
S1

Electronic Supplementary Information

An NHC-Catalyzed [3+2] Cyclization of β-Disubstituted Enals with 

Benzoyl Cyanides

Wangsheng Liua,#, Linrui Zhangb,#, Xiaoyun Liaoa, Jiean Chena*, Yong Huangc*

a Pingshan Translational Medicine Center, Shenzhen Bay Laboratory, Shenzhen, 
518055, China. E-mail: chenja@szbl.ac.cn

b State Key Laboratory of Chemical Oncogenomics, Peking University Shenzhen 
Graduate School, Shenzhen, 518055, China

c Department of Chemistry, The Hong Kong University of Science and Technology, 
Clear Water Bay, Hong Kong SAR, China. E-mail: yonghuang@ust.hk

# These authors contribute equally

Contents

General Methods and Materials ...................................................................................S2

General Procedure........................................................................................................S3

Reference ...................................................................................................................S19

NMR spectra ..............................................................................................................S20

HPLC spectra .............................................................................................................S54

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2022

mailto:chenja@szbl.ac.cn


S2

General Methods and Materials

All solvents were distilled according to general practice prior to use. All reagents were 

purchased and used without further purification unless specified otherwise. Solvents 

for flash column chromatography were technical grade and distilled prior to use. 

Analytical thin-layer chromatography (TLC) was performed using Huanghai silica gel 

plates with HSGF 254. Visualization of the developed chromatogram was performed 

by UV absorbance (254 nm) and appropriate stains. Flash column chromatography was 

performed using Qingdao Haiyang Chemical HG/T2354-92 silica gel (200-300 mesh) 

with the indicated solvent system according to standard techniques. 1H NMR and 13C 

NMR data were recorded on Bruker 400 and 500 MHz (100 MHz for 13C, 376MHz for 
19F) nuclear resonance spectrometers unless otherwise specified, respectively. 

Chemical shifts (δ) in ppm are reported as quoted relative to the residual signals of 

chloroform (1H 7.26 ppm and 13C 77.16 ppm). Multiplicities are described as: s 

(singlet), bs (broad singlet), d (doublet), t (triplet), q (quartet), m (multiplet); and 

coupling constants (J) are reported in Hertz (Hz). 13C NMR spectra were recorded with 

total proton decoupling. Chiral HPLC was recorded on a Shimadzu LC-20A 

spectrometer using Daicel Chiralcel TM columns. HRMS (ESI) analysis was performed 

by The Analytical Instrumentation Center at Peking University; Shenzhen Graduate 

School and (HRMS) data were reported with ion mass/charge (m/z) ratios as values in 

atomic mass units. β-Disubstituted enals were synthesized by the procedure published 

by Yonggui Robin Chi1 and Benjamin List.2 According to the standard procedure, 

racemic samples were prepared by utilizing the corresponding achiral NHC catalyst. 

The absolute stereochemistry of the desired product was determined by X-ray 

crystallographic analysis of 3b.
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General Procedure 
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NHC 4d 20 mol%, K3PO4 20 mol%

4 Å MS, 1,4-Dioxane, r.t.1 2
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To an oven-dried test tube, NHC precursor 4d (12 mg, 0.02 mmol, 0.2 equiv.), 4Å 

molecular sieves (100 mg) and K3PO4 (4.2 mg, 0.02 mmol, 0.2 equiv.) were stirred in 

anhydrous 1,4-dioxane (1.0 ml). The reaction vessel was sealed with a rubber septum, 

degassed, back-filled with argon and stirred at r.t. for 1 hour. Enals 1 (0.15 mmol, 1.5 

equiv.) was slowly added and the mixture was stirred at r.t. for 10 min. Benzoyl cyanide 

2 (0.1 mmol, 1.0 equiv.) was slowly added and the reaction was stirred at 25 ℃ for 18-

24 h. Upon complete consumption of compound 2, judged by TLC or GC, the reaction 

mixture was filtered through a plug of silica gel and concentrated. The residue was 

purified by silica gel flash column chromatography [eluent: hexane/Et2O = 10:1 

(200mL) to afford the desired product 3. Er was determined by chiral HPLC.

3b
Ar

O

Ar'
CN

O

Me
H2SO4 , AcOH

tBuOH
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O
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O

Me
O NH

5

To a solution of 3b (0.1 mmol, 35.3 mg) in AcOH (1 mL) was added tBuOH (0.2 

mmol, 20 μL) and concentrated sulfuric acid (0.1 mL) in turn at 0℃. The mixture was 

stirred at rt for 12 hours, and poured into ice water (1 mL). The mixture was neutralized 

with saturated NaHCO3, and then extracted with DCM (2*8 mL). The combined 

organic extract was dried over Na2SO4, filtered, and concentrated in vacuo. The crude 

mixture was purified by column chromatography (silica gel, hexane/ethyl acetate) to 

provide 5.
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3b
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DMAP (4-(Dimethylamino)pyridine) (13.4 mg, 0.11 mmol) was added to a stirred 

solution of compound 3b (35.3 mg, 0.1 mmol) in methanol (1.0 mL). The solution was 

stirred at room temperature overnight. The methanol was removed in vacuo and the 

product 6 was isolated by flash column chromatography (hexane/ethyl acetate).

3b

BnNH2, PhCl, -10 °C

Ar

O
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O

Me
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O
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8
CN

BnNH2 (9.3 μl) was added to a solution of 3b (35.3 mg, 0.1 mmol) in PhCl (1.0 

mL) at -10 °C and the reaction mixture was stirred at this temperature for about 12 

hours, then the reaction mixtures were directly loaded onto a short silica gel column, 

followed by gradient elution with PE/EA mixture. Removing the solvent in vacuo, 

afforded products 7 and 8.

