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1. General information 

All reactions were carried out under an inert atmosphere of dry N2 in Schlenk tube. Tetrahydrofuran and toluene were 

distilled from sodium and benzophenone prior to use. Dichloromethane and dichloroethane were distilled from CaH2 prior to 

use. All other reagents and solvents were used as received from commercial sources, unless specified otherwise, or prepared.  

1H, 13C, 19F NMR spectra were recorded on Bruker AVANCE 400 MHz or 500 MHz, 1H NMR and 13C NMR chemical shifts 

were determined relative to internal standard TMS at δ 0.0 and 19F NMR chemical shifts were determined relative to CFCl3 as 

external standard. Chemical shifts (δ) are reported in ppm, and coupling constants (J) are in Hertz (Hz). The following 

abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad.. 

Melting points were determined using a hot stage apparatus. HRMS (EI) and HRMS (ESI) were determined on Waters 

Micromass GCT Premier, Agilent Technologies 6224 TOF LC/MS, and APEX III 7.0 TESLA FTMS spectrometers, 

respectively. Specific rotation [a] was determined using a polarimeter ZhuoGuang GP30 with a 1.2 mL cell, long 10 cm, [α]D
T 

values, reported in  mL g-1 dm-1, are calculated on the average value of 3 consecutive readings. The chiral Rh2(II) catalysts were 

purchased from Strem Chemicals, Inc. Enantiomeric ratios were determined by HPLC, using a chiral OD-H, OJ-H, IC, NC, 

INA and INC column with hexane and i-PrOH as solvents. 

 

2. Optimization of reaction conditions 

Table S1a 

 

Entry Cat. [Si] 2 Solvent Yieldb eec Z:Ed 

1 Rh2(OPiv)4 TBS 2d DCE 57% - >99:1 

2 Rh2(S-BTPCP)4 TBS 2d DCE 49% 35% >99:1 

3 Rh2(S-NTTL)4 TBS 2d DCE 6% 70% >99:1 

4 Rh2(S-DOSP)4 TBS 2d DCE 45% 23% >99:1 

5 Rh2(S-PTTL)4 TBS 2d DCE 14% 37% >99:1 

6 Rh2(S-PTPA)4 TBS 2d DCE 60% 2% >99:1 

7 Rh2(R-PTAD)4 TBS 2d DCE 13% 21% >99:1 

8 Rh2(S-TFPTTL)4 TBS 2d DCE 66% 40% >99:1 

9 Rh2(S-TCPTTL)4 TBS 2d DCE 64% 90% >99:1 

10 Rh2(S-TCPTTL)4 TBS 2d DCM 
84

%d 
93% >99:1 
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aExperiments were performed with 1 (0.05 mmol), catalyst (2 mol%) in solvent with stirring at the temperature for 48 h. (Cat. 

= catalyst; ee = enantiomeric excess, Ad = 1-admantyl). bNMR yield; cDetermined by chiral HPLC; eDCM as solvent; gRaw 

DCM as solvent; h1 mol% catalyst; i0 oC. (TBS = tert-butyldimethylsilyl, TBDPS = tert-butyldiphenylsilyl, TIPS = 

triisopropylsilyl) 

  

11 Rh2(S-TCPTTL)4 TBDPS 2e DCM 18% 74% >99:1 

12 Rh2(S-TCPTTL)4 TIPS 2f DCM 52% 83% >99:1 

13 Rh2(S-TCPTTL)4 TBS 2d CHCl3 64% 89% >99:1 

14 Rh2(S-TCPTTL)4 TBS 2d Toluene 60% 75% >99:1 

15g Rh2(S-TCPTTL)4 TBS 2d DCM 57% 92% >99:1 

16h Rh2(S-TCPTTL)4 TBS 2d DCM 73% 93% >99:1 

17i Rh2(S-TCPTTL)4 TBS 2d DCM 33% 90% >99:1 



 

 

5 

 

3. General procedure for preparation of 1,6-enynes 

Typical procedure A[1]: 

To an N2-sparged solution of S1 (10 mmol, 1.0 equiv), alkenylboronic acid pinacol ester (11 mmol, 1.1 equiv) and cesium 

carbonate (30 mmol, 3.0 equiv) in THF (50 mL) was added Pd(PPh3)4 (0.2 mmol, 2 mol%). The mixture was stirred at 80 °C 

for 12 h. After the reaction completed (monitored by GC-MS), it was diluted with water and extracted with EtOAc. The 

combined organics were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The resulting residue 

was flash chromatographed (PE: EA = 200:1) on silica gel to afford the product S2. 

Under N2 atmosphere, the solution of n-BuLi (6 mmol, 1.2 equiv) in hexane (1.6 mol/L) was added dropwise into the 

solution of S3 (6 mmol, 1.2 equiv) in anhydrous THF at -78℃. After the 30 min, aldehyde S2 (5 mmol, 1.0 equiv) dissolved 

in anhydrous THF was added and the temperature was allowed to raise to room temperature. After the complete consumption 

of S3 (determined by TLC, about 1 h), the reaction was quenched by saturated NH4Cl (aq), and extracted with EtOAc. The 

organic phase was washed with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary evaporator. The 

resulting residue was flash chromatography (PE: EA = 10:1) on silica gel to afford the product S4. 

To the solution of S4 (2 mmol, 1.0 equiv) in 10 mL DCM, activated MnO2 (20 mmol, 10 equiv) was added and the mixture 

was stirred at room temperature for about 3 h. After the complete consumption of S4 determined by TLC, the reaction mixture  

was filtered through silica gel and the filtrate was concentrated by rotary evaporator. The resulting residue was flash 

chromatographed (PE: EA = 20:1) on silica gel to afford the product 1. 

The substrates such as 1a, 1c, 1d, 1e, 1f, 1g, 1h, 1i, 1j, 1k, 1l, 1m, 1n, 1o, 1p, 1q, 1r, 1s, 1t, 1u, 1v, 1w, 1x, 1y, 3k, 3n, 

3o, 3p, 3r were synthesized according to General procedure A. 

 

1-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1a) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 
1H NMR (400 MHz, Chloroform-d) δ 

7.98 (dd, J = 7.7, 1.4 Hz, 1H), 7.47 (td, J = 7.5, 1.5 Hz, 1H), 7.36 (td, J = 7.6, 1.3 Hz, 1H), 7.24 (dd, J = 7.6, 

1.3 Hz, 1H), 5.15 (q, J = 1.6 Hz, 1H), 4.86 (dd, J = 1.9, 1.0 Hz, 1H), 2.09 (d, J = 2.0 Hz, 6H).
 
13C NMR (101 

MHz, Chloroform-d) δ 179.8, 146.1, 145.0, 136.2, 132.3, 131.1, 129.6, 127.0, 115.0, 91.7, 80.6, 24.0, 4.3. HRMS (ESI) 

[M+Na]+ calculated for C13H12O Na+: 207.0780, found 207.0779. 
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4-methoxy-1-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1c) 

Colorless liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.99 (dd, J = 7.8, 1.4 Hz, 1H), 7.50 (td, J = 7.5, 1.4 Hz, 1H), 7.38 (td, J = 7.6, 1.4 

Hz, 1H), 7.3 (dd, J = 7.6, 1.3 Hz, 1H), 5.20 – 5.12 (m, 1H), 4.89 – 4.85 (m, 1H), 4.33 (s, 2H), 3.45 (s, 

3H), 2.10 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 178.9, 145.8, 145.1, 135.6, 132.8, 131.3, 

129.7, 127.2, 115.4, 89.0, 85.7, 59.8, 58.2, 23.9. HRMS (ESI) [M+Na]+ calculated for C14H14O2Na+:237.0886, found 237.0885. 

 
 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1d) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.00 (dd, J = 7.8, 1.4 Hz, 1H), 7.49 (td, J = 7.5, 1.4 Hz, 1H), 7.37 (td, J = 7.6, 1.3 Hz, 

1H), 7.26 (d, J = 1.1 Hz, 1H), 5.15 (p, J = 1.6 Hz, 1H), 4.86 (dt, J = 1.9, 0.9 Hz, 1H), 4.54 (s, 2H), 2.10 

(dd, J = 1.5, 0.9 Hz, 3H), 0.92 (s, 9H), 0.14 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 179.1, 146.0, 145.1, 135.7, 132.6, 131.4, 

129.7, 127.0, 115.2, 91.8, 84.2, 51.7, 25.7, 23.9, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for C19H26O2SiNa+: 337.1594, 

found 337.1598. 
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4-((tert-butyldiphenylsilyl)oxy)-1-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1e) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 7.95 (dd, J = 7.8, 1.4 Hz, 1H), 7.75 (dt, J = 6.7, 1.6 Hz, 4H), 7.57 – 7.34 (m, 8H), 

7.29 (dd, J = 7.4, 1.4 Hz, 1H), 5.18 (t, J = 1.6 Hz, 1H), 4.90 (s, 1H), 4.58 (s, 2H), 2.12 (t, J = 1.1 Hz, 

3H), 1.12 (s, 9H).
 
13C NMR (101 MHz, Chloroform-d) δ 179.1, 146.0, 145.1, 135.8, 135.6, 132.6, 

132.5, 131.4, 130.1, 129.7, 127.9, 127.1, 115.2, 91.5, 84.4, 52.7, 26.7, 24.0, 19.2. HRMS (ESI) [M+Na]+ calculated for 

C29H30O2SiNa+: 461.1907, found 461.1913. 

 

1-(2-(prop-1-en-2-yl)phenyl)-4-((triisopropylsilyl)oxy)but-2-yn-1-one (1f) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5); 1H NMR (400 MHz, 

Chloroform-d) δ 8.03 (dd, J = 7.7, 1.3 Hz, 1H), 7.51 (td, J = 7.5, 1.4 Hz, 1H), 7.38 (td, J = 7.6, 1.3 

Hz, 1H), 7.27 (dd, J = 7.7 Hz, 1.4H), 5.17 (t, J = 1.6 Hz, 1H), 4.88 (dd, J = 1.8, 1.0 Hz, 1H), 4.64 (s, 

3H), 2.12 (t, J = 1.1 Hz, 4H), 1.12 (s, 18H), 1.11 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 179.1, 145.9, 145.1, 135.8, 

132.5, 131.4, 129.6, 127.0, 115.2, 91.9, 84.0, 52.1, 23.9, 17.9, 12.0. HRMS (ESI) [M+Na]+ calculated for C22H32O2SiNa+: 

379.2063, found 379.2067. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(5-fluoro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1g) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.66 (dd, J = 9.1, 2.7 Hz, 1H), 7.23 (dd, J = 8.4, 5.5 Hz, 1H), 7.20 (dd, J = 7.9, 

2.7 Hz, 1H), 2.07 (t, J = 1.2 Hz, 3H), 0.92 (s, 9H), 0.15 (s, 6H).
 
13C NMR (126 MHz, Chloroform-

d) δ 177.7 (d, J = 2.3 Hz), 161.3 (d, J = 247.7 Hz), 144.8, 141.0 (d, J = 3.6 Hz), 137.2 (d, J = 6.3 Hz), 131.4 (d, J = 7.2 Hz), 

119.5 (d, J = 21.1 Hz), 117.7 (d, J = 23.0 Hz), 115.9, 92.5, 83.7, 51.7, 25.7, 24.0, 18.3, -5.3.
 
19F NMR (471 MHz, CDCl3) δ -

114.5. HRMS (ESI) [M+Na]+ calculated for C19H25FO2SiNa+: 355.1500, found 355.1501. 
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4-((tert-butyldimethylsilyl)oxy)-1-(5-chloro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1h) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 
1H NMR (400 MHz, 

Chloroform-d) δ 7.96 (d, J = 2.3 Hz, 1H), 7.47 (dd, J = 8.2, 2.2 Hz, 1H), 7.22 (d, J = 8.2 Hz, 1H), 

5.39 – 5.08 (m, 1H), 4.87 (dd, J = 1.6, 0.9 Hz, 1H), 4.56 (s, 2H), 2.09 (t, J = 1.2 Hz, 3H), 0.95 (s, 

9H), 0.17 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 177.7, 144.7, 143.4, 137.0, 133.0, 132.4, 131.1, 130.9, 115.9, 92.8, 83.7, 

51.7, 25.7, 23.8, 18.2, -5.2. HRMS (ESI) [M+Na]+ calculated for C19H25ClO2SiNa+: 371.1204, found 371.1210. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(prop-1-en-2-yl)-5-(trifluoromethyl)phenyl)but-2-yn-1-one (1i)  

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 8.22 (d, J = 2.0 Hz, 1H), 7.94 – 7.69 (m, 1H), 7.40 (d, J = 8.0 Hz, 1H), 5.22 (t, J 

= 1.5 Hz, 1H), 4.90 (t, J = 1.2 Hz, 1H), 4.56 (s, 2H), 2.11 (t, J = 1.2 Hz, 3H), 0.92 (s, 9H), 0.15 (s, 

6H).
 

).
 
13C NMR (126 MHz, Chloroform) δ 177.7, 148.5, 144.6, 136.2, 130.4, 129.61 (q, J = 33.3 Hz), 128.9 (q, J = 3.6 Hz), 

128.0 (q, J = 3.7 Hz), 124.2 (q, J = 272.16 Hz), 116.4, 93.2, 83.6, 51.7, 25.7, 23.7, 18.2, -5.3. 19F NMR (471 MHz, CDCl3) δ -

62.68. HRMS (ESI) [M+Na]+ calculated for C20H25F3O2SiNa+: 405.1468, found 405.1471.  
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4-((tert-butyldimethylsilyl)oxy)-1-(5-nitro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one(1j) 

Orange liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.81 (d, J = 2.4 Hz, 1H), 8.34 (dd, J = 8.4, 2.4 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H), 

5.28 (p, J = 1.5 Hz, 1H), 5.08 – 4.90 (m, 1H), 4.59 (s, 2H), 2.14 (dd, J = 1.6, 0.9 Hz, 3H), 0.94 (s, 

9H), 0.17 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 176.8, 151.1, 146.7, 144.0, 136.8, 131.0, 126.7, 125.9, 117.2, 94.0, 83.3, 

51.7, 25.7, 23.5, 18.2, -5.3. HRMS (ESI) [M+Na]+ calculated for C19H25NO4SiNa+: 382.1445, found 382.1449. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(5-methyl-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1k) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 
1H NMR (500 MHz, 

Chloroform-d) δ 7.80 (d, J = 1.9 Hz, 1H), 7.30 (ddd, J = 7.7, 2.0, 0.9 Hz, 1H), 7.14 (d, J = 7.7 

Hz, 1H), 5.12 (p, J = 1.6 Hz, 1H), 4.83 (dd, J = 1.9, 1.0 Hz, 1H), 4.54 (s, 2H), 2.39 (s, 3H), 

2.07 (d, J = 1.3 Hz, 3H), 0.93 (s, 9H), 0.15 (s, 6H).
 
13C NMR (126 MHz, CDCl3) δ 179.2, 

145.9, 142.4, 136.9, 135.6, 133.3, 131.8, 129.6, 115.0, 91.7, 84.2, 51.8, 25.7, 24.0, 20.9, 18.3, -5.2. HRMS (ESI) [M+Na]+ 

calculated for C20H28O2SiNa+: 351.1751, found 351.1754. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(5-methoxy-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1l) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);1H NMR (400 MHz, 

Chloroform-d) δ 7.46 (d, J = 2.7 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 7.02 (dd, J = 8.4, 2.8 Hz, 1H), 

5.13 (p, J = 1.5 Hz, 1H), 4.83 (dd, J = 1.8, 0.9 Hz, 1H), 4.52 (s, 2H), 3.85 (s, 3H), 2.68 – 1.76 (m, 

3H), 0.91 (s, 9H), 0.14 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 179.1, 158.4, 145.2, 137.5, 136.9, 130.7, 118.5, 115.6, 91.9, 

84.1, 77.3, 77.1, 76.7, 55.5, 51.7, 25.7, 24.1, 18.2, -5.2. HRMS (ESI) [M+Na]+ calculated for C20H28O3SiNa+: 367.1700, found 

367.1702. 



 

 

10 

 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-fluoro-6-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1m) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.39 (td, J = 8.0, 5.5 Hz, 1H), 7.09 (dd, J = 7.7, 1.0 Hz, 1H), 7.04 (ddd, J = 9.5, 8.3, 

1.0 Hz, 1H), 5.48 – 5.12 (m, 1H), 4.97 (t, J = 1.2 Hz, 1H), 4.51 (s, 2H), 2.14 (t, J = 1.3 Hz, 3H), 0.90 

(s, 9H), 0.12 (s, 6H).
 
13C NMR (126 MHz, Chloroform-d) δ 177.1, 159.5 (d, J = 253.1 Hz), 144.8 (d, J = 1.9 Hz), 142.8 (d, J 

= 2.1 Hz), 131.7 (d, J = 9.1 Hz), 126.9 (d, J = 13.8 Hz), 123.9 (d, J = 3.3 Hz), 118.3, 114.7 (d, J = 21.5 Hz), 92.6 (d, J = 1.4 

Hz), 85.1, 51.7, 25.7, 24.0, 18.2, -5.3.
 

19F NMR (471 MHz, CDCl3) δ -115.33. HRMS (ESI) [M+Na]+ calculated for 

C19H25FO2SiNa+: 355.1500, found 355.1503. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(4-methyl-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one(1n) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 7.98 (d, J = 7.9 Hz, 1H), 7.19 (ddd, J = 7.9, 1.8, 0.8 Hz, 1H), 7.07 (d, J = 1.8 Hz, 

1H), 5.14 (t, J = 1.6 Hz, 1H), 4.86 (dd, J = 1.9, 1.0 Hz, 1H), 4.56 (s, 2H), 2.42 (s, 3H), 2.09 (t, J = 

1.1 Hz, 3H), 0.95 (s, 9H), 0.17 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 178.3, 146.5, 145.5, 143.7, 132.9, 132.2, 130.6, 127.7, 

114.4, 91.3, 84.2, 51.7, 25.7, 23.9, 21.6, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for C20H28O2SiNa+: 351.1751, found 

351.1758.  
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4-((tert-butyldimethylsilyl)oxy)-1-(4-fluoro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1o) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 8.07 (dd, J = 8.7, 5.8 Hz, 1H), 7.05 (ddd, J = 8.7, 7.9, 2.6 Hz, 1H), 6.95 (dd, J = 9.3, 

2.6 Hz, 1H), 5.16 (p, J = 1.6 Hz, 1H), 4.93 – 4.82 (m, 1H), 4.54 (s, 2H), 2.08 (t, J = 1.2 Hz, 3H), 0.93 

(s, 9H), 0.15 (s, 6H).
 
13C NMR  (126 MHz, Chloroform-d) δ 177.2, 164.9 (d, J = 256.3 Hz), 148.5 (d, J = 8.9 Hz), 145.8 – 

142.9 (m), 134.5 (d, J = 9.8 Hz), 131.9 (d, J = 2.8 Hz), 117.0 (d, J = 21.7 Hz), 115.5, 114.0 (d, J = 21.6 Hz), 92.0, 83.8, 51.7, 

25.7, 23.6, 18.3, -5.2.
 
19F NMR (471 MHz, CDCl3) δ -105.23. HRMS (ESI) [M+Na]+ calculated for C19H25FO2SiNa+: 355.1500, 

found 355.1506. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(4-chloro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1p) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.96 (d, J = 8.4 Hz, 1H), 7.34 (dd, J = 8.4, 2.1 Hz, 1H), 7.25 (d, J = 2.1 Hz, 1H), 

5.17 (t, J = 1.5 Hz, 1H), 4.95 – 4.79 (m, 1H), 4.54 (s, 2H), 2.07 (t, J = 1.1 Hz, 3H), 0.92 (s, 9H), 

0.14 (s, 6H).
 
13C NMR (126 MHz, CDCl3) δ 177.6, 146.9, 144.8, 138.9, 133.9, 133.0, 129.9, 127.2, 

115.8, 92.3, 83.8, 51.7, 25.7, 23.7, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for C19H25ClO2SiNa+: 371.1204, found 

371.1210. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(3-fluoro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1q) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.74 (dd, J = 7.8, 1.2 Hz, 1H), 7.34 (td, J = 8.0, 5.2 Hz, 1H), 7.27 – 7.21 (m, 1H), 

5.28 (p, J = 1.6 Hz, 1H), 4.86 (t, J = 1.2 Hz, 1H), 4.53 (s, 2H), 2.15 (t, J = 1.2 Hz, 3H), 0.92 (s, 9H), 

0.14 (s, 6H).
 
13C NMR (126 MHz, Chloroform-d) δ 178.0 (d, J = 3.3 Hz), 159.6 (d, J = 246.4 Hz), 

138.8, 138.4 (d, J = 3.7 Hz), 131.8 (d, J = 18.4 Hz), 128.2 (d, J = 8.6 Hz), 126.4 (d, J = 3.2 Hz), 119.8(d, J = 23.7 Hz), 117.6(d, 

J = 1.0 Hz), 92.4, 84.1, 51.7, 25.7, 23.6(d, J = 2.0 Hz), 18.2, -5.6.
 
