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General Methods:  

 

All reactions were carried out in oven-dried standard Schlenk techniques with magnetic 

stirring. Dichloromethane (DCM) and dichloroethane (DCE) was distilled from CaH2 under an 

atmosphere of argon. Toluene was as distilled from Sodium under an atmosphere of argon. 1H 

NMR spectra were recorded on a BRUKER 400 (400 MHz) spectrometer. Chemical shifts are 

reported in ppm from tetramethylsilane(TMS: 0 ppm) with the solvent resonance as the internal 

standard. Data are reported as follows: chemical shift, integration, multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet), and coupling constants (Hz). 13C NMR spectra 

were recorded on a BRUKER 400 (100 MHz) spectrometer with complete proton decoupling. 

Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance as the 

internal standard (CDCl3: 77.0 ppm, acetone-d6: 205.87) 

Aldehydes were purchased from commercial company and 2a-2f were synthesized 

according to the literature procedure
11

. 

 

Figure S1. X-ray of 3fk 

 

 

 

                                                             
(1) Zhang, G.; Zhang, L. J. Am. Chem. Soc. 2008, 130, 12598. 



Figure S2. X-ray of (R,R,R)-5bAuCl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Additionally Screened Reaction Conditions
a
: 

 

 

 

Entry  Ligand(5% mol)  AgNTf2( mol%)
 
 

Yield 

(%)  
Ee % 

1  (R)–MeO-BIPHEP  10  61  14.1 

2  (S)-SEGPHOS  10  49  13.1 

3  (R)-MeO-XylBIPHEP  10  65  47 

4  (R)-MeO-XylBIPHEP  AgOTf (10) 16  48 

5  (R)-MeO-XylBIPHEP  AgSbF6 (10) 45  46 

6  (R)-MeO-DTF-BIPHEP  10  52  39 

7  (R)-MeO-TF-BIPHEP  10  53  42 

8  (R)-MeO-DTBM-BIPHEP  10  31  65 

9  (S)-MOP  10  50  40 

10  (S)-Bn-MOP  10  53  34 

11  (R)-DTBM-SEGPHOS  10  20  31 

12  (S, R, R)-4a  5  48  68 

13  (R)-MeO-DTF-O-BIPHEP  10  56  45 

14b (S,R,R)-5a AgOTf 39 81 

15b (S,R,R)-5a AgSbF6 50 88 

16b (S,R,R)-5a AgOC4F7 -- -- 

17b (S,R,R)-5a AgBF4 46 88 

18b (S,R,R)-5a AgBAr4
c
 17 91 

a 
General conditions: substrate 1a (0.4 mmol, 1 equiv), anisaldehyde 2a (2 equiv) and 

LAun(NTf2)n, (5*n mol% AgNTf2, n= 1 or 2) in 8 mL solvent at 25 
o
C for 1h. Isolated yields are 

shown, unless otherwise noted.
 b
 Reaction performed at 0 

o
C. 

c 
Ar = 3,5-CF3C6H3. 

 

General Procedure for asymmetric gold-catalyzed cycloaddition  

 

  After the solution of ligand (5.0 mol %) and Me2SAuCl (5 mol %) in CH2Cl2was stirred at rt 

for 2 h, the solvent was removed in vacuum. Then a solution of AgNTf2 (5 mol %) in DCM (1 mL) 

was added to the residue and the mixture was stirred at 0 
o
C for 15 min. The above catalyst 

solution then was added to the solution of alkyne 1 (0.4 mmol) and aldehyde 2 (0.8 mmol) with 

150 mg 3Å  MS in DCM (7 mL) at 0 
o
C. The reaction was determined by TLC, after the less 

component was consumed, the solution was removed under reduced pressure. The diastereomeric 

ratio was determined by crude 
1
H NMR, the resulting crude mixture was purified by flash column 

chromatography on silica gel to afford product. The enantiomeric excesses of the products were 

determined by chiral stationary phase HPLC using a Chiralpak IC, AD-H, AD-3 and Chiralcel 

OZ-3.  



 

General Procedure A: (S,R,R)-5a used as the ligand. 

General Procedure B: (R,R,R)-5b used as the ligand. 

General Procedure C :(R)-MeO-DTBM-BIPHEP as the ligand, Me2SAuCl (10 mol %). 

General Procedure D :(S)-MeO-DTBM-BIPHEP as the ligand, Me2SAuCl (10 mol %). 