(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-5-oxo-2-phenyltetrahydrofuran-2-

carbonitrile (3a)

Yellow solid, yield: 85%. er: 89:11, dr: >20:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.57-7.41 (m, 3H), 7.35 

(d, J = 7.2 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 

3.80 (d, J = 16.8 Hz, 1H), 2.79 (d, J = 16.4 Hz, 1H), 2.54 (s, 3H), 1.22 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.31, 140.01, 132.75, 130.84, 130.22, 128.48, 

127.57, 126.42, 126.07, 117.05, 87.35, 51.95, 41.19, 22.64, 15.21. HRMS (ESI-TOF) 

[M+Na+] calculated for [C19H17O2NNaS]+ 346.0878, observed 346.0873. HPLC 

(Chiralpak-AD column, 90: 10 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 15.201 

min; tminor = 17.554 min.
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(2S,3S)-2-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3b)

Yellow solid yield: 90%. er: 95:5, dr: 19:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.32-7.24 (m, 4H), 

7.20-7.12 (m, 2H), 7.00-6.95 (m, 2H), 3.88 (s, 3H), 3.83-3.74 (m, 

1H), 2.78 (d, J = 16.8 Hz, 1H), 2.53 (s, 3H), 1.23 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 172.43, 160.94, 139.86, 133.06, 127.96, 

127.47, 126.08, 122.49, 117.12, 113.81, 87.37, 55.45, 52.08, 41.09, 22.71, 15.23. 

HRMS (ESI-TOF) [M+Na+] calculated for [C20H19NNaO3S]+ 376.0983, observed 

376.0978. HPLC (Chiralpak-IA column, 97: 3 hexane/ethanol, flow rate: 1.0 mL/min): 

tmajor = 28.346  min; tminor = 31.022min.

(2S,3S)-2-(4-methoxyphenyl)-3-methyl-5-oxo-3-phenyltetrahydrofuran-2-carbonitrile 

(3c)

White solid, yield: 82%. er: 91:9, dr: 14:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.47-7.41 (m, 3H), 

7.35-7.29 (m, 2H), 7.28-7.24 (m, 2H), 7.02-6.94 (m, 2H), 3.89 (s, 

3H), 3.83 (d, J = 16.0 Hz, 1H), 2.81 (d, J = 16.0 Hz, 1H), 1.27 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 172.55, 160.94, 136.84, 128.80, 128.09, 127.01, 

126.66, 122.57, 117.07, 113.77, 87.39, 55.45, 52.44, 41.08, 22.89. HRMS (ESI-TOF) 

[M+Na+] calculated for [C19H17NNaO3]+ 330.1106, observed 330.1101. HPLC 

(Chiralpak-AD column, 95: 5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 20.488 

min; tminor = 13.340 min. 

(2S,3S)-2-(4-methoxyphenyl)-3-methyl-5-oxo-3-(p-tolyl)tetrahydrofuran-2-

carbonitrile (3d)

White solid, yield: 88%. er: 93:7, dr: 15:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.34-7.26 (m, 2H), 

7.24 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.0 

Hz, 2H), 3.89 (s, 3H), 3.81 (d, J = 16.8 Hz, 1H), 2.78 (d, J = 16.4 

Hz, 1H), 2.41 (s, 3H), 1.23 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ 172.69, 160.87, 138.72, 133.73, 129.46, 128.01, 126.91, 122.68, 117.17, 113.73, 
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87.49, 55.43, 52.14, 41.14, 22.81, 21.03. HRMS (ESI-TOF) [M+Na+] calculated for 

[C20H19NNaO3]+ 344.1263, observed 344.1258. HPLC (Chiralpak-AD column, 95: 5 

hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 16.383 min; tminor = 10.723 min.

(2S,3S)-2-(4-methoxyphenyl)-3-methyl-5-oxo-3-(m-tolyl)tetrahydrofuran-2-

carbonitrile (3e)

White solid, yield: 89%. er: 92:8, dr: 20:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ7.35-7.25 (m, 3H), 

7.25-7.20 (m, 1H), 7.09-7.01 (m, 2H), 7.01-6.94 (m, 2H), 3.89 (s, 

3H), 3.82 (d, J = 16.4 Hz, 1H), 2.79 (d, J = 16.8 Hz, 1H), 2.40 (s, 

3H), 1.25 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.66, 160.93, 

138.44, 136.84, 129.49, 128.65, 128.16, 127.70, 124.03, 122.69, 117.10, 113.68, 87.42, 

55.45, 52.35, 41.10, 22.97, 21.63. HRMS (ESI-TOF) [M+Na+] calculated for 

[C20H19NNaO3]+ 344.1263, observed 344.1259. HPLC (Chiralpak-AD column, 95: 5 

hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 14.810 min; tminor = 9.441 min.

(2R,3S)-2-(2-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3f)

Yellow solid, yield: 60%. er: 90:10, dr: 10:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.49 (dd, J = 8.0, 1.6 

Hz, 1H), 7.46-7.38 (m, 3H), 7.34-7.29 (m, 2H), 7.07 (td, J = 7.6, 1.2 

Hz, 1H), 6.95-6.85 (m, 1H), 3.66 (d, J = 17.2 Hz, 1H), 3.39 (s, 3H), 

2.74 (d, J = 17.2 Hz, 1H), 2.53 (s, 3H), 1.27 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 172.66, 155.88, 138.85, 135.23, 131.40, 127.62, 127.04, 125.80, 

120.73, 119.99, 116.66, 111.57, 85.47, 54.80, 51.27, 42.51, 22.29, 15.51. HRMS (ESI-

TOF) [M+Na+] calculated for [C20H19NNaO3S]+ 376.0983, observed 376.0979. HPLC 

(Chiralpak-AD column, 97: 3 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 16.651 

min; tminor = 18.829 min. 

(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-5-oxo-2-(m-tolyl)tetrahydrofuran-2-

carbonitrile (3g)

Yellow solid, yield: 95%. er: 90:10, dr: 15:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.41-7.10 (m, 8H), 3.79 

(d, J = 16.8 Hz, 1H), 2.78 (d, J = 16.8 Hz, 1H), 2.54 (s, 3H), 2.41 (s, 
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3H), 1.22 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.44, 139.96, 138.43, 132.87, 

130.93, 130.71, 128.35, 127.61, 126.85, 126.01, 123.60, 117.11, 87.37, 51.90, 41.19, 

22.68, 21.51, 15.23. HRMS (ESI-TOF) [M+H+] calculated for [C20H20NO2S]+ 

338.1215, observed 338.1209. HPLC (Chiralpak-AD column, 97: 3 hexane/ethanol, 

flow rate: 1.0 mL/min): tmajor = 8.871 min; tminor = 9.872 min.

