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General Remarks. 1H and 13C NMR spectra were recorded at 300 and 75 MHz, respectively. Mass 

and HRMS spectra were recorded by EI method. Organic solvents used were dried by standard 

methods when necessary. Satisfactory CHN microanalyses for several solid compounds were 

obtained with an analyzer. Commercially obtained reagents were used without further purification. 

All these reactions were monitored by TLC with silica gel coated plates. Flash column 

chromatography was carried out using silica gel at increased pressure.  

 

General Procedure for Lewis Acid-Catalyzed Reaction of Arylmethylenecyclopropanes and 

1,1,3-Triarylprop-2-yn-1-ols or Their Methyl Ethers. Under an argon atmosphere, 

arylmethylenecyclopropanes 1 (0.2 mmol), 1,1,3-triarylprop-2-yn-1-ols or their methyl ethers 2

(0.4 mmol), BF3
.OEt2 (10 mol %) were added into a Schlenk tube. The reaction mixture was 

stirred at room temperature for 6 h, then the solvent was removed under reduced pressure and the 

residue was purified by a flash column chromatography.  
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3a 

A yellow solid, mp: 121-123 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.58 (t, J = 7.2 Hz, 2H, 

CH2), 3.11 (s, 3H, OCH3), 3.14 (t, J = 7.2 Hz, 2H, CH2), 6.74-6.77 (m, 2H, Ar), 6.89-7.08 (m, 13H, 

Ar), 7.17-7.31 (m, 6H, Ar), 7.32-7.35 (m, 4H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 27.6, 58.2,

66.5, 69.8, 126.06, 126.12, 126.2, 126.6, 126.7, 127.0, 127.2, 127.3, 127.6, 127.7, 128.4, 128.5, 

130.3, 130.4, 133.2, 140.5, 140.6, 142.0, 144.4, 147.3, 155.7. IR (CH2Cl2) ν 3079, 3055, 3026, 

2980, 2926, 2891, 2826, 2807, 1598, 1492, 1442, 1184, 1113, 1076, 1028, 1000, 917, 762, 744,

731, 698, 669, 638 cm-1. MS (MALDI) m/z 527 (M+Na+). Anal. calcd. for C38H32O: C, 90.44%; H, 

6.39%; Found: C, 90.46%; H, 6.63%. 
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3b 

A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.47-2.63 (m, 2H, CH2), 3.12 (s, 3H, OCH3), 

3.13-3.18 (m, 2H, CH2), 6.75 (d, J = 7.8 Hz, 2H, Ar), 6.85-6.99 (m, 7H, Ar), 7.02-7.08 (m, 6H, Ar), 

7.13-7.24 (m, 7H, Ar), 7.33 (d, J = 7.8 Hz, 2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 27.5, 58.3, 

66.0, 69.7, 126.25, 126.31, 126.4, 126.8, 127.0, 127.1, 127.3, 127.4, 127.6, 127.7, 127.9, 128.4, 

129.9, 130.2, 130.3, 131.8, 132.9, 140.3, 140.6, 141.7, 144.0, 147.6, 155.3. IR (CH2Cl2) ν 3053, 

3027, 2926, 1598, 1489, 1443, 1113, 1092, 1013, 920, 831, 770, 750, 698, 668 cm-1. MS (MALDI) 

m/z 561 (M+Na+). HRMS (MALDI) calcd. for C38H31OClNa+: 561.1975, Found: 561.1956.  
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3c  

A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.31 (s, 6H, CH3), 2.57 (t, J = 7.5 Hz, 2H, CH2 ), 

3.11 (s, 3H, OCH3 ), 3.14 (t, J = 7.5 Hz, 2H, CH2 ), 6.77 (d, J = 7.8 Hz, 2H, Ar), 6.87-7.02 (m, 17H, 

Ar), 7.20 (d, J = 7.8 Hz, 4H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 21.0, 27.5, 58.2, 65.9, 69.8, 

126.0, 126.1, 126.2, 126.6, 127.0, 127.2, 127.3, 127.6, 128.38, 128.41, 130.3, 130.5, 133.3, 135.5, 

139.1, 140.6, 140.7, 144.7, 147.0, 155.9. IR (CH2Cl2) ν 3078, 3053, 3021, 2922, 2874, 2826, 2807,

1731, 1599, 1575, 1510, 1492, 1442, 1382, 1266, 1186, 1114, 1071, 1022, 1000, 922, 821, 765, 

744, 699, 635, 560, 542 cm-1. MS (MALDI) m/z 555 (M+Na+). HRMS (MALDI) calcd. for 

C40H36ONa+: 555.2675, Found: 555.2658.  
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3d 
A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.52 (t, J = 7.2 Hz, 2H, CH2), 3.13 (s, 3H, 

OCH3), 3.16 (t, J = 7.2 Hz, 2H, CH2), 6.71 (d, J = 8.1 Hz, 2H, Ar), 6.74-7.26 (m, 21H, Ar). 13C

