H), 7.14 – 7.10 (m, 1H), 7.04 – 6.99 (m, 1H), 6.94 (d, J = 8.2 
Hz, 1H), 6.73 (dt, J = 7.6, 1.1 Hz, 1H), 5.11 (s, 1H), 3.96 (s, 3H), 2.37 (s, 3H). 13C NMR (126 MHz, 
CDCl3) δ 167.83, 158.09, 148.15, 144.89, 136.93, 134.41, 132.54, 130.50, 128.68, 127.55, 125.34, 
123.18, 119.00, 117.24, 112.85, 91.96, 56.19, 54.65, 13.03. [α]D

30 = -152.30 (c = 1.0 in CH2Cl2). The 
enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 236 nm (n-hexane/i-PrOH = 
85/15), 0.7 mL/min; Major enantiomer: tR = 10.12 min, minor enantiomer: tR = 8.10 min. 82:18 dr, 98% 
ee. HRMS (ESI) calcd for C24H19ClN2O3Na m/z [M + Na]+: 441.0976, found: 441.0975. 

(2S,3S)-7-methoxy-3'-methyl-1'-phenyl-3-(4-(trifluoromethyl)phenyl)-3H-spiro[benzofuran-2,4'-
pyrazol]-5'(1'H)-one (3ga)
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O N
N
Ph
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CF3

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (83% yield, 37.5 mg). 1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 8.1 Hz, 2H), 7.36 (d, J 
= 8.1 Hz, 2H), 7.32 – 7.29 (m, 2H), 7.28 – 7.23 (m, 2H), 7.14 – 7.09 (m, 1H), 7.06 – 7.01 (m, 1H), 6.96 
(d, J = 8.2 Hz, 1H), 6.74 (dt, J = 7.5, 1.1 Hz, 1H), 5.19 (s, 1H), 3.96 (s, 3H), 2.39 (s, 3H). 13C NMR (126 
MHz, CDCl3) δ 167.68, 158.05, 148.26, 144.98, 138.25, 136.75, 130.68 (q, J = 32.6 Hz), 129.64, 128.69, 
127.09, 125.49, 125.41 (q, J = 3.6 Hz), 123.86 (q, J=272.8 Hz), 123.32, 119.07, 117.21, 112.97, 91.95, 
56.21, 54.98, 13.07. 19F NMR (471 MHz, CDCl3) δ -62.73. [α]D

30 = -113.24 (c = 1.0 in CH2Cl2). The 
enantiomers were analyzed by HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 
96/4), 0.7 mL/min; Major enantiomer: tR = 24.82 min, minor enantiomer: tR = 21.81 min. 88:12 dr, 96% 
ee. HRMS (ESI) calcd for C25H19F3N2O3Na m/z [M + Na]+: 475.1240, found: 475.1239.

(2S,3S)-7-methoxy-3'-methyl-1'-phenyl-3-(3-(trifluoromethyl)phenyl)-3H-spiro[benzofuran-2,4'-
pyrazol]-5'(1'H)-one (3ha)
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O N
N
Ph
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O

F3C

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (95% yield, 42.8 mg). 1H NMR (500 MHz, CDCl3) δ 7.54 – 7.49 (m, 2H), 7.44 – 7.40 (m, 
2H), 7.38 – 7.33 (m, 2H), 7.28 – 7.23 (m, 2H), 7.12 – 7.09 (m, 1H), 7.04 (dd, J = 8.2, 7.5 Hz, 1H), 6.96 
(dt, J = 8.2, 1.0 Hz, 1H), 6.74 (dt, J = 7.4, 1.1 Hz, 1H), 5.19 (s, 1H), 3.96 (s, 3H), 2.39 (s, 3H). 13C NMR 
(126 MHz, CDCl3) δ 167.72, 158.06, 148.27, 144.98, 136.83, 135.26, 132.64, δ 130.90 (q, J = 32.6 Hz), 
128.65, 127.02, 125.81 (q, J = 3.7 Hz), 125.37 (q, J = 3.5), 125.35, 123.79 (q, J = 271), 123.38, 118.91, 
117.16, 113.01, 92.02, 56.21, 55.05, 13.07. 19F NMR (471 MHz, CDCl3) δ -62.63. [α]D

30 = -148.30 (c = 
1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IC column at 254 nm 
(n-hexane/i-PrOH = 95/5), 0.7 mL/min; Major enantiomer: tR = 14.04 min, minor enantiomer: tR = 11.55 
min. 81:19 dr, 96% ee. HRMS (ESI) calcd for C25H19F3N2O3Na m/z [M + Na]+: 475.1240, found: 
475.1236.

(2S,3S)-7-methoxy-3'-methyl-1'-phenyl-3-(2-(trifluoromethyl)phenyl)-3H-spiro[benzofuran-2,4'-
pyrazol]-5'(1'H)-one (3ia)
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O N
N
Ph

OMe

OF3C

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (84% yield, 38 mg). 1H NMR (500 MHz, CDCl3) δ 7.62 (d, J = 7.8 Hz, 1H), 7.59 – 7.48 
(m, 3H), 7.38 (t, J = 7.6 Hz, 1H), 7.33 – 7.24 (m, 3H), 7.16 – 7.11 (m, 1H), 7.04 – 6.91 (m, 2H), 6.64 (d, 
J = 7.5 Hz, 1H), 5.39 (s, 1H), 4.12 (s, 3H), 3.98 (s, 3H), 2.21 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 
166.98, 158.36, 147.54, 144.86, 137.30, 134.10, 133.63, 131.52, 129.37, 128.67, δ 128.39 (q, J = 29.2 
Hz), 128.19, 125.43 (q, J = 5.7 Hz), 125.24, 124.23 (q, J=272.08), 123.60, 119.15, 117.30, 112.69, 90.12, 
56.19, 49.81, 12.71. 19F NMR (471 MHz, CDCl3) δ -58.04. [α]D

30 = 21.04 (c = 1.0 in CH2Cl2). The 
enantiomers were analyzed by HPLC using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 
85/15), 0.7 mL/min; Major enantiomer: tR =12.33 min, minor enantiomer: tR = 8.15 min. 96:4 dr, 99% 
ee. HRMS (ESI) calcd for C25H19F3N2O3Na m/z [M + Na]+: 475.1240, found: 475.1239. 

