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1. General experimental information 

Reagents were purchased from commercial sources and were used as received unless 

mentioned otherwise. Reactions were monitored by TLC. 
1
H NMR and 

13
C NMR spectra were 

recorded in CDCl3 and DMSO-d6. 
1
H NMR chemical shifts are reported in ppm relative to 

tetramethylsilane (TMS) with the solvent resonance employed as the internal standard (CDCl3 

at 7.26 ppm, DMSO-d6 at 2.50 ppm). Data are reported as follows: chemical shift, multiplicity 

(s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling 

constants (Hz) and integration. 
13

C NMR chemical shifts are reported in ppm from 

tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl3 at 77.20 

ppm, DMSO-d6 at 39.51 ppm). Melting points were recorded on a melting point apparatus. 

2. Generel procedure for the synthesis of bifunctional catalysts and starting materials. 

Various chiral Bifunctional catalysts A,
1a

 B,
1b

 C,
1b

 D
1c

 and E
1d

 were prepared by the 

corresponding literature procedures. Various γ-Substituted butenolides 1a-1f were prepared 

according to the literatures.
2, 3

. 1g was purchased from Urchem. 2-Enoylpyridines 2a-2q were 

prepared according to the literature reported by Singh and co-workers.
4
 2-Enoylpyridine 2r

5
 

and 2s
6
 were prepared according to the literatures. 

2.1 Typical procedure to prepare γ-phenyl butenolide (1a).  

 

Step 1. Benzene (20 mL, 17.5 g, 225 mmol) and succinic anhydride (3.4 g, 34 mmol) were 

combined in a 100 mL flask equipped with a reflux condenser. The succinic anhydride was 

dissolved in the benzene, and then anhydrous aluminum chloride (10 g, 75 mmol) was added 

and the reaction started immediately and HCl was evolved. The resulting mixture was stirred 

for 30 min at room temperature and then warmed up for 1h at 80 °C. The solution was cooled 

in cold water. Then dilute HCl (20 mL, 10%) were added. Excess benzene was removed by 

steam distillation. The residue was cooled and filtered on a Buchner funnel and washed with 

dilute HCl (20 mL, 10%). The solid was dissolved in Na2CO3 (4 g in 25 mL H2O) and then 

stirred for 15 min. The filtrate was cooled and acidif ied by conc. HCl and the precipitated acid 

was collected by filtration, dried at 50 °C and gave 4.2 g, 78% yield.  

Step 2. Benzoylpropionic acid (4.2 g, 26 mmol) was slurried in Ac2O (5 mL) and AcOH (3 

mL) containing a catalytic amount of p-toluene sulphonic acid (30 mg). The slurry was 

allowed to stir for 2 h. The solid was dissolved and then the mixture was diluted with distilled 

water (7 mL), stirred for 30 min and the product was collected by filtration to give an off white 

crystalline solid which was washed with H2O/AcOH (V/V = 1:1) then H2O. The crude product 

was crystalized with methanol and gave 2.2 g desired product, 60% yield. 

2.2 The synthesis of enoylpyridines 

2.2.1 General procedure to prepare 2-Enoylpyridines 2a-2q 
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2-Enoylpyridines 2a-2q were prepared according to the literature reported by Singh and 

co-workers and slightly modified. 

 

Potassium hydroxide solution (15 mL, 1 N) was added to a solution of 2-acetylpyridine (21 

mmol) and aldehyde (20 mmol) in methanol (45 mL) at 0 ºC. The reaction mixture was 

warmed to room temperature and stirred for 3 h. The precipitate was collected by filtration and 

then washed with water (25 mL). The filter cake was recrystallized with methanol.  

2.2.2 Typical procedure to prepare 2-Enoylpyridine 2r 

 

Step 1. 2-Acetylpyridine (2.4 g, 20 mmol) was added dropwise to a solution of LDA 

prepared from dry diisopropylamine (3.3 g, 4.6 mL, 30 mmol) and n-BuLi (2.5 N, 12 mL, 30 

mmol) in dry THF (30 mL) cooled at -15 °C. The resulting solution was stirred at -15
 
°C for 2 

h. Acetaldehyde (1.76 g, 2.2 mL, 40 mmol) was added dropwise and the reaction mixture was 

stirred for 0.5 h at -15 °C followed by the addition of a saturated solution of NH4Cl (10 mL). 

The organic phase was collected, and the aqueous phase was extracted with Et2O (50 mL). The 

organic phase was combined and dried over Na2SO4, and the solvent was evaporated. The 

crude product was purified on a column of silica gel and eluted with petroleum ether - EtOAc 

(3:2). 0.9 g of 3-hydroxy-1-(pyridin-2-yl)butan-1-one was obtained. 

Step 2. 3-hydroxy-1-(pyridin-2-yl)butan-1-one (0.9 g, 5.4 mmol) was dissolved in CH2Cl2  

(15 mL), and the solution was cooled to -30 °C. Et3N (2.6 mL, 18.7 mmol) was added, and 

then methanesulfonyl chloride (0.6 mL, 7.8 mmol) was added dropwise. The solution was 

allowed to reach ambient temperature and stirred for 12 h. The dark solution was filtered with 

diatomite. Evaporation of solvent and purification on a column of silica gel eluting with 

petroleum ether - EtOAc (5:1) afforded 0.4 g of compound 2r (yellow oil). 

2.2.3 Typical procedure to prepare 2-Enoylpyridine 2s 

 

Step 1. 1-(pyridin-2-yl)ethanone (2.0 g, 16.6 mmol) was dissolved in CCl4 (60 mL) and 

stirred at room temperature. Br2 (2.7 g, 16.6 mmol) was added dropwise. And then the solution 

was refluxed at 70 °C for 1 h. The precipitate was collected by filtration and then washed with 

Et2O. The precipitate was dissolved in sat. NaHCO3 solution and stirred for 30 min at ambient 

temperature, Reaction mixture was extracted with DCM (3 × 25 mL). The combined organic 

http://dict.youdao.com/w/precipitate/
http://dict.youdao.com/w/precipitate/
http://dict.youdao.com/w/precipitate/
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phase was washed with brine (1 × 30 mL), dried over anh. Na2SO4 and concentrated under 

reduced pressure. Obtained pale yellow oil and used without purification. 

Step 2.Crude product was dissolved in toluene (60 mL) and was added PPh3 (4.35 g, 16.6 

mmol). The resulting mixture was warmed gradually to 60 °C and stirred at 60 °C for 12 h. 