(2S,3S)-2-(4-methoxyphenyl)-3-(methyl-d3)-5-oxo-3-phenyltetrahydrofuran-2-

carbonitrile (3h)

White solid, yield: 80%. er: 90:10, dr: >20:1, determined by chiral 

HPLC. NaNa 1H NMR (400 MHz, Chloroform-d) δ 7.47-7.40 (m, 

3H), 7.33-7.23 (m, 4H), 7.01-6.94 (m, 2H), 3.89 (s, 3H), 3.83 (d, J 

= 16.4, 1H), 2.81 (d, J = 16.4 Hz, 1H). 13C NMR (101 MHz, 

CDCl3) δ 172.55, 160.93, 136.81, 128.80, 128.08, 127.01, 126.65, 122.57, 117.06, 

113.77, 87.38, 55.44, 52.34 (q, J = 6.6 Hz), 41.05, 29.70. HRMS (ESI-TOF) [M+Na+] 

calculated for [C19H14D3NNaO3]+ 333.1294, observed 333.1288. HPLC (Chiralpak-

OD column, 95: 5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 21.306 min; tminor 

= 24.121 min.

(2S,3S)-3-(3-acetylphenyl)-3-methyl-5-oxo-2-(m-tolyl)tetrahydrofuran-2-carbonitrile 

(3i)

Yellow solid, yield: 96%. er: 90:10, dr: 11:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 8.01 (dt, J = 7.2, 1.6 

Hz, 1H), 7.85 (t, J = 2.0 Hz, 1H), 7.61-7.49 (m, 2H), 7.41-7.30 (m, 

2H), 7.17-7.13 (m, 2H), 3.86 (d, J = 16.8 Hz, 1H), 2.86 (d, J = 16.8 

Hz, 1H), 2.61 (s, 3H), 2.41 (s, 1H), 1.28 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 197.27, 172.06, 138.63, 137.72, 137.34, 131.41, 131.24, 130.40, 129.17, 

128.93, 128.47, 127.06, 126.95, 123.62, 116.93, 87.10, 52.39, 41.01, 26.66, 23.04, 

21.50. HRMS (ESI-TOF) [M+Na+] calculated for [C21H19NNaO3]+ 356.1263, observed 

356.1257. HPLC (Chiralpak-OD column, 90: 10 hexane/ethanol, flow rate: 1.0 

mL/min): tmajor = 19.314 min; tminor = 22.236 min. 
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(2S,3S)-3-(4-methoxyphenyl)-3-methyl-5-oxo-2-(3,4,5-

trimethoxyphenyl)tetrahydrofuran-2-carbonitrile (3j)

Yellow solid, yield: 87%. er: 90:10, dr: 20:1, determined by chiral 

HPLC. 1H NMR (500 MHz, Chloroform-d) δ 7.30 (d, J = 5.6 Hz, 

2H), 6.95 (d, J = 7.2 Hz, 2H), 6.45 (s, 2H), 3.89 (s, 3H), 3.84 (s, 

3H),3.80 (s, 6H), 3.79-3.74 (m, 1H), 2.75 (d, J = 12.6 Hz, 1H), 

1.21 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 172.35, 160.00, 

153.13, 128.86, 127.96, 126.23, 117.16, 113.85, 103.67, 87.36, 60.95, 56.35, 55.36, 

51.86, 41.42, 22.44. HRMS (ESI-TOF) [M+Na+] calculated for [C22H23NNaO6]+ 

420.1423, observed 420.1418. HPLC (Chiralpak-IA column, 90: 10 hexane/ethanol, 

flow rate: 1.0 mL/min): tmajor = 15.785 min; tminor = 13.703 min.

(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-5-oxo-2-(3,4,5-

trimethoxyphenyl)tetrahydrofuran-2-carbonitrile (3k)

Yellow oil, yield: 93%. er: 91:9, dr: 13:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.29 (s, 4H), 6.47 

(s, 2H), 3.90 (s, 3H), 3.81 (s, 6H), 3.79-3.76 (m, 1H), 2.77 (d, J = 

16.8 Hz, 1H), 2.52 (s, 3H), 1.23 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 172.24, 153.11, 140.30, 139.17, 132.39, 127.95, 126.04, 

125.80, 117.02, 103.49, 87.12, 60.98, 56.34, 52.05, 41.21, 22.38, 

15.22. HRMS (ESI-TOF) [M+Na+] calculated for [C22H23NNaO4S]+ 436.1195, 

observed 436.1189. HPLC (Chiralpak-OD column, 90: 10 hexane/ethanol, flow rate: 

1.0 mL/min): tmajor = 15.232 min; tminor = 17.988 min.

(2S,3S)-2-(3,4-dimethoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3l)

Yellow oil, yield: 90%. er: 90:10, dr: 19:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.31-7.26 (m, 2H), 

7.25-7.18 (m, 2H), 6.93-6.88(m, 2H), 6.79-6.74 (m, 1H), 3.95 (s, 
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3H), 3.85 (s, 3H), 3.79 (d, J = 16.4 Hz, 1H), 2.78 (d, J = 16.8 Hz, 1H), 2.53 (s, 3H), 

1.23 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.40, 150.39, 148.70, 140.04, 132.81, 

127.69, 125.94, 122.81, 119.33, 117.11, 110.63, 109.36, 87.25, 56.13, 56.03, 52.12, 

41.13, 22.60, 15.23. HRMS (ESI-TOF) [M+Na+] calculated for [C21H21NNaO4S]+ 

406.1089, observed 406.1086. HPLC (Chiralpak-AD column, 90: 10 hexane/ethanol, 

flow rate: 1.0 mL/min): tmajor = 20.330 min; tminor = 18.370 min.

(2S,3S)-2-(3-chloro-4-methoxyphenyl)-3-methyl-5-oxo-3-(4-

phenoxyphenyl)tetrahydrofuran-2-carbonitrile (3m) 

Yellow solid, yield: 96%. er: 91:9, dr>20:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.46-7.37 (m, 3H), 

7.26-7.15 (m, 4H), 7.13-7.07 (m, 2H), 7.08-7.02 (m, 2H), 6.99 (d, 

J = 8.8 Hz, 1H), 3.98 (s, 3H), 3.88 (d, J = 16.8 Hz, 1H), 2.80 (d, 

J = 16.4 Hz, 1H), 1.25 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

172.02, 158.19, 156.40, 156.06, 130.50, 129.98, 128.55, 128.23, 126.25, 124.16, 

123.58, 122.92, 119.75, 118.15, 116.79, 111.54, 86.65, 56.35, 52.00, 41.14, 22.79. 