19F NMR (471 MHz, CDCl3) δ -115.08. HRMS (ESI) 

[M+Na]+ calculated for C19H25FO2SiNa+: 355.1500, found 355.1507. 
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4-((tert-butyldimethylsilyl)oxy)-1-(3-chloro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1r) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.86 (dd, J = 7.8, 1.2 Hz, 1H), 7.55 (dd, J = 8.0, 1.3 Hz, 1H), 7.31 (t, J = 7.9 Hz, 

1H), 5.26 (p, J = 1.5 Hz, 1H), 4.79 (t, J = 1.3 Hz, 1H), 4.54 (s, 2H), 2.17 (t, J = 1.3 Hz, 3H), 0.92 (s, 

9H), 0.14 (s, 6H).
 
13C NMR (126 MHz, CDCl3) δ 178.1, 142.6, 142.4, 138.4, 134.0, 133.5, 129.2, 127.8, 116.8, 92.6, 84.0, 

77.3, 77.0, 76.8, 51.7, 25.7, 23.2, 18.2, -5.2. HRMS (ESI) [M+Na]+ calculated for C19H25ClO2SiNa+: 371.1204, found 371.1213. 

  

Methyl 3-(4-((tert-butyldimethylsilyl)oxy)but-2-ynoyl)-4-(prop-1-en-2-yl)benzoate (1s) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 
1H NMR (500 MHz, 

Chloroform-d) δ 8.61 (d, J = 1.8 Hz, 1H), 8.15 (dd, J = 7.9, 1.8 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 

5.21 (q, J = 1.5 Hz, 1H), 4.91 (t, J = 1.2 Hz, 1H), 4.57 (s, 2H), 3.96 (s, 3H), 2.11 (t, J = 1.2 Hz, 

3H), 0.93 (s, 10H), 0.16 (s, 6H).
 
13C NMR (126 MHz, CDCl3) δ 178.3, 166.0, 149.4, 145.0, 136.0, 133.3, 132.2, 130.0, 129.2, 

116.1, 92.7, 83.8, 52.4, 51.7, 25.7, 23.7, 18.2, -5.2. HRMS (ESI) [M+Na]+ calculated for C21H28O4SiNa+: 395.1649, found 

395.1654. 
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3-(4-((tert-butyldimethylsilyl)oxy)but-2-ynoyl)-2-(prop-1-en-2-yl)benzaldehyd (1t) 

Yellow solid, M.P. = 102-103 °C, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 
1H NMR 

(400 MHz, Chloroform-d) δ 10.27 (d, J = 0.8 Hz, 1H), 8.33 (dd, J = 7.7, 1.4 Hz, 1H), 8.14 (dd, J = 7.8, 

1.5 Hz, 1H), 7.55 (td, J = 7.8, 0.9 Hz, 1H), 5.50 – 5.40 (m, 1H), 4.94 (t, J = 1.3 Hz, 1H), 4.58 (s, 2H), 

2.22 (t, J = 1.2 Hz, 3H), 0.95 (s, 9H), 0.17 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 191.6, 177.5, 147.6, 140.9, 136.9, 136.3, 

134.1, 131.8, 127.5, 118.4, 92.8, 83.9, 51.7, 26.1, 25.7, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for C20H26O3SiNa+: 

365.1543, found 365.1543.  

 

3-(4-((tert-butyldimethylsilyl)oxy)but-2-ynoyl)-4-(prop-1-en-2-yl)benzonitrile (1u) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.25 (d, J = 1.8 Hz, 1H), 7.77 (dd, J = 7.9, 1.8 Hz, 1H), 7.40 (d, J = 7.9 Hz, 1H), 

5.25 (q, J = 1.5 Hz, 1H), 4.92 (d, J = 1.5 Hz, 1H), 4.57 (s, 2H), 2.11 (dd, J = 1.5, 0.9 Hz, 3H), 0.94 

(s, 9H), 0.16 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 176.9, 149.3, 144.2, 136.7, 135.2, 134.6, 130.7, 117.7, 117.0, 111.4, 93.7, 

83.4, 51.7, 25.7, 23.5, 18.2, -5.2. HRMS (ESI) [M+Na]+ calculated for C20H25NO2SiNa+: 362.1547, found 362.1550. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(5-fluoro-4-methyl-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1v) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 7.70 (d, J = 10.0 Hz, 1H), 7.08 (d, J = 7.4 Hz, 1H), 5.14 (t, J = 1.6 Hz, 1H), 4.84 

(dd, J = 1.8, 1.0 Hz, 1H), 4.56 (s, 2H), 2.34 (d, J = 2.0 Hz, 3H), 2.07 (t, J = 1.2 Hz, 3H), 0.95 (s, 

9H), 0.17 (s, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 177.1 (d, J = 2.0 Hz), 159.8 (d, J = 246.2 Hz), 145.3, 141.1 (d, J = 

3.8 Hz), 134.4 (d, J = 6.3 Hz), 133.0 (d, J = 4.6 Hz), 130.4 (d, J = 17.1 Hz), 117.9 (d, J = 24.0 Hz), 115.1, 91.9, 83.7, 51.7, 

25.7, 24.0, 18.2, 14.7 (d, J = 3.1 Hz), -5.2.
 
19F NMR (471 MHz, CDCl3) δ -118.98. HRMS (ESI) [M+Na]+ calculated for 

C20H27FO2SiNa+: 369.1656, found 369.1663.  



 

 

14 

 

 

4-((tert-butyldimethylsilyl)oxy)-1-(4,5-difluoro-2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one (1w) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.85 (dd, J = 10.7, 8.0 Hz, 1H), 7.06 (dd, J = 10.6, 7.5 Hz, 1H), 5.17 (p, J = 1.5 Hz, 

1H), 4.87 (t, J = 1.2 Hz, 1H), 4.54 (s, 2H), 2.06 (t, J = 1.2 Hz, 3H), 0.93 (s, 9H), 0.15 (s, 6H). 13C 

NMR (126 MHz, Chloroform-d) δ 176.1 (d, J = 1.6 Hz), 152.5 (dd, J = 258.0, 12.7 Hz), 148.7 (dd, J = 250.4, 12.9 Hz), 144.1, 

143.0 (dd, J = 7.0, 3.9 Hz), 132.0 (t, J = 3.7 Hz), 120.6 (dd, J = 18.5, 2.1 Hz), 118.9 (d, J = 17.5 Hz), 116.3, 92.7, 83.4, 51.7, 

25.7, 23.7, 18.2, -5.3.
  

19F NMR (471 MHz, Chloroform-d) δ -130.01 (d, J = 21.3 Hz), -138.56 (d, J = 21.6 Hz). HRMS (ESI) 

[M+Na]+ calculated for C19H24F2O2SiNa+: 373.1406, found 373.1410. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(6-(prop-1-en-2-yl)benzo[d][1,3]dioxol-5-yl)but-2-yn-1-one (1x) 

Yellow solid, M.P. = 69-70 °C, purified by chromatography (PE/EA = 20/1, Rf = 0.5);1H NMR (400 

MHz, Chloroform-d) δ 7.51 (s, 1H), 6.69 (s, 1H), 6.05 (s, 2H), 5.11 (t, J = 1.6 Hz, 1H), 4.82 (dd, J 

= 1.9, 0.9 Hz, 1H), 4.52 (s, 2H), 2.06 (dd, J = 1.4, 0.8 Hz, 3H), 0.92 (s, 9H), 0.15 (s, 6H).
 
13C NMR 

(101 MHz, CDCl3) δ 176.8, 151.2, 146.6, 146.0, 142.5, 129.5, 115.1, 111.1, 109.9, 102.1, 91.1, 84.0, 51.7, 25.7, 24.0, 18.3, -

5.2. HRMS (ESI) [M+Na]+ calculated for C20H26O4SiNa+: 381.1492, found 381.1498. 
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4-((tert-butyldimethylsilyl)oxy)-1-(1-(prop-1-en-2-yl)naphthalen-2-yl)but-2-yn-1-one (1y) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 8.14 (dd, J = 8.6, 1.3 Hz, 1H), 8.08 (d, J = 8.6 Hz, 1H), 7.86 (dd, J = 7.9, 1.6 Hz, 1H), 

7.83 (d, J = 8.7 Hz, 1H), 7.56 (dddd, J = 19.6, 8.2, 6.8, 1.4 Hz, 2H), 5.47 (p, J = 1.5 Hz, 1H), 4.92 (dd, 

J = 1.8, 1.0 Hz, 1H), 4.57 (s, 2H), 2.27 (t, J = 1.2 Hz, 3H), 0.93 (s, 9H), 0.16 (d, J = 3.2 Hz, 6H).
 
13C 

NMR (126 MHz, CDCl3) δ 179.0, 116.7, 92.4, 84.8, 51.8, 25.8, 25.2, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for 

C23H28O2SiNa+: 387.1751, found 387.1755. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(1-phenylvinyl)phenyl)but-2-yn-1-one (3k) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5); 1H NMR (500 MHz, Chloroform-

d) δ 8.08 (dd, J = 7.7, 1.4 Hz, 1H), 7.59 (td, J = 7.5, 1.4 Hz, 1H), 7.50 (td, J = 7.6, 1.4 Hz, 1H), 7.38 

(dd, J = 7.5, 1.3 Hz, 1H), 7.33 – 7.26 (m, 5H), 5.77 (d, J = 1.1 Hz, 1H), 5.26 (d, J = 0.9 Hz, 1H), 4.37 

(s, 2H), 0.93 (s, 9H), 0.12 (s, 6H).
 
13C NMR (126 MHz, Chloroform-d) δ 178.5, 149.0, 142.8, 140.6, 

137.0, 132.6, 131.7, 131.3, 128.2, 127.8, 127.7, 126.9, 115.5, 92.1, 84.0, 51.6, 25.8, 18.3, -5.2. HRMS 

(ESI) [M+Na]+ calculated for C24H28O2SiNa+: 399.1751, found 399.1742. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-vinylphenyl)but-2-yn-1-one(3n) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 8.19 (dd, J = 7.9, 1.4 Hz, 1H), 7.58 (dd, J = 7.8, 1.4 Hz, 1H), 7.55 – 7.47 (m, 2H), 

7.39 (td, J = 7.5, 1.4 Hz, 1H), 5.66 (dd, J = 17.4, 1.3 Hz, 1H), 5.38 (dd, J = 11.0, 1.3 Hz, 1H), 4.57 (s, 

2H), 0.94 (s, 9H), 0.16 (s, 6H).
 
13C NMR (126 MHz, CDCl3) δ 179.0, 139.8, 135.9, 134.2, 133.2, 132.9, 

127.8, 127.4, 117.2, 92.2, 84.1, 51.8, 25.7, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for C18H24O2SiNa+: 323.1438, found 

323.1446. 
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4-((tert-butyldimethylsilyl)oxy)-1-(2-(2-methylprop-1-en-1-yl)phenyl)but-2-yn-1-one(3o) 

Yellow liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.07 (d, J = 2.0 Hz, 1H), 7.60 (dd, J = 8.0, 2.0 Hz, 1H), 7.33 – 7.22 (m, 2H), 5.45 (t, 

J = 1.1 Hz, 1H), 5.18 (q, J = 1.6 Hz, 2H), 4.89 (dd, J = 1.8, 1.0 Hz, 1H), 4.56 (s, 2H), 2.20 (dd, J = 1.5, 

0.8 Hz, 3H), 2.12 (dd, J = 1.5, 0.8 Hz, 3H), 0.94 (s, 9H), 0.16 (s, 6H).
 
13C NMR (101 MHz, CDCl3) δ 

179.3, 145.5, 144.0, 141.9, 140.2, 135.8, 129.6, 129.4, 128.2, 115.5, 113.5, 92.0, 84.2, 51.7, 25.7, 23.9, 21.7, 18.2, -5.2. HRMS 

(ESI) [M+Na]+ calculated for C20H28O2SiNa+: 351.1751, found 351.1759. 

 

N,4-dimethyl-N-(4-oxo-4-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-yl)benzenesulfonamide(3p) 

Yellow liquid, purified by chromatography (PE/EA = 3/1, Rf = 0.5);
 
1H NMR (400 MHz, Chloroform-

d) δ 7.73 (d, J = 8.3 Hz, 2H), 7.67 (dd, J = 7.7, 1.4 Hz, 1H), 7.52 (td, J = 7.5, 1.4 Hz, 1H), 7.33 (td, J 

= 7.6, 1.3 Hz, 1H), 7.28 – 7.22 (m, 3H), 5.14 (t, J = 1.6 Hz, 1H), 4.91 – 4.71 (m, 1H), 4.30 (s, 2H), 

2.91 (s, 3H), 2.31 (s, 3H), 2.05 (t, J = 1.2 Hz, 3H).
 
13C NMR (101 MHz, Chloroform-d) δ 178.2, 145.8, 

145.2, 144.1, 135.1, 133.8, 132.9, 131.3, 129.7, 127.9, 127.0, 115.1, 85.5, 84.9, 40.2, 34.9, 23.8, 21.5. HRMS (ESI) [M+Na]+ 

calculated for C21H21NO3SNa+: 390.1134 found 390.1139. 
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4-((tert-butyldimethylsilyl)oxy)-4-methyl-1-(2-(prop-1-en-2-yl)phenyl)pent-2-yn-1-one (3r) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 7.95 (dd, J = 7.8, 1.4 Hz, 1H), 7.49 (td, J = 7.5, 1.4 Hz, 1H), 7.37 (td, J = 7.6, 1.3 

Hz, 1H), 7.27 – 7.24 (m, 1H), 5.15 (t, J = 1.6 Hz, 1H), 4.87 (dd, J = 1.8, 0.9 Hz, 1H), 2.10 (t, J = 1.2 

Hz, 3H), 1.56 (s, 6H), 0.87 (s, 9H), 0.18 (s, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 179.4, 145.8, 145.0, 136.0, 132.5, 

131.1, 129.6, 127.0, 115.3, 97.8, 82.2, 66.5, 32.2, 25.6, 24.0, 17.9, -3.0. HRMS (ESI) [M+Na]+ calculated for C21H30O2SiNa+: 

365.1907, found 365.1914. 

 

4-hydroxy-1-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-one(1b)  

 
To the solution of 1d (628 mg, 2 mmol) in 2 mL THF, acetic acid (6 mL) and H2O (2 mL) was added and the mixture was 

stirred at room temperature at overnight. After the complete consumption of 1d determined by TLC, the reaction mixture was 

filtered through silica gel and the filtrate was concentrated by rotary evaporator. The resulting residue was flash 

chromatographed (PE: EA = 5:1) on silica gel to afford the product 1b in 80% yield, 320 mg.  

Colorless liquid, purified by chromatography (PE/EA = 5/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 7.99 (dd, J = 7.7, 1.3 Hz, 1H), 7.50 (td, J = 7.5, 1.4 Hz, 1H), 7.37 (td, J = 7.6, 1.3 Hz, 

1H), 7.26 (d, J = 7.6 Hz, 1H), 5.15 (t, J = 1.6 Hz, 1H), 4.86 (s, 1H), 4.51 (s, 2H), 2.54 (s, 1H), 2.09 (s, 

3H).
 
13C NMR (126 MHz, Chloroform-d) δ 179.3, 145.9, 145.2, 135.4, 132.8, 131.4, 129.7, 127.2, 

115.4, 91.4, 84.8, 51.0, 23.9. HRMS (ESI) [M+Na]+ calculated for C13H12O2Na+:223.0729, found 223.0722. 
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Typical procedure B[1]: 

 

Into a round-bottom flask containing of magnesium (10.5 mmol, 1.05 equiv) was equipped with a condenser, anhydrous 

THF (10 mL) was introduced to cover the magnesium, and I2 (10 mg) was added. As the contents of the flask were stirred, 

corresponding bromide (12 mmol, 1.2 equiv, 1 M in THF) was added dropwise by syringe at 0℃. The mixture was stirred for 

an additional one hour at room temperature. After the formation of Grignard reagent, the reaction mixture was cooled to 0 °C 

and S1 (10 mmol, 1.0 equiv) was added dropwise by syringe. The reaction was quenched with H2O and HCl (1 M). The aqueous 

layer was extracted with EA and the combined organic layers were dried over Na2SO4, filtrated and concentrated in vacuum. 

The crude product was applied to flash column chromatography eluted with PE/EA = 10/1 to obtain S5. 

PCC (Pyridinium Chlorochromate, (9.6 mmol, 1.2 equiv)) was added into a solution of S5 (8 mmol, 1.0 equiv) in 

dichlorometh-ane (DCM, 30 mL). The reaction was stirred at room temperature and monitored by TLC. After the S5 was 

completely consumed, the reaction mixture was poured into water and extracted with DCM (3×10 mL). The organic phase was 

washed with brine and dried with anhydrous Na2SO4. The solvent was distilled using rotary evaporator and the product S6 was 

obtained by flash column chromatography eluted with PE/EA = 20/1. 

Under N2 atmosphere, n-BuLi (7.2 mmol, 1.2 equiv, 1.6 M) in hexane was added dropwise into the suspension of 

CH3PPh3Br (7.2 mmol, 1.2 equiv) in anhydrous THF (20 mL) at 0 °C. The reaction mixture was stirred for 1 h until it turned 

to clear orange solution. After S6 (6 mmol, 1.0 equiv) dissolved in anhydrous THF (4 mL) was added into the reaction dropwise, 

the reaction temperature was raised to room temperature and maintained until the entire consumption of S6. And then the 

reaction was quenched using 5 mL saturated NH4Cl (aq), and extracted with EtOAc (2×20 mL). The organic phase was washed 

with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary evaporator. The resulting residue was purified 

by chromatography (SiO2, PE) to yield S7. 

Under N2 atmosphere, n-BuLi (6 mmol, 1.5 equiv 1.6 M) in hexane was added dropwise into the solution of S7 (4 mmol, 

1.0 equiv) in anhydrous THF (6 mL) at -78 °C. The reaction mixture was stirred for 1 h before DMF (8 mmol, 2.0 equiv) 

dissolved in anhydrous THF (1 mL) was added into the reaction dropwise. The reaction temperature was raised to room 

temperature and maintained until the entire consumption of S7. And then the reaction was quenched using 5 mL saturated 

NH4Cl (aq), and extracted with EtOAc (2×20 mL). The organic phase was washed with brine and dried with anhydrous Na2SO4, 

the solvent was removed by rotary evaporator. The resulting residue was purified by chromatography (SiO2, PE/EA = 100/1) 

to yield S8. 

The substrates such as 3a, 3b, 3gand 3h were synthesized according to General procedure B. 

 

1-(2-(but-1-en-2-yl)phenyl)-4- ((tert-butyldimethylsilyl)oxy)but-2-yn-1-one (3a)  

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 
1H NMR (400 MHz, Chloroform-

d) δ 8.02 (dd, J = 7.8, 1.4 Hz, 1H), 7.49 (td, J = 7.5, 1.4 Hz, 1H), 7.37 (td, J = 7.6, 1.3 Hz, 1H), 7.22 (dd, 

J = 7.6, 1.3 Hz, 1H), 5.14 (q, J = 1.6 Hz, 1H), 4.88 (q, J = 1.2 Hz, 1H), 4.53 (s, 2H), 2.38 (qt, J = 7.4, 1.4 
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Hz, 2H), 1.07 (t, J = 7.4 Hz, 3H), 0.92 (s, 9H), 0.14 (s, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 179.0, 151.8, 144.9, 135.6, 

132.5, 131.6, 130.3, 127.0, 112.6, 91.8, 84.2, 51.7, 30.1, 25.7, 18.3, 12.5, -5.2. HRMS (ESI) [M+Na]+ calculated for 

C20H28O2SiNa+: 351.1751, found 351.1757. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(oct-1-en-2-yl)phenyl)but-2-yn-1-one (3b) 

Colorless liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 8.02 (dd, J = 7.8, 1.5 Hz, 1H), 7.46 (td, J = 7.5, 1.4 Hz, 1H), 7.34 (td, J = 7.6, 1.3 Hz, 

1H), 7.18 (dd, J = 7.6, 1.3 Hz, 1H), 5.10 (d, J = 1.5 Hz, 1H), 4.86 (d, J = 1.6 Hz, 1H), 4.51 (s, 2H), 2.37 

– 2.27 (m, 2H), 1.37 (q, J = 7.9 Hz, 2H), 1.30 – 1.20 (m, 6H), 0.90 (s, 9H), 0.83 (t, J = 6.9 Hz, 3H), 

0.12 (s, 6H).
 