(2S,3S)-7-methoxy-3'-methyl-1'-phenyl-3-(p-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one 
(3ja)

O N
N
Ph

OMe

O
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 
(v/v) as white solid (93% yield, 37.0 mg). 1H NMR (500 MHz, CDCl3) δ 7.38 (ddd, J = 8.7, 2.0, 1.1 
Hz, 2H), 7.29 – 7.24 (m, 2H), 7.15 – 7.08 (m, 5H), 7.04 – 6.98 (m, 1H), 6.93 (dt, J = 8.3, 1.0 Hz, 
1H), 6.78 (dt, J = 7.6, 1.1 Hz, 1H), 5.13 (s, 1H), 3.96 (s, 3H), 2.39 (s, 3H), 2.29 (s, 3H). 13C NMR 
(126 MHz, CDCl3) δ 168.12, 158.15, 148.16, 144.79, 138.19, 137.09, 130.66, 129.17, 128.98, 
128.55, 128.15, 125.12, 122.94, 119.13, 117.46, 112.59, 92.31, 56.18, 55.02, 21.07, 13.09. [α]D

30 = 
-213.43 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA 
column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tR = 8.84 min, minor 
enantiomer: tR = 9.91 min. 85:15 dr, 94% ee. HRMS (ESI) calcd for C25H22N2O3Na m/z [M + Na]+: 
421.1523, found: 421.1520.

(2S,3S)-

7-methoxy-3'-methyl-1'-phenyl-3-(m-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ka)

O N
N
Ph

OMe

O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (95% yield, 38.0 mg). 1H NMR (500 MHz, CDCl3) δ 7.39 – 7.34 (m, 2H), 7.28 – 7.24 
(m, 2H), 7.20 – 7.15 (m, 1H), 7.11 – 7.00 (m, 5H), 6.93 (d, J = 7.9 Hz, 1H), 6.79 (dd, J = 7.3, 0.9 
Hz, 1H), 5.13 (s, 1H), 3.96 (s, 3H), 2.40 (s, 3H), 2.27 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.11, 
158.16, 148.21, 144.80, 138.12, 137.05, 133.71, 129.62, 129.20, 128.56, 128.35, 127.91, 126.16, 
125.13, 122.96, 119.08, 117.55, 112.61, 92.34, 56.18, 55.29, 21.26, 13.09. [α]D

30 = -176.35 (c = 1.0 
in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm 
(n-hexane/i-PrOH = 95/5), 0.7 mL/min; Major enantiomer: tR = 13.79 min, minor enantiomer: tR = 
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12.18 min. 85:15 dr, 94% ee. HRMS (ESI) calcd for C25H22N2O3Na m/z [M + Na]+: 421.1523, 
found: 421.1520.

(2S,3S)-7-methoxy-3'-methyl-1'-phenyl-3-(o-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one 
(3la)

O N
N
Ph

OMe

O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 
(v/v) as white solid(92% yield, 36.6 mg). 1H NMR (500 MHz, CDCl3) δ 7.40 (d, J = 7.8 Hz, 2H), 
7.30 – 7.26 (m, 2H), 7.19 – 7.10 (m, 5H), 7.01 (t, J = 7.8 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.70 (d, 
J = 7.5 Hz, 1H), 5.44 (s, 1H), 3.97 (s, 3H), 2.36 (s, 3H), 2.30 (s, 3H). 13C NMR (126 MHz, CDCl3) 
δ 168.00, 159.14, 148.09, 144.77, 137.16, 136.34, 133.25, 130.77, 130.05, 129.09, 128.67, 128.05, 
125.98, 125.20, 123.05, 119.13, 117.58, 112.39, 91.09, 56.18, 51.38, 19.45, 13.14. [α]D

30 = -212.42 
(c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column 
at 254 nm (n-hexane/i-PrOH = 95/5), 0.7 mL/min; Major enantiomer: tR = 13.44 min, minor 
enantiomer: tR = 11.91 min. 95:5 dr, 96% ee. HRMS (ESI) calcd for C25H22N2O3Na m/z [M + Na]+: 
421.1523, found: 421.1521.
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(2S,3S)-7-methoxy-3-(3-methoxyphenyl)-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ma)

O N
N
Ph

OMe

O

MeO

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as colorless oil(90% yield, 37.2 mg). 1H NMR (500 MHz, CDCl3) δ 7.52 (dd, J = 8.7, 1.2 Hz, 2H), 
7.31 – 7.27 (m, 2H), 7.23 (ddd, J = 7.7, 6.1, 1.7 Hz, 2H), 7.11 (ddt, J = 8.6, 7.2, 1.2 Hz, 1H), 7.03 
(t, J = 7.8 Hz, 1H), 6.96 – 6.91 (m, 2H), 6.84 – 6.74 (m, 2H), 5.53 (s, 1H), 3.95 (s, 3H), 3.65 (s, 3H), 
2.33 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.78, 158.88, 157.26, 148.13, 144.84, 137.51, 130.00, 
129.18, 128.60, 127.64, 124.79, 123.43, 122.68, 120.52, 118.71, 117.82, 112.35, 109.53, 91.15, 
56.13, 55.08, 48.11, 12.95. [α]D