 

Characterization Data for New Compounds: 

 

   
1. (S)-isopropyl 4-ethoxy-2-(4-methoxyphenyl)-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 73% yield; 93% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.28 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 5.74(s, 1H), 4.81 -4.73 (m, 1H), 4.68-4.59 (m, 1H), 4.25-4.16 (m, 

1H), 3.77 (s, 3H), 1.75-1.57 (m, 9H), 1.32 (t, J = 7.2 Hz, 3H), 1.29-1.20 (m, 1H), 1.11 (d, J = 6.4 Hz, 3H), 0.76 (d, 

J = 6.0 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 167.47, 163.30, 159.29, 134.63, 129.19, 113.30, 102.76, 85.71, 

83.59, 69.65, 67.20, 55.19, 34.86, 33.48, 24.99, 21.88, 21.70, 21.45, 21.01, 15.19; MS (EI): m/z (%): 374 (M+, 

36.12); 285 (100), HRMS calcd for C22H30O5: 374.2093, found: 374.2094. Enantiomeric excess was determined 

by HPLC with a Chiralpak AD-H column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 

5.01 min, minor enantiomer tr = 5.99 min. 

  

# Time (min) Area Area % # Time (min) Area Area % 

1 5.01 462.394 50.14 1 5.01 321.807 96.48 

2 5.98 459.745 49.86 2 5.99 11.724 3.52 

 

 



 

2. (S)-isopropyl 2-(4-(dimethylamino)phenyl)-4-ethoxy-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 65% yield; 97% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.22 (d, J = 8.0 Hz, 2H), 6.67 (d, J = 8.0 Hz, 2H), 5.71 (s, 1H), 4.81-4.74 (m, 1H), 4.66-4.58 (m, 1H), 4.23-4.14 (m, 

1H), 2.90 (s, 6H), 1.75-1.58 (m, 9H), 1.32 (t, J = 7.2 Hz, 3H), 1.26-1.17 (m, 1H), 1.11 (d, J = 6.4 Hz, 3H), 0,79 (d, 

J = 6.0 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 167.19, 163.58, 150.56, 130.52, 128.82, 112.33, 103.09, 85.46, 

83.83, 69.54, 67.17, 40.76, 34.94, 33.58, 25.09, 21.95, 21.77, 21.52, 21.10, 15.23; MS (EI): m/z (%): 387 (M+, 

63.19); 148 (100), HRMS calcd for C23H33NO4: 387.2410, found: 387.2412. Enantiomeric excess was determined 

by HPLC with a Chiralpak AD-H column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 

5.11 min, minor enantiomer tr = 6.57 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 5.03 448.955 49.94 1 5.11 480.124 98.38 

2 6.43 450.046 50.06 2 6.57 7.886 1.62 

 

 

3. (S,E)-isopropyl 4-ethoxy-2-styryl-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 73% yield; 88% ee; colorless oil. 1H NMR (400 MHz, CDCl3) δ 

7.36 (d, J = 7.6 Hz, 2H), 7.31-7.23 (m, 2H), 7.21 (t, J = 7.2 Hz, 1H), 6.62 (d, J = 15.6 Hz, 1H), 6.18 (dd, J = 15.6 

Hz, 7.2 Hz, 1H), 5.43 (d, J = 7.2 Hz, 1H), 5.10-4.95 (m, 1H), 4.60-4.48 (m, 1H), 4.40-4.29 (m, 1H), 1.70-1.59 (m, 

10H), 1.31 (t, J = 7.2 Hz, 3H), 2.24 (d, J = 6.0 Hz, 3H), 1.15 (d, J = 6.4 Hz, 3H)；13C NMR (100 MHz, CDCl3, δ 

167.78, 163.12, 136.98, 131.45, 130.86, 128.42, 127.43, 126.57, 101.28, 86.22, 82.86, 70.08, 67.45, 35.30, 34.19, 

25.00, 21.95, 21.80, 21.72, 21.66, 15.31; MS (EI): m/z (%): 370 (M+, 4.40); 128 (100), HRMS calcd for C23H30O4: 

370.2144, found: 370.2142. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (95:5 

hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 5.25 min, minor enantiomer tr = 6.30 min. 



 

# Time (min) Area Area % # Time (min) Area Area % 

1 5.27 604.919 50.82 1 5.25 650.177 93.90 

2 6.33 585.325 49.18 2 6.30 42.266 6.10 

 

 

4. (S)-isopropyl 4-ethoxy-2-(2-methoxyphenyl)-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 71% yield; 77% ee; colorless oil. 1H NMR (400 MHz, CDCl3) δ 

7.30-7.26 (m, 1H), 7.23-7.18 (m, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.6 Hz, 1H), 6.35 (s, 1H), 4.80-4.60 (m, 

2H), 4.28-4.19 (s, 1H), 3.84 (s, 3H), 1.80-1.55 (m, 10H), 1.33 (t, J = 7.2 Hz, 3H), 1.07 (d, J = 6.4 Hz, 3H), 0.64 (d, 

J = 6.0 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 167.90, 163.23, 157.57, 128.77, 128.73, 120.56, 110.45, 102.64, 