13C NMR (126 MHz, Chloroform-d) δ 178.9, 150.8, 144.9, 135.5, 132.5, 131.7, 130.5, 127.0, 113.3, 91.9, 84.2, 

51.8, 37.4, 31.8, 29.1, 28.2, 25.7, 22.6, 18.3, 14.1, -5.2. HRMS (ESI) [M+Na]+ calculated for C24H36O2SiNa+: 407.2377, found 

407.2368. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(5-phenylpent-1-en-2-yl)phenyl)but-2-yn-1-one (3g) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 
1H NMR (400 MHz, 

Chloroform-d) δ 8.05 (dd, J = 7.8, 1.4 Hz, 1H), 7.48 (td, J = 7.5, 1.4 Hz, 1H), 7.38 (td, J = 7.6, 1.3 

Hz, 1H), 7.26 – 7.23 (m, 2H), 7.21 (dd, J = 7.5, 1.3 Hz, 1H), 7.18 – 7.11 (m, 3H), 5.15 (q, J = 1.5 

Hz, 1H), 4.92 (d, J = 1.5 Hz, 1H), 4.52 (s, 2H), 2.69 – 2.54 (m, 2H), 2.42 (t, J = 7.8 Hz, 2H), 1.85 

– 1.63 (m, 2H), 0.93 (s, 9H), 0.15 (s, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 178.8, 150.2, 144.6, 142.4, 135.5, 132.9, 

131.9, 130.5, 128.4, 128.3, 127.1, 125.9, 113.7, 91.9, 84.1, 51.7, 37.0, 35.6, 30.0, 25.7, 18.3, -5.2. HRMS (ESI) [M+Na]+ 

calculated for C27H34O2SiNa+: 441.2220, found 441.2227. 
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4-((tert-butyldimethylsilyl)oxy)-1-(2-(hexa-1,5-dien-2-yl)phenyl)but-2-yn-1-one (3h) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 
1H NMR (400 MHz, 

Chloroform-d) δ 8.06 (dd, J = 7.7, 1.4 Hz, 1H), 7.49 (td, J = 7.5, 1.4 Hz, 1H), 7.38 (td, J = 7.6, 1.3 

Hz, 1H), 7.21 (dd, J = 7.6, 1.4 Hz, 1H), 5.88 – 5.74 (m, 1H), 5.15 (q, J = 1.5 Hz, 1H), 5.00 (dd, J 

= 17.1, 1.8 Hz, 1H), 4.95 (dt, J = 10.2, 1.6 Hz, 1H), 4.92 – 4.90 (m, 1H), 4.54 (s, 2H), 2.46 (dd, J 

= 9.1, 6.5 Hz, 2H), 2.24 – 2.11 (m, 2H), 0.93 (s, 9H), 0.15 (s, 6H).
 
13C NMR (101 MHz, 

Chloroform-d) δ 178.7, 149.9, 144.5, 138.2, 135.4, 132.6, 131.9, 130.6, 127.1, 114.7, 113.7, 91.9, 51.7, 36.5, 32.3, 25.7, 18.3, 

-5.2. HRMS (ESI) [M+Na]+ calculated for C22H30O2SiNa+: 377.1907, found 377.1915.  
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Typical procedure C:[2] 

 
NaBH4 (15 mmol, 1.5 equiv) was added into a solution of S1 (10 mmol, 1.0 equiv) in methanol (CH3OH, 40 mL). The 

reaction was stirred at 0 °C and monitored by TLC. After the S1 was completely consumed, the reaction mixture was poured 

into water and extracted with EA (3×10 mL). The organic phase was washed with brine and dried with anhydrous Na2SO4. The 

solvent was distilled using rotary evaporator and the product S9 was obtained by flash column chromatography eluted with 

PE/EA = 5/1. 

Under N2 atmosphere, n-BuLi (17.6 mmol, 2.2 equiv 1.6 M) in hexane was added dropwise into the solution of S9 (8 

mmol, 1.0 equiv) in anhydrous THF (40 mL) at -78 °C. The reaction mixture was stirred for 1 h before corresponding aldehyde 

(9.6 mmol, 1.2 equiv) dissolved in anhydrous THF (3 mL) was added into the reaction dropwise.The reaction temperature was 

raised to room temperature and maintained until the entire consumption of S9. And then the reaction was quenched using 10 

mL saturated NH4Cl (aq), and extracted with EtOAc (2×20 mL). The organic phase was washed with brine and dried with 

anhydrous Na2SO4, the solvent was removed by rotary evaporator. The resulting residue was purified by chromatography (SiO2, 

PE/EA = 1/1) to yield S10. 

To the solution of S10 (6 mmol, 1.0 equiv) in 30 mL DCM, 1H-imidazole (7.2 mmol, 1.2 equiv), TBSCl (7.2 mmol, 1.2 

equiv) was added and the mixture was stirred at room temperature for about 1 h. After the complete consumption of S10 

determined by TLC. And then the reaction was quenched using 10 mL saturated NH4Cl (aq), and extracted with DCM (2×20 

mL). The organic phase was washed with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary evaporator. 

The resulting residue was purified by chromatography (SiO2, PE/EA = 10/1) to yield S11. 

PCC (Pyridinium Chlorochromate, (6.72 mmol, 1.2 equiv)) was added into a solution of S11 (5.6 mmol, 1.0 equiv) in 

dichloromethane (DCM, 20 mL). The reaction was stirred at room temperature and monitored by TLC. After the S11 was 

completely consumed, the reaction mixture was poured into water and extracted with DCM (3×10 mL). The organic phase was 

washed with brine and dried with anhydrous Na2SO4. The solvent was distilled using rotary evaporator and the product S12 

was obtained by flash column chromatography eluted with PE/EA = 20/1. 

Under N2 atmosphere, n-BuLi (6 mmol, 1.2 equiv, 1.6 M) in hexane was added dropwise into the suspension of CH3PPh3Br 

(6 mmol, 1.2 equiv) in anhydrous THF (25 mL) at 0 °C. The reaction mixture was stirred for 1 h until it turned to clear orange 

solution. After S12 (5 mmol, 1.0 equiv) dissolved in anhydrous THF (4 mL) was added into the reaction dropwise, the reaction 

temperature was raised to room temperature and maintained until the entire consumption of S12. And then the reaction was 

quenched using 5 mL saturated NH4Cl (aq), and extracted with EtOAc (2×20 mL). The organic phase was washed with brine 

and dried with anhydrous Na2SO4, the solvent was removed by rotary evaporator. The resulting residue was purified by 

chromatography (SiO2, PE) to yield S13. 
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To a solution of S13 (1.0 eq) in THF (0.25 M) was added TBAF•3H2O (1.2 equiv) at room temperature and the mixture 

was stirred for 5 minutes. The mixture was poured into a separatory funnel and water was added. The aqueous was extracted 

with EtOAc for three times and the collected organic phase was washed with brine. The organic phase was dried with Na2SO4 

and collected by vacuum into a round bottom flask. The crude product was purified by column chromatography (PE/EA=10:1) 

to afford S14 in 59% yield as the yellow oil. 

To the solution of S14 (3 mmol, 1.0 equiv) in 10 mL DCM, activated MnO2 (30 mmol, 10 equiv) was added and the 

mixture was stirred at room temperature for about 3 h. After the complete consumption of S14 determined by TLC, the reaction 

mixture was filtered through silica gel and the filtrate was concentrated by rotary evaporator. The resulting residue was flash 

chromatographed (PE/EA = 20:1) on silica gel to afford S15. 

The substrates such as 3c, 3d, 3e, 3f, 3l and 3m were synthesized according to General procedure C. 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(3,3-dimethylbut-1-en-2-yl)phenyl)but-2-yn-1-one (3c) 

Colorless liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.09 (dd, J = 7.8, 1.5 Hz, 1H), 7.45 (dd, J = 7.5, 1.5 Hz, 1H), 7.38 (dd, J = 7.6, 1.4 

Hz, 1H), 7.16 (dd, J = 7.6, 1.3 Hz, 1H), 5.27 (d, J = 1.1 Hz, 1H), 4.79 (d, J = 1.1 Hz, 1H), 4.54 (s, 2H), 

1.12 (s, 10H), 0.92 (s, 9H), 0.14 (s, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 178.7, 157.8, 143.8, 

136.1, 131.8, 131.8, 131.0, 126.6, 112.2, 91.8, 84.4, 51.8, 36.6, 30.2, 25.7, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for 

C22H32O2SiNa+: 379.2064, found 379.2070. 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(1-cyclopropylvinyl)phenyl)but-2-yn-1-one (3d) 

Colorless liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 8.00 (dd, J = 7.8, 1.4 Hz, 1H), 7.47 (dd, J = 7.5, 1.4 Hz, 1H), 7.38 (td, J = 7.6, 1.3 Hz, 

1H), 7.22 (dd, J = 7.6, 1.3 Hz, 1H), 5.06 (s, 1H), 4.82 (d, J = 1.2 Hz, 1H), 4.54 (s, 2H), 1.72 – 1.65 (m, 

1H), 0.92 (s, 9H), 0.76 – 0.70 (m, 2H), 0.50 – 0.46 (m, 2H), 0.14 (s, 6H).
 
13C NMR (126 MHz, 

Chloroform-d) δ 179.0, 151.1, 143.5, 136.1, 132.3, 131.2, 130.8, 127.1, 111.4, 92.0, 84.3, 51.8, 25.7, 18.3, 17.3, 7.1, -5.2. 

HRMS (ESI) [M+Na]+ calculated for C21H28O2SiNa+: 363.1751, found 363.1759.  
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4-((tert-butyldimethylsilyl)oxy)-1-(2-(1-cyclopentylvinyl)phenyl)but-2-yn-1-one (3e) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.07 (d, J = 7.7 Hz, 1H), 7.58 – 7.45 (m, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.22 (d, J = 

7.6 Hz, 1H), 5.18 (s, 1H), 4.90 (s, 1H), 4.56 (s, 2H), 2.72 (p, J = 8.3 Hz, 1H), 1.87 – 1.76 (m, 2H), 

1.70 (td, J = 6.6, 3.6 Hz, 2H), 1.57 (dt, J = 9.3, 4.7 Hz, 2H), 1.51 – 1.38 (m, 2H), 0.95 (s, 9H), 0.17 (s, 

6H).
 
13C NMR (101 MHz, Chloroform-d) δ 178.9, 154.0, 145.5, 135.3, 132.5, 131.8, 130.5, 126.8, 111.3, 91.9, 84.2, 51.8, 46.6, 

32.0, 25.7, 24.7, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for C23H32O2SiNa+: 391.2064, found 391.2072.  

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(1-cyclohexylvinyl)phenyl)but-2-yn-1-one (3f) 

Colorless liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 
1H NMR (400 MHz, 

Chloroform-d) δ 8.08 (dd, J = 7.8, 1.4 Hz, 1H), 7.47 (dd, J = 7.5, 1.5 Hz, 1H), 7.37 (td, J = 7.6, 1.4 

Hz, 1H), 7.18 (dd, J = 7.5, 1.4 Hz, 1H), 5.10 (s, 1H), 4.86 (d, J = 1.3 Hz, 1H), 4.54 (s, 2H), 2.07 (d, 

J = 11.1 Hz, 1H), 1.85 (d, J = 10.3 Hz, 2H), 1.77 – 1.69 (m, 2H), 1.29 – 1.11 (m, 6H), 0.93 (s, 9H), 

0.15 (s, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 178.8, 156.0, 145.3, 135.2, 132.4, 132.1, 131.1, 

126.9, 110.8, 91.9, 84.1, 51.8, 44.5, 32.4, 26.7, 26.4, 25.7, 18.3, -5.2. HRMS (ESI) [M+Na]+ calculated for C24H34O2SiNa+: 

405.222, found 405.2227.  
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4-((tert-butyldimethylsilyl)oxy)-1-(2-(1-(4-methoxyphenyl)vinyl)phenyl)but-2-yn-1-one(3l) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 
1H NMR (500 MHz, Chloroform-d) 

δ 8.05 (dd, J = 7.8, 1.5 Hz, 1H), 7.58 (td, J = 7.5, 1.4 Hz, 1H), 7.49 (td, J = 7.6, 1.3 Hz, 1H), 7.38 (dd, J = 

7.6, 1.3 Hz, 1H), 7.25 – 7.20 (m, 2H), 6.86 – 6.80 (m, 2H), 5.68 (d, J = 1.0 Hz, 1H), 5.15 (d, J = 1.0 Hz, 

1H), 4.38 (s, 2H), 3.82 (s, 3H), 0.93 (s, 9H).
 
13C NMR (126 MHz, Chloroform-d) δ 178.7, 159.2, 148.3, 

143.0, 137.1, 133.4, 132.5, 131.6, 131.1, 128.1, 127.7, 113.9, 113.6, 92.0, 84.1, 55.2, 51.6, 25.7, 18.3, -5.2. 

HRMS (ESI) [M+H]+ calculated for C25H31O3Si+: 407.2037, found 407.2027. 

 

 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(1-(4-fluorophenyl)vinyl)phenyl)but-2-yn-1-one (3m) 

Yellow liquid, purified by chromatography (PE/EA = 21/1, Rf = 0.5);
 

1H NMR (500 MHz, 

Chloroform-d) δ 8.09 (dd, J = 7.8, 1.4 Hz, 1H), 7.60 (td, J = 7.5, 1.4 Hz, 1H), 7.51 (td, J = 7.6, 1.3 Hz, 

1H), 7.38 (dd, J = 7.5, 1.3 Hz, 1H), 7.28 – 7.20 (m, 2H), 6.98 (t, J = 8.7 Hz, 2H), 5.68 (s, 1H), 5.23 (s, 

1H), 4.41 (s, 2H), 0.92 (s, 9H), 0.12 (s, 6H).
 
13C NMR  (126 MHz, Chloroform-d) 13C NMR (126 

MHz, Chloroform-d) δ 177.2, 164.9 (d, J = 256.3 Hz), 148.5 (d, J = 8.9 Hz), 145.1 (d, J = 1.0 Hz), 

134.5 (d, J = 9.8 Hz), 131.9 (d, J = 2.8 Hz), 117.0 (d, J = 21.7 Hz), 115.5, 114.0 (d, J = 21.6 Hz), 92.0, 83.8, 51.7, 25.7, 23.6, 

18.3, -5.2. 19F NMR (471 MHz, Chloroform-d) δ -114.81. HRMS (ESI) [M+Na]+ calculated for C24H27FO2SiNa+: 417.1656, 

found 417.1649.  
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Typical procedure D:[1][3][4] 

 
A solution of NaI (3.60 g, 24.0 mmol) in MeCN (40 mL) was allowed to cool to 0 °C and then charged with TMSCl (3.05 

mL, 24.0 mmol). The mixture was allowed to stir for 30 min at 0 °C, after which H2O (216 μL, 12.0 mmol) was added, 

immediately followed by propargyl alcohol (1.16 mL, 20.0 mmol). The solution was allowed to stir at 23 °C for 6 h, and then 

quenched by the addition of a saturated solution of aqueous NaHCO3 (110 mL). The mixture was washed with Et2O (3 × 70 

mL). The combined organic layers were washed with a saturated solution of aqueous Na2S2O3 (3 × 90 mL) and dried over 

Na2SO4 and then filtered. The resultant organic layer was evaporated in vacuo to afford dark oil, which was purified by silica 

gel chromatography (PE/EtOAc = 8/2) to furnish S16 as colorless oil (2.4 g, 65% yield). 

To a cooled (0 °C) solution of S16 (5 mmol, 1.0 equiv), diisopropylethylamine (10 mmol, 2.0 equiv) in dichloromethane 

(25 mL) was added dropwise bromo(methoxy)methane (10 mmol, 2.0 equiv)). The reaction mixture was stirred for 3 days at 

rt before being diluted with 15 mL of water. The layers were separated and the aqueous layer was extracted with diethyl ether. 

Combined organic layer were dried over anhydrous magnesium sulfate, filtered and concentrated. The residue was finally 

purified by flash chromatography on silica gel (PE/EA = 9/1) to afford the desired product S17. 

To an N2-sparged solution of S17 (3 mmol, 1.0 equiv), (2-formylphenyl)boronic acid (3.6 mmol, 1.2 equiv) and cesium 

carbonate (3 mmol, 1.0 equiv) in EtOH (15 mL) was added Pd(PPh3)4 (0.09 mmol, 3 mol%). The mixture was stirred at 60 °C 

for 12 h. After the reaction completed,it was diluted with water and extracted with EA. The combined organics were washed 

with brinem dried over anhydrous Na2SO4 and concentrated in vacuo. The resulting residue was flash chromatographed (PE: 

EA = 30:1) on silica gel to afford the product S18. 

The substrates such as 3j were synthesized according to General procedure D. 

4-((tert-butyldimethylsilyl)oxy)-1-(2-(3-(methoxymethoxy)prop-1-en-2-yl)phenyl)but-2-yn-1-one (3j) 

Yellow liquid, purified by chromatography (PE/EA = 10/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.12 (dd, J = 7.8, 1.4 Hz, 1H), 7.52 (d, J = 1.4 Hz, 1H), 7.42 (d, J = 1.4 Hz, 1H), 

7.33 – 7.25 (m, 1H), 5.42 (d, J = 1.6 Hz, 1H), 5.08 (dt, J = 1.8, 0.9 Hz, 1H), 4.65 (s, 2H), 4.55 (s, 

2H), 4.31 (t, J = 1.2 Hz, 2H), 3.31 (s, 3H), 0.93 (s, 9H), 0.15 (s, 6H).
 
13C NMR (101 MHz, 

Chloroform-d) δ 178.4, 146.8, 141.6, 135.5, 132.9, 132.2, 131.3, 127.6, 115.2, 95.6, 92.2, 83.9, 69.9, 55.3, 51.7, 25.7, 18.3, -

5.2. HRMS (ESI) [M+Na]+ calculated for C21H30O4SiNa+: 397.1805, found 397.1812. 
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Typical procedure E:[1] 

 
A solution of S19 (5 mmol, 1.0 equiv) in MeCN (40 mL) charged with 2,3-dibromoprop-1-ene (7.5 mmol, 1.5 equiv) and 

potassium carbonate (7.5 mmol, 1.5 equiv). The mixture was stirred at 85 °C for 12 h. After the reaction completed,it was 

diluted with water and extracted with EA. The combined organics were washed with brine dried over anhydrous Na2SO4 and 

concentrated in vacuo. The resulting residue was flash chromatographed (PE/EA = 3:1) on silica gel to afford the product S20. 

To an N2-sparged solution of S20 (3 mmol, 1.0 equiv), (2-formylphenyl)boronic acid (4.5 mmol, 1.5 equiv) and sodium 

carbonate (6 mmol, 2.0 equiv) in Toluene :MeOH (V:V = 3:1, 15 mL) was added Pd(PPh3)4 (0.09 mmol, 3 mol%). The mixture 

was stirred at 80 °C for 24 h. After the reaction completed, it was diluted with water and extracted with EA. The combined 

organics were washed with brine dried over anhydrous Na2SO4 and concentrated in vacuo. The resulting residue was flash 

chromatographed (PE/EA = 5:1) on silica gel to afford the product S21. 

The substrates such as 3i were synthesized according to General procedure E  

 

N-(2-(2-(4-((tert-butyldimethylsilyl)oxy)but-2-ynoyl)phenyl)allyl)-N,4-dimethylbenzenesulfonamide (3i) 

Yellow liquid, purified by chromatography (PE/EA = 5/1, Rf = 0.5);
 

1H NMR (400 MHz, 

Chloroform-d) δ 8.19 (dd, J = 7.8, 1.4 Hz, 1H), 7.64 – 7.57 (m, 2H), 7.53 (dd, J = 7.5, 1.4 Hz, 1H), 

7.44 (td, J = 7.6, 1.3 Hz, 1H), 7.29 – 7.23 (m, 3H), 5.36 (d, J = 1.4 Hz, 1H), 5.06 (d, J = 1.2 Hz, 1H), 

4.56 (s, 2H), 3.85 (s, 2H), 2.81 (s, 3H), 2.41 (s, 3H), 0.93 (s, 9H), 0.15 (s, 6H).
 
13C NMR (101 MHz, 

Chloroform-d) δ 178.2, 145.1, 143.2, 141.5, 134.9, 134.8, 133.2, 133.0, 131.5, 129.6, 127.8, 127.4, 115.4, 92.4, 83.6, 55.0, 

51.7, 34.6, 25.7, 21.5, 18.3, -5.2. HRMS (ESI) [M+H]+ calculated for C27H36NO4SSi+: 498.2129, found 498.2134. 
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Typical procedure F [1][5]: 

 
To an N2-sparged solution of corresponding bromide S1 (10 mmol, 1.0 equiv), 2-isopropenylboronic acid pinacol ester 

(12.0 mmol, 1.2 equiv) and cesium carbonate (30 mmol, 3.0 equiv) in THF (50 mL) was added Pd(PPh3)4 (0.2 mmol, 2 mol%). 

The mixture was stirred at 80 °C for 12 h. After the reaction completed (monitored by GC-MS), it was diluted with water and 

extracted with EA. The combined organics were washed with brine dried over anhydrous Na2SO4 and concentrated in vacuo. 