The white precipitate was collected by filtration and then the solid was dissolved in DCM (60 

mL). NaOH solution (2 N, 15 mL) was added dropwise and stirred for 6 h. The mixture 

diluted with H2O (50 mL). Organic was separated and the aqueous layer was extracted with 

CH2Cl2 (2 × 25 mL). The combined organic phase was washed with brine (1 × 30 mL), dried 

over anh. Na2SO4 and concentrated under reduced pressure. Brown solid was obtained. 

Step 3.Brown solid was dissolved in DCM (25 mL) and ethyl glyoxylate (50% w.t. in 

toluene, 3.5 g, 17.1 mmol) was added dropwise. The mixture was stirred at room temperature 

for 12 h. The resulting mixture was concentrated under reduced pressure. Purification by 

column chromatography over silica gel using petroleum ether - EtOAc as eluent afforded 2s 

(0.94 g, total yield 28%). 

2.3. References 

1. (a). T. Okino, Y. Hoashi and Y. Takemoto, J. Am. Chem. Soc. 2003, 125, 12672; (b). M. 

Kaik and J. Gawroński. Tetrahedron: Asymmetry 2003, 14, 1559; (c). J. Ye, D. J. Dixon and 

P. S. Hynes, Chem. Commun, 2005, 4481; (d). W. Yang and D. M. Du, Org. Lett., 2010, 12, 

5450. 

2. S. Žari, M. Kudrjashova, T. Pehk, M. Lopp and T. Kanger, Org. Lett., 2014, 16, 1740. 

3. D. J. Jones, and V. C. Gibson, Heterocycles, 2006, 68, 1128. 

4. N. Molleti, N. K. Rana and V. K. Singh, Org. Lett., 2012, 14, 4322. 

5. B Silvia, R Srinivas, Y.A Skorik and A. Catalina, Inorganic Chemistry, 2011, 50. 11929. 

6. D. Anna and K. Petr, J. Org. Chem, 2006, 71, 719. 
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3. General procedure for the synthesis of compounds 3a-x. 

In an ordinary vial equipped with a magnetic stirring bar, the compounds 1 (0.10 mmol, 1.0 

equiv), compounds 2 (0.15 mmol, 1.5 equiv) and catalyst E (5 mol %) were dissolved in DCE 

(2 mL), and then the mixture was stirred at 0 °C for the indicated time. After completion of the 

reaction as indicated by TLC, the products 3 were isolated by flash chromatography on silica 

gel (petroleum ether/ethyl acetate = 5/1-3/1). 

(S)-5-((R)-3-oxo-1-phenyl-3-(pyridin-2-yl)propyl)-5-phenylfuran-2(

5H)-one (3a). White solid; 31.4 mg, 85% yield; 99:1 dr, 99% ee; [α]D
20

 

= +149.1 (c 1.505, CHCl3); m.p. 178.2-179.7 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 

10.8 min (minor), 13.8 min (major); 
1
H NMR (300 MHz, CDCl3) δ 

3.20-3.31 (m, 1H), 4.22-4.33 (m, 2H), 5.66 (d, J = 5.7 Hz, 1H), 7.12-7.26 (m, 3H), 7.28-7.31 

(m, 3H), 7.33-7.40 (m, 3H), 7.50-7.53 (m, 3H), 7.63-7.70 (m, 1H), 7.73-7.76 (m, 1H), 8.62 (d, 

J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.8, 49.2, 92.9, 119.5, 121.6, 125.3, 127.1, 

127.4, 128.2, 128.4, 128.8, 128.9, 136.6, 137.9, 138.2, 148.8, 152.8, 159.0, 172.1, 199.2; 

HRMS (ESI-TOF) calcd. for C24H19NNaO3 [M + Na]
+
 392.1257, found: 392.1245.  

(S)-5-((R)-1-(2-fluorophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phenyl

furan-2(5H)-one (3b). White solid; 33.0 mg, 85% yield; >99:1 

dr, >99% ee; [α]D
20

 = + 202.3 (c 1.650, CHCl3); m.p. 139.0-141.1 °C; 

HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  

= 254 nm) tR = 9.8 min (minor), 10.7 min (major); 
1
H NMR (300 MHz,  

CDCl3) δ 3.20 (dd, J = 3.3 Hz, 18.6 Hz, 1H), 4.36 (dd, J = 11.1 Hz, 18.6 Hz, 1H), 4.74 (dd, J = 

3.3 Hz, 11.1 Hz, 1H), 5.64 (d, J = 5.7 Hz, 1H), 6.96-7.02 (m, 2H), 7.12-7.19 (m, 1H), 

7.27-7.41 (m, 5H), 7.56-7.63 (m, 3H), 7.66-7.71 (m, 1H), 7.75 (d, J = 7.5 Hz, 1H), 8.63 (d, J = 

4.2 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 36.9, 39.9, 92.7, 114.9 (d, J = 22.9 Hz, 1C), 119.7, 

121.6, 124.4 (d, J = 3.4 Hz, 1C), 124.8 (d, J = 14.0 Hz, 1C), 125.1, 127.2, 128.4, 128.6 (d, J = 

3.2 Hz, 1C), 128.9, 129.0, 136.6, 137.7, 148.9, 152.7, 158.6, 160.7 (d, J = 242.8 Hz, 1C), 

172.1, 199.0; HRMS (ESI-TOF) calcd. for C24H18FNNaO3 [M + Na]
+
 410.1163, found: 

410.1169. 

(S)-5-((R)-1-(3-fluorophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phen

ylfuran-2(5H)-one (3c). White solid; 28.8 mg, 74% yield; 99:1 

dr, >99% ee; [α]D
20

 = + 173.6 (c 1.440, CHCl3); m.p. 188.8-190.1 °C; 

HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  

= 254 nm) tR = 10.5 min (major), 12.9 min (minor); 
1
H NMR (300 

MHz, CDCl3) δ 3.16-3.27 (m, 1H), 4.24-4.34 (m, 2H), 5.70 (d, J = 5.7 Hz, 1H), 6.83-6.89 (m, 

1H), 7.02 (d, J = 9.9 Hz, 1H), 7.09 (d, J = 7.8 Hz, 1H), 7.15-7.22 (m, 1H), 7.27-7.42 (m, 4H), 

7.49-7.54 (m, 3H), 7.66-7.72 (m, 1H), 7.77 (d, J = 7.8 Hz, 1H), 8.63 (d, J = 4.5 Hz, 1H); 
13

C 

NMR (75 MHz, CDCl3) δ 37.8, 48.9, 92.6, 114.5 (d, J = 20.7 Hz, 1C), 116.0 (d, J = 21.5 Hz, 