NMR (CDCl3, 75 MHz, TMS) δ 27.5, 58.3, 65.6, 69.6, 126.4, 126.5, 127.0, 127.1, 127.36, 127.44, 

127.6, 127.9, 128.3, 129.7, 130.1, 130.3, 132.0, 132.7, 140.1, 140.2, 140.3, 143.7, 147.9, 155.0. IR 

(CH2Cl2) ν 3056, 3026, 2926, 1489, 1442, 1113, 1092, 1013, 920, 831, 772, 750, 731, 697, 669 

cm-1. MS (MALDI) m/z 595 (M+Na+). HRMS (MALDI) calcd. for C38H30OCl2Na+: 595.1566, 

Found:595.1566.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.55 (t, J = 7.2 Hz, 2H, CH2), 3.12 (s, 3H, 

OCH3), 3.15 (t, J = 7.2 Hz, 2H, CH2), 6.73 (d, J = 7.2 Hz, 2H, Ar), 6.86-7.09 (m, 17H, Ar), 

7.23-7.27 (m, 4H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 27.5, 58.3, 65.3, 69.7, 114.6 (d, J =

20.9 Hz), 126.3, 126.4, 126.9, 127.0, 127.1, 127.38, 127.42, 127.6, 129.8, 130.0, 130.2 (d, J = 11.0 

Hz), 132.9, 137.61, 137.65, 140.2, 140.3, 147.5, 155.4, 161.4 (d, J = 244.0 Hz). IR (CH2Cl2) ν

3055, 2926, 2892, 2827, 1601, 1506, 1443, 1229, 1159, 1113, 1015, 923, 837, 808, 766, 746, 700, 

558, 545, 515 cm-1. MS (MALDI) m/z 563 (M+Na+). HRMS (MALDI) calcd. for C38H30OF2Na+:

563.2166, Found: 563.2157. 
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3f 
A yellow solid, m.p. 126-128 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.59 (t, J = 7.2 Hz, 2H, 

CH2), 3.10 (s, 3H, OCH3), 3.13 (t, J = 7.2 Hz, 2H, CH2), 3.64 (s, 3H, OCH3), 3.68 (s, 3H, OCH3), 

6.42 (d, J = 8.7, Hz, 2H, Ar), 6.46 (d, J = 8.7, Hz, 2H, Ar), 6.67 (d, J = 8.7 Hz, 2H, Ar), 6.82 (d, J 

= 8.7 Hz, 2H, Ar), 7.01-7.08 (m, 5H, Ar), 7.17-7.24 (m, 6H, Ar), 7.32-7.35 (m, 4H, Ar). 13C NMR 

(CDCl3, 75 MHz, TMS) δ 27.6, 55.0, 55.2, 58.2, 66.4, 69.9, 112.4, 112.6, 125.8, 126.1, 126.6, 

127.3, 127.7, 128.5, 131.4, 131.5, 133.4, 133.5, 142.3, 143.4, 147.5, 154.8, 157.9, 158.2. IR 

(CH2Cl2) ν 3056, 3029, 2996, 2931,2897, 2834, 1604, 1574, 1508, 1493, 1463, 1442, 1301, 1271, 

1245, 1173, 1112, 1035, 832, 764, 733, 702, 598, 579 cm-1. MS (MALDI) m/z 587 (M+Na+). 
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HRMS (MALDI) calcd. for C40H36O3Na+: 587.2576, Found:587.2557.  
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3g  
A yellow solid, m.p. 138-140 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.57 (t, J = 7.2 Hz, 2H, 

CH2), 3.11 (s, 3H, OCH3), 3.15 (t, J = 7.2 Hz, 2H, CH2), 6.54-6.71 (m, 6H, Ar), 6.83-6.88 (m, 2H, 

Ar), 7.00-7.11 (m, 5H, Ar), 7.18-7.34 (m, 10H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 27.6,

58.2, 66.5, 69.7, 113.8 (d, J = 20.8 Hz), 114.2 (d, J = 20.8 Hz), 124.2, 126.3, 127.0, 127.5, 127.6, 

127.8, 128.4, 128.5, 131.8 (d, J = 8.0 Hz), 131.9 (d, J = 8.0 Hz), 132.9, 136.3 (d, J = 2.8 Hz), 

136.4 (d, J = 2.9 Hz), 141.7, 145.0, 147.1, 156.1, 161.4 (d, J = 244.0 Hz), 161.7 (d, J = 244.0 Hz). 

IR (CH2Cl2) ν 3058, 2927, 2894, 2828, 1888, 1599, 1505, 1443, 1379, 1296, 1223, 1189, 1156, 

1113, 1028, 1013, 1001, 951, 917, 836, 809, 765, 726, 704, 672, 653, 590, 573, 526, 509, 501 cm-1.