96.40, 85.65, 75.99, 69.73, 66.93, 55.37, 34.70, 33.43 25.04, 25.01, 21.91, 21.59, 21.43, 20.71；MS (EI): m/z (%): 

374 (M+, 33.22); 285 (100), HRMS calcd for C22H30O5: 374.2093, found: 374.2094. Enantiomeric excess was 

determined by HPLC with a Chiralpak AD-H column (98:2 hexane: 2-propanol, 0.8 mL/min, 254 nm); major 

enantiomer tr = 4.85 min, minor enantiomer tr = 7.03 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 5.01 466.764 50.02 1 4.85 611.826 88.45 

2 7.35 466.016 49.98 2 7.03 79.895 11.55 

 



 

 

5. (S)-isopropyl 2-(2,4-dimethoxyphenyl)-4-ethoxy-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 78% yield; 84% ee; white solid.1H NMR (400 MHz, CDCl3) δ 

7.21 (d, J = 8.4 Hz, 1H), 6.45 (d, J = 8.4 Hz, 1H), 6.40 (s, 1H), 6.25 (s, 1H), 4.79-4.72 (m, 1H), 4.68-4.60 (m, 1H), 

4.25-4.17 (m, 1H), 3.81 (s, 3H), 3.78 (s, 3H), 1.74-1.57 (m, 9H), 1.32 (t, J = 6.4 Hz, 3H), 1.60-1.90 (m, 1H), 1.09 

(d, J = 5.6 Hz, 3H), 0.71 (d, J = 5.6 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 167.53, 163.36, 160.33, 158.55, 

129.50, 123.40, 104.44, 102.70, 98.01, 85.34, 75.85, 69.58, 66.90, 55.28, 55.24, 34.72, 33.38, 25.02, 21.89, 21.61, 

21.42, 20.86, 15.19；MS (EI): m/z (%): 404 (M+, 14.87; 165 (100), HRMS calcd for C23H32O6: 404.2199, found: 

404.2200. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (98:2 hexane: 

2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 7.57 min, minor enantiomer tr = 9.64 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 7.58 82.750 49.76 1 7.57 1485.704 92.02 

2 9.62 689.300 50.24 2 9.64 128.760 7.98 

 

 

6. (R)-isopropyl 4-ethoxy-2-(1H-pyrrol-2-yl)-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 71% yield; 82% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

8.34 (brs, 1H), 6.70-6.68 (m, 1H), 6.15-6.13 (m, 1H), 6.11-6.08 (m, 1H), 5.88 (s, 1H), 4.95-4.87 (m, 1H), 

4.57-4.49 (m, 1H), 4.31-4.22 (m, 1H), 1.69-1.59 (m, 10H), 1.31 (t, J = 7.2 Hz, 3H), 1.18(d, J = 6.0 Hz, 3H), 0.99 

(d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.75, 163.54, 132.87, 117.27, 108.12, 106.89, 101.45, 85.79, 

77.44, 70.06, 67.72, 34.97, 33.70, 25.00, 21.80, 21.63, 21.28, 15.29; MS (EI): m/z (%): 333 (M+, 54.27); 244 (100), 

HRMS calcd for C19H27NO4: 333.1940, found: 333.1938. Enantiomeric excess was determined by HPLC with a 

Chiralpak AD-H column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); minor enantiomer tr = 10.39 min, major 

enantiomer tr = 12.61 min. 



 

# Time (min) Area Area % # Time (min) Area Area % 

1 10.12 57.915 49.93 1 10.39 80.923 9.24 

2 12.14 58.085 50.07 2 12.61 794.446 90.76 

  

 

7. (R)-isopropyl 2-(1-benzyl-1H-indol-3-yl)-4-ethoxy-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure B: 62% yield; 92% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.80 (d, J = 7.6 Hz, 1H), 7.28-7.19 (m, 4H), 7.14-7.05 (m, 5H), 6.13 (s, 1H), 5.23 (s, 2H), 4.75-4.64 (m, 2H), 

4.22-4.17 (m, 1H), 1.84-1.51 (m, 9H), 1.34 (t, J = 7.2 Hz, 3H), 1.22-1.18 (m, 1H), 0.99 (d, J = 6.4 Hz, 3H), 0.53 (d, 

J = 6.0 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 167.00, 163.77, 137.42, 136.89, 128.59, 127.63, 127.50, 127.28, 

126.90, 121.57, 120.32, 119.21, 116.72, 109.46, 102.54, 85.25, 76.79, 69.51, 67.01, 49.96, 34.25, 33.19, 25.05, 

21.97, 21.57, 20.85, 15.26; MS (EI): m/z (%): 473 (M+, 27.93); 91 (100), HRMS calcd for C30H35NO4: 473.2566, 

found: 473.2568. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (98:2 hexane: 