1C), 119.7, 121.6, 124.4 (d, J = 2.8 Hz, 1C), 125.2, 127.2, 128.4, 129.0, 129.9 (d, J = 8.3 Hz, 

1C), 136.6, 137.8, 140.4 (d, J = 7.1 Hz, 1C), 148.9, 152.6, 158.8, 162.5 (d, J = 244.8 Hz, 1C), 

171.9, 199.0; HRMS (ESI-TOF) calcd. for C24H18FNNaO3 [M + Na]
+
 410.1163, found: 

410.1172.
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(S)-5-((R)-1-(4-fluorophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phen

ylfuran-2(5H)-one (3d). White solid; 33.1 mg, 86% yield; 94:6 dr, 

98% ee; [α]D
20

 = + 99.9 (c 1.655, CHCl3); m.p. 167.8-169.1 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 10.5 min (minor), 16.0 min (major); 
1
H NMR (300 MHz, 

CDCl3) δ 3.13-3.24 (m, 1H), 4.21-4.33 (m, 2H), 5.70 (d, J = 5.7 Hz, 

1H), 6.91 (t, J = 8.7 Hz, 2H), 7.24-7.32 (m, 3H), 7.34-7.42 (m, 3H), 7.51 (d, J = 6.0 Hz, 3H), 

7.66-7.77 (m, 2H), 8.62 (d, J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.9, 48.4, 92.8, 

115.3 (d, J = 21.1 Hz, 1C), 119.7, 121.6, 125.2, 127.2, 128.4, 129.0, 130.4 (d, J = 8.0 Hz, 1C), 

133.6 (d, J = 3.2 Hz, 1C), 136.7, 137.9, 148.9, 152.7, 159.0, 162.0 (d, J = 244.6 Hz, 1C), 

172.0, 199.2; HRMS (ESI-TOF) calcd. for C24H18FNNaO3 [M + Na]
+
 410.1163, found: 

410.1167. 

 

(S)-5-((R)-1-(2-chlorophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phenyl

furan-2(5H)-one (3e). White solid; 30.8 mg, 76% yield; 99:1 dr, >99% 

ee; [α]D
20 

= +198.7 (c 1.540, CHCl3); m.p. 97.5-99.3 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 

8.1 min (minor), 10.4 min (major); 
1
H NMR (300 MHz, CDCl3) δ 3.23 (dd, J = 3.3 Hz, 18.6 

Hz, 1H), 4.40 (dd, J = 11.1 Hz, 18.6 Hz, 1H), 4.98 (dd, J = 3.3 Hz, 11.1 Hz, 1H), 5.59 (d, J = 

5.7 Hz, 1H), 7.09-7.16 (m, 2H), 7.28-7.45 (m, 6H), 7.62 (d, J = 7.8 Hz, 2H), 7.65-7.76 (m, 

3H), 8.62 (d, J = 4.8 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.9, 44.1, 92.9, 119.4, 121.5, 

125.0, 127.2, 127.3, 128.4, 128.5, 128.6, 129.1, 129.4, 134.7, 135.6, 136.6, 137.9, 148.8, 

152.7, 158.4, 172.1, 199.1; HRMS (ESI-TOF) calcd. for C24H18ClNNaO3 [M + Na]
+
 426.0867, 

found: 426.0886. 

(S)-5-((R)-1-(4-chlorophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phen

ylfuran-2(5H)-one (3f). White solid; 29.5 mg, 73% yield; 96:4 dr, 

99% ee; [α]D
20

 = + 138.7 (c 1.475, CHCl3); m.p. 191.2-193.1 °C; 

HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  

= 254 nm) tR = 13.1 min (minor), 17.6 min (major); 
1
H NMR (300 

MHz, CDCl3) δ 3.13-3.24 (m, 1H), 4.23-4.34 (m, 2H), 5.71 (d, J = 5.7 

Hz, 1H), 7.17-7.26 (m, 4H), 7.31 (d, J = 7.2 Hz, 1H), 7.35-7.42 (m, 3H), 7.51 (d, J = 6.0 Hz, 

3H), 7.66-7.72 (m, 1H), 7.76 (d, J = 7.8 Hz, 1H), 8.62 (d, J = 4.2 Hz, 1H); 
13

C NMR (75 MHz, 

CDCl3) δ 37.8, 48.6, 92.6, 119.8, 121.6, 125.2, 127.3, 128.4, 128.6, 129.0, 130.2, 133.3, 136.4, 

136.7, 137.8, 148.9, 152.6, 158.9, 171.9, 199.1; HRMS (ESI-TOF) calcd. for C24H18ClNNaO3 

[M + Na]
+
 426.0867, found: 426.0875. 

(S)-5-((R)-1-(2-bromophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-pheny

lfuran-2(5H)-one (3g). White solid; 33.1 mg, 74% yield; >99:1 

dr, >99% ee; [α]D
20

 = + 179.2 (c 1.655, CHCl3); m.p. 92.5-93.9 °C; 

HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  

= 254 nm) tR = 8.6 min (minor), 10.7 min (major); 
1
H NMR (300 MHz,  

CDCl3) δ 3.23 (dd, J = 3.3 Hz, 18.6 Hz, 1H), 4.39 (dd, J = 11.1 Hz, 18.6 Hz, 1H), 4.97 (dd, J = 

3.3 Hz, 11.1 Hz, 1H), 5.59 (d, J = 5.7 Hz, 1H), 7.00-7.05 (m, 1H), 7.15-7.21 (m, 1H), 

7.28-7.44 (m, 5H), 7.54 (d, J = 7.8 Hz, 1H), 7.62-7.70 (m, 3H), 7.73-7.77 (m, 2H), 8.62 (d, J = 
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4.2 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 38.2, 47.2, 92.9, 119.3, 121.5, 125.0, 126.2, 127.2, 

127.9, 128.4, 128.6, 128.9, 129.1, 132.8, 136.6, 137.2, 137.9, 148.8, 152.6, 158.5, 172.1, 

199.0; HRMS (ESI-TOF) calcd. for C24H18BrNNaO3 [M + Na]
+
 470.0362, found: 470.0372. 