HRMS (ESI-TOF) [M+Na+] calculated for [C25H20ClNNaO4]+ 456.0979, observed 

456.0974. HPLC (Chiralpak-IA column, 95: 5 hexane/ethanol, flow rate: 1.0 mL/min): 

tmajor =19.030 min; tminor = 22.399 min.

(2S,3S)-3-([1,1'-biphenyl]-4-yl)-2-(3-bromo-4-methoxyphenyl)-3-methyl-5-

oxotetrahydrofuran-2-carbonitrile (3n) 

Yellow solid, yield: 90%. er: 93:7. dr: 19:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.72-7.67 (m, 2H), 

7.67-7.62 (m, 2H), 7.61 (d, J = 2.4 Hz, 1H), 7.53-7.47 (m, 2H), 

7.44-7.40 (m, 1H), 7.38-7.32 (m, 2H), 7.31-7.25 (m, 1H), 6.97 (d, 

J = 8.8 Hz, 1H), 3.99 (s, 3H), 3.90-3.81 (m, 1H), 2.85 (d, J = 16.8 

Hz, 1H), 1.30 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.08, 157.33, 141.79, 139.79, 

135.18, 131.33, 128.93, 127.87, 127.51, 127.44, 127.12, 127.08, 124.01, 116.79, 

111.90, 111.30, 86.44, 56.46, 52.31, 41.08, 22.72. HRMS (ESI-TOF) [M+Na+] 

calculated for [C25H20BrNNaO3]+ 484.0524, observed 484.0521. HPLC (Chiralpak-
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AD column, 92: 8 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 16.396 min; tminor 

= 20.473 min.

(2S,3S)-2-(3-bromo-4-methoxyphenyl)-3-(4-(tert-butyl)phenyl)-3-methyl-5-

oxotetrahydrofuran-2-carbonitrile (3o)

White solid, yield: 85%. er: 90:10, dr: 11:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.56 (d, J = 2.4 Hz, 

1H), 7.49-7.42 (m, 2H), 7.25 (dd, J = 8.4, 2.4 Hz, 1H), 7.20-7.17 

(m, 2H), 6.94 (d, J = 8.8 Hz, 1H), 3.96 (s, 3H), 3.79 (d, J = 16.8 

Hz, 1H),  (m, 1H), 2.75 (d, J = 16.8 Hz, 1H), 1.37 (s, 9H), 1.24 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 172.26, 157.18, 152.01, 133.12, 131.20, 127.01, 

126.74, 125.75, 124.18, 116.82, 111.77, 111.22, 86.43, 56.41, 52.04, 41.09, 34.58, 

31.20, 22.63. HRMS (ESI-TOF) [M+Na+] calculated for [C23H24BrNNaO3]+ 464.0837, 

observed 464.0832. HPLC (Chiralpak-OD column, 97: 3 hexane/ethanol, flow rate: 1.0 

mL/min): tmajor = 13.673 min; tminor = 18.124 min.

(2S,3S)-2-(3-chloro-4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3p)

Yellow solid, yield: 92%. er: 90:10, dr: 12:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.44-7.37 (m, 1H), 

7.35-7.26 (m, 2H), 7.21-7.15 (m, 3H), 6.99 (d, J = 8.4 Hz, 1H), 

3.98 (s, 3H), 3.78 (d, J = 16.8 Hz, 1H), 2.79 (d, J = 16.4 Hz, 1H), 

2.54 (s, 3H), 1.24 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.00, 

156.40, 140.20, 132.56, 128.21, 127.42, 126.24, 126.12, 123.54, 122.93, 116.74, 

111.51, 86.54, 56.35, 52.08, 41.00, 22.60, 15.20. HRMS (ESI-TOF) [M+Na+] 

calculated for [C20H18ClNNaO3S]+ 410.0594, observed 410.0589. HPLC (Chiralpak-

AD column, 92: 8 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 21.147 min; tminor 

= 17.764 min.
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(2S,3S)-2-(4-(chloromethyl)phenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3q)

Yellow solid, yield: 87%. er: 90:10, dr: 8:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.53-7.47 (m, 2H), 

7.37-7.33 (m, 2H), 7.32-7.26 (m, 2H), 7.22-7.17 (m, 2H), 4.65 (s, 

2H), 3.80 (d, J = 16.8 Hz, 1H), 2.79 (d, J = 16.8 Hz, 1H), 2.54 (s, 

3H), 1.23 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.12, 140.17, 139.68, 132.50, 

131.01, 128.59, 127.54, 126.84, 126.08, 116.87, 87.07, 51.99, 45.17, 41.14, 22.57, 

15.18. HRMS (ESI-TOF) [M+H+] calculated for [C20H19ClNO2S]+ 372.0825, observed 

372.0816. HPLC (Chiralpak-AD column, 92: 8 hexane/ethanol, flow rate: 1.0 

mL/min): tmajor = 37.669 min; tminor = 23.731 min.

(2S,3S)-3-(4-bromophenyl)-2-(3,4-dimethoxyphenyl)-3-methyl-5-oxotetrahydrofuran-

2-carbonitrile (3r)

Yellow solid, yield: 80%. er: 91:9, dr: 11:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.57 (d, J = 8.8 Hz, 

2H), 7.18 (d, J = 8.4 Hz, 2H), 6.96-6.86 (m, 2H), 6.82-6.74 (m, 

1H), 3.95 (s, 3H), 3.86 (s, 3H), 3.76 (d, J = 16.4 Hz, 1H), 2.80 (d, 

J = 16.8 Hz, 1H), 1.24 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

172.00, 150.54, 148.80, 135.70, 131.85, 128.98, 123.34, 122.48, 119.44, 116.92, 

110.69, 109.35, 86.98, 56.16, 56.04, 52.24, 41.02, 24.06, 22.67. HRMS (ESI-TOF) 

[M+H+] calculated for [C20H19BrNO4]+ 416.0497, observed 416.0493. HPLC 

(Chiralpak-AD column, 95: 5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 29.818 

min; tminor = 25.782 min.