Theresulting residue was flash chromatographed (PE/EA = 200:1) on silica gel to afford the product S22 in a yield of 92%. 

NaBH4 (13.8 mmol, 1.5 equiv) was added into a solution of S22 (9.2 mmol, 1.0 equiv) in methanol (CH3OH, 40 mL). The 

reaction was stirred at 0 °C and monitored by TLC. After the S22 was completely consumed, the reaction mixture was poured 

into water and extracted with EA (3×10 mL). The organic phase was washed with brine and dried with anhydrous Na2SO4. The 

solvent was distilled using rotary evaporator and the product S23 was obtained by flash column chromatography eluted with 

PE/EA = 5/1. 

To a solution of S23 (9.2 mmol, 1.0 equiv) in DCM (35 mL) was added PPh3 (13.8 mmol, 1.5 equiv). This reaction was 

cooled to 0 °C and CBr4 (13.8 mmol, 1.5 equiv). was added. The reaction mixture was stirred for 30 min at room temperature, 

and monitored by TLC. After the S23 was completely consumed, diluted with EtOAc and washed with brine and water. The 

organic layer was dried over Na2SO4 and concentrated. The crude product was purified using column chromatography on silica 

gel (PE/EA = 100:1) to give S24. 

Under N2 atmosphere, iPrMgCl (21.2 mmol, 4.0 equiv) was added dropwise into the suspension of 

(trimethylsilyl)acetylene (21.2 mmol, 4.0 equiv) in anhydrous THF (25 mL) at 0 °C. The reaction mixture was stirred for 30 

min and S24 (5.3 mmol, 1.0 equiv) dissolved in anhydrous THF (4 mL) was added into the reaction dropwise. Then the reaction 

mixture was stirred for 10 min at the reaction temperature and copper(I) iodide (2.12 mmol, 0.4 equiv) was added into the 

reaction.After the reaction temperature raised to 80 °C and maintained until the entire consumption of S24. And then the 

reaction was quenched using 5 mL saturated NH4Cl (aq), and extracted with EtOAc (2×20 mL). The organic phase was washed 

with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary evaporator. The resulting residue was purified 

by chromatography (SiO2, PE) to yield S25 

To a solution of S25 (3.6 mmol, 1.0 equiv) in methanol (10 mL) was added dried potassium carbonate (10.8 mmol. 3.0 

equiv) at 0 °C. After 2 h stirring the reaction was diluted with EtOAc washed with brine twice. The combined organic layers 

were dried over MgSO4 and purified then by column chromatography on silica gel (PE) to give S26. 

Under N2 atmosphere, n-BuLi (3.12 mmol, 1.2 equiv, 1.6 M) in hexane was added dropwise into the suspension of S26 

(2.6 mmol, 1.0 equiv) in anhydrous THF (15 mL) at -78 °C. The reaction mixture was stirred for 1 h. After the (CH2O)n (4 

mmol, 1.5 equiv) dissolved in anhydrous THF (4 mL) was added into the reaction dropwise, the reaction temperature was 
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raised to room temperature and maintained until the entire consumption of S26. And then the reaction was quenched using 5 

mL saturated NH4Cl (aq), and extracted with EtOAc (2×20 mL). The organic phase was washed with brine and dried with 

anhydrous Na2SO4, the solvent was removed by rotary evaporator. The resulting residue was purified by chromatography (SiO2, 

PE/EtA = 10:1) to yield S27. 

To the solution of S27 (2mmol, 1.0 equiv) in 10 mL DCM, 1H-imidazole (2.4 mmol, 1.2 equiv), TBSCl (2.4 mmol, 1.2 

equiv) was added and the mixture was stirred at room temperature for about 1 h. After the complete consumption of S27 

determined by TLC. And then the reaction was quenched using 10 mL saturated NH4Cl (aq), and extracted with DCM (2×20 

mL). The organic phase was washed with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary evaporator. 

The resulting residue was purified by chromatography (SiO2, PE/EA = 50/1) to yield 3q. 

 

Tert-butyldimethyl((4-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-yl)oxy)silane (3q) 

Colorless liquid, purified by chromatography (PE/EA = 50/1, Rf = 0.5);
 
1H NMR (400 MHz, 

Chloroform-d) δ 7.54 – 7.48 (m, 1H), 7.27 – 7.17 (m, 2H), 7.12 (dd, J = 7.2, 1.8 Hz, 1H), 5.23 (t, J 

= 1.8 Hz, 1H), 4.88 (dd, J = 2.1, 1.0 Hz, 1H), 4.35 (t, J = 2.3 Hz, 2H), 3.62 (t, J = 2.3 Hz, 2H), 2.05 

(d, J = 1.3 Hz, 3H), 0.91 (s, 9H), 0.11 (s, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 144.8, 143.1, 133.3, 128.9, 127.9, 127.1, 

126.5, 115.4, 83.5, 80.6, 52.1, 25.9, 24.8, 22.9, 18.3, -5.1. HRMS (ESI) [M+H]+ calculated for C19H29OSi+: 301.1982, found 

301.1989. 
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Typical procedure G[6]: 

 

 
 

  Under N2 atmosphere, the solution of n-BuLi (2.4 mmol, 1.2 equiv) in hexane (1.6 mol/L) was added dropwise into the 

solution of prop-1-yne (2.4 mmol, 1.2 equiv) in anhydrous THF at -78℃. After the 30 min, aldehyde S2 (2 mmol, 1.0 equiv) 

dissolved in anhydrous THF was added and the temperature was allowed to raise to room temperature. After the complete 

consumption of S2 (determined by TLC), the reaction was quenched by saturated NH4Cl (aq), and extracted with EtOAc. The 

organic phase was washed with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary evaporator. The 

resulting residue was flash chromatography (PE:EA = 5:1) on silica gel to afford the product 3s. . 

1-(2-(prop-1-en-2-yl)phenyl)but-2-yn-1-ol (3s) 

Yellow liquid, purified by chromatography (PE/EA = 5/1, Rf = 0.5);

 
1H NMR (400 MHz, Chloroform-d) 

δ 6.48 (dd, J = 7.5, 1.7 Hz, 1H), 6.09 – 5.96 (m, 2H), 5.88 (dd, J = 7.4, 1.7 Hz, 1H), 4.37 (d, J = 2.3 Hz, 

1H), 4.00 (s, 1H), 3.69 (dd, J = 2.2, 1.1 Hz, 1H), 1.08 (s, 1H), 0.83 (t, J = 1.3 Hz, 3H), 0.60 (d, J = 2.2 Hz, 

3H). 13C NMR (101 MHz, Chloroform-d) δ 144.3, 142.5, 138.2, 128.0, 128.0, 127.5, 127.1, 116.1, 82.6, 

80.1, 61.9, 25.5, 3.8.  

 

Typical procedure H: 

 
Under N2 atmosphere, the solution of n-BuLi (4.2 mmol, 2.1 equiv) in hexane (1.6 mol/L) was added dropwise into the 

solution of prop-2-yn-1-ol (2.2 mmol, 1.1 equiv) in anhydrous THF at -78℃. After the 30 min, aldehyde S22 (2 mmol, 1.0 

equiv) dissolved in anhydrous THF was added and the temperature was allowed to raise to room temperature. After the 

complete consumption of S22 (determined by TLC), the reaction was quenched by saturated NH4Cl (aq) and extracted with 

EtOAc. The organic phase was washed with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary 

evaporator. The resulting residue was flash chromatography (PE/EA = 2:1) on silica gel to afford the product 3t. 

1-(2-(prop-1-en-2-yl)phenyl)but-2-yne-1,4-diol (3t) 

Colorless solid, purified by chromatography (PE/EA = 2/1, Rf = 0.5);

 
1H NMR (400 MHz, 

Chloroform-d) δ 6.93 – 6.78 (m, 1H), 6.44 (t, J = 4.7 Hz, 2H), 6.35 – 6.20 (m, 1H), 4.86 (s, 

1H), 4.41 (s, 1H), 4.09 (s, 1H), 3.42 (s, 2H), 2.16 (s, 1H), 1.79 (s, 2H), 1.23 (s, 3H).

 
13C NMR 

(101 MHz, Chloroform-d) δ 144.0, 142.6, 137.3, 128.3, 128.0, 127.6, 127.2, 116.3, 86.3, 84.5, 

61.5, 51.0, 25.4. HRMS (ESI) [M+Na]+ calculated for C13H14O2Na+: 225.0886, found 225.0881. 
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Typical procedure I: 

 
 

Under N2 atmosphere, the solution of n-BuLi (12 mmol, 1.2 equiv) in hexane (1.6 mol/L) was added dropwise into the 

solution of S28 (10 mmol, 1.0 equiv) in anhydrous THF at -78 ℃. After the 30 min, dry CO2 was passed through the reaction  

for 30 mim. Then, the mixture was stirred for 30 min at -78 ℃,  and the temperature was allowed to raise to room temperature. 

After the complete consumption of S28 (determined by TLC), the reaction was quenched by 1.0 M HCl and extracted with 

EtOAc. The organic phase was washed with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary 

evaporator. The resulting residue was flash chromatography (PE/EA = 3:1) on silica gel to afford the product S29. 

To a flame dried flask was added alcohol (2.0 mol) in DCM, then the reaction mixture was transferred to 0 °

C, S29 (1.0 eq) , DCC (1.5 eq) and DMAP (0.1 eq) was added successively and the mixture was stirred for 1 hours. 

The insoluble salts were removed via filtration and the mixture was evaporated under reduced pressure and purified 

by column chromatography (PE:EA = 5:1) to the compound 3u in 80% yield as the colorless liquid. 

 

2-methylallyl 4-((tert-butyldimethylsilyl)oxy)but-2-ynoate(3u) 

Colorless liquid, purified by chromatography (PE/EA = 5/1, Rf = 0.5); 1H NMR (400 MHz, 

Chloroform-d) δ 5.03 (q, J = 1.2 Hz, 1H), 4.98 (q, J = 1.2 Hz, 1H), 4.61 (s, 2H), 4.46 (s, 2H), 

1.79 (t, J = 1.1 Hz, 3H), 0.93 (s, 9H), 0.15 (s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 153.0, 

138.9, 113.9, 86.2, 69.0, 55.8, 51.4, 34.9, 25.7, 19.4, -5.3. 
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Typical procedure J: 

 
 

A solution of N,N‐dimethylformamide (3 eq.) in anhydrous chloroform (0.5 M) was cooled to 0 °C in ice bath. 

Phosphorous tribromide (2.7 eq.) was added dropwise over a period of 10 min. The resulting white suspension was warmed 

to room temperature and stirred for an additional 30 min. A solution of carbonyl compound (100 mmol) in chloroform was 

added dropwise and the reaction mixture was stirred for 12 h at room temperature. The reaction mixture was then poured in 

ice water in ice bath. Solid NaOH  was carefully added to neutralize the acids and the mixture was extracted three times with 

DCM. The organic part was then washed with cold water, dried with sodium sulfate and the solvents evaporated. Purification 

of the residue was done by silica gel by column chromatography. (PE: EA = 15: 1- 10: 1) to afford the product S30 

Note: make sure if ice bath is needed, be careful while neutralizing the mixture (every time NaOH added, wait for about 

20mins before adding it for the next time and make sure to check PH value from time to time.) 

To an N2-sparged solution of S30 (2 mmol, 1.0 equiv), alkenylboronic acid pinacol ester (2.2 mmol, 1.1 equiv) and 

K2CO3(3.3 mmol, 3.0 equiv) in Toluene (7 mL) and CH3OH (1 mL) was added Pd(PPh3)2Cl2 (0.1 mmol, 5 mol%). The mixture 

was stirred at 100 °C for 12 h. After the reaction completed (monitored by GC-MS), it was diluted with water and extracted 

with EtOAc. The combined organics were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The 

resulting residue was flash chromatographed (PE: EA = 25:1) on silica gel to afford the product S31. 

Under N2 atmosphere, the solution of n-BuLi (1.65 mmol, 1.1 equiv) in hexane (1.6 mol/L) was added dropwise into the 

solution of S28 (1.8 mmol, 1.2 equiv) in anhydrous THF at -78℃. After the 30 min, aldehyde S31 (1.5 mmol, 1.0 equiv) 

dissolved in anhydrous THF was added and the temperature was allowed to raise to room temperature. After the complete 

consumption of S31 (determined by TLC, about 1 h), the reaction was quenched by saturated NH4Cl (aq), and extracted with 

EtOAc. The organic phase was washed with brine and dried with anhydrous Na2SO4, the solvent was removed by rotary 

evaporator. The resulting residue was flash chromatography (PE: EA = 10:1) on silica gel to afford the product S32. 

To the solution of S32 (0.9 mmol, 1.0 equiv) in 10 mL DCM, activated MnO2 (9 mmol, 10 equiv) was added and the 

mixture was stirred at room temperature for about 3 h. After the complete consumption of S32 determined by TLC, the reaction 

mixture was filtered through silica gel and the filtrate was concentrated by rotary evaporator. The resulting residue was flash 

chromatographed (PE: EA = 20:1) on silica gel to afford the product 3v. 

 

(E)-1-((tert-butyldimethylsilyl)oxy)-7-methyl-6-phenylocta-5,7-dien-2-yn-4-one (3v) 

Organic liquid, purified by chromatography (PE/EA = 20/1, Rf = 0.6); 1H NMR (500 MHz, 

Chloroform-d) δ 7.30 (td, J = 4.6, 2.3 Hz, 3H), 7.12 (dd, J = 7.4, 2.0 Hz, 2H), 6.30 (s, 1H), 

5.40 (dd, J = 2.2, 1.2 Hz, 1H), 4.91 (d, J = 1.5 Hz, 1H), 3.94 (s, 2H), 2.01 (d, J = 1.3 Hz, 3H), 

0.81 (s, 9H), 0.00 (s, 6H). 13C NMR (126 MHz, Chloroform-d) δ 177.8, 157.2, 144.1, 137.3, 

129.8, 128.2, 127.7, 126.8, 125.6, 92.7, 84.0, 51.3, 25.7, 20.5, 18.2, -5.2. 
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Procedure for formation of 6: 

 

 
To a flame dried flask was added PPh3 (1.3 eq) in dry THF, 4-((tert-butyldimethylsilyl)oxy)but-2-yn-1-ol (1.0 

eq) and S6-1 (1.05 eq) under nitrogen, then the reaction mixture was transferred to 0 °C, DIAD (1.3 eq) was added 

dropwise and the mixture was moved to room temperature, stirred for 4 hours. The mixture was evaporated under 

reduced pressure and purified by column chromatography (PE:EA = 10:1) to the compound 6 in 94% yield as the 

yellow oil. 

N-benzyl-N-(4-((tert-butyldimethylsilyl)oxy)but-2-yn-1-yl)-4-methylbenzenesulfonamide(6) 

Yellow oil, 94%, purified by chromatography (PE/EA = 10/1, Rf = 0.7); 1H NMR  (500 MHz, 

Chloroform-d) δ 7.87 (d, J = 1.9 Hz, 0H), 7.86 (d, J = 1.8 Hz, 0H), 4.41 (s, 0H), 4.10 (t, J 

= 1.9 Hz, 0H), 4.04 (t, J = 2.0 Hz, 0H), 2.50 (s, 0H), 0.96 (s, 2H), 0.12 (s, 1H). 13C NMR  

(126 MHz, Chloroform-d) δ 143.5, 136.2, 135.1, 129.5, 128.8, 128.7, 128.1, 127.9, 84.7, 77.1, 51.4, 49.9, 36.0, 

25.8, 21.6, 18.2, -5.2. HRMS (ESI) [M+Na]+ calculated for C24H33NO3SSiNa+: 446.1848, found 466.1854. 
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4. General procedure for Rh-catalyzed reactions 
General procedure for 5-exo-cycloisomerization of 1,6-enynes  

To a dichloromethane solution of 1 or 3 (0.1 mmol, 1.0 mL) in Schlenk tube with a magnetic bar was added Rh2(OPiv)4 

(0.002 mmol, 2 mol%, 1.3 mg) at 30 °C under N2. The sealed tube was then stirred at 30 °C under nitrogen atmosphere for 48 

h. The mixture was then concentrated and the residue was purified by chromatography on silica gel (eluent: ethyl 

acetate/petroleum ether) to afford the desired product 2 or 4. 

General procedure for asymmetric 5-exo-cycloisomerization of 1,6-enynes  

To a dichloromethane solution of 1 or 3 (0.05 mmol, 0.5 mL) in Schlenk tube with a magnetic bar was added Rh2(S-

TCPTTL)4 (0.001 mmol, 2 mol%, 2 mg), the catalyst was dissolved in dichloromethane) at 30 °C under N2. The sealed tube 

was then stirred at 30 °C under nitrogen atmosphere for 48 h. The mixture was then concentrated and the residue was purified 

by chromatography on silica gel (eluent: ethyl acetate/petroleum ether) to afford the desired product 2 or 4. 

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (2d) 

Yellow liquid, 13,2 mg, 84%, 93% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.62 (d, J = 7.5 Hz, 1H), 7.46 (t, J = 7.4 Hz, 1H), 7.39 (d, J = 7.5 Hz, 1H), 

7.24 (dd, J = 14.7, 7.3 Hz, 1H), 6.56 (d, J = 5.4 Hz, 1H), 4.62 (d, J = 5.5 Hz, 1H), 1.73 (d, J = 3.9 Hz, 

1H), 1.67 (d, J = 4.0 Hz, 1H), 1.57 (s, 3H), 0.70 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 203.0, 

157.4, 144.2, 133.4, 126.5, 124.5, 122.2, 101.0, 44.2, 40.4, 34.3, 25.2, 17.7, 13.1, -5.4, -5.5. HRMS (ESI) [M+H]+ calculated 

for C19H27O2Si+: 315.1775, found 315.1781. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.7 min, RT2 = 

5.5 min. [α]D
25  = +28.1 (c 0.5, CH2Cl2). 
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(1aR,6aS)-6a-((Z)-2-((tert-butyldiphenylsilyl)oxy)vinyl)-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (2e) 

Yellow liquid, 7.0 mg, 32%, 74% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.66 (dd, J = 15.4, 7.3 Hz, 3H), 7.56 (d, J = 7.3 Hz, 2H), 7.50 (t, J = 7.4 

Hz, 1H), 7.47 – 7.35 (m, 5H), 7.34 – 7.24 (m, 3H), 6.52 (dd, J = 5.5, 1.5 Hz, 1H), 4.65 (d, J = 5.5 Hz, 

1H), 1.83 (d, J = 4.0 Hz, 1H), 1.66 (s, 3H), 1.62 (d, J = 4.6 Hz, 1H), 0.88 – 0.73 (m, 9H).
 
13C NMR (126 MHz, Chloroform-d) 

δ 202.7, 157.3, 145.0, 135.5, 135.3, 133.5, 132.5, 132.1, 130.0, 129.9, 127.9, 127.8, 126.7, 124.7, 122.4, 101.5, 44.4, 40.3, 34.4, 

26.1, 18.9, 13.4. HRMS (ESI) [M+Na]+ calculated for C29H30O2SiNa+: 461.1907, found 461.1909. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 5.1 min, RT2 = 

6.7 min. [α]D
25  = +32.1 (c 0.5, CH2Cl2) 

  

 

(1aR,6aS)-1a-methyl-6a-((Z)-2-((triisopropylsilyl)oxy)vinyl)-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (2f) 

Yellow liquid, 9.3 mg, 52%, 83% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.62 (dt, J = 7.5, 1.0 Hz, 1H), 7.50 – 7.35 (m, 2H), 7.29 – 7.17 (m, 1H), 6.65 

(d, J = 5.6 Hz, 1H), 4.57 (d, J = 5.6 Hz, 1H), 1.73 (d, J = 4.0 Hz, 1H), 1.64 (d, J = 4.1 Hz, 1H), 1.59 (s, 

3H), 1.09 – 1.01 (m, 3H), 0.94 (dd, J = 7.4, 2.5 Hz, 18H).
 
13C NMR (126 MHz, Chloroform-d) δ 202.8, 157.4, 144.9, 133.5, 

133.3, 126.5, 124.5, 122.2, 100.2, 44.2, 40.3, 34.3, 17.5, 13.2, 11.7. HRMS (ESI) [M+Na]+ calculated for C22H32O2SiNa+: 

379.2064, found 379.2068. 
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Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.6 min, RT2 = 

5.0 min. [α]D
25 = -15.4 (c 0.5, CH2Cl2) 

  
 

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-4-fluoro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6 (1H)-

one (2g) 

Yellow solid, M.P: 64-67°C, 16.2 mg, 98%, 94% ee, purified by chromatography (PE/EA = 15/1, Rf = 

0.4);
 
1H NMR (500 MHz, Chloroform-d) δ 7.35 (dd, J = 8.3, 4.4 Hz, 1H), 7.28 (dd, J = 9.9, 2.2 Hz, 

1H), 7.16 (td, J = 8.6, 2.6 Hz, 1H), 6.56 (d, J = 5.6 Hz, 1H), 4.61 (d, J = 5.6 Hz, 1H), 1.73 (d, J = 4.1 

Hz, 1H), 1.62 (d, J = 4.0 Hz, 1H), 1.55 (s, 3H), 0.71 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 

201.7, 161.9 (d, J = 246.1 Hz), 152.8 (d, J = 2.3 Hz), 144.4, 135.4 (d, J = 7.0 Hz), 123.5 (d, J = 7.9 Hz), 120.3 (d, J = 23.4 Hz), 

110.9 (d, J = 22.5 Hz), 100.8, 44.3, 40.9, 33.9, 25.2, 17.7, 13.1, -5.4, -5.5.
 