2-propanol, 0.8 mL/min, 254 nm); minor enantiomer tr = 6.91 min, major enantiomer tr = 12.10 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 7.31 63.927 50.33 1 6.91 11.685 3.85 

2 12.16 63.0086 49.67 2 12.10 291.995 96.15 



 

8. (R)-isopropyl 2-(1-allyl-1H-indol-3-yl)-4-ethoxy-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure B: 70% yield; 87% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.77 (d, J = 8.0 Hz, 1H), 7.26-7.22 (m, 1H), 7.17-7.12 (m, 1H), 7.08-7.04 (m, 2H), 6.13 (s, 1H), 5.98-5.89 (m, 1H), 

5.16 (dd, J = 10.4, 1.2 Hz, 1H), 5.10 (dd, J = 16.8, 1.2 Hz, 1H), 4.76-4.63 (m, 4H), 4.23-4.16 (m, 1H), 1.84-1.52 

(m, 9H), 1.34 (t, J = 7.2 Hz, 3H), 1.26-1.17 (m, 1H), 1.01 (d, J = 6.4 Hz, 3H), 0.57 (d, J = 6.4 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 166.87, 163.78, 136.65, 133.40, 127.28, 127.21, 121.34, 120.24, 119.07, 117.22, 116.30, 

109.33, 102.57, 85.20, 76.77, 69.47, 66.96, 48.73, 34.21, 33.10, 25.03, 21.95, 21.57, 21.55, 20.82, 15.23；MS (EI): 

m/z (%): 423 (M+, 100.00); 423 (100), HRMS calcd for C26H33NO4: 423.2410, found: 423.2411. Enantiomeric 

excess was determined by HPLC with a Chiralcel OZ-3 column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); 

minor enantiomer tr = 5.46 min, major enantiomer tr = 9.09 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 5.62 1256.7 50.63 1 5.46 27.007 6.68 

2 9.31 125.579 49.37 2 9.09 377.244 93.32 

 

 

9. (R)-isopropyl 2-(1-benzyl-5-methoxy-1H-indol-3-yl)-4-ethoxy-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure B: 63% yield; 90% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.27-7.21 (m, 4H), 7.10-7.06 (m, 4H), 6.78 (dd, J = 8.8, 2.0 Hz, 1H), 6.11 (s, 1H), 5.19 (s, 2H), 4.77-4.61 (m, 2H), 

4.25-4.18 (m, 1H), 3.82 (s, 3H), 1.85-1.54 (m, 9H), 1.34 (t, J = 7.2 Hz, 3H), 1.26-1.17 (m, 1H), 1.01 (d, J = 6.0 Hz, 

3H), 0.57 (d, J = 6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.85, 163.71, 153.61, 137.44, 132.08, 128.53, 

128.17, 127.63, 127.44, 126.76, 116.06, 111.69, 110.20, 102.39, 102.02, 85.15, 76.76, 69.50, 67.00, 55.66, 50.10, 



34.27, 33.11, 25.00, 21.92, 21.58, 21.53, 20.87, 15.24；MS (EI): m/z (%): 503 (M+, 45.85); 91 (100), HRMS calcd 

for C31H37NO5: 503.2672, found: 503.2670. Enantiomeric excess was determined by HPLC with a Chiralecl OZ-3 

column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); minor enantiomer tr = 8.63 min, major enantiomer tr = 

13.30 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 8.43 214.797 50.28 1 8.63 12.625 5.26 

2 12.88 212.417 49.72 2 13.30 227.588 94.74 

 

 

10. (R)-isopropyl 4-ethoxy-2-(5-methoxy-1-tosyl-1H-indol-3-yl)-1-oxaspiro[4.5]dec-3-ene-3-carboxylate. 

Prepared according to the general procedure B: 62% yield; 92% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.84 (d, J = 9.2 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H),7.45 (s, 1H), 7.21-7.15 (m, 3H), 6.89 (dd, J = 9.2, 2.4 Hz, 1H), 

5.99 (s, 1H), 4.75-4.63 (m, 2H), 4.33-4.28 (m, 1H), 3.80 (s, 3H), 2.33 (s, 3H), 1.74-1.44 (m, 9H), 1.35 (t, J = 7.2 

Hz, 3H), 1.21-1.17 (m, 1H), 1.02 (d, J = 6.4 Hz, 3H), 0.51 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

168.23, 162.95, 155.99, 144.71, 135.30, 130.68, 129.97, 129.74, 126.77, 125.59, 124.09, 114.24, 113.56, 103.09, 

100.97, 86.07, 76.05, 70.12, 67.24, 55.56, 34.23, 33.23, 24.91, 21.81, 21.62, 21.52, 20.83, 15.30；MS (EI): m/z (%): 

567 (M+, 48.82); 91 (100), HRMS calcd for C31H37NO7S: 567.2291, found: 567.2294. Enantiomeric excess was 

determined by HPLC with a Chiralpak AD-3 column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major 

enantiomer tr = 11.41 min, minor enantiomer tr = 14.53 min. 