(2S,3S)-3-(3-chloro-4-methylphenyl)-2-(4-methoxyphenyl)-3-methyl-5-

oxotetrahydrofuran-2-carbonitrile (3s)

Yellow solid, yield: 75%. er: 91:9. dr: 11:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.36 (d, J = 8.4 Hz, 

1H), 7.29-7.24 (m, 2H), 7.10-7.08 (m, 1H), 6.96 (d, J = 9.0 Hz, 

2H), 3.87 (s, 3H), 3.74 (d, J = 16.4 Hz, 1H), 2.77 (d, J = 16.4 Hz, 
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1H), 2.39 (s, 3H), 1.21 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 172.22, 161.02, 136.52, 

135.42, 135.04, 129.55, 129.34, 128.06, 125.75, 122.29, 116.96, 113.76, 87.19, 55.44, 

52.02, 41.02, 22.89, 20.31. HRMS (ESI-TOF) [M+Na+] calculated for 

[C20H18ClNNaO3]+ 378.0873, observed 378.0868. HPLC (Chiralpak-AD column, 97:3 

hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 26.867 min; tminor = 13.782 min.

(2S,3S)-3-(3-fluoro-4-methylphenyl)-2-(4-methoxyphenyl)-3-methyl-5-

oxotetrahydrofuran-2-carbonitrile (3t)

White solid, yield: 89%. er: 93:7, dr:10:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.33-7.28 (m, 3H), 

7.02-6.95 (m, 3H), 6.85 (dd, J = 11.2, 2.0 Hz, 1H), 3.89 (s, 3H), 

3.74 (d, J = 16.8 Hz, 1H), 2.79 (d, J = 16.4 Hz, 1H), 2.33 (s, 3H), 

1.22 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.19, 161.14 (d, J 

= 244.2 Hz), 161.02, 136.60 (d, J = 6.9 Hz), 131.79 (d, J = 5.5 Hz), 128.03, 126.63, 

125.68 (d, J = 17.1 Hz), 122.34 (d, J = 2.6 Hz), 116.97, 114.09 (d, J = 24.0 Hz), 113.85, 

87.21, 55.46, 52.05 (d, J = 1.7 Hz), 41.11, 22.92, 14.27 (d, J = 3.1 Hz). HRMS (ESI-

TOF) [M+Na+] calculated for [C20H18FNNaO3]+ 362.1168, observed 362.1162. HPLC 

(Chiralpak-AD column, 95:5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 19.971 

min; tminor = 11.329 min.

(2S,3S)-3-(3-chloro-4-methylphenyl)-3-methyl-5-oxo-2-(thiophen-2-

yl)tetrahydrofuran-2-carbonitrile (3u)

Yellow oil, yield: 85%. er: 91:9, dr: 6:1, determined by chiral HPLC. 
1H NMR (400 MHz, Chloroform-d) δ 7.53 (dd, J = 5.2, 1.2 Hz, 1H), 

7.34-7.27 (m, 2H), 7.21 (dd, J = 3.6, 1.2 Hz, 1H), 7.17-7.11 (m, 2H), 

3.70 (d, J = 17.2 Hz, 1H), 2.85 (d, J = 16.8 Hz, 1H), 2.42 (s, 3H), 1.41 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.31, 137.11, 136.49, 135.00, 133.33, 131.38, 

129.16, 128.16, 127.53, 127.13, 124.84, 116.14, 85.09, 52.28, 40.74, 23.70, 19.76. 

HRMS (ESI-TOF) [M+Na+] calculated for [C17H14ClNNaO2S]+ 354.0331, observed 

354.0328. HPLC (Chiralpak-IC column, 98: 2 hexane/ethanol, flow rate: 1.0 mL/min): 

tmajor = 18.814 min; tminor = 16.204 min.
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(2S,3S)-3-(benzo[d][1,3]dioxol-5-yl)-3-methyl-2-(naphthalen-2-yl)-5-

oxotetrahydrofuran-2-carbonitrile (3v)

Yellow solid, yield: 75%. er: 91:9, dr: 10:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.99-7.87 (m, 4H), 

7.66-7.57 (m, 2H), 7.43 (dd, J = 8.8, 2.0 Hz, 1H), 6.87 (d, J = 8.4 

Hz, 1H), 6.81-6.71 (m, 2H), 6.05 (dd, J = 12.0, 1.6 Hz, 2H), 3.79 

(d, J = 16.8 Hz, 1H), 2.83 (d, J = 16.8 Hz, 1H), 1.24 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 172.35, 148.19, 148.02, 133.75, 132.34, 130.43, 128.54, 128.35, 128.15, 

127.75, 127.65, 127.17, 126.65, 123.22, 120.93, 117.11, 108.30, 107.72, 101.64, 87.66, 

52.41, 41.54, 23.24. HRMS (ESI-TOF) [M+Na+] calculated for [C23H17NNaO4]+ 

394.1055, observed 394.1052. HPLC (Chiralpak-AD column, 90: 10 hexane/ethanol, 

flow rate: 1.0 mL/min): tmajor = 37.044 min; tminor = 15.146 min.

(2S,3S)-2-(4-methoxyphenyl)-3-methyl-3-(naphthalen-2-yl)-5-oxotetrahydrofuran-2-

carbonitrile (3w)

White solid, yield: 91%. er: 92:8, dr: 7:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.95-7.82 (m, 3H), 

7.76 (s, 1H), 7.62-7.53 (m, 2H), 7.39-7.29 (m, 3H), 6.99 (d, J = 

8.8 Hz, 2H), 3.99 (d, J = 16.4 Hz, 1H), 3.91 (s, 3H), 2.91 (d, J = 

16.8 Hz, 1H), 1.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.53, 

161.01, 134.30, 132.96, 132.94, 128.52, 128.36, 128.20, 127.53, 127.03, 126.77, 

126.67, 124.21, 122.65, 117.13, 113.80, 87.44, 55.47, 52.65, 41.28, 23.06. HRMS 

(ESI-TOF) [M+Na+] calculated for [C23H19NNaO3]+ 380.1263, observed 380.1258. 

HPLC (Chiralpak-OD column, 95: 5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 

20.201 min; tminor = 25.058 min.