19F NMR (471 MHz, Chloroform-d) δ -115.74. 

HRMS (ESI) [M+Na]+ calculated for C19H25FO2SiNa+: 355.1500, found 355.1507.  
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Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 8.6 min, RT2 = 

9.1min. [α]D
25  = -7.3 (c 0.5, CH2Cl2). 

   
 

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-4-chloro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (2h) 

Yellow solid, M.P: 74-76 °C, 12.5 mg, 72%, 94% ee, purified by chromatography (PE/EA = 20/1, Rf 

= 0.4);
 
1H NMR (500 MHz, Chloroform-d) δ 7.58 (d, J = 2.1 Hz, 1H), 7.42 (dd, J = 8.0, 2.1 Hz, 1H), 

7.33 (d, J = 8.0 Hz, 1H), 6.56 (d, J = 5.5 Hz, 1H), 4.60 (d, J = 5.6 Hz, 1H), 1.72 (d, J = 4.2 Hz, 1H), 

1.65 (d, J = 4.2 Hz, 1H), 1.55 (s, 3H), 0.71 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 201.5, 

155.5, 144.5, 135.1, 133.2, 132.6, 124.5, 123.5, 100.6, 44.0, 40.9, 34.1, 25.2, 17.7, 13.0, -5.4, -5.5. HRMS (ESI) [M+Na]+ 

calculated for C19H25ClO2SiNa+: 371.1204, found 371.1210. 

 

Resolution of enantiomers: Phenomenex INC column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 7.1 min, RT2 = 7.6 min. 

[α]D
25  = +65.1 (c 0.5, CH2Cl2). 
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(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-methyl-4-(trifluoromethyl)-1a,6a-dihydrocyclopropa [a]inden-

6(1H)-one (2i) 

Yellow solid, M.P: 63-64°C, 11.8 mg, 62%, 90% ee, purified by chromatography (PE/EA = 10/1, Rf 

= 0.4);
 
1H NMR (500 MHz, Chloroform-d) δ 7.89 (d, J = 1.8 Hz, 1H), 7.72 (dd, J = 8.0, 1.8 Hz, 1H), 

7.52 (d, J = 7.9 Hz, 1H), 6.58 (d, J = 5.5 Hz, 1H), 4.63 (d, J = 5.5 Hz, 1H), 1.78 (d, J = 4.3 Hz, 1H), 

1.69 (d, J = 4.3 Hz, 1H), 1.59 (s, 3H), 0.68 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 201.30, 

160.59, 144.78, 133.97, 130.10 (q, J = 3.7 Hz), 129.30 (q, J = 32.7 Hz), 122.83 (q, J = 272.5 Hz), 122.82, 121.70 (q, J = 3.8 

Hz), 100.3, 43.8, 41.3, 34.4, 25.1, 17.6, 12.9, -5.4, -5.5. 19F NMR (471 MHz, Chloroform-d) δ -62.37. HRMS (ESI) [M+Na]+ 

calculated for C20H25F3O2SiNa+: 405.1468, found 405.1471. 

 

Resolution of enantiomers: Phenomenex INA column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.3 min, RT2 = 4.8 min. 

[α]D
25  = + 64.0 (c 0.5, CH2Cl2).  
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(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-methyl-4-nitro-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (2j) 

Yellow solid, M.P: 87-88°C, 11.5 mg, 64%, 96% ee, purified by chromatography (PE/EA = 5/1, Rf = 

0.4);
 
1H NMR (500 MHz, Chloroform-d) δ 8.45 (d, J = 2.2 Hz, 1H), 8.36 (dd, J = 8.3, 2.2 Hz, 1H), 

7.56 (d, J = 8.3 Hz, 1H), 6.60 (d, J = 5.5 Hz, 1H), 4.63 (d, J = 5.5 Hz, 1H), 1.81 (d, J = 4.3 Hz, 1H), 

1.73 (d, J = 4.4 Hz, 1H), 1.61 (s, 3H), 0.69 (d, J = 1.9 Hz, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) 

δ 200.1, 163.4, 147.2, 145.2, 134.6, 128.3, 123.1, 119.9, 99.8, 43.7, 42.3, 34.8, 25.1, 17.7, 12.8, -5.4, -5.5. HRMS (ESI) 

[M+Na]+ calculated for C19H25NO4SiNa+: 382.1445, found 382.1448. 

 

Resolution of enantiomers: Phenomenex INC column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 22.0 min, RT2 = 28.1 

min. [α]D
25  = + 125.2 (c 0.5, CH2Cl2).  

  

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a,4-dimethyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one(2k) 

Yellow liquid, 14.0 mg, 85%, 91% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.27 (d, J = 0.9 Hz, 2H), 6.55 (d, J = 5.6 Hz, 1H), 4.61 (d, J = 5.7 Hz, 1H), 

2.34 (s, 3H), 1.69 (q, J = 4.0 Hz, 2H), 1.55 (s, 3H), 0.72 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR 

(126 MHz, Chloroform-d) δ 203.3, 154.7, 144.0, 136.3, 134.2, 133.5, 124.7, 121.9, 101.1, 44.3, 40.5, 34.1, 25.2, 21.0, 17.7, 

13.2, -5.4, -5.5. HRMS (ESI) [M+H]+ calculated for C20H29O2Si+: 329.1932, found 329.1938. 
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Resolution of enantiomers: DAICEL Chiralcel® ODHcolumn, 2% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 9.1 min, RT2 = 

10.1min. [α]D
25  = + 48.8 (c 0.5, CH2Cl2).  

  

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-4-methoxy-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-

6(1H)-one (2l) 

Yellow liquid, 14,1 mg, 82%, 80% ee, purified by chromatography (PE/EA = 15/1, Rf = 0.4);
 
1H 

NMR (400 MHz, Chloroform-d) δ 7.29 (d, J = 8.3 Hz, 1H), 7.13 (d, J = 2.5 Hz, 1H), 7.03 (dd, J = 

8.3, 2.6 Hz, 1H), 6.55 (d, J = 5.6 Hz, 1H), 4.61 (d, J = 5.6 Hz, 1H), 3.79 (s, 3H), 1.72 (d, J = 4.0 

Hz, 1H), 1.65 (d, J = 3.9 Hz, 1H), 1.54 (s, 3H), 0.72 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (101 MHz, Chloroform-d) δ 

203.1, 158.8, 150.1, 144.1, 134.7, 123.0, 121.4, 107.2, 101.2, 55.9, 44.8, 40.6, 33.8, 25.2, 17.7, 13.3, -5.4, -5.5. HRMS (ESI) 

[M+H]+ calculated for C20H29O3Si+: 345.1881, found 345.1887.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODHcolumn, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 5.8 min, RT2 = 

6.3 min. [α]D
25  = +23.6 (c 0.5, CH2Cl2).  
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(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-5-fluoro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (2m) 

Yellow liquid, 9.1 mg, 55%, 90% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.42 (dd, J = 7.9, 5.0 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H), 6.86 (t, J = 8.8 Hz, 

1H), 6.56 (d, J = 5.6 Hz, 1H), 4.60 (d, J = 5.6 Hz, 1H), 1.74 (d, J = 4.1 Hz, 1H), 1.64 (d, J = 4.1 Hz, 1H), 

1.55 (s, 3H), 0.72 (s, 9H), 0.09 (s, 3H), 0.06 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 199.2, 159.6 (d, J = 2.8 Hz), 159.4 

(d, J = 262.6 Hz), 135.4 (d, J = 8.6 Hz), 120.3 (d, J = 12.4 Hz), 118.2 (d, J = 3.6 Hz), 114.1 (d, J = 19.8 Hz), 100.7, 43.2, 40.9, 

34.1 (d, J = 2.0 Hz), 25.2, 17.7, 13.2, -5.4, -5.5.
 
19F NMR (471 MHz, Chloroform-d) δ -114.82. HRMS (ESI) [M+H]+ calculated 

for C19H26FO2Si+: 333.1681, found 333.1688.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 10.8 min, RT2 = 

11.4 min. [α]D
25  = + 65.6 (c 0.5, CH2Cl2).  

  

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a,3-dimethyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one 

(2n) 

Yellow liquid, 13.3 mg, 81%, 91% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(400 MHz, Chloroform-d) δ 7.51 (d, J = 7.7 Hz, 1H), 7.19 (s, 1H), 7.04 (d, J = 7.7 Hz, 1H), 6.55 (d, J 

= 5.7 Hz, 1H), 4.61 (d, J = 5.7 Hz, 1H), 2.40 (s, 3H), 1.68 (q, J = 4.1 Hz, 2H), 1.55 (s, 3H), 0.72 (s, 

9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (101 MHz, Chloroform-d) δ 202.7, 157.8, 144.3, 144.0, 131.0, 127.5, 124.4, 122.9, 

101.1, 44.0, 40.5, 34.0, 25.2, 22.1, 17.7, 13.1, -5.4, -5.5. HRMS (ESI) [M+H]+ calculated for C20H29O2Si+: 329.1932, found 

329.1938. 
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Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 5.0 min, RT2 = 

5.8 min. [α]D
25  = + 8.7 (c 0.5, CH2Cl2).  

  

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-3-fluoro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (2o) 

Yellow liquid, 11.3 mg, 68%, 93% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.61 (dd, J = 8.3, 5.3 Hz, 1H), 7.07 (dd, J = 8.7, 2.3 Hz, 1H), 6.92 (td, J = 

8.7, 2.3 Hz, 1H), 6.56 (d, J = 5.6 Hz, 1H), 4.61 (d, J = 5.6 Hz, 1H), 1.72 (d, J = 4.1 Hz, 1H), 1.64 (d, J 

= 4.1 Hz, 1H), 1.54 (s, 3H), 0.71 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H). 13C NMR (126 MHz, Chloroform-d) δ 201.1, 166.5 (d, J 

= 254.1 Hz), 160.3 (d, J = 9.6 Hz), 144.5, 129.56 (d, J = 2.2 Hz), 114.0 (d, J = 23.4 Hz), 109.9 (d, J = 23.0 Hz), 100.7, 43.7, 

40.8, 33.7 (d, J = 2.4 Hz), 25.2, 17.7, 13.0, -5.4, -5.5. 19F NMR (471 MHz, Chloroform-d) δ -104.74. HRMS (ESI) [M+H]+ 

calculated for C19H26FO2Si+: 333.1681, found 333.1678. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODHcolumn, 2% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 9.7 min, RT2 = 

10.8 min. [α]D
25  = + 21.1 (c 0.5, CH2Cl2).  
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(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-3-chloro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (2p) 

Yellow solid, M.P: 84-85°C, 12.5 mg, 72%, 92% ee, purified by chromatography (PE/EA = 20/1, Rf 

= 0.4);
 
1H NMR (500 MHz, Chloroform-d) δ 7.54 (d, J = 8.1 Hz, 1H), 7.38 (d, J = 1.8 Hz, 1H), 7.22 

(dd, J = 8.1, 1.8 Hz, 1H), 6.56 (d, J = 5.6 Hz, 1H), 4.60 (d, J = 5.6 Hz, 1H), 1.72 (d, J = 4.2 Hz, 1H), 

1.65 (d, J = 4.1 Hz, 1H), 1.55 (s, 3H), 0.71 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 201.4, 

158.9, 144.6, 139.8, 131.9, 127.1, 125.7, 122.9, 100.6, 43.6, 40.7, 34.0, 25.2, 17.7, 13.0, -5.4, -5.5. HRMS (ESI) [M+H]+ 

calculated for C19H26ClO2Si+: 349.1385, found 349.1390. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.8 min, RT2 = 

5.4  min. [α]D
25  = + 4.1 (c 0.5, CH2Cl2).  
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(1aS,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-2-fluoro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (2q) 

Yellow liquid, 10.3 mg, 62%, 95% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.43 (d, J = 7.3 Hz, 1H), 7.21 (dd, J = 7.6, 4.4 Hz, 1H), 7.14 (ddd, J = 9.3, 

8.1, 1.0 Hz, 1H), 6.58 (d, J = 5.6 Hz, 1H), 4.59 (d, J = 5.6 Hz, 1H), 1.81 (d, J = 4.3 Hz, 1H), 1.68 – 1.64 

(m, 4H), 0.72 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 201.6, 159.3 (d, J = 249.7 Hz), 144.6, 

141.9 (d, J = 15.7 Hz), 136.9, 128.3, 128.3, 120.7 (d, J = 21.0 Hz), 120.3 (d, J = 3.6 Hz), 100.6, 44.0, 40.2, 32.8, 32.8, 25.2, 

17.7, 13.8, 13.8, -5.4, -5.5.
 

19F NMR (471 MHz, Chloroform-d) δ -121.38. HRMS (ESI) [M+Na]+ calculated for 

C19H25FO2SiNa+: 355.1500, found 355.1508.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.5 min, RT2 = 

5.3 min. [α]D
25  = + 54.8 (c 0.5, CH2Cl2).  

  

(1aS,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-2-chloro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (2r) 

Yellow liquid,15.8 mg, 91%, 96% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR  

(400 MHz, Chloroform-d) δ 7.54 (dd, J = 7.5, 1.1 Hz, 1H), 7.42 (dd, J = 7.9, 1.1 Hz, 1H), 7.19 (t, J = 7.7 

Hz, 1H), 6.58 (d, J = 5.6 Hz, 1H), 4.57 (d, J = 5.6 Hz, 1H), 1.82 (d, J = 4.3 Hz, 1H), 1.73 (s, 3H), 1.71 

(d, J = 4.4 Hz, 1H), 0.73 (s, 9H), 0.09 (s, 3H), 0.07 (s, 3H).
 
13C NMR (101 MHz, Chloroform-d) δ 201.6, 152.7, 144.7, 136.4, 

134.7, 130.7, 128.0, 122.9, 100.8, 43.9, 40.5, 35.1, 25.2, 17.7, 13.9, -5.4, -5.5. HRMS (ESI) [M+Na]+ calculated for 

C19H25ClO2SiNa+: 371.1204, found 371.1213.  
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Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.5 min, RT2 = 

5.4min. [α]D
25  = + 9.0 (c 0.5, CH2Cl2).  

   

Methyl-(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-methyl-6-oxo-1,1a,6,6a-

tetrahydrocyclopropa[a]indene-4-carboxylate (2s) 

Yellow liquid, 8.9 mg, 48%, 88% ee, purified by chromatography (PE/EA = 10/1, Rf = 0.4);
 
1H 

NMR (500 MHz, Chloroform-d) δ 8.29 (d, J = 1.6 Hz, 1H), 8.17 (dd, J = 7.9, 1.7 Hz, 1H), 7.47 

(d, J = 8.0 Hz, 1H), 6.58 (d, J = 5.6 Hz, 1H), 4.63 (d, J = 5.6 Hz, 1H), 3.91 (s, 3H), 1.75 (d, J = 

4.2 Hz, 1H), 1.69 (d, J = 4.2 Hz, 1H), 1.59 (s, 3H), 0.69 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H).
 
13C NMR (126 MHz, Chloroform-

d) δ 201.7, 166.4, 161.9, 144.7, 134.7, 133.6, 128.9, 125.9, 122.3, 100.4, 52.2, 43.8, 41.4, 34.56, 25.2, 17.7, 12.9, -5.4, -5.5. 

HRMS (ESI) [M+Na]+ calculated for C21H28O4SiNa+: 373.1830, found 373.1837. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 8.5 min, RT2 = 

9.7 min. [α]D
25  = +120.6 (c 0.5, CH2Cl2). 
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(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-methyl-6-oxo-1,1a,6,6a-tetrahydrocyclopropa[a]indene-2-

carbaldehyde (2t) 

Yellow solid, M,P: 51-53 °C, 10.3 mg, 60%, 93% ee, purified by chromatography (PE/EA = 20/1, Rf = 

0.4);
 
1H NMR  (400 MHz, Chloroform-d) δ 10.57 (s, 1H), 8.01 (dd, J = 7.7, 1.3 Hz, 1H), 7.87 (dd, J = 

7.4, 1.3 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 6.62 (d, J = 5.5 Hz, 1H), 4.61 (d, J = 5.6 Hz, 1H), 1.95 (d, J = 

4.4 Hz, 1H), 1.82 (d, J = 4.5 Hz, 1H), 1.74 (s, 3H), 0.70 (s, 9H), 0.09 (s, 3H), 0.06 (s, 3H).
 
13C NMR (101 MHz, Chloroform-

d) δ 201.3, 190.5, 158.0, 145.0, 135.7, 133.9, 133.1, 129.9, 127.3, 100.7, 43.9, 41.6, 34.9, 25.16, 17.7, 16.1, -5.4, -5.5. HRMS 

(ESI) [M+H]+ calculated for C20H27O3Si+: 343.1724, found 343.1719. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 7.7min, RT2 = 

9.0 min. [α]D
25  = -34.0 (c 0.5, CH2Cl2).  
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 (1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-methyl-6-oxo-1,1a,6,6a-tetrahydrocyclopropa[a]indene-4-

carbonitrile (2u) 

Yellow liquid,  5.1 mg, 30%, 94% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.5);

 

1H NMR (400 MHz, Chloroform-d) δ 7.90 (s, 1H), 7.78 – 7.71 (m, 1H), 7.54 (d, J = 7.8 Hz, 

1H), 6.60 (d, J = 5.5 Hz, 1H), 4.62 (d, J = 5.5 Hz, 1H), 1.78 (d, J = 4.4 Hz, 1H), 1.71 (d, J = 

4.4 Hz, 1H), 1.60 (s, 3H), 0.70 (s, 9H), 0.09 (s, 4H), 0.06 (s, 3H).

 
13C NMR (101 MHz, 

Chloroform-d) δ 200.3, 161.6, 145.1, 136.7, 134.2, 128.3, 123.4, 118.4, 110.6, 99.9, 43.7, 41.5, 34.8, 25.1, 17.6, 12.7, -5.4, -

5.5. HRMS (ESI) [M+Na]+ calculated for C20H25NO2SiNa+: 362.1547, found 362.1543. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 9.2 min, RT2 = 

10.0 min. [α]D
25  = +62 (c 0.5, CH2Cl2). 

  

 

 (1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-4-fluoro-1a,3-dimethyl-1a,6a-dihydrocyclopropa[a]inden-

6(1H)-one (2v) 

Yellow solid, M,P = 60-61 °C, 10.4 mg, 60%, 94% ee, purified by chromatography (PE/EA = 5/1, Rf 

= 0.4);
 
1H NMR (400 MHz, Chloroform-d) δ 7.21 (dd, J = 9.6, 7.4 Hz, 2H), 6.55 (d, J = 5.6 Hz, 1H), 

4.59 (d, J = 5.6 Hz, 1H), 2.32 (d, J = 2.3 Hz, 3H), 1.69 (d, J = 4.1 Hz, 1H), 1.62 (d, J = 4.1 Hz, 1H), 

1.54 (s, 3H), 0.72 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (101 MHz, Chloroform-d) δ 201.8, 160.4 (d, J = 245.0 Hz), 

152.7, 144.3, 133.0 (d, J = 7.1 Hz), 131.1 (d, J = 18.9 Hz), 124.9 (d, J = 4.7 Hz), 110.4 (d, J = 23.4 Hz), 100.9, 44.2, 40.7, 33.7, 
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25.2, 17.7, 15.5 (d, J = 4.1 Hz), 13.2, -5.4, -5.5.
 
19F NMR (471 MHz, Chloroform-d) δ -119.55. HRMS (ESI) [M+H]+ calculated 

for C20H28FO2Si+: 347.1837, found 347.1832.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 8.7 min, RT2 = 

9.3 min. [α]D
25  = - 28.0 (c 0.5, CH2Cl2). 