 

# Time (min) Area Area % # Time (min) Area Area % 

1 11.53 324.602 50.11 1 11.41 1137.756 95.83 

2 14.71 323.181 49.89 2 14.53 49.506 4.17 

 

 

11. (S)-isopropyl 4-ethoxy-2-(4-methoxyphenyl)-5,5-dimethyl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure A: 68% yield; 94% ee; colorless oil. 1H NMR (400 MHz, CDCl3) δ 

7.27 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 5.76 (s, 1H), 4.83-4.72 (m,1H), 4.71-4.63 (m, 1H), 4.29-4.20 (m, 

1H), 3.77 (s, 3H), 1.42 (s, 3H), 1.39 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H), 1.10 (d, J = 6.4 Hz, 3H), 7.40 (d, J = 6.0 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 167.30, 163.14, 159.37, 134.23, 129.00, 113.42, 102.05, 84.56, 83.63, 69.66, 

67.24, 55.17, 26.67, 25.63, 21.66, 20.95, 15.12; MS (EI): m/z (%): 334 (M+, 15.26); 245 (100), HRMS calcd for 

C19H26O5: 334.1780, found: 334.1777. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H 

column 95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 5.46 min, minor enantiomer tr = 

6.17 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 5.46 330.941 49.45 1 5.46 280.132 97.13 

2 6.17 338.316 50.55 2 6.17 8.255 2.86 

 



 

12. (S)-isopropyl 2-(4-(dimethylamino)phenyl)-4-ethoxy-5,5-dimethyl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure A: 82% yield; 96% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.20 (dd, J = 8.8, 1.8 Hz, 2H), 6.67 (d, J = 8.8 Hz, 2H), 5.73 (s, 1H), 4.83-4.73 (m, 1H), 4.71-4.62 (m, 1H), 

4.27-4.18 (m, 1H), 2.90 (s, 6H), 1.41 (s, 3H), 1.38 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H), 1.11 (d, J = 6.0 Hz, 3H), 0.76 

(d, J = 6.0 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 166.93, 163.36, 150.55, 130.02, 128.56, 112.34, 102.29, 84.25, 

83.84, 69.49, 67.15, 40.66, 26.72, 25.68, 21.69, 21.00, 15.12；MS (EI): m/z (%): 347 (M+, 47.04); 258 (100), 

HRMS calcd for C20H29NO4: 347.2097, found: 347.2094. Enantiomeric excess was determined by HPLC with a 

Chiralpak AD-H column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 5.47 min, minor 

enantiomer tr = 6.83 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 5.47 847.307 59.96 1 5.47 1282.553 98.13 

2 6.83 848.678 50.04 2 6.83 24.404 1.87 

 

 

13. (S,E)-isopropyl 4-ethoxy-5,5-dimethyl-2-styryl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure A: 66% yield; 93% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.38-7.35 (m, 2H), 7.32-7.26 (m, 2H), 7.24-7.19 (m, 1H), 6.62 (d, J = 16.0 Hz, 1H) 6.19 (dd, J = 16.0, 7.6 Hz, 1H), 

5.44 (d, J = 7.6 Hz, 1 H), 5.03-4.90 (m, 1H), 4.60-4.50 (m, 1H), 4.39-4.30 (m, 1H), 1.42 (s, 3H), 1.37 (s, 3H), 1.31 

(t, J = 7.6 Hz, 3H), 1.24 (d, J = 6.4 Hz, 3H), 1.15 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.48, 

163.05, 136.90, 131.88, 130.40, 128.45, 127.52, 126.59, 101.01, 85.01, 82.83, 70.05, 67.54, 27.23, 26.19, 21.96, 

21.80, 15.27; MS (EI): m/z (%): 330 (M+, 6.49); 128 (100), HRMS calcd for C20H26O4: 330.1830, found: 

330.1831. Enantiomeric excess was determined by HPLC with a Chiralpak OZ-3 column (95:5 hexane: 2-propanol, 

0.8 mL/min, 254 nm); major enantiomer tr = 4.51 min, minor enantiomer tr = 4.91 min. 