(2S,3S)-3-(4-isopropylphenyl)-3-methyl-5-oxo-2-(4-phenoxyphenyl)tetrahydrofuran-

2-carbonitrile (3x)
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Yellow oil, yield: 92%. er: 93:7, dr: 15:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.48-7.35 (m, 2H), 

7.36-7.23 (m, 4H), 7.22-7.13 (m, 3H), 7.12-7.05 (m, 2H), 77.04-

7.00 (m, 2H), 3.80 (d, J = 16.8 Hz, 1H), 2.93 (p, J = 6.8 Hz, 1H), 

2.75 (d, J = 16.0 Hz, 1H), 1.26 (d, J = 6.8 Hz, 6H), 1.23 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ172.47, 159.20, 155.77, 149.49, 133.70, 129.99, 128.09, 

126.98, 126.80, 124.97, 124.32, 119.81, 117.57, 117.05, 87.17, 51.99, 41.15, 33.58, 

23.77, 23.75, 22.70.HRMS (ESI-TOF) [M+Na+] calculated for [C27H25NNaO3]+ 

434.1732, observed 434.1728. HPLC (Chiralpak-OD column, 95: 5 hexane/ethanol, 

flow rate: 1.0 mL/min): tmajor = 8.823 min; tminor = 16.896 min.

(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-2-(naphthalen-2-yl)-5-oxotetrahydrofuran-

2-carbonitrile (3y)

Yellow oil, yield: 90%. er: 90:10, dr: 13:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.97-7.86 (m, 4H), 

7.67-7.57 (m, 2H), 7.39 (dd, J = 8.8, 2.0 Hz, 1H), 7.35-7.26 (m, 

2H), 7.26-7.18 (m, 2H), 3.86 (d, J = 16.8 Hz, 1H), 2.84 (d, J = 

16.8 Hz, 1H), 2.55 (s, 3H), 1.26 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.36, 140.10, 

133.75, 132.81, 132.36, 128.54, 128.39, 128.15, 127.76, 127.65, 127.16, 126.46, 

126.08, 123.08, 117.10, 87.52, 52.21, 41.25, 22.73, 15.22. HRMS (ESI-TOF) [M+Na+] 

calculated for [C23H19NNaO2S]+ 396.1034, observed 396.1031. HPLC (Chiralpak-AD 

column, 95: 5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 33.118 min; tminor = 

21.190 min.

(2S,3S)-2-(anthracen-2-yl)-3-methyl-3-(4-(methylthio)phenyl)-5-oxotetrahydrofuran-

2-carbonitrile (3z) 

Yellow solid, yield: 95%. er: 92:8, dr: 6:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 8.50 (d, J = 3.6 

Hz, 2H), 8.11-8.02 (m, 4H), 7.60-7.52 (m, 2H), 7.37-7.23 (m, 

5H), 3.87 (d, J = 16.8 Hz, 1H), 2.85 (d, J = 16.8 Hz, 1H), 2.56 

(s, 3H), 1.30 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.39, 140.10, 132.87, 132.64, 
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132.27, 131.25, 130.04, 128.82, 128.30, 128.21, 127.66, 127.56, 127.49, 127.11, 

126.41, 126.39, 126.19, 126.08, 122.24, 117.07, 87.61, 52.33, 41.26, 22.79, 15.23. 

HRMS (ESI-TOF) [M+Na+] calculated for [C27H21NNaO2S]+ 446.1191, observed 

446.1184. HPLC (Chiralpak-OD column, 85: 15 hexane/ethanol, flow rate: 1.0 

mL/min): tmajor = 12.939 min; tminor = 14.537 min.

(2S,3S)-3-(9,9-dimethyl-9H-fluoren-3-yl)-3-methyl-5-oxo-2-(m-tolyl)tetrahydrofuran-

2-carbonitrile (3aa)

Yellow solid, yield: 95%. er: 90:10, dr: 12:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.83-7.76 (m, 2H), 

7.51-7.47 (m, 1H), 7.42-7.38 (m, 2H), 7.38-7.33 (m, 3H), 7.26 (d, J 

= 2.0 Hz, 1H), 7.20-7.13 (m, 2H), 3.94 (dd, J = 16.8, 1.2 Hz, 1H), 

2.87 (d, J = 16.8 Hz, 1H), 2.41 (s, 3H), 1.53 (s, 3H), 1.48 (s, 3H), 

1.33 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.65, 153.87, 140.02, 138.31, 138.16, 

135.05, 130.98, 130.83, 128.24, 127.92, 127.21, 127.00, 125.94, 123.79, 122.72, 

121.70, 120.43, 120.08, 117.19, 87.67, 52.62, 47.02, 41.45, 27.06, 26.92, 22.79, 21.52. 

HRMS (ESI-TOF) [M+Na+] calculated for [C28H25NNaO2]+ 430.1783, observed 

430.1780. HPLC (Chiralpak-AD column, 97: 3 hexane/ethanol, flow rate: 1.0 

mL/min): tmajor = 8.662 min; tminor = 7.205 min.

(2S,3S)-3-(4-ethylphenyl)-3-methyl-5-oxo-2-(4-phenoxyphenyl)tetrahydrofuran-2-

carbonitrile (3ab)

Green solid, yield: 90%. er: 93:7, dr: 20:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.47-7.39 (m, 2H), 

7.33-7.29 (m, 2H), 7.29-7.26 (m, 2H), 7.25-7.19 (m, 3H), 7.13-

7.08 (m, 2H), 7.08-7.03 (m, 2H), 3.83 (d, J = 16.8 Hz, 1H), 2.79 

(d, J = 16.8 Hz, 1H), 2.71 (q, J = 7.6 Hz, 2H), 1.29 (t, J = 7.6 Hz, 

3H), 1.26 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.51, 159.27, 155.84, 145.01, 

133.69, 130.05, 128.29, 128.17, 127.02, 125.00, 124.39, 119.87, 117.64, 117.10, 87.28, 

52.09, 41.20, 28.34, 22.76, 15.20. HRMS (ESI-TOF) [M+Na+] calculated for 
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[C26H23NNaO3]+ 420.1576, observed 420.1571. HPLC (Chiralpak-OD column, 97: 3 

hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 12.946 min; tminor = 24.425 min.