  

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-3,4-difluoro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-

6(1H)-one (2w) 

Yellow solid, M,P: 79-80 °C, 14.9 mg, 85%, 95% ee, purified by chromatography (PE/EA = 5/1, Rf = 

0.4);
 
1H NMR (500 MHz, Chloroform-d) δ 7.41 (dd, J = 8.9, 7.5 Hz, 1H), 7.19 (dd, J = 9.6, 6.6 Hz, 

1H), 6.56 (d, J = 5.5 Hz, 1H), 4.59 (d, J = 5.6 Hz, 1H), 1.72 (d, J = 4.2 Hz, 1H), 1.62 (d, J = 4.2 Hz, 

1H), 1.53 (s, 3H), 0.71 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) 200.5, 154.1 (dd, J = 7.6, 2.4 

Hz), 154.1 (dd, J = 257.0, 14.0 Hz), 149.9 (dd, J = 249.4, 14.0 Hz), 144.7, 129.6 (dd, J = 4.8, 2.7 Hz), 113.1 (dd, J = 17.9, 2.2 

Hz), 111.5 (d, J = 18.9 Hz), 100.5, 44.0, 40.6, 33.56 (d, J = 1.8 Hz), 25.2, 17.7, 13.0, -5.4, -5.5. 19F NMR (471 MHz, 

Chloroform-d) δ -128.02 (d, J = 19.2 Hz), -139.03 (d, J = 19.3 Hz). HRMS (ESI) [M+Na]+ calculated for C19H24F2O2SiNa+: 

373.1406, found 373.1415. 
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Resolution of enantiomers: Phenomenex INC column, 2% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 10.9 min, RT2 = 11.6 

min. [α]D
25  = -5.6 (c 0.5, CH2Cl2). 

 

  

(4bR,5aS)-5a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-4b-methyl-5,5a-dihydrocyclopropa[1,2]indeno-[5,6-

d][1,3]dioxol-6(4bH)-one (2x) 

Yellow liquid, 15.8 mg, 88%, 86% ee, purified by chromatography (PE/EA = 15/1, Rf = 0.4);
 
1H 

NMR (400 MHz, Chloroform-d) δ 7.02 (s, 1H), 6.84 (s, 1H), 6.54 (d, J = 5.6 Hz, 1H), 6.13 – 5.81 

(m, 2H), 4.59 (d, J = 5.7 Hz, 1H), 1.67 (d, J = 3.9 Hz, 1H), 1.62 (d, J = 3.9 Hz, 1H), 1.51 (s, 3H), 

0.75 (s, 9H), 0.08 (d, J = 7.1 Hz, 6H).
 
13C NMR (101 MHz, Chloroform-d) δ 201.4, 154.7, 152.7, 147.0, 144.0, 127.4, 104.0, 

103.0, 101.8, 101.2, 44.8, 40.2, 33.3, 25.3, 17.8, 13.2, -5.4, -5.5. HRMS (ESI) [M+H]+ calculated for C20H27O4Si+: 359.1673, 

found 359.1678. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 9.1 min, RT2 = 

10.7 min. [α]D
25  = -47 (c 0.5, CH2Cl2). 
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(7aS,8aR)-7a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-8a-methyl-8,8a-dihydrocyclopropa[4,5]cyclopenta[1,2-

a]naphthalen-7(7aH)-one (2y) 

Yellow liquid, 14.8 mg, 81%, 95% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H 

NMR (500 MHz, Chloroform-d) δ 8.44 – 8.32 (m, 1H), 7.96 – 7.79 (m, 1H), 7.72 (d, J = 8.3 Hz, 

1H), 7.66 (d, J = 8.3 Hz, 1H), 7.63 – 7.53 (m, 2H), 6.63 (d, J = 5.7 Hz, 1H), 4.65 (d, J = 5.7 Hz, 1H), 

1.96 (d, J = 4.0 Hz, 1H), 1.90 (s, 3H), 1.87 (d, J = 4.1 Hz, 1H), 0.71 (s, 9H), 0.10 (s, 3H), 0.06 (s, 3H).
 
13C NMR (126 MHz, 

Chloroform-d) δ 203.1, 157.3, 144.5, 137.0, 131.2, 129.9, 129.3, 128.0, 127.8, 126.4, 125.7, 120.4, 46.3, 40.6, 34.7, 25.3, 17.8, 

15.6, -5.38, -5.43. HRMS (ESI) [M+H]+ calculated for C23H29O2Si+: 365.1932, found 365.1933.  

 

Resolution of enantiomers: Phenomenex INC column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 12.7 min, RT2 = 14.6 

min. [α]D
25  = + 11.7 (c 0.5, CH2Cl2)  
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(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-ethyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (4a) 

Yellow liquid, 14.2 mg, 86%, 96% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR  

(400 MHz, Chloroform-d) δ 7.64 (d, J = 7.5 Hz, 1H), 7.51 – 7.42 (m, 1H), 7.40 (d, J = 7.5 Hz, 1H), 

7.26 – 7.20 (m, 1H), 6.52 (d, J = 5.8 Hz, 1H), 4.60 (d, J = 5.8 Hz, 1H), 2.28 (dq, J = 14.9, 7.5 Hz, 1H), 

1.81 (d, J = 4.0 Hz, 1H), 1.71 (d, J = 3.7 Hz, 1H), 1.02 (t, J = 7.4 Hz, 3H), 0.77 (s, 9H), 0.12 (s, 3H), 

0.08 (s, 3H).
 
13C NMR (101 MHz, Chloroform-d) δ 202.7, 155.8, 143.8, 134.0, 133.2, 126.4, 124.7, 122.6, 101.0, 43.9, 40.4, 

40.26, 25.3, 21.4, 17.8, 11.9, -5.38, -5.42. HRMS (ESI) [M+H]+ calculated for C20H29O2Si+: 329.1932, found 329.1939. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.4 min,RT2 = 

5.1 min. [α]D
25  = + 21.0 (c 0.5, CH2Cl2). 

  

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-hexyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (4b) 

Yellow liquid, 16.2 mg, 84%, 94% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.66 (d, J = 7.5 Hz, 1H), 7.49 (td, J = 7.4, 1.3 Hz, 1H), 7.42 (d, J = 7.5 Hz, 

1H), 7.27 (td, J = 7.4, 1.1 Hz, 1H), 6.55 (d, J = 5.8 Hz, 1H), 4.63 (d, J = 5.9 Hz, 1H), 2.23 (ddd, J = 14.5, 

9.9, 6.5 Hz, 1H), 1.88 (d, J = 4.0 Hz, 1H), 1.74 (d, J = 3.9 Hz, 2H), 1.45 (tdd, J = 9.5, 6.3, 2.7 Hz, 2H), 

1.39 – 1.28 (m, 6H), 0.91 (t, J = 6.8 Hz, 3H), 0.82 (s, 9H), 0.16 (s, 3H), 0.12 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 

202.8, 156.2, 143.7, 133.8, 133.2, 126.4, 124.6, 122.7, 101.0, 44.0, 40.5, 39.5, 31.7, 29.8, 28.5, 27.5, 25.4, 22.7, 17.8, 14.1, -

5.35, -5.41. HRMS (ESI) [M+H]+ calculated for C24H37O2Si+: 385.2558, found 385.2563. 
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Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 3.9 min, RT2 = 

4.4 min. [α]D
25  = + 22.2(c 0.5, CH2Cl2). 

  

 (1aS,6aS)-1a-(tert-butyl)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one 

(4c) 

Yellow liquid,15.1 mg, 85%, 94% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(500 MHz, Chloroform-d) δ 7.79 (d, J = 7.8 Hz, 1H), 7.70 (dd, J = 7.6, 1.4 Hz, 1H), 7.47 (td, J = 7.6, 1.4 

Hz, 1H), 7.28 (t, J = 7.4 Hz, 1H), 6.50 (d, J = 5.6 Hz, 1H), 4.78 (d, J = 5.6 Hz, 1H), 1.57 (d, J = 4.4 Hz, 

1H), 1.31 (s, 11H), 0.80 (s, 9H), 0.17 (s, 3H), 0.12 (s, 3H).
 
13C NMR (126 MHz, Chloroform-d) δ 202.1, 

156.1, 142.9, 134.1, 132.9, 126.3, 125.1, 124.8, 47.5, 40.8, 40.1, 32.6, 29.4, 25.3, 17.8, -5.28, -5.30. HRMS (ESI) [M+Na]+ 

calculated for C22H32O2SiNa+: 379.2064, found 379.2071. 

 

Resolution of enantiomers: Phenomenex INC column, 1% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 16.6 min, RT2 = 20.4 

min. [α]D
25  =  -8.5 (c 0.5, CH2Cl2). 
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(1aS,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-cyclopropyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one 

(4d) 

Yellow liquid, 10.9 mg, 64%, 94% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);
 
1H NMR 

(400 MHz, Chloroform-d) δ 7.73 (d, J = 7.8 Hz, 2H), 7.60 – 7.54 (m, 1H), 7.38 – 7.32 (m, 1H), 6.62 (d, 

J = 5.6 Hz, 1H), 4.73 (d, J = 5.5 Hz, 1H), 1.58 (d, J = 4.4 Hz, 1H), 1.52 (d, J = 4.4 Hz, 1H), 1.39 (td, J 

= 8.1, 4.2 Hz, 1H), 0.96 – 0.89 (m, 1H), 0.81 (s, 9H), 0.60 (ddt, J = 7.3, 5.4, 2.9 Hz, 2H), 0.32 (tt, J = 

9.4, 4.8 Hz, 1H), 0.18 (s, 3H), 0.15 (s, 3H).
 
13C NMR (101 MHz, Chloroform-d) δ 202.5, 157.2, 144.0, 133.5, 133.4, 126.7, 

124.4, 122.9, 101.9, 40.7, 40.3, 39.2, 25.2, 17.7, 7.9, 3.4, 1.5, -5.4, -5.5. HRMS (ESI) [M+H]+ calculated for C21H29O2Si+: 

341.1932, found 341.1940.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 5.5 min, RT2 = 

6.0 min. [α]D
25  = + 220 (c 0.5, CH2Cl2). 
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(1aS,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-cyclopentyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one 

(4e) 

Yellow solid, M.P: 59-60°C, 14.9 mg, 81%, 96% ee, purified by chromatography (PE/EA = 20/1, Rf = 

0.4);
 
1H NMR (400 MHz, Chloroform-d) δ 7.66 (d, J = 7.5 Hz, 1H), 7.51 – 7.40 (m, 2H), 7.35 – 7.13 

(m, 1H), 6.53 (d, J = 5.8 Hz, 1H), 4.61 (d, J = 5.7 Hz, 1H), 2.39 – 2.24 (m, 1H), 2.04 – 1.86 (m, 2H), 

1.83 (d, J = 4.1 Hz, 1H), 1.79 – 1.57 (m, 6H), 1.54 – 1.33 (m, 1H), 0.79 (s, 9H), 0.13 (s, 3H), 0.09 (s, 

3H).
 
13C NMR (101 MHz, Chloroform-d) δ 202.5, 155.6, 143.8, 134.3, 133.0, 126.3, 124.8, 123.5, 101.8, 43.6, 41.3, 40.5, 39.8, 

30.8, 29.0, 26.3, 25.9, 25.3, 17.8, -5.35, -5.39. HRMS (ESI) [M+H]+ calculated for C23H33O2Si+: 369.2245, found 369.2252. 

 
Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 5.1 min, RT2 = 

5.9 min. [α]D
25  = + 25.0 (c 0.5, CH2Cl2). 

  

 (1aS,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-cyclohexyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (4f) 

Yellow solid, M.P: 59-60°C, 15.8 mg, 83%, 96% ee, purified by chromatography (PE/EA = 20/1, Rf = 

0.4);
 
1H NMR (400 MHz, Chloroform-d) δ 7.70 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 7.7 Hz, 1H), 7.53 – 7.46 

(m, 1H), 7.29 (t, J = 7.4 Hz, 1H), 6.59 (d, J = 5.9 Hz, 1H), 4.62 (d, J = 5.9 Hz, 1H), 2.02 – 1.83 (m, 4H), 

1.78 (dd, J = 11.1, 4.2 Hz, 3H), 1.71 – 1.59 (m, 2H), 1.31 (m, 4H), 0.86 (s, 9H), 0.20 (s, 3H), 0.15 (s, 3H).
 

13C NMR (101 MHz, Chloroform-d) δ 202.6, 155.3, 143.8, 134.4, 133.0, 126.3, 124.7, 124.2, 101.3, 43.6, 43.2, 40.7, 39.1, 

32.0, 30.2, 27.3, 26.7, 26.5, 25.3, 17.8, -5.36, -5.39. HRMS (ESI) [M+H]+ calculated for C24H35O2Si+: 383.2401, found 

383.2409. 
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Resolution of enantiomers: DAICEL Chiralcel® ODH zcolumn, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 4.9 min, RT2 = 

6.0 min. [α]D
25  = +39.0 (c 0.5, CH2Cl2). 

  

(1aR,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-(3-phenylpropyl)-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (4g) 

Yellow liquid, 17.8 mg, 85%, 92% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);

 
1H NMR 

(400 MHz, Chloroform-d) δ 7.65 (d, J = 7.5 Hz, 1H), 7.46 (d, J = 1.3 Hz, 1H), 7.37 – 7.15 (m, 8H), 

6.53 (d, J = 5.9 Hz, 1H), 4.60 (d, J = 5.8 Hz, 1H), 2.67 (t, J = 7.3 Hz, 2H), 2.34 – 2.23 (m, 1H), 1.78 

(dd, J = 50.3, 4.0 Hz, 6H), 0.79 (s, 9H), 0.14 (s, 3H), 0.08 (s, 3H).

 
13C NMR (101 MHz, Chloroform-

d) δ 202.5, 155.9, 143.9, 142.1, 133.8, 133.3, 128.8, 128.3, 126.5, 125.8, 124.7, 122.6, 101.0, 43.9, 40.4, 39.2, 36.3, 29.1, 28.1, 

25.3, 17.8, -5.4, -5.5. HRMS (ESI) [M+H]+ calculated for C27H35O2Si+: 419.2401, found 419.2407. 

.  

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 5.7 min, RT2 = 

6.9 min. [α]D
25  = +20.0 (c 0.5, CH2Cl2). 
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(1aR,6aS)-1a-(but-3-en-1-yl)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a,6a-dihydrocyclopropa[a]inden-6(1H)-

one (4h) 

Yellow liquid, 15 mg, 85%, 98% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4);

 
1H NMR 

(400 MHz, Chloroform-d) δ 7.75 – 7.54 (m, 1H), 7.46 (td, J = 7.4, 1.2 Hz, 1H), 7.43 – 7.37 (m, 1H), 

7.24 (dd, J = 7.3, 1.2 Hz, 1H), 6.53 (d, J = 5.9 Hz, 1H), 5.91 – 5.76 (m, 1H), 5.02 – 4.88 (m, 2H), 4.61 

(d, J = 5.9 Hz, 1H), 2.35 (ddd, J = 14.1, 9.7, 6.6 Hz, 1H), 2.18 (dddt, J = 9.4, 7.8, 6.3, 3.3 Hz, 2H), 1.85 

(d, J = 4.0 Hz, 1H), 1.82 – 1.74 (m, 1H), 1.72 (d, J = 4.0 Hz, 1H), 0.78 (s, 9H), 0.12 (s, 3H), 0.08 (s, 3H).

 
13C NMR (101 MHz, 

Chloroform-d) δ 202.4, 155.7, 143.9, 138.5, 133.8, 133.3, 126.6, 124.7, 122.7, 114.5, 101.0, 43.83, 40.4, 39.0, 31.6, 27.9, 25.3, 

17.8, -5.36, -5.40. HRMS (ESI) [M+H]+ calculated for C22H31O2Si+: 355.2088, found 355.2097. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.3 min, RT2 = 

5.1 min. [α]D
25  = + 24.2 (c 0.5, CH2Cl2). 
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N-(((1aS,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-6-oxo-6,6a-dihydrocyclopropa[a]inden-1a(1H)-yl)methyl)-

N,4-dimethylbenzenesulfonamide (4i) 

Colorless solid, M.P: 92-93 °C, 22.0 mg, 88%, 99% ee, purified by chromatography (PE/EA = 5/1, Rf 

= 0.4);

 
1H NMR (400 MHz, Chloroform-d) δ 7.84 (d, J = 7.7 Hz, 1H), 7.66 (dd, J = 10.7, 7.9 Hz, 3H), 

7.53 (td, J = 7.5, 1.3 Hz, 1H), 7.38 – 7.26 (m, 4H), 6.45 (d, J = 5.9 Hz, 1H), 4.54 (d, J = 5.9 Hz, 1H), 

3.67 (d, J = 13.6 Hz, 1H), 3.48 (d, J = 13.6 Hz, 1H), 2.70 (s, 3H), 2.44 (s, 3H), 1.90 (d, J = 4.4 Hz, 1H), 

1.81 (d, J = 4.4 Hz, 1H), 0.74 (s, 9H), 0.06 (s, 3H), 0.02 (s, 3H).13C NMR (101 MHz, Chloroform-d) δ 201.5, 153.6, 144.2, 

143.5, 134.1, 132.9, 129.8, 127.5, 127.2, 124.6, 124.5, 100.0, 48.9, 41.3, 39.7, 35.5, 34.5, 25.3, 21.5, 17.7, -5.48, -5.50. HRMS 

(ESI) [M+Na]+ calculated for C27H35NO4SSiNa+: 520.1948, found 520.1950. 

  

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 4% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 18.0 min, RT2 = 

19.6 min. [α]D
25  = + 11.3 (c 0.5, CH2Cl2). 

  

(1aS,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-((methoxymethoxy)methyl)-1a,6a-dihydrocyclopropa[a]in-

den-6(1H)-one(4j) 

Yellow liquid, 10.9 mg, 58%, 82% ee, purified by chromatography (PE/EA = 5/1, Rf = 0.4);

 
1H NMR 

(400 MHz, Chloroform-d) δ 7.76 – 7.54 (m, 2H), 7.48 (td, J = 7.5, 1.2 Hz, 1H), 7.29 – 7.25 (m, 2H), 

6.54 (d, J = 5.7 Hz, 1H), 4.73 (s, 2H), 4.67 (d, J = 5.7 Hz, 1H), 4.11 (dd, J = 11.0, 0.7 Hz, 1H), 3.94 

(d, J = 11.0 Hz, 1H), 3.40 (s, 3H), 2.01 (d, J = 4.3 Hz, 1H), 1.82 (d, J = 4.3 Hz, 1H), 0.74 (s, 9H), 0.09 

(s, 3H), 0.08 (s, 3H).

 
13C NMR (101 MHz, Chloroform-d) δ 202.2, 155.0, 144.7, 133.7, 133.4, 126.9, 124.7, 123.4, 100.6, 96.5, 

67.0, 55.4, 41.8, 39.6, 37.7, 25.2, 17.8, -5.4, -5.5. HRMS (ESI) [M+H]+ calculated for C21H31O4Si+: 375.1985, found 375.1984. 
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Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 6.7 min, RT2 = 

7.8 min. [α]D
25  = + 10.9 (c 0.5, CH2Cl2). 

 

(Z)-6a-(2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-phenyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one(4k) 

Yellow solid, M.P: 84-85 °C, 10.0 mg, 54%, 90% ee, purified by chromatography (PE/EA = 20/1, Rf = 

0.5);

 
1H NMR (400 MHz, Chloroform-d) δ 7.92 (d, J = 7.5 Hz, 1H), 7.69 (d, J = 5.7 Hz, 0H), 7.66 – 

7.59 (m, 6H), 7.58 – 7.52 (m, 4H), 7.32 (d, J = 7.7 Hz, 1H), 6.58 (d, J = 5.6 Hz, 1H), 4.60 (d, J = 5.6 Hz, 

1H), 2.60 (d, J = 4.4 Hz, 1H), 2.30 (d, J = 4.4 Hz, 1H), 1.00 (s, 9H), 0.29 (s, 3H), 0.27 (s, 3H).

 
13C NMR 

(126 MHz, Chloroform-d) δ 156.9, 144.4, 135.9, 133.7, 133.4, 130.1, 128.3, 127.4, 126.9, 124.7, 124.0, 

100.8, 44.1, 42.8, 42.0, 25.3, 17.8, -5.37, -5.4. HRMS (ESI) [M+Na]+ calculated for C24H28O2SiNa+: 399.1751, found 399.1742. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 4.8 min, RT2 = 

6.4 min. [α]D
25  = -2.0 (c 0.5, CH2Cl2). 
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(Z)-6a-(2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-(4-methoxyphenyl)-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (4l) 

Yellow liquid,  7.1 mg, 35%, 76% ee, purified by chromatography (PE/EA = 10/1, Rf = 0.5);

 
1H NMR (400 

MHz, Chloroform-d) δ 7.79 (d, J = 7.5 Hz, 1H), 7.56 – 7.46 (m, 1H), 7.37 (dd, J = 6.9, 1.8 Hz, 3H), 7.18 

(d, J = 7.6 Hz, 1H), 6.97 (d, J = 8.7 Hz, 2H), 6.48 (d, J = 5.6 Hz, 1H), 4.49 (d, J = 5.6 Hz, 1H), 3.93 (s, 1H), 

2.40 (d, J = 4.4 Hz, 1H), 2.16 (d, J = 4.4 Hz, 1H), 0.88 (s, 9H), 0.19 (s, 3H), 0.17 (s, 3H).