 

# Time (min) Area Area % # Time (min) Area Area % 

1 4.04 300.042 49.95 1 4.51 916.162 96.51 

2 4.49 300.588 50.05 2 4.91 33.110 3.49 

 

 

14. (S)-isopropyl 4-ethoxy-2-(2-methoxyphenyl)-5,5-dimethyl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure A: 65% yield; 83% ee; colorless oil. 1H NMR (400 MHz, CDCl3) δ 

7.27-7.19 (m, 2H), 6.91 (t, J = 7.6 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H). 6.36 (s, 1H), 4.81-4.65 (m, 2H), 4.35-4.26 (m, 

1H), 3.84 (s, 3H), 1.40 (s, 3H), 1.39 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H), 1.08 (d, J = 6.4 Hz, 3H), 0.65 (d, J = 6.0 Hz, 

3H)；13C NMR (100 MHz, CDCl3) δ 167.71, 163.12, 157.67, 130.27, 128.95, 128.38, 120.58, 110.55, 101.68, 

84.74, 76.50, 69.86, 67.08, 55.47, 26.60, 25.82, 21.66, 20.77, 15.24；MS (EI): m/z (%): 334 (M+, 13.32); 245 (100), 

HRMS calcd for C19H26O5: 334.1780, found: 334.1777. Enantiomeric excess was determined by HPLC with a 

Chiralpak OZ-3 column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 4.72 min, minor 

enantiomer tr = 15.89 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 4.73 391.860 50.54 1 4.72 275.350 91.44 

2 16.01 383.528 49.46 2 15.89 25.768 8.56 



 

15. (S)-isopropyl 2-(2,4-dimethoxyphenyl)-4-ethoxy-5,5-dimethyl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure A: 78% yield; 92% ee; colorless oil. 1H NMR (400 MHz, CDCl3) δ 

7.19 (d, J = 8.4 Hz, 1H), 6.46-6.40 (m, 2H), 6.27 (s, 1H), 4.81-4.63 (m, 2H), 4.32-4.23 (m, 1H), 3.81 (s, 3H), 3.78 

(s, 3H), 1.38 (s, 6H), 1.34 (t, J = 7.2 Hz, 3H), 1.10 (d, J = 6.4 Hz, 3H), 0.72 (d, J = 6.4 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 167.34, 163.26, 160.51, 158.69, 129.12, 123.03, 104.42, 101.75, 98.18, 84.43, 76.35, 69.72, 67.07, 

55.42, 55.31, 26.62, 25.78, 21.68, 20.94, 15.21；MS (EI): m/z (%): 364 (M+, 7.22); 165 (100), HRMS calcd for 

C20H28O6: 364.1886, found: 364.1885. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H 

column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 6.44 min, minor enantiomer tr = 

7.09 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 6.55 207.182 50.30 1 6.44 701.798 96.14 

2 7.40 204.898 49.70 2 7.09 28.172 3.86 

 

 

16. (R)-isopropyl 4-ethoxy-5,5-dimethyl-2-(1H-pyrrol-2-yl)-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure A: 70% yield; 87% ee; colorless oil. 1H NMR (400 MHz, CDCl3) δ 

8.39 (s, 1H), 6.69-6.66 (m, 1H), 6.15-6.12 (m, 1H), 6.11-6.07 (m, 1H), 5.89 (s, 1H), 4.93-4.86 (m, 1H), 4.63-4.54 

(m, 1H), 4.32-4.24 (m, 1H), 1.39 (s, 3H), 1.37 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H), 1.17 (d, J = 6.4 Hz, 3H), 0.94 (d, J 

= 6.4 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 167.44, 163.36, 132.34, 117.41, 108.15, 107.01, 100.73, 84.57, 

77.28, 69.92, 67.68, 26.83, 25.75, 21.72, 21.14, 15.16; MS (EI): m/z (%): 293 (M+, 21.83); 204 (100), HRMS 

calcd for C16H23O4: 293.1627, found: 293.1626. Enantiomeric excess was determined by HPLC with a Chiralpak 

AD-H column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 8.76 min, minor enantiomer 

tr = 16.83 min. 



 

# Time (min) Area Area % # Time (min) Area Area % 

1 8.64 92.220 50.06 1 8.76 199.618 93.59 

2 16.94 92.005 49.94 2 16.83 13.661 6.41 

 

 

17. (R)-isopropyl 2-(1-benzyl-1H-indol-3-yl)-4-ethoxy-5,5-dimethyl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure B: 84% yield; 88% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.78 (d, J = 7.6 Hz, 1H), 7.28-7.19 (m, 4H), 7.16-7.05 (m, 5H), 6.16 (s, 1H), 5.24 (s, 2H), 4.77-4.66 (m, 2H), 

4.27-4.18 (m, 1H), 1.44 (s, 3H), 1.42 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H), 1.01 (d, J = 6.0 Hz, 3H), 0.55 (d, J = 6.0 Hz, 

3H)；13C NMR (100 MHz, CDCl3) δ 166.66, 163.62, 137.38, 136.93, 128.60, 127.58, 127.50, 127.11, 126.82, 

121.67, 120.04, 119.36, 116.34, 109.52, 101.92, 84.10, 76.83, 69.53, 67.12, 49.94, 26.28, 25.48, 21.58, 20.85, 

15.21; MS (EI): m/z (%): 433 (M+, 27.23); 91 (100), HRMS calcd for C27H31NO4: 433.2253, found: 433.2253. 

Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (98:2 hexane: 2-propanol, 0.8 

mL/min, 254 nm); minor enantiomer tr = 13.67 min, major enantiomer tr = 16.03 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 13.72 417.436 49.97 1 13.67 106.770 5.80 

2 16.43 417.894 50.03 2 16.03 1734.863 94.20 



 

18. (R)-isopropyl 4-ethoxy-2-(5-methoxy-1-tosyl-1H-indol-3-yl)-5,5-dimethyl-2,5-dihydrofuran-3-carboxyl- 

ate. 

Prepared according to the general procedure B: 82% yield; 95% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.84 (d, J = 9.2 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.49 (s, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 2.4 Hz, 1H), 

6.90 (dd, J = 9.2, 2.4 Hz, 1H), 6.01 (s, 1H), 4.77-4.66 (m, 2H), 4.36-4.27 (m, 1H), 3.79 (s, 3H), 2.32 (s, 3H), 1.40 

(s, 6H), 1.36 (t, J = 7.2 Hz, 3H), 1.02 (d, J = 6.4 Hz, 3H), 0.51 (d, J = 6.0 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 

167.66, 162.79, 156.07, 144.74, 135.26, 130.34, 130.01, 129.75, 126.75, 125.68, 123.31, 114.26, 113.67, 102.81, 

100.43, 84.84, 76.14, 70.05, 67.32, 55.53, 26.10, 25.42, 21.59, 21.44, 20.80, 15.22；MS (EI): m/z (%): 527 (M+, 

47.77); 284 (100), HRMS calcd for C28H33NO7S: 527.1978, found: 527.1979. Enantiomeric excess was 

determined by HPLC with a Chiralpak AD-3 column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major 

enantiomer tr = 19.83 min, minor enantiomer tr = 25.83 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 19.97 343.161 50.18 1 19.83 1177.645 97.30 

2 25.61 340.647 49.82 2 25.83 32.677 2.70 

 

 

19. (R)-isopropyl 4-ethoxy-5,5-dimethyl-2-(1-tosyl-1H-indol-3-yl)-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure B: 79% yield; 95% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.95 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.53 (s, 1H), 7.28 (t, J = 7.6 Hz, 1H), 

7.23-7.18 (m, 3H), 6.04 (s, 1H), 4.76-4.66 (m, 2H), 4.34-4.25 (m, 1H), 2.33 (s, 3H), 1.40 (s, 3H), 1.38 (s, 3H), 1.36 



(t, J = 7.6 Hz, 3H), 1.01 (d, J = 6.0 Hz, 3H), 0.46 (d, J = 6.0 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 167.60, 

162.71, 144.74, 135.24, 135.17, 129.64, 129.26, 126.67, 124.98, 124.42, 123.21, 122.95, 120.40, 113.29, 100.53, 

84.73, 76.08, 69.88, 67.14, 53.33, 25.89, 25.26, 21.41, 21.26, 20.59, 15.07；MS (EI): m/z (%): 497 (M+, 31.87); 91 

(100), HRMS calcd for C27H31NO6S: 497.1872, found: 497.1874. Enantiomeric excess was determined by HPLC 

with a Chiralpak AD-H column (90:10 hexane: 2-propanol, 0.8 mL/min, 254 nm); minor enantiomer tr = 7.23 min, 

major enantiomer tr = 9.67 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 7.23 338.044 50.18 1 7.23 12.033 2.29 

2 9.66 335.620 49.82 2 9.67 555.578 97.71 

 

20. (S)-isopropyl 4-ethoxy-2-(4-methoxyphenyl)-1-oxaspiro[4.6]undec-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 56% yield; 66% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.27 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 5.68 (s, 1H), 4.79-4.72 (m, 1H), 4.68-4.61 (m, 1H), 4.25-4.18 (m, 

1H), 3.79 (s, 3H), 2.15-2.10 (m, 1H), 2.09-1.81 (m, 3H), 1.68-1.43 (m, 8H), 1.33 (t, J = 7.2 Hz, 3H), 1.10 (d, J = 

6.4 Hz, 3H), 0.74 (d, J = 6.4 Hz, 3H)；13C NMR (100 MHz, CDCl3) δ 169.15, 163.37, 159.33, 134.52, 129.22, 

113.37, 101.82, 89.04, 83.38, 69.82, 67.21, 55.25, 39.55, 37.66, 30.46, 30.15, 22.97, 21.73, 21.01, 15.23；MS (EI): 

m/z (%): 388 (M+, 51.42); 301 (100), HRMS calcd for C23H32O5: 388.2250, found: 388.2249. Enantiomeric excess 

was determined by HPLC with a Chiralpak AD-3 column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major 

enantiomer tr = 5.65 min, minor enantiomer tr = 9.16 min. 