30 = -116.23 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by 
HPLC using Daicel Chiralpak IA column at 254 nm (n-hexane/i-PrOH = 93/7), 0.7 mL/min; Major 
enantiomer: tR = 17.53 min, minor enantiomer: tR = 15.50 min. 87:13 dr, 96% ee. HRMS (ESI) calcd 
for C25H22N2O3Na m/z [M + Na]+: 437.1472, found: 437.1471.
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(2S,3S)-7-methoxy-3-(2-methoxyphenyl)-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3na)

O N
N
Ph

OMe

OMeO

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (92% yield, 38.1 mg). 1H NMR (500 MHz, CDCl3) δ 7.52 – 7.44 (m, 2H), 7.28 – 7.18 (m, 
4H), 7.10 – 7.06 (m, 1H), 7.00 (dd, J = 8.1, 7.5 Hz, 1H), 6.93 – 6.88 (m, 2H), 6.79 (dt, J = 7.6, 1.1 Hz, 
1H), 6.74 (dd, J = 8.2, 1.1 Hz, 1H), 5.50 (s, 1H), 3.92 (s, 3H), 3.62 (s, 3H), 2.30 (s, 3H). 13C NMR (126 
MHz, CDCl3) δ 167.81, 158.92, 157.29, 148.17, 144.87, 137.54, 130.05, 129.22, 128.64, 127.67, 124.83, 
123.46, 122.71, 120.56, 118.75, 117.86, 112.37, 109.56, 91.19, 56.16, 55.11, 48.14, 12.99.  [α]D

30 = -
215.43 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IC column 
at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tR = 25.99 min, minor enantiomer: 
tR = 20.18 min. 95:15 dr, 98% ee. HRMS (ESI) calcd for C25H22N2O3Na m/z [M + Na]+: 437.1472, found: 
437.1470.
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(2S,3R)-3-(benzo[d][1,3]dioxol-4-yl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-
pyrazol]-5'(1'H)-one (3oa)

O N
N
Ph

OMe

O

O O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (89% yield, 36.8 mg).  1H NMR (500 MHz, CDCl3) δ 7.47 (dt, J = 8.7, 1.6 Hz, 2H), 7.31 
– 7.27 (m, 2H), 7.14 – 7.10 (m, 1H), 7.01 (t, J = 7.8 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.79 – 6.68 (m, 
4H), 5.89 (dd, J = 9.9, 1.4 Hz, 2H), 5.07 (s, 1H), 3.95 (s, 3H), 2.36 (s, 3H). 13C NMR (126 MHz, CDCl3) 
δ 168.07, 158.13, 148.04, 147.75, 147.66, 144.80, 137.18, 128.63, 128.03, 127.42, 125.14, 123.02, 
122.68, 118.97, 117.42, 112.69, 109.49, 108.13, 101.11, 92.18, 56.16, 55.10, 13.05. [α]D

30 = -100.50 (c 
= 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 
nm (n-hexane/i-PrOH = 96/4), 0.7 mL/min; Major enantiomer: tR = 37.02 min, minor enantiomer: tR = 
39.83 min. 80:20 dr, 94% ee. HRMS (ESI) calcd for C25H20N2O5Na m/z [M + Na]+: 451.1264, found: 
451.1267.
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(2S,3S)-7-methoxy-3'-methyl-3-(naphthalen-1-yl)-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3pa)

O N
N
Ph

OMe

O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as colorless oil (90% yield, 39.4 mg). 1H NMR (500 MHz, CDCl3) δ 7.83 – 7.73 (m, 3H), 7.43 – 7.35 
(m, 3H), 7.26 – 7.22 (m, 1H), 7.14 – 7.08 (m, 2H), 7.06 – 6.97 (m, 4H), 6.93 (d, J = 8.1 Hz, 1H), 6.78 
(d, J = 7.5 Hz, 1H), 5.89 (s, 1H), 3.95 (s, 3H), 2.41 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.46, 
158.71, 148.16, 144.95, 136.81, 133.54, 131.88, 131.62, 129.12, 128.72, 128.49, 128.38, 128.18, 126.48, 
125.63, 125.25, 125.13, 123.16, 121.40, 119.25, 118.06, 112.51, 90.88, 56.14, 50.36, 13.13. [α]D

30 = -
449.90 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column 
at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tR = 15.85 min, minor enantiomer: 
tR = 10.62 min. 96:4 dr, 99% ee. HRMS (ESI) calcd for C28H22N2O3Na m/z [M + Na]+: 457.1523, found: 
457.1519.
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(2S,3S)-7-methoxy-3'-methyl-3-(naphthalen-2-yl)-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3qa) 

O N
N
Ph

OMe

O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
colorless oil (75% yield, 32.6 mg) after flash column chromatography on silica-gel. 1H NMR (500 MHz, 
CDCl3) δ 7.83 – 7.73 (m, 3H), 7.43 – 7.35 (m, 3H), 7.26 – 7.22 (m, 1H), 7.14 – 7.08 (m, 2H), 7.06 – 6.97 
(m, 4H), 6.93 (d, J = 8.1 Hz, 1H), 6.78 (d, J = 7.5 Hz, 1H), 5.89 (s, 1H), 3.95 (s, 3H), 2.41 (s, 3H). 13C 
NMR (126 MHz, CDCl3) δ 171.04, 158.41, 147.67, 145.05, 137.65, 133.20, 132.46, 128.95, 127.93, 
127.75, 127.39, 127.19, 126.65, 126.55, 125.99, 125.50, 123.19, 119.06, 117.91, 91.82, 56.87, 56.20, 
14.57. [α]D