(S)-5-((R)-1-(3-bromophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phen

ylfuran-2(5H)-one (3h). White solid; 39.0 mg, 87% yield; >99:1 dr, 

98% ee; [α]D
20

 = + 81.4 (c 1.950, CHCl3); m.p. 208.9-210.3 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 11.1 min (major), 14.3 min (minor); 
1
H NMR (300 MHz, 

DMSO) δ 3.01 (dd, J = 1.8 Hz, 17.4 Hz, 1H), 4.16 (dd, J = 11.1 Hz, 

17.7 Hz, 1H), 4.31 (dd, J = 2.7 Hz, 11.1 Hz, 1H), 5.88 (d, J = 5.7 Hz, 1H), 7.14-7.19 (m, 1H), 

7.28-7.36 (m, 3H), 7.41-7.46 (m, 2H), 7.58-7.69 (m, 5H), 7.85-7.90 (m, 1H), 8.16 (d, J = 5.7 

Hz, 1H), 8.69 (d, J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, DMSO) δ 36.9, 47.6, 92.2, 118.6, 121.2, 

121.3, 125.2, 127.5, 128.0, 128.3, 129.0, 130.1, 132.3, 137.6, 138.2, 140.8, 149.2, 152.1, 

161.3, 171.8, 198.7; HRMS (ESI-TOF) calcd. for C24H18BrNNaO3 [M + Na]
+
 470.0362, found: 

470.0357. 

(S)-5-((R)-1-(4-bromophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-pheny

lfuran-2(5H)-one (3i). White solid; 33.5 mg, 75% yield; 98:2 dr, 99% 

ee; [α]D
20

 = + 131.7 (c 1.675, CHCl3); m.p. 177.9-178.8 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 16.8 min (minor), 20.8 min (major); 
1
H NMR (300 MHz, 

CDCl3) δ 3.11-3.24 (m, 1H), 4.21-4.34 (m, 2H), 5.71 (d, J = 5.7 Hz, 1H), 

7.18 (d, J = 8.4 Hz, 2H), 7.27-7.42 (m, 6H), 7.51 (d, J = 6.0 Hz, 3H), 7.66-7.77 (m, 2H), 8.62 

(d, J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.7, 48.6, 92.6, 119.8, 121.5, 121.6, 125.2, 

127.3, 128.4, 129.0, 130.5, 131.5, 136.7, 136.9, 137.8, 148.9, 152.6, 158.8, 171.9, 199.1; 

HRMS (ESI-TOF) calcd. for C24H18BrNNaO3 [M + Na]
+
 470.0362, found: 470.0360. 

(S)-5-((R)-1-(4-nitrophenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phenylf

uran-2(5H)-one (3j). White solid; 36.3 mg, 88% yield; >99:1 dr, 99% 

ee; [α]D
20

 = + 154.5 (c 1.815, CHCl3); m.p. 153.5-154.4 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 17.0 min (minor), 29.4 min (major); 
1
H NMR (300 MHz, 

CDCl3) δ 3.19-3.30 (m, 1H), 4.31-4.37 (m, 2H), 5.72 (d, J = 5.4 Hz, 1H), 

7.32-7.40 (m, 4H), 7.49-7.56 (m, 5H), 7.68-7.76 (m, 2H), 8.09 (d, J = 8.1 Hz, 2H), 8.63 (d, J = 

3.3 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.9, 49.0, 92.1, 120.1, 121.6, 123.6, 125.1, 127.5, 

128.7, 129.2, 129.9, 136.8, 137.3, 145.6, 147.2, 149.0, 152.4, 158.5, 171.5, 198.8; HRMS 

(ESI-TOF) calcd. for C24H18N2NaO5 [M + Na]
+
 437.1108, found: 437.1107. 

(S)-5-((R)-3-oxo-3-(pyridin-2-yl)-1-(m-tolyl)propyl)-5-phenylfuran-2

(5H)-one (3k). White solid, 32.2 mg, 84% yield; >99:1 dr, >99% ee; 

[α]D
20

 = + 72.2 (c 1.610, CHCl3); m.p. 170.5-171.7 °C; HPLC (AD-H,  

EtOH/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 7.8 

min (minor), 9.8 min (major); 
1
H NMR (300 MHz, CDCl3) δ 2.26 (s, 

3H), 3.19-3.30 (m, 1H), 4.21-4.32 (m, 2H), 5.66 (d, J = 5.7 Hz, 1H), 6.96-6.98 (m, 1H), 

7.08-7.13 (m, 3H), 7.27-7.31 (m, 1H), 7.33-7.41 (m, 3H), 7.51 (d, J = 6.3 Hz, 3H), 7.65-7.71 
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(m, 1H), 7.76 (d, J = 7.8 Hz, 1H), 8.63 (d, J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 21.4, 

37.8, 49.1, 93.0, 119.4, 121.6, 125.3, 125.8, 127.1, 128.2, 128.8, 129.7, 136.6, 137.8, 137.9, 

138.2, 148.8, 152.8, 159.1, 172.3, 199.3; HRMS (ESI-TOF) calcd. for C25H21NNaO3 [M + 

Na]
+
 406.1414, found: 406.1410. 

(S)-5-((R)-3-oxo-3-(pyridin-2-yl)-1-(p-tolyl)propyl)-5-phenylfuran-

2(5H)-one (3l). White solid; 23.4 mg, 61% yield; >99:1 dr, 99% ee; 

[α]D
20

 = + 108.8 (c 1.170, CHCl3); m.p. 165.1-166.4 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR 

= 14.9 min (minor), 16.5 min (major); 
1
H NMR (300 MHz, CDCl3) δ 

2.24 (s, 3H), 3.22 (m, 1H), 4.22-4.33 (m, 2H), 5.67 (d, J = 5.7 Hz, 1H), 

7.02 (d, J = 7.8 Hz, 2H), 7.17 (d, J = 7.5 Hz, 2H), 7.30 (d, J = 6.9 Hz, 1H), 7.34-7.39 (m, 3H), 

7.51 (d, J = 6.9 Hz, 3H), 7.68 (t, J = 7.5 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H), 8.62 (d, J = 3.9 Hz, 

1H); 
13

C NMR (75 MHz, CDCl3) δ 21.0, 37.9, 48.7, 93.1, 119.5, 121.6, 125.3, 127.1, 128.2, 

128.7, 128.9, 129.1, 134.7, 136.6, 137.0, 138.2, 148.8, 152.8, 159.2, 172.3, 199.4; HRMS 

(ESI-TOF) calcd. for C25H21NNaO3 [M + Na]
+
 406.1414, found: 406.1407. 