 
13C NMR  (126 

MHz, Chloroform-d) δ 201.5, 162.2 (d, J = 245.9 Hz), 156.6, 144.4, 133.7, 133.3, 131.7 (d, J = 8.2 Hz), 

127.0, 124.7, 123.9, 115.2 (d, J = 21.5 Hz), 100.8, 43.4, 42.6, 42.0, 25.3, 17.8, -5.4, -5.4. HRMS (ESI) [M+Na]+ calculated for 

C25H30O3Si Na+: 429.1856, found 429.1856. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 =  5.7 min, RT2 = 

7.2 min. [α]D
25  = 4.0 (c 0.5, CH2Cl2).  

  

(Z)-6a-(2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-(4-fluorophenyl)-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (4m) 
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Yellow liquid,  5.4 mg, 27%, 75% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.5);

 
1H NMR  

(500 MHz, Chloroform-d) δ 7.92 (d, J = 7.5 Hz, 1H), 7.73 – 7.59 (m, 1H), 7.54 (ddd, J = 9.5, 5.6, 3.0 Hz, 

2H), 7.49 (d, J = 7.6 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.24 (t, J = 8.6 Hz, 2H), 6.59 (d, J = 5.7 Hz, 1H), 

4.60 (d, J = 5.6 Hz, 1H), 2.54 (d, J = 4.4 Hz, 1H), 2.29 (d, J = 4.4 Hz, 1H), 0.99 (s, 9H), 0.30 (s, 3H), 0.28 

(s, 3H).

 
13C NMR  (126 MHz, Chloroform-d) δ 201.5, 162.2 (d, J = 245.9 Hz), 156.6, 144.4, 133.7, 133.3, 

131.7 (d, J = 8.2 Hz), 127.0, 124.7, 123.9, 115.2 (d, J = 21.5 Hz), 100.8, 43.4, 42.6, 42.0, 25.3, 17.8, -5.4, -5.4. 19F NMR (471 

MHz, Chloroform-d) δ -114.95. HRMS (ESI) [M+Na]+ calculated for C24H27FO2SiNa+: 417.1656, found 417.1649. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 1% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 8.7 min, RT2 = 

12.4 min. [α]D
25  = 3.0 (c 0.5, CH2Cl2). 

 

  

 

(1aR,6aR)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one (4n) 

Yellow liquid, 2.6 mg, 17%, 81% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.5); 1H 

NMR (400 MHz, Chloroform-d) δ 7.67 (d, J = 7.6 Hz, 1H), 7.47 (td, J = 7.4, 1.2 Hz, 1H), 7.41 (d, 

J = 7.4 Hz, 1H), 7.27 (td, J = 7.4, 1.1 Hz, 1H), 6.36 (d, J = 5.9 Hz, 1H), 5.01 (d, J = 6.0 Hz, 1H), 

3.28 (dd, J = 7.0, 3.8 Hz, 1H), 2.02 (dd, J = 7.0, 3.7 Hz, 1H), 1.58 (t, J = 3.7 Hz, 1H), 0.85 (s, 9H), 

0.12 (d, J = 1.7 Hz, 6H).13C NMR (101 MHz, Chloroform-d) δ 202.8, 154.5, 141.5, 133.5, 133.3, 126.6, 125.0, 124.0, 102.3, 

40.2, 35.7, 30.0, 25.7, 25.4, 18.0, -5.45, -5.52. HRMS (ESI) [M+Na]+ calculated for C18H24O2SiNa+: 301.1982, found 301.1983. 
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Resolution of enantiomers: Phenomenex INC column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 11.0 min, RT2 = 12.0 

min. [α]D
25  = + 13 (c 0.5, CH2Cl2). 

  

(1aR,6aR)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-1,1-dimethyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one(4o) 

Yellow solid, 9.5 mg, 58%, 55% ee, purified by chromatography (PE/EA = 20/1, Rf = 0.4); 1H NMR 

(400 MHz, Chloroform-d) δ 8.17 (d, J = 7.5 Hz, 1H), 8.01 (td, J = 7.4, 1.2 Hz, 1H), 7.91 (d, J = 7.5 

Hz, 1H), 7.80 (td, J = 7.4, 1.1 Hz, 2H), 6.95 (d, J = 5.6 Hz, 1H), 5.46 (d, J = 5.6 Hz, 1H), 3.41 (s, 

1H), 1.84 (s, 3H), 1.41 (s, 3H), 1.25 (s, 9H), 0.58 (s, 3H), 0.55 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 202.8, 151.5, 143.0, 137.5, 133.4, 126.5, 125.4, 123.3, 102.2, 47.8, 44.8, 41.5, 25.3, 24.7, 17.8, 16.2, -5.46, -

5.52. HRMS (ESI) [M+H]+ calculated for C20H29O2Si+: 329.1932, found 329.1939. 
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Resolution of enantiomers: Phenomenex INC column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 7.4 min, RT2 = 8.6 min. 

[α]D
25  = + 15.0 (c 0.5, CH2Cl2). 
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5. Gram-scale reaction and synthetic applications  

Procedure for gram-scale reaction: To a dichloromethane solution of 1g (3.3 mmol, 30 mL) in Schlenk tube with a magnetic 

bar was added Rh2(S-TCPTTL)4 (1 mol%, 33.0 mg) at 30 °C under N2. The sealed tube was then stirred at 30 °C under nitrogen 

atmosphere for 72 h. The mixture was then concentrated and the residue was purified by chromatography on silica gel (eluent: 

ethyl acetate/petroleum ether = 30:1) to afford the desired product 2g (0.94 g, 86%, 94% ee). 

5.1 The derivatization of cis-alkenyl substituted cyclopropane-fused indanone: 

 

1aR,6R,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-6-ethyl-4-fluoro-1a-methyl-1,1a,6,6a-tetrahydrocyclopropa 

[a]-inden-6-ol (5a) 

The substrates 2g (33.2 mg, 94% ee, 0.1 mmol) was dissolved in THF (1 mL) at 0 °C, EtMgBr (3.0 

equiv,0.3 mmol, 1.0 mol/L) was added into the solution. After 2 h, the solvent was removed. Then the 

reaction mixture was purified by silica gel column chromatography to obtain the product 5a (Yellow 

oil, 21.7 mg, dr > 20:1, 60%, 94 % ee, PE/EA = 5/1).  

1H NMR  (500 MHz, Chloroform-d) δ 7.06 (dd, J = 8.3, 4.9 Hz, 1H), 6.89 (dd, J = 8.9, 2.5 Hz, 1H), 6.87 – 6.80 (m, 1H), 6.46 

(dd, J = 5.7, 1.0 Hz, 1H), 4.69 (d, J = 5.7 Hz, 1H), 3.62 (s, 1H), 1.93 (dq, J = 14.3, 7.3 Hz, 1H), 1.86 – 1.73 (m, 1H), 1.45 – 

1.40 (m, 3H), 1.29 – 1.24 (m, 1H), 1.10 (d, J = 3.9 Hz, 1H), 0.96 (d, J = 1.1 Hz, 9H), 0.72 (d, J = 3.9 Hz, 1H), 0.51 – 0.38 (m, 

3H), 0.26 – 0.17 (m, 6H).

 
13C NMR (126 MHz, Chloroform-d) δ 162.1 (d, J = 242.8 Hz), 145.0 (d, J = 7.1 Hz), 144.7 (d, J = 

2.4 Hz), 143.5, 121.6 (d, J = 8.3 Hz), 114.1 (d, J = 22.5 Hz), 111.3 (d, J = 22.4 Hz), 105.6, 86.8 (d, J = 1.9 Hz), 34.2, 33.8, 

32.6, 31.7, 25.6, 18.3, 13.4, 9.0, -5.2, -5.5. 

 
19F NMR (471 MHz, Chloroform-d) δ -117.22. HRMS (ESI) [M+Na]+ calculated 

for C21H31FO2SiNa+: 385.1969, found 385.1978. 

 

Resolution of enantiomers: Phenomenex INC column, 0.5% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 10.6 min, RT2 = 11.0 

min. [α]D
25  = + 16.7 (c 0.5, CH2Cl2). 
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(1aR,6R,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-4-fluoro-1a-methyl-6-vinyl-1,1a,6,6a-tetrahydrocyclo-

propa[a]inden-6-ol (5b) 

The substrates 2g (33.2 mg, 94% ee, 0.1 mmol) was dissolved in THF (1 mL) at 0 °C, VinylMgBr (3.0 

equiv,0.3 mmol) was added into the solution. After 2 h, the solvent was removed. Then the  reaction 

mixture was purified by silica gel column chromatography to obtain the product 5b (Yellow oil, 32.8mg, 

dr > 20:1, 91%, 95 % ee, PE/EA = 5/1). 

1H NMR (500 MHz, Chloroform-d) δ 7.11 (dd, J = 8.3, 5.0 Hz, 1H), 6.86 (td, J = 8.7, 2.4 Hz, 1H), 6.80 (dd, J = 8.7, 2.5 Hz, 

1H), 6.39 (d, J = 5.7 Hz, 1H), 5.91 (dd, J = 17.0, 10.5 Hz, 1H), 5.32 (d, J = 17.1 Hz, 1H), 5.02 (d, J = 10.5 Hz, 1H), 4.68 (d, J 

= 5.7 Hz, 1H), 3.65 (s, 1H), 1.47 (s, 3H), 1.22 (d, J = 4.0 Hz, 1H), 0.96 (s, 9H), 0.84 (d, J = 4.1 Hz, 1H), 0.21 (d, J = 7.9 Hz, 

6H).

 
13C NMR (126 MHz, Chloroform-d) δ 161.9 (d, J = 243.3 Hz), 145.2 (d, J = 7.2 Hz), 144.3 (d, J = 2.3 Hz), 143.3 (d, J = 

9.6 Hz), 122.2 (d, J = 8.3 Hz), 114.4 (d, J = 22.6 Hz), 112.5 (d, J = 22.5 Hz), 110.9, 105.9, 86.4 (d, J = 2.1 Hz), 36.4, 32.7, 

31.6, 29.7, 25.6, 18.3, 13.8, -5.1, -5.5.

 
19F NMR (471 MHz, Chloroform-d) δ -117.29. HRMS (ESI) [M+Na]+ calculated for 

C21H29FO2SiNa+: 383.1813, found 383.1820. 

 
Resolution of enantiomers: Phenomenex INA column, 0.5% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 9.9 min, RT2 = 10.6 

min. [α]D
25  = - 80.3 (c 0.5, CH2Cl2). 
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(1aR,6S,6aS)-6a-((Z)-2-((tert-butyldimethylsilyl)oxy)vinyl)-4-fluoro-1a-methyl-1,1a,6,6a-tetrahydrocyclopropa 

[a]inden-6-ol (5c)[7] 

The substrates 2g (33.2 mg, 94% ee, 0.1 mmol) and NaBH4 (3.0 equiv, 1.0 mmol) were taken in 1mL 

MeOH at 0 °C. The reaction was monitored by TLC until disappearance of the starting material. Then the 

reaction mixture was purified by silica gel column chromatography to obtain the product 5c (Yellow oil, 

27.8 mg, dr = 3:1, 83%, 92% ee, PE/EA = 5/1).  

1H NMR (400 MHz, Chloroform-d) δ 7.24 – 7.14 (m, 0.6H), 7.12 (dd, J = 8.2, 5.0 Hz, 1H), 6.99 (dd, J = 8.5, 2.5 Hz, 1H), 6.95 

(dd, J = 8.7, 2.6 Hz, 0.3H), 6.89 (td, J = 8.7, 2.5 Hz, 1H), 6.51 (d, J = 6.0 Hz, 0.3H), 6.43 (d, J = 6.0 Hz, 1H), 5.58 (s, 1H), 4.92 

(s, 0.3H), 4.65 (d, J = 5.9 Hz, 0.3H), 4.55 (d, J = 6.1 Hz, 1H), 3.37 (s, 0.3H), 3.11 (s, 1H), 1.51 (s, 1H), 1.47 (s, 3H), 1.08 (d, J 

= 4.3 Hz, 1H), 1.05 (d, J = 4.3 Hz, 0.3H), 0.95 (s, 9H), 0.90 (s, 3H), 0.81 (d, J = 4.3 Hz, 1H), 0.56 (d, J = 4.3 Hz, 0.3H), 0.22 

(d, J = 2.7 Hz, 6H), 0.19 (d, J = 7.2 Hz, 2H).

 
13C NMR (126 MHz, Chloroform-d) δ 162.0 (d, J = 242.8 Hz), 161.5 (d, J = 

242.1 Hz), 145.0 (d, J = 7.4 Hz), 144.6 (d, J = 2.1 Hz), 144.6 (d, J = 2.5 Hz), 143.3 (d, J = 7.4 Hz), 142.0, 141.7, 122.3 (d, J = 

8.5 Hz), 122.2 (d, J = 8.3 Hz), 114.9 (d, J = 22.6 Hz), 114.3 (d, J = 22.5 Hz), 112.9 (d, J = 22.1 Hz), 112.6 (d, J = 22.5 Hz), 

107.9, 105.5, 80.0 (d, J = 2.1 Hz), 77.7 (d, J = 2.3 Hz), 38.3, 34.6, 33.8, 33.6, 33.5, 29.2, 25.6, 25.5, 18.3, 18.0, 14.9, 14.0, -

5.2, -5.41, -5.42.

 
19F NMR (471 MHz, Chloroform-d) δ -117.18, -117.76. HRMS (ESI) [M+Na]+ calculated for 

C19H27FO2SiNa+: 357.1656, found 357.1664.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 8.9 min, RT2 = 

10.2 min. [α]D
25  = - 5.8 (c 0.5, CH2Cl2). 
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Tert-butyl(((Z)-2-((1aR,6aR)-4-fluoro-1a-methyl-6-methylene-1a,6-dihydrocyclopropa[a]inden-6a(1H)-

yl)vinyl)oxy)dimethylsilane (5d)[8] 

The MePh3PBr (1.5 equiv, 1.0 mmol) was dissolved in THF (1 mL) at -78 °C, then n-BuLi (1.5 

equiv,0.15 mmmol, 1.6 mol/L) was added dropwise. After 2 h, the substrates 2g (33.2mg, 94% ee, 

0.1 mmol) in THF (1 mL) was added into the mixture. The reaction was monitored by TLC until 

disappearance of the starting material. Then the reaction mixture was purified by silica gel column 

chromatography to obtain the product 5d (Colorless oil, 23.8 mg, 92%, 92%ee, PE/EA = 30/1). 

1H NMR (500 MHz, Chloroform-d) δ 7.15 (dd, J = 8.3, 5.1 Hz, 1H), 7.06 (dd, J = 9.1, 2.5 Hz, 1H), 6.86 (td, J = 8.7, 2.5 Hz, 

1H), 6.45 (d, J = 6.0 Hz, 1H), 5.44 (s, 1H), 5.15 (s, 1H), 4.56 (d, J = 5.9 Hz, 1H), 1.56 (d, J = 4.1 Hz, 1H), 1.45 (s, 3H), 0.92 

(d, J = 4.0 Hz, 1H), 0.84 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H).

 
13C NMR (126 MHz, Chloroform-d) δ 161.7 (d, J = 241.6 Hz), 

152.7 (d, J = 3.3 Hz), 146.8 (d, J = 2.2 Hz), 142.7, 140.0 (d, J = 7.9 Hz), 122.8 (d, J = 8.7 Hz), 114.4 (d, J = 22.9 Hz), 107.8 

(d, J = 22.8 Hz), 105.5, 104.7, -5.4, -5.5. 19F NMR (471 MHz, Chloroform-d) δ -118.26. HRMS (ESI) [M+Na]+ calculated for 

C20H27FOSiNa+: 353.1707, found 353.1704. 

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 1.0 mL/min, 254 nm, RT1 = 22.2 min, RT2 = 

23.2 min. [α]D
25  = - 11.3 (c 0.5, CH2Cl2).  
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(1aR,6aS)-6a-(2-((tert-butyldimethylsilyl)oxy)ethyl)-4-fluoro-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one 

(5e) [9] 

A flame dried reaction vessel was charged with 10% Pd/C (10 mol%), degassed and backfilled with 

hydrogen (1 atm). 1 mL EA were added and 2g (33.2 mg, 94% ee, 0.1mmol) was introduced dropwise 

via syringe. The reaction was stirred at room temperature overnight. The reaction was monitored by 

TLC until disappearance of the starting material.The mixture was purified by silica gel column chromatography to obtain the 

product 5e (Colorless oil, 24.1 mg, 72%, 94% ee, PE/EA = 20/1). 

1H NMR (500 MHz, Chloroform-d) δ 7.49 (dd, J = 8.3, 4.4 Hz, 1H), 7.42 – 7.38 (m, 1H), 7.30 (td, J = 8.6, 2.6 Hz, 1H), 4.06 

(dt, J = 10.1, 7.2 Hz, 1H), 3.91 (ddd, J = 10.0, 7.8, 5.7 Hz, 1H), 2.46 (ddd, J = 13.7, 7.6, 5.7 Hz, 1H), 2.02 (dt, J = 14.4, 7.2 Hz, 

1H), 1.78 (s, 3H), 1.64 (d, J = 4.1 Hz, 1H), 1.39 (d, J = 4.9 Hz, 2H), 0.96 (d, J = 0.9 Hz, 8H), 0.14 (s, 3H), 0.12 (s, 3H).

 
13C 

NMR (126 MHz, Chloroform-d) δ 202.9 (d, J = 2.7 Hz), 161.9 (d, J = 246.4 Hz), 152.9 (d, J = 2.3 Hz), 135.1 (d, J = 7.0 Hz), 

123.5 (d, J = 7.9 Hz), 120.5 (d, J = 23.4 Hz), 110.7 (d, J = 22.4 Hz), 60.8, 44.0, 39.7, 29.6, 25.9, 18.6, 13.0, -5.45, -5.46.

 
19F 

NMR (471 MHz, Chloroform-d) δ -115.55. HRMS (ESI) [M+Na]+ calculated for C19H27FO2SiNa+: 357.1656, found 357.1665.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 0.5% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 12.6 min, RT2 

= 14.3 min. [α]D
25  = + 14.0 (c 0.5, CH2Cl2). 
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2-((1aR,6aS)-4-fluoro-1a-methyl-6-oxo-1a,6-dihydrocyclopropa[a]inden-6a(1H)-yl)acetaldehyde (5f) [10] 

To an acetonitrile solution of 2g (33.2mg, 94% ee, 0.1 mmol) in Schlenk tube with a magnetic bar was 

added CuCl2 (0.5 mmol, 5.0 equiv) and H2O (0.5 mmol, 5.0 equiv) at 40 °C under N2. The sealed tube 

was then stirred at 40 °C under nitrogen atmosphere overnight. After the reaction completed (monitored 

by TLC), it was diluted with water and extracted with EA. The combined organics were washed with brinem dried over 

anhydrous Na2SO4 and concentrated in vacuo. The resulting residue was flash chromatographed on silica gel to afford the 

product 5f (Yellow solid, MP: 98-100°C, 21.0 mg, 96%, 94% ee, PE/EA = 5/1). 

1H NMR (500 MHz, Chloroform-d) δ 9.85 (s, 1H), 7.41 (dd, J = 8.3, 4.4 Hz, 1H), 7.31 (dd, J = 7.6, 2.5 Hz, 1H), 7.22 

(td, J = 8.6, 2.6 Hz, 1H), 3.37 (d, J = 18.5 Hz, 1H), 2.68 (d, J = 18.5 Hz, 1H), 1.64 (d, J = 4.4 Hz, 1H), 1.58 (s, 3H), 1.27 (d, J 

= 4.5 Hz, 1H).

 
13C NMR (126 MHz, Chloroform-d) δ 201.6 (d, J = 2.5 Hz), 199.1, 162.1 (d, J = 247.1 Hz), 152.4, 134.5 (d, J 

= 7.0 Hz), 123.8 (d, J = 7.9 Hz), 120.9 (d, J = 23.4 Hz), 111.2 (d, J = 22.5 Hz), 42.9, 41.3, 37.2, 31.3, 12.8. 19F NMR (471 

MHz, Chloroform-d) δ -114.84. HRMS (ESI) [M+Na]+ calculated for C13H11FO2Na+: 241.0635, found 241.0635. 