30 = -28.07 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel 
Chiralpak OD-H column at 254 nm (n-hexane/i-PrOH = 50/50), 0.7 mL/min; Major enantiomer: tR = 
9.54 min, minor enantiomer: tR = 35.52 min. 68:32 dr, 99% ee. HRMS (ESI) calcd for C28H22N2O3Na 
m/z [M + Na]+: 457.1523, found: 457.1520.
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(2S,3R)-3-(furan-2-yl)-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ra)

O N
N
Ph

OMe

O
O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
colorless oil (92% yield, 34.4 mg). 1H NMR (500 MHz, CDCl3) δ 7.63 (dt, J = 8.8, 1.6 Hz, 2H), 7.36 – 
7.29 (m, 3H), 7.19 – 7.13 (m, 1H), 7.05 – 7.00 (m, 1H), 6.92 (t, J = 7.4 Hz, 2H), 6.34 – 6.28 (m, 2H), 
5.23 (s, 1H), 3.94 (s, 3H), 2.33 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.53, 157.88, 148.91, 144.85, 
142.92, 137.40, 128.87, 128.70, 125.74, 125.16, 123.10, 118.94, 117.30, 113.05, 110.74, 109.58, 90.42, 
56.19, 48.56, 12.97. [α]D

30 = -160.32 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using 
Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tR 
=26.01 min, minor enantiomer: tR = 17.60 min. 83:17 dr, 85% ee. HRMS (ESI) calcd for C22H18N2O4Na 
m/z [M + Na]+: 397.1159, found: 397.1156. 
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(2S,3S)-7-methoxy-3'-methyl-1'-phenyl-3-(thiophen-2-yl)-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3sa)

O N
N
Ph

OMe

O
S

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as solid (91% yield, 35.5 mg). 1H NMR (500 MHz, CDCl3) δ 7.50 (dt, J = 8.8, 1.6 Hz, 2H), 7.32 – 7.27 
(m, 2H), 7.21 (dd, J = 5.1, 1.2 Hz, 1H), 7.15 – 7.11 (m, 1H), 7.04 – 7.00 (m, 2H), 6.98 – 6.89 (m, 3H), 
5.42 (s, 1H), 3.95 (s, 3H), 2.37 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.62, 157.72, 147.70, 144.77, 
137.11, 135.90, 128.64, 127.79, 127.61, 127.16, 125.83, 125.20, 123.09, 119.03, 117.32, 113.05, 91.90, 
56.19, 50.14, 13.05. [α]D

30 = -241.48 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using 
Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 85/15), 0.7 mL/min; Major enantiomer: tR = 
25.26 min, minor enantiomer: tR = 19.26 min. 87:13 dr, 92% ee. HRMS (ESI) calcd for C22H18N2O3SNa 
m/z [M + Na]+: 413.0930, found: 413.0930.

(2S,3S)-7-methoxy-3,3'-dimethyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ta)

  

O N
N
Ph

OMe

O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
colorless oil (56% yield, 18.0 mg). 1H NMR (500 MHz, CDCl3) δ 7.92 – 7.82 (m, 2H), 7.45 – 7.36 (m, 
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2H), 7.24 – 7.16 (m, 1H), 6.96 (td, J = 7.8, 5.9 Hz, 1H), 6.87 – 6.75 (m, 2H), 3.90 (s, 3H), 3.87 (q, J = 
7.5 Hz, 1H), 2.20 (s, 3H), 1.43 (d, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 168.52, 158.98, 
146.64, 144.57, 137.64, 130.66, 128.87, 125.22, 122.94, 118.73, 115.83, 112.26, 91.35, 56.12, 43.15, 
14.09, 12.94. [α]D

30 = -15.03 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel 
Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tR = 54.02 
min, minor enantiomer: tR = 13.05 min. 66:34 dr, 60% ee. HRMS (ESI) calcd for C19H18N2O3Na m/z [M 
+ Na]+: 345.1221, found: 345.1217.

(2S,3S)-3-ethyl-7-methoxy-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one 
(3ua)

O N
N
Ph

OMe

Et O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
colorless oil (65% yield, 21.8 mg). 1H NMR (500 MHz, CDCl3) δ 7.86 – 7.83 (m, 2H), 7.42 – 7.37 (m, 
2H), 7.21 – 7.17 (m, 1H), 6.94 (dd, J = 8.6, 7.1 Hz, 1H), 6.83 (d, J = 8.1 Hz, 2H), 3.89 (s, 3H), 3.75 – 
3.66 (m, 1H), 2.20 (s, 3H), 2.04 – 1.96 (m, 2H), 0.99 (t, J = 7.5 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 
168.37, 159.41, 146.54, 144.65, 137.63, 130.17, 128.90, 125.27, 122.72, 118.82, 116.30, 112.18, 90.55, 
56.09, 50.37, 23.37, 12.97, 12.38. [α]D

30 = -37.07 (c = 1.0 in CH2Cl2). The enantiomers were analyzed 
by HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major 
enantiomer: tR = 61.79 min, minor enantiomer: tR = 12.60 min. 83:17 dr, 60% ee. HRMS (ESI) calcd for 
C20H20N2O3Na m/z [M + Na]+: 359.1377, found: 359.1367.
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(2S,3S)-

3'-methyl-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3va)