(2S,3S)-3-(4-isopropylphenyl)-2-(4-methoxyphenyl)-3-methyl-5-oxotetrahydrofuran-

2-carbonitrile (3ac)

White oil, yield: 88%. er: 90:10, dr: 13:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.33-7.25 (m, 4H), 

7.22-7.13 (m, 2H), 7.01-6.94 (m, 2H), 3.89 (s, 3H), 3.82 (d, J = 

16.8 Hz, 1H), 2.97 (m, 1H), 2.78 (d, J = 16.8 Hz, 1H), 1.30 (d, J = 

6.8 Hz, 6H), 1.23 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.70, 

160.86, 149.46, 133.99, 127.99, 127.02, 126.81, 122.76, 117.19, 113.74, 87.44, 55.44, 

52.13, 41.23, 33.66, 23.85, 22.84. HRMS (ESI-TOF) [M+Na+] calculated for 

[C22H23NNaO3]+ 372.1576, observed 372.1571. HPLC (Chiralpak-OD column, 95: 5 

hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 8.547 min; tminor = 11.431 min. 

(2S,3S)-3-(4-(tert-butyl)phenyl)-3-methyl-2-(naphthalen-2-yl)-5-oxotetrahydrofuran-

2-carbonitrile (3ad)

White solid, yield: 74%. er: 90:10, dr:10:1, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.97-7.87 (m, 4H), 

7.68-7.55 (m, 2H), 7.16 (d, J = 8.8 Hz, 2H), 7.39 (dd, J = 8.4, 1.6 

Hz, 1H), 7.25 (d, J = 8.4 Hz, 2H), 3.90 (d, J = 16.0 Hz, 1H), 2.84 

(d, J = 16.8 Hz, 1H), 1.39 (s, 9H), 1.27 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 172.63, 151.97, 133.72, 133.42, 132.37, 128.55, 128.44, 128.32, 

127.75, 127.55, 127.09, 126.98, 126.41, 125.71, 123.20, 117.19, 87.55, 52.17, 41.42, 

34.63, 31.27, 22.85. HRMS (ESI-TOF) [M+Na+] calculated for [C26H25NNaO2]+ 

406.1783, observed 406.1779. HPLC (Chiralpak-AD column, 95: 5 hexane/ethanol, 

flow rate: 1.0 mL/min): tmajor = 8.423 min; tminor = 7.613 min.

(2S,3S)-N-(tert-butyl)-2-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carboxamide (5) 

Yellow solid, yield: 66%. er: 91:9, dr: 2:1, determined by chiral 

HPLC. 1H NMR (500 MHz, Chloroform-d) δ 7.69 (d, J = 7.2 

Hz, 1H), 7.15-7.05 (m, 3H), 7.03 (d, J = 7.2 Hz, 2H), 6.62 (d, 

J = 7.2 Hz, 2H), 3.74 (s, 3H), 3.19 (d, J = 13.2 Hz, 1H), 2.46 
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(s, 3H), 2.45 (s, 1H), 1.35 (s, 9H), 1.26 (s, 3H). 13C NMR (126 MHz, CDCl3) δ174.05, 

167.80, 159.45, 137.69, 135.37, 128.67, 127.50, 127.16, 125.52, 112.86, 90.97, 55.20, 

51.66, 50.99, 41.38, 28.58, 24.40, 15.65. HRMS (ESI-TOF) [M+Na+] calculated for 

[C24H29NNaO4S]+ 450.1715, observed 450.1709. HPLC (Chiralpak-AD column, 95: 5 

hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 5.763 min; tminor = 6.333 min.

Methyl(S)-4-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-4-oxobutanoate (6)

Yellow solid, yield: 94%. er: 92:8, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.54-7.48 (m, 

2H), 7.27-7.21 (m, 4H), 6.77-6.70 (m, 2H), 3.79 (s, 3H), 3.56 

(s, 3H), 3.09 (d, J = 15.6 Hz, 1H), 2.88 (d, J = 15.6 Hz, 1H), 

2.49 (s, 3H), 1.87 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

200.22, 171.72, 162.32, 139.51, 137.58, 132.00, 128.46, 126.73, 126.69, 113.24, 55.32, 

52.76, 51.41, 45.33, 23.77, 15.49. HRMS (ESI-TOF) [M+H+] calculated for 

[C20H22NaO4S]+ 381.1136, observed 381.1132. HPLC (Chiralpak-OD column, 95: 5 

hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 10.349 min; tminor = 12.910 min.

(3S,4R)-N-benzyl-4-cyano-4-hydroxy-4-(4-methoxyphenyl)-3-methyl-3-(4-

(methylthio)phenyl)butanamide (7)

Yellow solid, yield: 38%. er: 90:10, dr: >20:1, determined 

by chiral HPLC. 1H NMR (400 MHz, Chloroform-d) δ 8.35 

(br, 1H), 7.40-7.31 (m, 3H), 7.27-7.23 (m, 2H), 7.10-7.02 

(m, 2H), 6.99 (m, 2H), 6.95-6.87 (m, 2H), 6.71-6.58 (m, 

2H), 6.24 (t, J = 5.6 Hz, 1H), 4.48 (qd, J = 14.8, 6.0 Hz, 2H), 

3.88-3.82 (m, 1H), 3.78 (s, 3H), 2.73 (d, J = 15.6 Hz, 1H), 2.46 (s, 3H), 1.40 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 172.38, 159.50, 138.69, 137.99, 137.04, 128.89, 

128.87, 128.66, 127.95, 127.92, 127.85, 125.49, 121.67, 112.38, 80.98, 55.26, 48.29, 

47.07, 44.31, 16.65, 15.48. HRMS (ESI-TOF) [M+Na+] calculated for 

[C27H28N2NaO3S]+ 483.1718, observed 483.1715. HPLC (Chiralpak-AD column, 95: 

5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 23.242 min; tminor = 24.843 min.

(S)-N-benzyl-4-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-4-

oxobutanamide (8)
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White solid, yield: 42%. er: 91:9, determined by chiral 

HPLC. 1H NMR (400 MHz, Chloroform-d) δ 7.60-7.42 (m, 

2H), 7.34-7.25 (m, 3H), 7.21 (s, 4H), 7.13-6.98 (m, 2H), 

6.85-6.59 (m, 2H), 6.17 (t, J = 5.6 Hz, 1H), 4.46-4.14 (m, 

2H), 3.80 (s, 3H), 3.07 (d, J = 13.6 Hz, 1H), 2.64 (d, J = 13.6 

Hz, 1H), 2.49 (s, 3H), 1.88 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 201.60, 170.40, 

162.58, 139.73, 138.26, 137.77, 132.29, 128.56, 128.17, 127.64, 127.28, 126.84, 

126.49, 113.32, 55.37, 53.54, 48.54, 43.46, 22.93, 15.42. HRMS (ESI-TOF) [M+H+] 

calculated for [C26H27NNaO3S]+ 456.1609, observed 456.1604. HPLC (Chiralpak-AD 

column, 95: 5 hexane/ethanol, flow rate: 1.0 mL/min): tmajor = 15.842 min; tminor = 

17.851 min.