(S)-5-((R)-1-(4-methoxyphenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-ph

enylfuran-2(5H)-one (3m). White solid; 28.5 mg, 71% yield; 92:8 dr, 

96% ee; [α]D
20

 = + 224.8 (c 1.425, CHCl3); m.p. 148.2-149.1 °C; 

HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  

= 254 nm) tR = 19.8 min (minor), 27.3 min (major); 
1
H NMR (300 

MHz, CDCl3) δ 3.13-3.24 (m, 1H), 3.70 (s, 3H), 4.20-4.31 (m, 2H), 

5.68 (d, J = 5.7 Hz, 1H), 6.73 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 7.32-7.38 (m, 3H), 7.49-7.52 (m, 3H), 7.64-7.69 (m, 1H), 7,75 (d, J = 7.8 Hz, 1H), 8.61 

(d, J = 4.2 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.9, 48.3, 55.0, 93.1, 113.6, 119.4, 121.5, 

125.2, 127.1, 128.2, 128.8, 129.7, 129.8, 136.5, 138.1, 148.8, 152.7, 158.6, 159.2, 172.2, 

199.3; HRMS (ESI-TOF) calcd. for C25H21NNaO4 [M + Na]
+
 422.1363, found: 422.1361. 

(S)-5-((R)-1-(4-(benzyloxy)phenyl)-3-oxo-3-(pyridin-2-yl)propyl)-5-p

henylfuran-2(5H)-one (3n). White solid; 34.5 mg, 72% yield; >99:1 dr, 

99% ee; [α]D
20

 = + 74.7 (c 1.725, CHCl3); m.p. 166.1-168.2 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 17.1 min (minor), 36.7 min (major); 
1
H NMR (300 MHz, CDCl3)  

δ 3.15-3.25 (m, 1H), 4.20-4.31 (m, 2H), 4.91-4.96 (m, 2H), 5.69 (d, J = 

5.7 Hz, 1H), 6.83 (d, J = 8.7 Hz, 2H), 7.21 (d, J = 8.7 Hz, 2H), 7.28-7.41 (m, 9H), 7.51 (d, J = 

5.7 Hz, 3H), 7.66-7.72 (m, 1H), 7.77 (d, J = 7.8 Hz, 1H), 8.63 (d, J = 4.2 Hz, 1H); 
13

C NMR 

(75 MHz, CDCl3) δ 38.0, 48.4, 69.8, 93.2, 114.6, 119.6, 121.6, 125.3, 127.1, 127.5, 127.9, 

128.2, 128.5, 128.9, 129.9, 130.1, 136.6, 136.8, 138.2, 148.8, 152.8, 158.0, 159.2, 172.3, 

199.4; HRMS (ESI-TOF) calcd. for C31H25NNaO4 [M + Na]
+
 498.1676, found: 498.1681. 

(S)-5-((R)-1-(naphthalen-1-yl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phen

ylfuran-2(5H)-one (3o). White solid; 27.1 mg, 65% yield; 98:2 dr, 98% 

ee; [α]D
20

 = + 213.9 (c 1.355, CHCl3); m.p. 166.5-167.8 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 9.9 min (minor), 14.6 min (major); 
1
H NMR (300 MHz, CDCl3)  
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δ 3.40 (dd, J = 3.3 Hz, 18.3 Hz, 1H), 4.58 (dd, J = 10.5 Hz, 18.3 Hz, 1H), 5.31-5.38 (m, 2H), 

7.29-7.45 (m, 6H), 7.48-7.53 (m, 1H), 7.61-7.70 (m, 7H), 7.84 (d, J = 8.1 Hz, 1H), 8.46 (d, J = 

8.4 Hz, 1H), 8.65 (d, J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 38.6, 42.0, 93.0, 119.1, 

121.6, 122.3, 125.2, 125.3, 125.5, 126.5, 127.1, 128.0, 128.3, 129.0, 129.3, 132.2, 133.7, 

134.0, 136.6, 138.4, 148.8, 152.8, 158.2, 172.2, 199.4; HRMS (ESI-TOF) calcd. for 

C28H21NNaO3 [M + Na]
+
 442.1414, found: 442.1416. 

 

(S)-5-((R)-1-(furan-2-yl)-3-oxo-3-(pyridin-2-yl)propyl)-5-phenylfur

an-2(5H)-one (3p). White solid; 27.4 mg, 76% yield; >99:1 dr, 99% ee; 

[α]D
20

 = +96.1 (c 1.370, CHCl3); m.p. 131.7-132.9 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 

11.8 min (minor), 13.3 min (major); 
1
H NMR (300 MHz, CDCl3) δ 3.15 (dd, J = 3.0 Hz, 18.3 

Hz, 1H), 4.17 (dd, J = 11.1 Hz, 18.3 Hz, 1H), 4.44 (dd, J = 3.0 Hz, 11.1 Hz, 1H), 5.83 (d, J = 

5.7 Hz, 1H), 6.11 (d, J = 3.0 Hz, 1H), 6.17-6.19 (m, 1H), 7.24-7.26 (m, 1H), 7.29-7.48 (m, 6H), 

7.69-7.73 (m, 2H), 7.85 (d, J = 7.8 Hz, 1H), 8.63 (d, J = 4.8 Hz, 1H); 
13

C NMR (75 MHz, 

CDCl3) δ 36.7, 43.0, 92.2, 108.3, 110.5, 119.5, 121.7, 125.2, 127.2, 128.4, 128.9, 136.7, 137.5, 

141.5, 148.9, 151.9, 152.7, 158.4, 172.0, 198.9; HRMS (ESI-TOF) calcd. for C22H17NNaO4 

[M + Na]
+
 382.1050, found: 382.1050. 

 

(S)-5-((S)-3-oxo-3-(pyridin-2-yl)-1-(thiophen-2-yl)propyl)-5-phenyl

furan-2(5H)-one (3q). White solid; 31.9 mg, 85% yield; 96:4 dr, 97% 

ee; [α]D
20

 = +127.1 (c 1.595, CHCl3); m.p. 170.1-172.2 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 11.7 min (minor), 17.1 min (major); 
1
H NMR (300 MHz, CDCl3) δ 3.22 (dd, J = 3.0 

Hz, 18.3 Hz, 1H), 4.24 (dd, J = 10.8 Hz, 18.3 Hz, 1H), 4.62 (dd, J = 3.0 Hz, 10.8 Hz, 1H), 

5.77 (d, J = 5.7 Hz, 1H), 6.83-6.85 (m, 1H), 6.93 (d, J = 3.0 Hz, 1H), 7.08 (d, J = 5.1 Hz, 1H), 

7.27-7.41 (m, 4H), 7.52 (d, J = 7.2 Hz, 2H), 7.57 (d, J = 5.7 Hz, 1H), 7.67-7.73 (m, 1H), 7.80 

(d, J = 7.8 Hz, 1H), 8.61 (d, J = 4.8 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 39.6, 44.0, 92.5, 

119.7, 121.7, 124.5, 125.2, 126.4, 126.8, 127.2, 128.4, 129.0, 136.6, 137.7,  140.4, 148.9, 152,6, 

158.6, 172.2, 198.7; HRMS (ESI-TOF) calcd. for C22H17NNaO3S [M + Na]
+
 398.0821, found: 

398.0818. 