O N
N
Ph

O

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
colorless oil (94% yield, 33.2 mg). 1H NMR (500 MHz, CDCl3) δ 7.26 – 7.23 (m, 3H), 7.20 – 7.11 (m, 
8H), 6.99 – 6.94 (m, 3H), 5.01 (s, 1H), 2.26 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.44, 160.01, 
158.56, 136.99, 134.06, 129.46, 129.07, 128.60, 128.51, 128.48, 128.15, 126.62, 125.62, 125.19, 122.21, 
119.01, 110.51, 92.02, 55.15, 13.05. [α]D

30 = -81.162 (c = 1.0 in CH2Cl2). The enantiomers were analyzed 
by HPLC using Daicel Chiralpak IA column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major 
enantiomer: tR = 11.29 min, minor enantiomer: tR = 6.96 min. 72:18 dr, 50% ee. HRMS (ESI) calcd for 
C23H18N2O2Na m/z [M + Na]+: 377.1260, found: 377.1263.
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(2S,3S)-3-(2-methoxyphenyl)-3'-methyl-1'-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one 
(3wa)

O N
N
Ph

OMeO

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (90% yield, 34.6 mg). 1H NMR (500 MHz, CDCl3) δ 7.48 – 7.42 (m, 2H), 7.22 – 7.16 (m, 
4H), 7.12 – 7.06 (m, 2H), 7.03 – 6.92 (m, 3H), 6.84 (td, J = 7.5, 1.1 Hz, 1H), 6.67 (d, J = 8.2 Hz, 1H), 
5.38 (s, 1H), 3.53 (s, 3H), 2.20 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.16, 159.88, 159.27, 157.27, 
137.57, 129.88, 129.24, 129.20, 128.66, 126.40, 125.97, 124.79, 123.71, 121.94, 120.58, 118.61, 110.48, 
109.55, 90.87, 55.11, 47.84, 12.94. [α]D

30 = -173.35 (c = 1.0 in CH2Cl2). The enantiomers were analyzed 
by HPLC using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 80/20), 1.0 mL/min; Major 
enantiomer: tR = 20.56 min, minor enantiomer: tR = 13.33 min. 83:17 dr, 61% ee. HRMS (ESI) calcd for 
C24H20N2O3Na m/z [M + Na]+: 407.1366, found: 407.1368.
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 (2S,3S)-

1'-(4-fluorophenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-
one (3ab)

O N
N

OMe

F

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (83% yield, 33.4 mg). 1H NMR (500 MHz, CDCl3) δ 7.31 – 7.22 (m, 7H), 7.05 – 6.99 (m, 
1H), 6.93 (t, J = 8.7 Hz, 3H), 6.78 (d, J = 7.5 Hz, 1H), 5.16 (s, 1H), 3.96 (s, 3H), 2.40 (s, 3H). 13C NMR 
(126 MHz, CDCl3) δ 168.00, 160.01 (d, J = 244.6 Hz), 158.29, 148.25, 144.86, 133.72, 133.07 (d, J = 
2.7 Hz), 129.10, 128.53, 128.51, 127.73, 123.09, 120.96 (d, J = 8.1 Hz), 117.49, 115.36 (d, J = 22.7 Hz), 
112.71, 92.35, 56.21, 55.42, 13.10. 19F NMR (471 MHz, CDCl3) δ -58.04. [α]D

30 = -225.45 (c = 1.0 in 
CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm (n-
hexane/i-PrOH = 90/10), 0.7 mL/min; Major enantiomer: tR = 10.36 min, minor enantiomer: tR = 9.70 
min. 89:11 dr, 98% ee. HRMS (ESI) calcd for C24H19FN2O3Na m/z [M + Na]+: 425.1272, found: 
425.1273.

 
(2S,3S)-1'-(4-bromophenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
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5'(1'H)-one (3ac)

O N
N

PhO

OMe

Br

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (79% yield, 36.5 mg). 1H NMR (500 MHz, CDCl3) δ 7.39 – 7.33 (m, 2H), 7.30 – 7.25 (m, 
5H), 7.22 (dd, J = 7.5, 1.9 Hz, 2H), 7.02 (t, J = 7.8 Hz, 1H), 6.94 (s, 1H), 6.78 (d, J = 7.5 Hz, 1H), 5.15 
(s, 1H), 3.96 (s, 3H), 2.40 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.01, 158.50, 148.17, 144.83, 136.05, 
133.60, 131.61, 129.02, 128.55, 128.50, 127.64, 123.12, 120.25, 117.99, 117.46, 112.70, 92.34, 56.18, 
55.43, 13.11. [α]D

30 = -242.48 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel 
Chiralpak AD-H column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tR = 
10.09 min, minor enantiomer: tR = 8.43 min. 99:1 dr, 98% ee. HRMS (ESI) calcd for Chemical Formula: 
C24H19BrN2O3Na m/z [M + Na]+ : 485.0482, found: 485.0480.           

 

 
(2S,3S)-1'-(3-bromophenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ad)

O N
N

PhO

OMe

Br
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Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as colorless oil (93% yield, 43.3 mg). 1H NMR (500 MHz, CDCl3) δ 7.55 (t, J = 2.0 Hz, 1H), 7.33 (ddd, 
J = 8.2, 2.1, 1.0 Hz, 1H), 7.28 – 7.24 (m, 3H), 7.21 – 7.16 (m, 3H), 7.07 (t, J = 8.1 Hz, 1H), 7.02 – 6.98 
(m, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.76 (dt, J = 7.6, 1.1 Hz, 1H), 5.13 (s, 1H), 3.94 (s, 3H), 2.38 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 168.09, 158.58, 148.15, 144.84, 138.12, 133.52, 129.94, 129.04, 128.61, 
128.56, 127.99, 127.67, 123.15, 122.26, 121.59, 117.47, 117.11, 112.71, 92.40, 56.21, 55.47, 13.14. 
[α]D

30 = -244.49 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak 
IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tR = 13.30 min, minor 
enantiomer: tR = 10.82 min. 98:2 dr, 98% ee. HRMS (ESI) calcd for C24H19BrN2O3Na m/z [M + Na]+: 
485.0482, found: 485.0479.