 

Resolution of enantiomers: DAICEL Chiralcel® NC column, 60% (W = 0.1%) Trisodium phosphate anhydrous-Acetonitrile, 

0.5 mL/min, 254 nm, RT1 = 12.7 min, RT2 = 14.2 min. [α]D
25  = -66.3(c 0.5, CH2Cl2). 
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(1aR,6aS)-6a-((1S,2R)-2-((tert-butyldimethylsilyl)oxy)cyclopropyl)-4-fluoro-1a-methyl-1a,6a-dihydrocyclopropa 

[a]inden-6(1H)-one (5g) [11] 

To a hexane solution of 2g (33.2mg, 94% ee, 0.1 mmol) in Schlenk tube with a magnetic bar was 

added ZnEt2 (0.22 mmol, 2.2 equiv) and CH2I2 (0.22 mmol, 2.2 equiv) at 0 °C under N2. The sealed 

tube was then stirred at 0 °C under nitrogen atmosphere overnight. After the reaction completed 

(monitored by TLC), it was diluted with water and extracted with Et2O. The combined organics were washed with brinem dried 

over anhydrous Na2SO4 and concentrated in vacuo. The resulting residue was flash chromatographed on silica gel to afford the 

product 5f (Yellow oil, 31.8 mg, 92%, dr = 2:1, major: 94% ee, minor: 92% ee, PE/EA = 20/1). 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (ddd, J = 8.2, 4.5, 1.1 Hz, 1.5H), 7.40 – 7.35 (m, 1H), 7.33 (dd, J = 7.7, 2.5 Hz, 

0.5H), 7.25 (ddt, J = 11.0, 5.3, 2.5 Hz, 1.5H), 3.65 (tt, J = 6.5, 3.5 Hz, 1.5H), 1.93 (d, J = 3.8 Hz, 1H), 1.83 (s, 3H), 1.77 (s, 

1.5H), 1.71 (d, J = 4.6 Hz, 1.5H), 1.47 (d, J = 3.5 Hz, 1H), 1.45 (d, J = 4.7 Hz, 0.5H), 1.35 – 1.27 (m, 1.5H), 1.08 – 0.94 (m, 

3H), 0.85 (s, 9H), 0.74 (s, 4.5H), 0.15 (s, 3H), 0.15 (s, 3H), 0.12 (s, 1.5H), 0.09 (s, 1.5H). 13C NMR (101 MHz, Chloroform-

d) δ 203.8 (d, J = 2.6 Hz), 201.8 (d, J = 2.7 Hz), 161.8 (d, J = 246.0 Hz), 161.8 (d, J = 245.7 Hz), 152.9, 145.4, 135.9 (d, J = 

7.1 Hz), 135.0 (d, J = 6.9 Hz), 123.2 (d, J = 6.1 Hz), 123.2 (d, J = 6.0 Hz), 120.2 (d, J = 23.4 Hz), 120.1 (d, J = 23.3 Hz), 50.0, 

48.7, 44.7, 42.3, 41.2 (d, J = 1.4 Hz), 38.0 (d, J = 1.1 Hz), 33.5, 31.5, 25.5, 25.3, 17.8, 17.6, 14.6, 13.2, 12.9, 12.8, 11.3, 9.8, -

5.06, -5.11, -5.4, -5.5. 19F NMR (376 MHz, Chloroform-d) δ -115.94, -116.18. HRMS (ESI) [M+Na]+ calculated for 

C20H27FO2SiNa+: 369.1656, found 369.1665. 

 

Resolution of enantiomers: DAICEL Chiralcel® IC column, 0.5% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 10.4 min, RT2 = 

11.6 min, RT2 = 22.5 min, RT2 = 27.8 min. [α]D
25  = + 5.3. (c 0.5, CH2Cl2). 
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(1aR,6aR)-4-fluoro-1a-methyl-6-oxo-1a,6-dihydrocyclopropa[a]indene-6a(1H)-carbaldehyde(5h) [12] 

To a solution of 2g (33.2mg, 94% ee, 0.1 mmol) in 1,2-dichloromethane(1 mL) was cooled to -78°C and 

ozone was bubbled into the reaction mixture until a pale color was observed. The excess ozone was 

discharged by nitrogen stream for 5 min, and then dimethyl sulfide (30 uL, 0.4 mmol) and CH2Cl2 were 

added. The mixture was stirred at room temperature for 6 h, and then saturated NaCl solution was added. The mixture was 

extracted with CH2Cl2 and the organic phase was dried over anhydrous NaSO4, filtered, and the solvent was removed by rotary 

evaporator. The resulting residue was flash chromatography (PE: EA = 5:1) on silica gel to afford the product 5h. (Yellow 

solid, 15.1 mg, 74%, 97% ee, PE/EA = 5/1, M.P: 80-81°C). 

1H NMR (500 MHz, Chloroform-d) δ 10.29 (s, 1H), 7.43 (dd, J = 8.9, 4.3 Hz, 1H), 7.38 (dt, J = 7.5, 2.0 Hz, 1H), 7.28 (tt, J = 

8.6, 2.0 Hz, 1H), 2.35 (d, J = 4.1 Hz, 1H), 2.08 (d, J = 4.1 Hz, 1H), 1.75 (s, 3H).

 
13C NMR (126 MHz, Chloroform-d) δ 197.8 

(d, J = 2.8 Hz), 195.3, 162.6 (d, J = 248.9 Hz), 150.1 (d, J = 2.5 Hz), 134.4 (d, J = 7.4 Hz), 124.3 (d, J = 8.0 Hz), 121.7 (d, J = 

23.5 Hz), 111.3 (d, J = 22.7 Hz), 49.9, 47.8, 44.6, 12.0. 19F NMR (471 MHz, Chloroform-d) δ -112.77. HRMS (ESI) [M+Na]+ 

calculated for C12H9FO2Na+: 227.0479, found 227.0480.  

 

Resolution of enantiomers: DAICEL Chiralcel® ODH column, 2% IPA-Hexanes, 0.8 mL/min, 254 nm, RT1 = 11.8 min, RT2 = 

12.4 min. [α]D
25  = + 16.5. (c 0.5, CH2Cl2).  
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6. Rh-catalyzed preliminary experiments  

General procedure for Rh2 (OPiv)4-catalyzed preliminary experiments:  

To 1,2-dichloroethane solution of 1 (0.1 mmol, 1 mL) in Schlenk tube with a magnetic bar was added Rh2 (OPiv)4 (0.002 

mmol, 2 mol%, 1.3 mg) at room temperature under N2. The sealed tube was then stirred at 30 °C under nitrogen atmosphere 

for 48 h. The mixture was then concentrated and the residue was purified by chromatography on silica gel to afford the desired 

product 2. 

2-(1a-methyl-6-oxo-1a,6-dihydrocyclopropa[a]inden-6a(1H)-yl)acetaldehyde(2b) 

Colorless liquid, 7.0 mg, 35%, purified by chromatography (PE/EA = 5/1, Rf = 0.6);

 
1H NMR (400 

MHz, Chloroform-d) δ 9.87 (s, 1H), 7.66 (dt, J = 7.6, 1.0 Hz, 1H), 7.52 (td, J = 7.4, 1.2 Hz, 1H), 7.45 

(dt, J = 7.6, 1.0 Hz, 1H), 7.30 (td, J = 7.4, 1.1 Hz, 1H), 3.30 (dd, J = 18.2, 1.2 Hz, 1H), 2.70 (dd, J = 

18.2, 1.4 Hz, 1H), 1.64 (d, J = 4.3 Hz, 1H), 1.60 (s, 3H), 1.27 (d, J = 4.3 Hz, 1H).

 
). 13C NMR (101 MHz, Chloroform-d) δ 

202.8, 199.5, 156.9, 134.0, 132.5, 127.1, 124.7, 122.5, 42.8, 41.1, 36.6, 31.6, 12.7. HRMS (ESI) [M+Na]+ calculated for 

C13H12O2Na+:223.0729, found 223.0722. 

 

(Z)-6a-(2-methoxyvinyl)-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one(2c) 

Colorless liquid, 10.1 mg, 47%,  purified by chromatography (PE/EA = 2/1, Rf = 0.5);

 
1H NMR (500 

MHz, Chloroform-d) δ 7.64 (d, J = 7.6 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.41 (d, J = 7.5 Hz, 1H), 7.26 

(d, J = 6.3 Hz, 1H), 6.27 (d, J = 6.2 Hz, 1H), 4.49 (d, J = 6.2 Hz, 1H), 3.57 (s, 3H), 1.73 (d, J = 4.0 Hz, 

1H), 1.68 (d, J = 4.0 Hz, 1H), 1.59 (s, 3H).

 
13C NMR (126 MHz, Chloroform-d) δ 203.1, 157.3, 151.7, 133.5, 133.0, 126.6, 

124.7, 122.3, 97.3, 60.0, 44.9, 40.3, 34.7, 12.9. HRMS (ESI) [M+H]+ calculated for C14H14O2Si+: 215.1067, found 215.1058. 
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(Z)-6a-(2-((tert-butyldimethylsilyl)oxy)vinyl)-1a-methyl-1a,6a-dihydrocyclopropa[a]inden-6(1H)-one(2d) 

Yellow liquid, 23.6 mg, 75%,  purified by chromatography (PE/EA = 20/1, Rf = 0.4);

 
1H NMR (500 

MHz, Chloroform-d) δ 7.62 (d, J = 7.5 Hz, 1H), 7.46 (t, J = 7.4 Hz, 1H), 7.39 (d, J = 7.5 Hz, 1H), 7.24 

(dd, J = 14.7, 7.3 Hz, 1H), 6.56 (d, J = 5.4 Hz, 1H), 4.62 (d, J = 5.5 Hz, 1H), 1.73 (d, J = 3.9 Hz, 1H), 

1.67 (d, J = 4.0 Hz, 1H), 1.57 (s, 3H), 0.70 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H).

 
13C NMR (126 MHz, 

Chloroform-d) δ 203.0, 157.4, 144.2, 133.4, 126.5, 124.5, 122.2, 101.0, 44.2, 40.4, 34.3, 25.2, 17.7, 13.1, -5.4, -5.5. HRMS 

(ESI) [M+H]+ calculated for C19H27O2Si+: 315.1775, found 315.1781.  

 

7. General procedure for mechanism experiments:  

A) Control experiments 

 
To 1,2-dichloromethane solution of substrate 3q (0.05 mmol, 0.5 mL) in Schlenk tube with a magnetic bar was added 

Rh2(S-TCPTTL)4 (0.01 mmol, 2 mol%, 2 mg), the catalyst was dissolved in dichloromethane) at 30 °C under N2. The sealed 

tube was then stirred at 30 °C under nitrogen atmosphere for 48-72 h. The mixture was then concentrated and the residue was 

purified by chromatography on silica gel (eluent: ethyl acetate/petroleum ether) to afford the desired product 4q. 

Tert-butyldimethyl(((Z)-2-((1aS,6aS)-1a-methyl-1a,6-dihydrocyclopropa[a]inden-6a(1H)-yl)vinyl)oxy)silane (4q) 

Yellow liquid, 10.1 mg, 67%, 94% ee, purified by chromatography (PE/EA = 50/1, Rf = 0.5);

 
1H NMR 

(400 MHz, Chloroform-d) δ 7.16 – 6.88 (m, 4H), 6.24 (d, J = 6.1 Hz, 1H), 4.39 (d, J = 6.1 Hz, 1H), 3.21 

(d, J = 17.1 Hz, 1H), 3.05 (d, J = 17.1 Hz, 1H), 1.37 (s, 3H), 1.16 (d, J = 4.1 Hz, 1H), 0.81 (s, 9H), 0.46 

(d, J = 4.1 Hz, 1H), 0.06 (s, 3H), 0.05 (s, 3H).

 
13C NMR (101 MHz, Chloroform-d) δ 150.2, 141.7, 140.7, 125.6, 125.2, 124.8, 

121.7, 109.4, 41.4, 35.7, 30.3, 30.0, 25.6, 18.1, 14.9, -5.38, -5.40. HRMS (ESI) [M+H]+ calculated for C19H29OSi+: 301.1982, 

found 301.1983.  
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Resolution of enantiomers: DAICEL Chiralcel® OJH column, 0% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 6.5 min, RT2 = 

6.8 min. [α]D
25  = + 46.0 (c 0.5, CH2Cl2).  

  

B) Cooperative weak hydrogen bonding 

 
The substrate 6 (11.08 mg, 0.025 mmol) was mixed up with Rh2(OPiv)4 (15.6 mg, 0.0125 mmol), the mixture was 

dissolved in DCM/PE (0.5mL: 0.5 mL) as mixed solvent. The resulting solution was subjected to sonication and 

Pasteur pipette filtration followed by slow evaporation of the solvent to yield the crystal of complex A, green prism. 

The NMR spectrum of compound 6 and complex A 
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Figure S1. The NMR comparison between Compound 6 and complex A. 
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1H NMR (500 MHz, Chloroform-d) δ 7.96 – 7.90 (m, 2H), 7.55 – 7.47 (m, 2H), 7.43 

– 7.34 (m, 4H), 4.53 (s, 2H), 4.19 (d, J = 2.0 Hz, 2H), 4.17 (t, J = 1.9 Hz, 2H), 2.51 

(s, 3H), 1.03 (s, 18H), 0.96 (s, 9H), 0.12 (s, 6H). 13C NMR (126 MHz, Chloroform-

d) δ 199.03, 136.08, 135.17, 129.44, 128.93, 128.60, 128.11, 127.99, 84.42, 76.45, 

52.30, 49.96, 40.69, 36.86, 27.60, 25.74, 21.56, 18.23, -5.32. 

 

 

 

 

 

C) The origin of regioselectivity 

(Z)-tert-butyldimethyl((2-(1a-methyl-1a,6-dihydrocyclopropa[a]inden-6a(1H)-yl)vinyl)oxy)silane (4s) 

 

To 1,2-dichloroethane solution of substrate 3s (0.1 mmol, 1 mL) in Schlenk tube with a magnetic bar was added 

Rh2(OPiv)4 (0.002 mmol, 2 mol%, 1.3 mg) at 30 °C under N2, the catalyst was dissolved in dichloroethane), no product was 

observed. Then, elevating temperature to 80 °C for 48 h, the reaction proceeded smoothly. After the reaction completed, 

the mixture was then concentrated and the residue was purified by chromatography on silica gel (eluent: ethyl 

acetate/petroleum ether) to afford the desired product 4s. 

 

To 1,2-dichloromethane solution of substrate 3s (0.1 mmol, 1 mL) in Schlenk tube with a magnetic bar was added 

Rh2(S-TCPTTL)4 (0.002 mmol, 2 mol%, 4.0 mg) at 30 °C under N2, the catalyst was dissolved in dichloromethane), the 

reaction proceeded smoothly. After the reaction completed, the mixture was then concentrated and the residue was purified 

by chromatography on silica gel (eluent: ethyl acetate/petroleum ether) to afford the desired product 4s. 

 Yellow liquid, 8.0 mg, 43%, 34% ee, purified by chromatography (PE/EA = 10/1, Rf = 0.6);

 
1H NMR 

(400 MHz, Chloroform-d) δ 7.87 (dd, J = 7.7, 1.5 Hz, 1H), 7.59 (dd, J = 7.9, 1.2 Hz, 1H), 7.52 (td, J = 

7.6, 1.6 Hz, 1H), 7.30 – 7.20 (m, 1H), 2.96 (d, J = 17.4 Hz, 1H), 2.71 (dd, J = 17.4, 1.2 Hz, 1H), 1.61 (s, 

3H), 1.40 (s, 3H), 0.95 (dd, J = 4.7, 1.2 Hz, 1H), 0.44 (d, J = 4.7 Hz, 1H).

 
13C NMR (101 MHz, 

Chloroform-d) δ 197.7, 149.9, 133.3, 130.5, 127.1, 125.8, 125.1, 44.4, 33.9, 23.2, 21.0, 21.0, 16.7.  HRMS (ESI) [M+H]+ 

calculated for C13H15O+: 187.1118, found 187.1109. 
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Resolution of enantiomers: Phenomenex INA column, 2% IPA-Hexanes, 0.3 mL/min, 254 nm, RT1 = 18.2 min, RT2 = 19.0 

min. 

 

 

2-(6-hydroxy-1a-methyl-1a,6-dihydrocyclopropa[a]inden-6a(1H)-yl)acetaldehyde (4t) 

 
To 1,2-dichloroethane solution of substrate 3t (0.1 mmol, 1 mL) in Schlenk tube with a magnetic bar was added Rh2(OPiv)4 

(0.002 mmol, 2 mol%, 1.3 mg) at 30 °C for 48 h under N2, the catalyst was dissolved in dichloroethane). After the reaction 

completed, the mixture was then concentrated and the residue was purified by chromatography on silica gel (eluent: ethyl 

acetate/petroleum ether) to afford the desired product 4t. 
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To 1,2-dichloromethane solution of substrate 3t (0.1 mmol, 1 mL) in Schlenk tube with a magnetic bar was added 

Rh2(OPiv)4 (0.002 mmol, 2 mol%, 1.3 mg) at 30 °C for 36 h under N2, the catalyst was dissolved in dichloromethane). After 

the reaction completed, the mixture was then concentrated and the residue was purified by chromatography on silica gel (eluent: 

ethyl acetate/petroleum ether) to afford the desired product 4t. 

Yellow liquid, 17.4 mg, 86%, dr > 20:1, 0% ee purified by chromatography (PE/EA = 5/1, Rf = 

0.5);

 
1H NMR (400 MHz, Chloroform-d) δ 9.98 (d, J = 1.1 Hz, 1H), 7.32 – 7.17 (m, 5H), 5.33 

(s, 1H), 2.94 (d, J = 18.6 Hz, 1H), 2.79 (dd, J = 18.7, 1.3 Hz, 1H), 1.50 (s, 3H), 1.07 (d, J = 4.8 

Hz, 1H), 0.66 (d, J = 4.7 Hz, 1H).

 
13C NMR (101 MHz, Chloroform-d) δ 203.1, 148.4, 141.3, 

128.7, 126.6, 125.5, 121.8, 80.1, 47.0, 32.4, 30.6, 27.5, 13.9. HRMS (ESI) [M+Na]+ calculated 

for C13H14ONa+: 225.0886, found 225.0890. 

 

Resolution of enantiomers: Phenomenex INA column, 15% IPA-Hexanes, 0.5 mL/min, 254 nm, RT1 = 7.6 min, RT2 = 8.1 

min. 
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The NOE of 4t 
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8. The X-ray diffraction analysis 

Crystal data and structure refinement for 2j (CCDC 2220784). 

Single crystal of 2j was grown from slow evaporation of EA/PE solvent. A suitable crystal was selected and measured on 

aSuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal was kept at 179.99(10) K during data collection.  

Ellipsoid plot of the crystal structure of 2j (Prob = 50, Temp = 180 K) 

Identification code 256-3 

Empirical formula C19H25NO4Si 

Formula weight 359.49 

Temperature/K 179.99(10) 

Crystal system Orthorhombic 

Space group P212121 

a/Å 8.1571(2) 

b/Å 8.3394(2) 

c/Å 29.2782(4) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 1991.66(7) 

Z 4 

ρcalcg/cm3 1.199 

μ/mm-1 1.222 
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F(000) 768.0 

Crystal size/mm3 0.12 × 0.1 × 0.08 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 6.038 to 147.51 

Index ranges -9 ≤ h ≤ 9, -10 ≤ k ≤ 9, -35 ≤ l ≤ 36 

Reflections collected 18375 

Independent reflections 3937 [Rint = 0.0473, Rsigma = 0.0254] 

Data/restraints/parameters 3937/0/233 

Goodness-of-fit on F2 1.018 

Final R indexes [I>=2σ (I)] R1 = 0.0355, wR2 = 0.0989 

Final R indexes [all data] R1 = 0.0364, wR2 = 0.0998 

Largest diff. peak/hole / e Å-3 0.25/-0.17 

Flack/Hooft parameter 0.019(13)/0.004(10)  

Crystal data and structure refinement for complex A (CCDC 2283357) 

Single crystal of complex A was grown from slow evaporation of DCM/PE solvent. A suitable crystal was selected and 

measured on aSuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal was kept at 293(10) K during data collection. 

 

         Ellipsoid plot of the crystal structure of complex A (Prob = 50, Temp = 293 K) 

 

 

Table 1 Crystal data and structure refinement for complex A. 
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Identification code XZR-0626 

Empirical formula C68H102N2O14Rh2S2Si2 

Formula weight 1497.63 

Temperature/K 293.00(10) 

Crystal system monoclinic 

Space group P21/c 

a/Å 14.1225(7) 

b/Å 20.8129(16) 

c/Å 27.9242(16) 

α/° 90 

β/° 103.361(6) 

γ/° 90 

Volume/Å3 7985.6(9) 

Z 4 

ρcalcg/cm3 1.246 

μ/mm-1 0.551 

F(000) 3144.0 

Crystal size/mm3 0.17 × 0.15 × 0.12 

Radiation Mo Kα (λ = 0.71073) 

2Θ range for data collection/° 4.114 to 49.996 

Index ranges -16 ≤ h ≤ 16, -21 ≤ k ≤ 24, -27 ≤ l ≤ 33 

Reflections collected 37141 

Independent reflections 14065 [Rint = 0.0540, Rsigma = 0.0804] 

Data/restraints/parameters 14065/1087/967 

Goodness-of-fit on F2 1.035 

Final R indexes [I>=2σ (I)] R1 = 0.0800, wR2 = 0.1973 

Final R indexes [all data] R1 = 0.1335, wR2 = 0.2435 

Largest diff. peak/hole / e Å-3 0.88/-0.84 
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