 

# Time (min) Area Area % # Time (min) Area Area % 

1 5.05 195.681 50.22 1 5.65 393.990 82.84 

2 9.03 193.999 49.78 2 9.16 81.586 17.16 

   

 

21. (S)-isopropyl 4-ethoxy-2-(4-methoxyphenyl)-1-oxaspiro[4.4]non-3-ene-3-carboxylate. 

Prepared according to the general procedure A: 77% yield; 93% ee; white solid. 1H NMR (400 MHz, CDCl3) δ 

7.26 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 5.71 (s, 1H), 4.81-4.74 (m, 1H), 4.70-4.63 (m, 1H), 4.30-4.23 (m, 

1H), 3.78 (s, 3H), 2.13-2.08 (m, 1H), 1.87-1.59 (m, 7H), 1.33 (t, J = 7.2 Hz, 3H), 1.11 (d, J = 6.4 Hz, 3H), 0.76 (d, 

J = 6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.11, 162.97, 159.39, 134.46, 129.06, 113.44, 103.27, 94.80, 

84.07, 69.75, 67.27, 55.26, 38.23, 37.50, 25.22, 25.17, 21.75, 21.05, 15.22；MS (EI): m/z (%): 360 (M+, 13.82);135 

(100), HRMS calcd for C21H28O5: 360.1937, found: 360.1938. Enantiomeric excess was determined by HPLC 

with a Chiralpak IC column (98:2 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 6.95 min, 

minor enantiomer tr = 10.89 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 6.92 181.578 49.91 1 6.95 166.394 96.49 

2 10.89 182.220 50.09 2 10.89 6.055 3.51 



 

 

22. (2S*,5R*)-tert-butyl 4-ethoxy-2-(4-methoxyphenyl)-5-methyl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure D: 55% yield; 11.4:1 dr; 96% ee; colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.29 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 5.71 (d, J = 3.6 Hz, 1H), 4.78-4.71 (m, 1H), 4.60-4.51 

(m, 1H), 4.23-4.14 (m, 1H), 3.79 (s, 3H), 1.42 (d, J = 6.4 Hz, 3H), 1.34 (d, J = 7.2 Hz, 3H), 1.16 (s, 9H)；13C NMR 

(100 MHz, CDCl3) δ 164.08, 162.78, 159.44, 134.29, 129.08, 113.42, 104.88, 85.79, 80.23, 78.75, 68.75, 55.20, 

27.67, 20.31, 15.15; MS (EI): m/z (%): 334 (M+, 5.51); 231 (100), HRMS calcd for C19H26O5: 334.1780, found: 

334.1782. Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (98:2 hexane: 

2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 10.13 min, minor enantiomer tr = 12.26 min. 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 10.10 33.077 49.88 1 10.13 717.005 98.04 

2 12.27 33.238 50.12 2 12.26 14.301 1.96 

 

 

23. (2S*,5R*)-tert-butyl 4-methoxy-2-(4-methoxyphenyl)-5-methyl-2,5-dihydrofuran-3-carboxylate. 

Prepared according to the general procedure D: 52% yield; 11.6:1 dr; 95% ee; colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.31-7.27 (m, 2H), 6.88-6.84 (m, 2H), 5.70 (d, J = 3.6 Hz, 1H), 4.79-4.73 (m, 1H), 4.04 (s, 3H), 3.79 (s, 

3H), 1.42 (d, J = 6.4 Hz, 3H), 1.16 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 164.99, 162.74, 159.52, 134.13, 129.12, 

113.47, 105.01, 85.78, 80.41, 78.45, 60.49, 55.24, 27.68, 20.30; MS (EI): m/z (%): 320 (M+, 7.09); 263 (100), 

HRMS calcd for C18H24O5: 320.1624, found: 320.1626. Enantiomeric excess was determined by HPLC with a 

Chiralpak AD-H column (95:5 hexane: 2-propanol, 0.8 mL/min, 254 nm); major enantiomer tr = 6.44 min, minor 

enantiomer tr = 7.09 min. The reaction under procedure C using R-6 as chiral ligand afford the same product in 54% 



yield, 11.5:1 dr with 95% ee. 

 

 

# Time (min) Area Area % # Time (min) Area Area % 

1 7.39 71.358 50.18 1 7.43 59.626 97.38 

2 8.70 70.859 49.82 2 8.71 1.605 2.62 
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