(2S,3S)-7-methoxy-3'-methyl-1'-(perfluorophenyl)-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ae)

O N
N

PhO
F

F

F

F
F

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 

as white solid (91% yield, 42.9 mg). 1H NMR (500 MHz, CDCl3) δ 7.37 – 7.32 (m, 3H), 7.26 – 7.21 (m, 
2H), 7.03 (t, J = 7.8 Hz, 1H), 6.94 (d, J = 8.1 Hz, 1H), 6.77 (dt, J = 7.6, 1.1 Hz, 1H), 5.20 (s, 1H), 3.98 
(s, 3H), 2.38 (s, 3H), 1.30 (d, J = 14.3 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 168.69, 159.88, 147.81, 
144.89, 144.81-144.63(m), 142.76-142.57(m), 140.67-140.40(m), 138.81-138.51(m), 136.79-
136.51(m), 133.21, 129.18, 128.74, 128.73, 127.70, 123.34, 117.41, 112.60, 111.50-111.24(m), 90.51, 
56.14, 55.50, 13.13. 19F NMR (471 MHz, CDCl3) δ -161.58 – (-161.69) (m, 2F), -152.92 (t, J =21.2, 2F), 
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-142.82 – (-142.65) (m, 1F). [α]D
30 = -254.51 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by 

HPLC using Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major 
enantiomer: tR = 19.30 min, minor enantiomer: tR = 17.92 min. 90:10 dr, 99% ee. HRMS (ESI) calcd for 
C24H15F5N2O3Na m/z [M + Na]+: 497.0906, found: 497.0900. 

 
(2S,3S)-7-methoxy-3'-methyl-3-phenyl-1'-(p-tolyl)-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one 
(3af)

O N
N

PhO

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (84% yield, 33.4 mg). 1H NMR (500 MHz, CDCl3) δ 7.30 – 7.23 (m, 5H), 7.19 (d, J = 8.5 
Hz, 2H), 7.03 (dd, J = 20.3, 8.1 Hz, 3H), 6.93 (d, J = 8.1 Hz, 1H), 6.79 (d, J = 7.5 Hz, 1H), 5.15 (s, 1H), 
3.96 (s, 3H), 2.39 (s, 3H), 2.28 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.90, 157.89, 148.29, 144.82, 
134.94, 134.53, 133.81, 129.12, 128.46, 128.43, 127.89, 122.95, 119.26, 117.48, 112.66, 92.31, 56.19, 
55.30, 20.88, 13.08. [α]D

30 = -228.46 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using 
Daicel Chiralpak IC column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tR = 
22.36 min, minor enantiomer: tR =20.26. 92:8 dr, 98% ee. HRMS (ESI) calcd for C25H22N2O3Na m/z [M 
+ Na]+: 421.1523, found: 421.1526.
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(2S,3S)-1'-(2-ethylphenyl)-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ag)

O N
N

PhO

OMe

Et

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as colorless oil (81% yield, 33.6 mg). 1H NMR (500 MHz, CDCl3) δ 7.35 (ddd, J = 19.4, 5.0, 2.5 Hz, 
5H), 7.21 (td, J = 7.6, 1.2 Hz, 1H), 7.16 (d, J = 6.6 Hz, 1H), 7.10 (td, J = 7.7, 1.6 Hz, 1H), 7.02 – 6.97 
(m, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.73 (ddd, J = 19.4, 7.7, 1.0 Hz, 2H), 5.20 (s, 1H), 3.97 (s, 3H), 2.39 
(s, 3H), 1.91 (dd, J = 19.8, 7.6 Hz, 2H), 0.95 (t, J = 7.5 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 169.15, 
157.62, 148.13, 144.80, 141.02, 134.72, 133.79, 129.73, 128.70, 128.60, 128.59, 128.52, 128.35, 126.26, 
126.21, 122.93, 117.31, 112.45, 91.58, 56.14, 55.16, 23.35, 14.07, 13.16. [α]D

30 = -13.03 (c = 1.0 in 
CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID column at 254 nm (n-
hexane/i-PrOH = 93/7), 1.0 mL/min; Major enantiomer: tR = 21.23 min, minor enantiomer: tR = 24.92 
min. 85:15 dr, 95% ee. HRMS (ESI) calcd for C26H24N2O3Na m/z [M + Na]+: 435.1679, found: 435.1682. 
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(2S,3S)-7-methoxy-3'-methyl-1'-(naphthalen-2-yl)-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-
5'(1'H)-one (3ah)

  

O N
N

PhO

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 

as white solid (95% yield, 41.3 mg).  1H NMR (500 MHz, CDCl3) δ 8.38 (d, J = 1.9 Hz, 1H), 8.11 (dd, 
J = 8.9, 2.2 Hz, 1H), 7.94 – 7.84 (m, 3H), 7.50 (dddd, J = 20.9, 8.1, 6.9, 1.3 Hz, 2H), 7.38 – 7.33 (m, 
3H), 7.24 – 7.20 (m, 2H), 7.10 – 7.06 (m, 1H), 6.99 – 6.89 (m, 2H), 5.40 (t, J = 0.9 Hz, 1H), 3.97 (s, 3H), 
1.65 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 171.12, 158.61, 147.58, 144.95, 135.19, 134.99, 133.42, 
131.16, 128.99, 128.79, 128.47, 128.21, 127.98, 127.60, 127.28, 126.53, 125.50, 123.10, 118.23, 117.80, 
116.15, 112.61, 91.83, 56.71, 56.13, 14.43. [α]D