(R)-5-((S)-4-oxo-4-(pyridin-2-yl)butan-2-yl)-5-phenylfuran-2(5H)-o

ne (3r). White solid; 32.2 mg, 84% yield; 97:3 dr, >99% ee; [α]D
20

 = + 

249.3 (c 1.295, CHCl3); m.p. 151.1-151.9 °C; HPLC (OD-H, 

EtOH/hexane = 15/85, flow rate = 1.0 mL/min,  = 254 nm) tR = 7.4 

min (major), 9.0 min (minor); 
1
H NMR (300 MHz, CDCl3) δ 0.94 (d, J = 6.6 Hz, 3H), 3.01 (m, 

1H), 3.11-3.18 (m, 1H), 3.43 (dd, J = 9.9 Hz, 18.0 Hz, 1H), 6.08 (d, J = 5.7 Hz, 1H), 7.23-7.29 

(m, 1H), 7.31-7.36 (m, 2H), 7.39-7.44 (m, 3H), 7.67 (d, J = 5.7 Hz, 1H), 7.76 (t, J = 7.5 Hz, 

1H), 7.90 (d, J = 7.8 Hz, 1H), 8.60 (d, J = 4.2 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 14.6, 

36.7, 39.4, 93.9, 120.1, 121.6, 125.3, 127.1, 128.2, 128.8, 136.7, 138.4, 148.9, 153.0, 159.0, 

172.4, 200.3; HRMS (ESI-TOF) calcd. for C19H17NNaO3 [M + Na]
+
 330.1101, found: 

330.1107. 
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(S)-ethyl4-oxo-2-((S)-5-oxo-2-phenyl-2,5-dihydrofuran-2-yl)-4-(pyri

din-2-yl)butanoate (3s). White solid; 30.9 mg, 85% yield; >99:1 dr, 

99% ee; [α]D
20

 = + 123.0 (c 1.545, CHCl3); m.p. 182.8-183.6 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 14.4 min (major), 27.4 min (minor); 
1
H NMR (300 MHz, 

CDCl3) δ 1.08 (t, J = 7.2 Hz, 3H), 3.19-3.25 (m, 1H), 3.81-3.85 (m, 1H), 

3.90-4.11 (m, 3H), 6.10 (d, J = 5.7 Hz, 1H), 7.30-7.44 (m, 6H), 7.77 (t, J = 7.5 Hz, 1H), 

7.91-7.96 (m, 2H), 8.63 (d, J = 4.2 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 13.9, 35.9, 50.2, 

61.1, 90.2, 120.0, 121.6, 125.4, 127.4, 128.7, 129.0, 136.7, 137.3, 149.0, 152.4, 158.0, 170.6, 

171.2, 199.2; HRMS (ESI-TOF) calcd. for C21H19NNaO5 [M + Na]
+
 388.1155, found: 

388.1157. 

(S)-5-(4-fluorophenyl)-5-((R)-3-oxo-1-phenyl-3-(pyridin-2-yl)propyl)

furan-2(5H)-one (3t). White solid; 32.1 mg, 83% yield; 98:2 dr, 99% 

ee, [α]D
20

 = +140.2 (c 1.605, CHCl3); m.p. 80.4-81.6 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 

10.8 min (major), 11.5 min (minor); 
1
H NMR (300 MHz, CDCl3) δ 3.31 

(dd, J = 2.1 Hz, 16.8 Hz, 1H), 4.14-4.28 (m, 2H), 5.70 (d, J = 5.7 Hz, 

1H), 7.00-7.06 (m, 2H), 7.14-7.27 (m, 5H), 7.37-7.42 (m, 1H), 7.44-7.49 (m, 2H), 7.50-7.52 

(m, 1H), 7.66-7.72 (m, 1H), 7.77 (d, J = 7.8 Hz, 1H ), 8.63 (d, J = 4.5 Hz, 1H); 
13

C NMR (75 

MHz, CDCl3) δ 37.8, 49.3, 92.5, 115.8 (d, J = 21.5 Hz, 1C), 119.8, 121.6, 127.2, 127.4 (d, J = 

18.4 Hz, 1C), 128.4, 128.9, 134.0 (d, J = 3.1 Hz, 1C), 136.6, 137.7, 148.8, 152.7, 158.6, 162.4 

(d, J = 246.4 Hz, 1C), 171.9, 199.1; HRMS (ESI-TOF) calcd. for C24H18FNNaO3 [M + Na]
+
 

410.1163, found: 410.1170. 

(S)-5-(4-chlorophenyl)-5-((R)-3-oxo-1-phenyl-3-(pyridin-2-yl)propyl

)furan-2(5H)-one (3u). White solid; 34.7 mg, 86% yield; 98:2 dr, 99% 

ee; [α]D
20

 = +143.6 (c 1.735, CHCl3); m.p. 145.1-147.2 °C; HPLC 

(AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 15.0 min (minor), 17.0 min (major). 
1
H NMR (300 MHz, 

CDCl3) δ 3.30 (dd, J = 1.8 Hz, 16.2 Hz, 1H), 4.14-4.28 (m, 2H), 5.70 (d, 

J = 5.7 Hz, 1H), 7.16-7.29 (m, 5H), 7.30-7.33 (m, 2H), 7.38-7.45 (m, 3H), 7.49 (d, J = 5.7 Hz 

1H), 7.67-7.78 (m, 2H), 8.63 (d, J = 4.2 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.8, 49.2, 

92.4, 119.9, 121.7, 126.8, 127.2, 127.6, 128.5, 128.9, 129.0, 134.3, 136.6, 136.7, 137.6, 148.8, 

152.7, 158.4, 171.7, 199.1; HRMS (ESI-TOF) calcd. for C24H18ClNNaO3 [M + Na]
+
 426.0867, 

found: 426.0872. 

(S)-5-(4-bromophenyl)-5-((R)-3-oxo-1-phenyl-3-(pyridin-2-yl)propy

l)furan-2(5H)-one (3v). White solid; 34.5 mg, 77% yield; 97:3 dr, 98% 

ee; [α]D
20

 = +135.8 (c 1.725, CHCl3); m.p. 155.4-157.1 °C; HPLC 

(Chiralpak AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min, 

 = 254 nm) tR = 17.1 min (minor), 24.0 min (major). 
1
H NMR (300 

MHz, CDCl3) δ 3.30 (dd, J = 1.8 Hz, 16.2 Hz, 1H), 4.14-4.27 (m, 2H), 

5.69 (d, J = 5.7 Hz, 1H), 7.14-7.29 (m, 5H), 7.35-7.43 (m, 3H), 7.46-7.49 (m, 3H), 7.67-7.78 

(m, 2H), 8.62-8.64 (m, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.8, 49.1, 92.5, 119.9, 121.7, 

122.5, 127.1, 127.2, 127.6, 128.5, 128.9, 132.0, 136.6, 137.2, 137.6, 148.8, 152.7, 158.4, 
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171.7, 199.1; HRMS (ESI-TOF) calcd. for C24H18BrNNaO3 [M + Na]
+
 470.0362, found: 

470.0369. 