Reference
(1) Mo, J.; Chen, X.; Chi, Y. R. J. Am. Chem. Soc. 2012, 134, 8810.
(2) M Stadler.; B List. Synlett 2008, 4, 597.
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HPLC spectra

(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-5-oxo-2-phenyltetrahydrofuran-2-

carbonitrile (3a)

O

NC

Me

O

MeS
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(2S,3S)-2-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3b)
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(2S,3S)-2-(4-methoxyphenyl)-3-methyl-5-oxo-3-phenyltetrahydrofuran-2-carbonitrile 

(3c)
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O
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(2S,3S)-2-(4-methoxyphenyl)-3-methyl-5-oxo-3-(p-tolyl)tetrahydrofuran-2-

carbonitrile (3d)

 

O

NC

Me

O
MeO

Me



S59

(2S,3S)-2-(4-methoxyphenyl)-3-methyl-5-oxo-3-(m-tolyl)tetrahydrofuran-2-

carbonitrile (3e)
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(2R,3S)-2-(2-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3f)
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S63

(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-5-oxo-2-(m-tolyl)tetrahydrofuran-2-

carbonitrile (3g)
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(2S,3S)-2-(4-methoxyphenyl)-3-(methyl-d3)-5-oxo-3-phenyltetrahydrofuran-2-

carbonitrile (3h)
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(2S,3S)-3-(3-acetylphenyl)-3-methyl-5-oxo-2-(m-tolyl)tetrahydrofuran-2-carbonitrile 

(3i)
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S68

(2S,3S)-3-(4-methoxyphenyl)-3-methyl-5-oxo-2-(3,4,5-

trimethoxyphenyl)tetrahydrofuran-2-carbonitrile (3j)
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(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-5-oxo-2-(3,4,5-

trimethoxyphenyl)tetrahydrofuran-2-carbonitrile (3k)
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(2S,3S)-2-(3,4-dimethoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carbonitrile (3l)
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(2S,3S)-2-(3-chloro-4-methoxyphenyl)-3-methyl-5-oxo-3-(4-

phenoxyphenyl)tetrahydrofuran-2-carbonitrile (3m) 
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(2S,3S)-3-([1,1'-biphenyl]-4-yl)-2-(3-borom-4-methoxyphenyl)-3-methyl-5-

oxotetrahydrofuran-2-carbonitrile (3n) 
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(2S,3S)-2-(3-bromo-4-methoxyphenyl)-3-(4-(tert-butyl)phenyl)-3-methyl-5-

oxotetrahydrofuran-2- carbonitrile (3o)
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(2S,3S)-2-(3-chloro-4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2- carbonitrile (3p)
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(2S,3S)-2-(4-(chloromethyl)phenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2- carbonitrile (3q)
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(2S,3S)-3-(4-bromophenyl)-2-(3,4-dimethoxyphenyl)-3-methyl-5-oxotetrahydrofuran-

2-carbonitrile (3r)
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S80

(2S,3S)-3-(3-chloro-4-methylphenyl)-2-(4-methoxyphenyl)-3-methyl-5-

oxotetrahydrofuran-2- carbonitrile (3s)
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(2S,3S)-3-(3-fluoro-4-methylphenyl)-2-(4-methoxyphenyl)-3-methyl-5-

oxotetrahydrofuran-2-carbonitrile （3t）

O

NC

Me

O
MeO

Me
F



S82

(2S,3S)-3-(3-chloro-4-methylphenyl)-3-methyl-5-oxo-2-(thiophen-2-

yl)tetrahydrofuran-2-carbonitrile (3u)
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(2S,3S)-3-(benzo[d][1,3]dioxol-5-yl)-3-methyl-2-(naphthalen-2-yl)-5-

oxotetrahydrofuran-2- carbonitrile (3v)
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(2S,3S)-2-(4-methoxyphenyl)-3-methyl-3-(naphthalen-2-yl)-5-oxotetrahydrofuran-2-

carbonitrile (3w)
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S86

(2S,3S)-3-(4-isopropylphenyl)-3-methyl-5-oxo-2-(4-phenoxyphenyl)tetrahydrofuran-

2-carbonitrile (3x)
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(2S,3S)-3-methyl-3-(4-(methylthio)phenyl)-2-(naphthalen-2-yl)-5-oxotetrahydrofuran-

2-carbonitrile (3y)
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(2S,3S)-2-(anthracen-2-yl)-3-methyl-3-(4-(methylthio)phenyl)-5-oxotetrahydrofuran-

2-carbonitrile (3z)
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S90

(2S,3S)-3-(9,9-dimethyl-9H-fluoren-3-yl)-3-methyl-5-oxo-2-(m-tolyl)tetrahydrofuran-

2-carbonitrile (3aa)
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(2S,3S)-3-(4-ethylphenyl)-3-methyl-5-oxo-2-(4-phenoxyphenyl)tetrahydrofuran-2-

carbonitrile (3ab)
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(2S,3S)-3-(4-isopropylphenyl)-2-(4-methoxyphenyl)-3-methyl-5-oxotetrahydrofuran-

2-carbonitrile (3ac)
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S94

(2S,3S)-3-(4-(tert-butyl)phenyl)-3-methyl-2-(naphthalen-2-yl)-5-oxotetrahydrofuran-2-
carbonitrile (3ad)
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(2S,3S)-N-(tert-butyl)-2-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-5-

oxotetrahydrofuran-2-carboxamide (5)
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Methyl(S)-4-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-4-oxobutanoate (6)
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(3S,4R)-N-benzyl-4-cyano-4-hydroxy-4-(4-methoxyphenyl)-3-methyl-3-(4-

(methylthio)phenyl)butanamide (7)
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(S)-N-benzyl-4-(4-methoxyphenyl)-3-methyl-3-(4-(methylthio)phenyl)-4-

oxobutanamide (8)
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