30 = 214.43 (c = 1.0 in CH2Cl2). The enantiomers were 
analyzed by HPLC using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 
mL/min; Major enantiomer: tR = 20.90 min, minor enantiomer: tR = 16.36 min. 80:20 dr, 94% ee. HRMS 
(ESI) calcd for C28H22N2O3Na m/z [M + Na]+: 457.1523, found: 457.1521.
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(2S,3S)-1'-cyclohexyl-7-methoxy-3'-methyl-3-phenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-
one (3ai)

 

O N
N

PhO

OMe
Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 

as white solid (76% yield, 29.5 mg). 1H NMR (500 MHz, CDCl3) δ 7.30 – 7.27 (m, 3H), 7.18 (dd, J = 
6.6, 2.9 Hz, 2H), 6.96 (dd, J = 8.1, 7.5 Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 6.73 (dt, J = 7.5, 1.1 Hz, 1H), , 
5.03 (s, 1H), 3.93 (s, 3H), 3.52 – 3.44 (m, 1H), 2.27 (s, 3H), 1.75 – 1.65 (m, 2H), 1.62 – 1.51 (m, 3H), 
1.27 – 1.00 (m, 5H), 0.88 – 0.81 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 168.59, 156.35, 148.35, 144.75, 
133.82, 129.20, 128.35, 128.23, 128.12, 122.69, 117.34, 112.33, 92.45, 56.06, 54.88, 51.98, 30.32, 29.73, 
25.21, 25.19, 25.09, 12.97. [α]D

30 = -160.3 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC 
using Daicel Chiralpak ID column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: 
tR = 11.26min, minor enantiomer: tR = 9.39 min. 82:18 dr, 98% ee. HRMS (ESI) calcd for C24H26N2O3Na 
m/z [M + Na]+: 413.1836, found: 413.1839.
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(2S,3S)-3'-ethyl-7-methoxy-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3aj)

O N
N

Et

PhO
Ph

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (92% yield, 36.6 mg). 1H NMR (500 MHz, CDCl3) δ 7.39 – 7.34 (m, 2H), 7.30 – 7.21 (m, 
7H), 7.09 (t, J = 7.4 Hz, 1H), 7.01 (t, J = 7.8 Hz, 1H), 6.93 (d, J = 8.1 Hz, 1H), 6.78 (d, J = 7.5 Hz, 1H), 
5.17 (s, 1H), 3.96 (s, 3H), 2.77 (dd, J = 7.4, 3.7 Hz, 2H), 1.44 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, 
CDCl3) δ 168.29, 161.96, 148.29, 144.85, 137.16, 133.96, 129.11, 128.56, 128.47, 128.43, 127.93, 
125.11, 122.94, 119.12, 117.51, 112.74, 92.51, 56.24, 55.55, 20.74, 9.41.  [α]D

30 = -179.36 (c = 1.0 in 
CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak IA column at 254 nm (n-
hexane/i-PrOH = 93/7), 0.7 mL/min; Major enantiomer: tR = 9.84 min, minor enantiomer: tR = 9.43 min. 
94:6 dr, 97% ee. HRMS (ESI) calcd for C25H22N2O3Na m/z [M + Na]+: 421.1523, found: 421.1521.

(2S,3S)-

7-methoxy-1',3-diphenyl-3'-propyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3ak)

O N
N

nPr

PhO
Ph

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (91% yield, 37.5 mg). 1H NMR (500 MHz, CDCl3) δ 7.35 (dt, J = 8.9, 1.8 Hz, 2H), 7.29 – 
7.23 (m, 7H), 7.12 – 7.07 (m, 1H), 7.01 (t, J = 7.8 Hz, 1H), 6.93 (dt, J = 8.1, 1.0 Hz, 1H), 6.78 (dt, J = 
7.6, 1.1 Hz, 1H), 5.18 (s, 1H), 3.96 (s, 3H), 2.76 – 2.64 (m, 2H), 1.95 (t, J = 7.4 Hz, 2H), 1.14 (t, J = 7.4 
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Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 168.23, 160.95, 148.30, 144.83, 137.11, 133.93, 129.11, 128.54, 
128.45, 128.41, 127.91, 125.09, 123.10, 119.09, 117.49, 112.75, 92.60, 56.19, 55.48, 29.29, 18.64, 14.05. 
[α]D

30 = -131.26 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak 
IA column at 254 nm (n-hexane/i-PrOH = 93/7), 1.0 mL/min; Major enantiomer: tR = 9.00 min, minor 
enantiomer: tR = 8.51 min. 91:9 dr, 87% ee. HRMS (ESI) calcd for C26H24N2O3Na m/z [M + Na]+: 
435.1679, found: 435.1675.