 

(S)-5-((R)-3-oxo-1-phenyl-3-(pyridin-2-yl)propyl)-5-(p-tolyl)furan-2

(5H)-one (3w). White solid; 30.9 mg, 81% yield; 98:2 dr, 99% ee; 

[α]D
20

 = +147.5 (c 1.545, CHCl3); m.p. 159.1-160.8 °C; HPLC 

(Chiralpak AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min, 

 = 254 nm) tR = 12.2 min (minor), 23.9 min (major). 
1
H NMR (300 

MHz, CDCl3) δ 2.31 (s, 3H), 3.20-3.31 (m, 1H), 4.24-4.34 (m, 2H), 5.64 (d, J = 5.7 Hz, 1H), 

7.13-7.24 (m. 5H), 7.28-7.31 (m, 2H), 7.36-7.41 (m, 3H), 7.49 (d, J = 5.7 Hz, 1H), 7.65-7.71 

(m, 1H), 7.75 (d, J = 7.8 Hz, 1H), 8.62 (d, J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 20.9, 

37.9, 49.1, 93.0, 119.3, 121.6, 125.2, 127.1, 127.4, 128.4, 128.9, 129.5, 135.1, 136.5, 138.0, 

138.1, 148.8, 152.8, 159.3, 172.3, 199.3; HRMS (ESI-TOF) calcd. for C25H21NNaO3 [M + 

Na]
+
 406.1414, found: 406.1415. 

(S)-5-(naphthalen-2-yl)-5-((R)-3-oxo-1-phenyl-3-(pyridin-2-yl)prop

yl)furan-2(5H)-one (3x). White solid; 35.7 mg, 85% yield; 97:3 dr, 

99% ee; [α]D
20

 = + 154.5 (c 1.785, CHCl3); m.p. 206.9-207.8 °C; 

HPLC (Chiralpak AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 

mL/min,  = 254 nm) tR = 14.9 min (minor), 34.7 min (major); 
1
H 

NMR (300 MHz, CDCl3) δ 3.37 (dd, J = 3.6 Hz, 18.0 Hz, 1H), 4.26 (dd, 

J = 10.2 Hz, 18.0 Hz, 1H), 4.43 (dd, J = 3.6 Hz, 10.2 Hz, 1H), 5.69 (d, 

J = 5.7 Hz, 1H), 7.16-7.28 (m. 3H), 7.30-7.38 (m, 3H), 7.46-7.51 (m, 2H), 7.56-7.66 (m, 4H), 

7.79-7.82 (m, 2H), 7.87 (d, J = 8.7 Hz, 1H), 8.01 (d, J = 1.5 Hz, 1H), 8.58 (d, J = 4.5 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 37.9, 49.1, 93.1, 119.6, 121.5, 122.8, 124.6, 126.5, 126.6, 127.0, 

127.5, 128.2, 128.4, 128.8, 128.9, 132.8, 133.1, 135.4, 136.5, 137.9, 148.7, 152.7, 159.0, 

172.2, 199.2; HRMS (ESI-TOF) calcd. for C28H21NNaO3 [M + Na]
+
 442.1414, found: 

442.1406. 

(S)-5-((1R,3S)-3-hydroxy-1-phenyl-3-(pyridin-2-yl)propyl)-5-phenyl

dihydrofuran-2(3H)-one (4). White solid; 16.5 mg, 23% yield, >99% 

ee; [α]D
20

 = +14.0 (c, CHCl3); m.p. 92.4-94.3 °C; HPLC (OD-H, 

i-propanol/n-hexane = 15/85, flow rate = 1.0 mL/min,  = 254 nm) tR = 

12.0 min (minor), 15.2 min (major); 
1
H NMR (300 MHz, CDCl3) δ 

1.47-1.56 (m, 1H), 1.56-1.67 (m, 1H), 2.03-2.32 (m, 3H), 2.42-2.52 (m, 1H), 3.69 (dd, J = 2.7 

Hz, 12.3 Hz, 1H), 4.10-4.18 (m, 2H), 6.98 (d, J = 7.8 Hz, 1H), 7.10 (dd, J = 5.1 Hz, 7.2 Hz, 

1H), 7.24-7.44 (m, 8H), 7.48-7.51 (m, 2H), 7.54-7.60 (m, 1H), 8.38 (d, J = 4.8 Hz, 1H); 
13

C 

NMR (75 MHz, CDCl3) δ 28.2, 34.3, 39.5, 52.4, 69.5, 91.1, 120.0, 122.2, 124.6, 127.4, 127.6, 

128.6, 128.9, 130.2, 136.6, 138.5, 143.8, 147.8, 161.6, 177.0; HRMS (EI) calcd. for 

C24H19NNaO4 [M]
+
 373.1678, found: 373.1670. 

(S)-5-((1R,3R)-3-hydroxy-1-phenyl-3-(pyridin-2-yl)propyl)-5-phenyl

dihydrofuran-2(3H)-one (4'). White solid; 32.3 mg, 44% yield, >99% 

ee; [α]D
20

 = + 3.8 (c, CHCl3); m.p. 129.6-131.1 °C; HPLC (OD-H, 

i-propanol/n-hexane = 15/85, flow rate = 1.0 mL/min,  = 254 nm) tR = 
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8.3 min (major), 12.1 min (minor); 
1
H NMR (300 MHz, CDCl3) δ 1.47-1.65 (m, 1H), 

2.07-2.37 (m, 5H), 3.12 (dd, J = 3.6 Hz, 8.7 Hz, 1H), 3.60 (br s, 1H), 4.12 (t, J = 6.3 Hz, 1H), 

6.76 (d, J = 7.8 Hz, 1H), 7.04-7.09 (m, 1H), 7.17-7.38 (m, 10H), 7.44-7.50 (m, 1H), 8.35 (d, J 

= 4.8 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 28.3, 33.8, 39.2, 51.5, 71.5, 90.9, 120.9, 122.3, 

124.9, 127.2, 127.6, 128.5, 130.0, 136.2, 139.3, 143.4, 148.3, 160.9, 176.7; HRMS (EI) calcd. 

for C24H19NNaO4 [M]
+
 373.1678, found: 373.1685. 