(2S,3S)-3'-isopropyl-7-methoxy-1',3-diphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3al)

O N
N

iPr

PhO
Ph

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (90% yield, 37.0 mg). 1H NMR (500 MHz, CDCl3) δ 7.33 – 7.30 (m, 2H), 7.26 – 7.19 (m, 
7H), 7.08 – 7.04 (m, 1H), 7.00 – 6.95 (m, 1H), 6.90 (d, J = 8.1 Hz, 1H), 6.75 (dt, J = 7.5, 1.1 Hz, 1H), 
5.22 (s, 1H), 3.93 (s, 3H), 3.08 (hept, J = 7.0 Hz, 1H), 1.49 (d, J = 6.8 Hz, 3H), 1.41 (d, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 168.26, 164.80, 148.36, 144.91, 137.13, 134.01, 129.12, 128.53, 128.43, 
128.40, 127.93, 125.07, 122.85, 119.12, 117.55, 112.94, 93.13, 56.31, 55.53, 28.18, 21.30, 20.06. [α]D

30 
= -191,38 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID 
column at 254nm (n-hexane/i-PrOH = 95/5), 1.0 mL/min; Major enantiomer: tR = 10.93 min, minor 
enantiomer: tR = 9.14 min. 93:7 dr, 95% ee. HRMS (ESI) calcd for C26H24N2O3Na m/z [M+Na]+: 
435.1679, found: 435.1679.
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(2S,3S)-7-methoxy-1',3,3'-triphenyl-3H-spiro[benzofuran-2,4'-pyrazol]-5'(1'H)-one (3am)

O N
N

Ph

PhO
Ph

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/10 (v/v) 
as white solid (86% yield, 38.4 mg). 1H NMR (500 MHz, CDCl3) δ 8.10 – 8.04 (m, 2H), 7.54 – 7.47 (m, 
3H), 7.41 – 7.36 (m, 2H), 7.30 – 7.25 (m, 5H), 7.22 (dd, J = 7.5, 2.0 Hz, 2H), 7.16 – 7.11 (m, 1H), 7.09 
– 7.03 (m, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.80 (dt, J = 7.4, 1.2 Hz, 1H), 5.42 (s, 1H), 4.00 (s, 3H). 13C 
NMR (126 MHz, CDCl3) δ 168.53, 155.48, 148.20, 145.16, 136.91, 133.68, 130.97, 129.19, 129.17, 
129.15, 128.61, 128.48, 127.85, 126.81, 125.52, 123.12, 119.50, 117.69, 113.12, 92.89, 57.12, 56.40. 
[α]D

30 = -182.1 (c = 1.0 in CH2Cl2). The enantiomers were analyzed by HPLC using Daicel Chiralpak ID 
column at 254 nm (n-hexane/i-PrOH = 90/10), 1.0 mL/min; Major enantiomer: tR = 11.39 min, minor 
enantiomer: tR = 12.67 min. 93:7 dr, 95% ee. HRMS (ESI) calcd for C29H22N2O3Na m/z [M+Na]+: 
469.1523, found: 469.1513.  
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 1-

((2R,3S)-7-methoxy-3-phenyl-2-((E)-(phenylimino)methyl)-2,3-dihydrobenzofuran-2-yl)ethan-1-
imine (5)

O NH
N

Ph
Ph

OMe

Purified by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1/20 (v/v) 
as white solid (77% yield, 15.2 mg). 1H NMR (500 MHz, CDCl3) δ 7.59 (d, J = 7.4 Hz, 2H), 7.38 (t, J = 
7.9 Hz, 2H), 7.35 – 7.29 (m, 3H), 7.28 – 7.23 (m, 3H), 7.20 (t, J = 7.4 Hz, 1H), 6.83 – 6.78 (m, 2H), 6.66 
(dd, J = 6.3, 3.1 Hz, 1H), 5.80 (s, 1H), 5.72 (s, 1H), 3.90 (s, 3H), 2.13 (s, 3H). 13C NMR (126 MHz, 
CDCl3) δ 149.35, 146.44, 143.16, 142.97, 140.15, 129.23, 129.15, 128.67, 128.34, 127.24, 126.33, 
125.52, 124.63, 121.73, 119.32, 118.41, 108.90, 56.02, 40.11, 12.25. [α]D

30 = 3.9 (c = 1.0 in CH2Cl2). 
The enantiomers were analyzed by chiral HPLC (JASCO LC-2000 Plus) using Daicel Chiralpak AD-H 
column at 254 nm (n-hexane/i-PrOH = 80/20), 1.0 mL/min; Major enantiomer: tR = 11.02 min, minor 
enantiomer: tR = 12.42 min. > 95:5 dr, 99% ee. HRMS (ESI) calcd for C24H22N2O2Na m/z [M+Na]+: 
393.1573, found: 393.1582.
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X-ray crystal structure of compound 3fa
Crystals of enantiopure 3fa suitable for X-ray analysis were obtained from crystallization in a solution 

of dichloromethane and iso-propyl alcohol.

Table 1. Crystal data and structure refinement parameters of the compound 3fa

Parameter                              Value

CCDC deposition number                 1867064

Empirical formula C24H19ClN2O3

Formula weight 418.86

Temperature 173(2) K

Wavelength 0.71073 Å

Crystal system Orthorhombic

O N
N
Ph

OMe

O

Cl

O NH
N

Ph
Ph

OMe
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Space group P 21 21 21

Unit cell dimensions                      a = 5.9309(6) Å    α= 90°.

b = 17.470(2) Å     β= 90°.

c = 19.675(3) Å     γ= 90°.

Volume 2038.6(4) Å3

Z 4

Density (calculated) 1.365 Mg/m3

Absorption coefficient 0.216 mm-1

F000 872

Crystal size 0.180 x 0.160 x 0.110 mm3

Theta range for data collection 2.376 to 25.493°.

Index ranges -6≤ h≤7, -21≤k≤2, -23≤l≤23

Reflections collected 19157

Independent reflections 3774 [R(int) = 0.0808]

Completeness to theta = 25.242° 99.4 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7456 and 0.5341

Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 3774/0/274

Goodness-of-fit on F2 1.085

Final R indices [I>2σ (I)] R1 = 0.0585, wR2 = 0.1544

R indices (all data) R1 = 0.0663, wR2 = 0.1624

Absolute structure parameter 0.10(4)

Extinction coefficient 0.019(6)
Largest diff. peak and hole 0.399 and -0.590 e.Å-3