2-(3-(5-oxo-2-phenyl-2,5-dihydrofuran-2-yl)-3-phenylpropanoyl)p

yridine 1-oxide (8). White solid; 25.7 mg, 67% yield, 99:1 dr, 90% ee; 

[α]D
20

 = +105.4 (c 1.000, CHCl3); m.p. 155.5-157.1 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR 

= 13.8 min (major), 20.2 min (minor); 
1
H NMR (300 MHz, CDCl3) δ 

3.43 (dd, J = 4.2 Hz, 17.7 Hz, 1H), 3.98 (dd, J = 10.2 Hz, 17.7 Hz, 1H), 4.22 (dd, J = 4.2 Hz, 

10.2 Hz, 1H), 5.67 (d, J = 5.7 Hz, 1H), 7.00-7.11 (m, 2H), 7.12-7.29 (m, 6H), 7.30-7.41 (m, 

3H), 7.45-7.50 (m, 3H), 8.09 (d, J = 6.6 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 43.4, 49.4, 

92.5, 119.8, 125.1, 125.4, 126.6, 127.6, 127.7, 128.4, 128.9, 137.5, 137.8, 140.2, 158.6, 171.8, 

195.8; HRMS (ESI-TOF) calcd. for C24H19NNaO4 [M + Na]
+
 408.1206, found: 408.1211. 

5-(3-oxo-1-phenyl-3-(pyridin-3-yl)propyl)-5-phenylfuran-2(5H)-one 

(10). White solid; 16.4 mg, 44% yield, 96:4 dr, 92% ee; [α]D
20

 = +111.7 

(c 0.820, CHCl3); m.p. 184.2-185.7 °C; HPLC (AD-H,  

i-propanol/n-hexane = 25/75, flow rate = 1.0 mL/min,  = 254 nm) tR = 

15.1 min (major), 31.7 min (minor); 
1
H NMR (400 MHz, CDCl3) δ 

3.18 (dd, J = 3.3 Hz,17.8 Hz, 1H), 3.82 (dd, J = 10.1 Hz, 17.8 Hz, 1H), 4.31 (dd, J = 3.2 Hz, 

10.1 Hz, 1H), 5.65 (d, J = 5.6 Hz, 1H), 7.16-7.38 (m, 7H), 7.39-7.47 (m, 2H), 7.50 (d, J = 5.6 

Hz, 1H), 7.52-7.62 (m, 2H), 7.96-8.08 (m, 1H), 8.71 (d, J = 4.8 Hz, 1H), 8.99 (s, 1H); 
13

C 

NMR (101 MHz, CDCl3) δ 29.7, 39.3, 48.9, 76.8, 92.7, 119.4, 123.5, 125.1, 127.8, 128.6, 

128.6, 128.7, 129.2, 131.8, 135.2, 137.5, 137.9, 149.4, 153.5, 159.2, 172.1, 196.3; HRMS 

(ESI-TOF) calcd. for C24H19NNaO3 [M + Na]
+
 392.1257, found: 392.1253. 

5-(3-oxo-1-phenyl-3-(pyridin-4-yl)propyl)-5-phenylfuran-2(5H)-on

e (12). White solid; 22.5 mg, 61% yield, 99:1 dr, 93% ee; [α]D
20

 = 

+134.2 (c 1.125, CHCl3); m.p. 186.8-188.1 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR 

= 9.2 min (minor), 9.9 min (major); 
1
H NMR (400 MHz, CDCl3) δ 

3.17 (dd, J = 3.2 Hz, 17.9 Hz, 1H), 3.81 (dd, J = 10.0 Hz, 18.0 Hz, 1H), 4.28 (dd, J = 3.3 Hz, 

10.1 Hz, 1H), 5.66 (d, J = 5.6 Hz, 1H), 7.19-7.25 (m, 1H), 7.27-7.37 (m, 5H), 7.39-7.45 (m, 

2H), 7.49 (d, J = 5.6 Hz, 1H), 7.50-7.55 (m, 3H), 7.56 (d, J = 1.7 Hz, 1H), 8.72 (d, J = 5.3 Hz, 

2H); 
13

C NMR (101 MHz, CDCl3) δ 39.4, 48.9, 76.7, 92.7, 119.4, 120.8, 125.1, 127.9, 128.6, 

128.6, 128.8, 129.2, 137.4, 137.8, 142.3, 150.8, 159.1, 172.0, 197.0; HRMS (ESI-TOF) calcd. 

for C24H19NNaO3 [M + Na]
+
 392.1257, found: 392.1247. 
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4. X-ray crystallography of compound 3q 

  

 

 

 

Table 1 Crystal data and structure refinement for 3q (CCDC. 1057095). 

Identification code  3q  

Empirical formula  C22H17NO3S  

Formula weight  375.30  

Temperature/K  290(2)  

Crystal system  monoclinic  

Space group  C2  

a/Å  20.9821(9)  

b/Å  6.4380(3)  

c/Å  15.2420(5)  

α/°  90  

β/°  111.466(3)  

γ/°  90  

Volume/Å
3
  1916.11(14)  

Z  4  

ρcalcg/cm
3
  1.301  

μ/mm
-1

  1.679  

F(000)  784.0  

Crystal size/mm
3
  0.390 × 0.380 × 0.310  

Radiation  CuKα (λ = 1.54184)  

2Θ range for data collection/°  9.058 to 139.4  

Index ranges  -25 ≤ h ≤ 25, -7 ≤ k ≤ 7, -18 ≤ l ≤ 18  

Reflections collected  12444  

Independent reflections  3429 [Rint = 0.0415, Rsigma = 0.0299]  

Data/restraints/parameters  3429/7/244  

Goodness-of-fit on F
2
  1.089  

Final R indexes [I>=2σ (I)]  R1 = 0.0788, wR2 = 0.2317  

Final R indexes [all data]  R1 = 0.0802, wR2 = 0.2342  
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Largest diff. peak/hole / e Å
-3

  0.99/-0.55  

Flack parameter 0.066(58) 
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5. 
1
H, 

13
C NMR, and HPLC spectra for compounds 3a-x, and compounds 4, 4', 8, 10 

and 12. 
1
H NMR, 

13
C NMR and HPLC of 3a  
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1
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1
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1
H NMR, 
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C NMR and HPLC of 8 
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1
H NMR, 
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C NMR and HPLC of 10 
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1
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C NMR and HPLC of 12 
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