MS (MALDI) m/z 563 (M+Na+). HRMS (MALDI) calcd. for C38H30OF2Na+: 563.2140, Found: 

563.2157. 
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A yellow solid, m.p. 144-146 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.14 (s, 3H, CH3), 2.18 (s, 

3H, CH3), 2.58 (t, J = 7.2 Hz, 2H, CH2), 3.10 (s, 3H, OCH3), 3.12 (t, J = 7.2 Hz, 2H, CH2), 

6.62-6.81 (m, 8H, Ar), 7.01-7.05 (m, 5H, Ar), 7.18-7.23 (m, 6H, Ar), 7.31-7.34 (m, 4H, Ar). 13C

NMR (CDCl3, 75 MHz, TMS) δ 21.0, 21.1, 27.6, 58.2, 66.4, 69.8, 126.0, 126.5, 126.6, 127.2, 

127.6, 127.7, 127.9, 128.6, 130.1, 130.3, 133.3, 135.6, 135.8, 137.8, 137.9, 142.2, 143.7, 147.5, 

155.0. IR (CH2Cl2) ν 3080, 3055, 3021, 2923, 1598, 1509, 1492, 1443, 1181, 1113, 1021, 820, 762, 

744, 724 cm-1. MS (MALDI) m/z 555 (M+Na+). HRMS (MALDI) calcd. for C40H36ONa+:

555.2662, Found: 555.2658.  
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A yellow oil, (E-isomer and Z-isomer = 1:1). 1H NMR (CDCl3, 300 MHz, TMS) δ 2.15 (s, 3H, 

CH3), 2.19 (s, 3H, CH3), 2.58 (t, J = 7.2 Hz, 4H, CH2), 3.10 (s, 6H, OCH3), 3.13 (t, J = 7.2 Hz, 4H, 

CH2), 6.62-6.87 (m, 10H, Ar), 6.88-6.94 (m, 8H, Ar), 6.95-7.06 (m, 10H, Ar), 7.18-7.31 (m, 12H, 

Ar), 7.32-7.35 (m, 8H, Ar). (E-isomer and Z-isomer = 1:1) 13C NMR (CDCl3, 75 MHz, TMS) δ

21.0, 21.1, 27.6, 58.2, 66.5, 69.8, 126.0, 126.1, 126.2, 126.6, 127.0, 127.2, 127.27, 127.31, 127.6, 

127.7, 127.9, 128.5, 128.6, 130.1, 130.3, 130.4, 133.3, 135.6, 135.9, 137.7, 140.7, 140.8, 142.1, 

142.2, 144.1, 147.4, 155.4. IR (CH2Cl2) ν 3079, 3054, 3019, 2983, 2922, 2890, 2825, 2809, 1731, 

1631, 1598, 1575, 1541, 1510, 1492, 1456, 1442, 1111, 1098, 913, 825, 808, 791, 783, 775, 768, 

759, 740, 733, 722, 697, 685, 672, 633, 623, 612, 603, 577, 569, 561, 549, 504 cm-1. MS (MALDI) 

m/z 541 (M+Na+). HRMS (MALDI) calcd. for C39H34ONa+: 541.2505, Found: 541.2502.  
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A yellow solid, mp: 116-118 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 0.97 (t, J = 6.3 Hz, 1H, OH), 

2.65 (t, J = 6.3 Hz, 2H, CH2), 3.38 (q, J = 6.3 Hz, 2H, CH2), 6.73 (d, J = 1.5 Hz, 2H, Ar), 

6.76-7.08 (m, 13H, Ar), 7.17-7.26 (m, 6H, Ar), 7.31-7.34 (m, 4H, Ar). 13C NMR (CDCl3, 75 MHz, 

TMS) δ 30.6, 60.4, 66.4, 126.2, 126.3, 126.4, 126.9, 127.0, 127.3, 127.5, 127.6, 127.9, 128.4, 

130.2, 130.4, 133.1, 140.4, 141.9, 144.2, 147.8, 155.7. IR (CH2Cl2) ν 3578, 3412, 3079, 3055, 

3026, 2884, 1598, 1492, 1442, 1073, 1030, 916, 762, 747, 699, 636, 541 cm-1. MS (MALDI) m/z 

513 (M+Na+). HRMS (MALDI) calcd. for C37H30ONa+: 513.2198, Found: 513.2189.  



S17 



S18 

OH

3k 

A yellow solid, m.p. 161-163 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.00 (t, J = 6.6 Hz, 1H, 

OH), 2.14 (s, 3H, CH3), 2.18 (s, 3H, CH3), 2.64 (t, J = 6.6 Hz, 2H, CH2), 3.36 (q, J = 6.6 Hz, 2H, 

CH2), 6.61-6.80 (m, 8H, Ar), 6.97-7.07 (m, 5H, Ar), 7.16-7.25 (m, 6H, Ar), 7.32-7.35 (m, 4H, Ar). 
13C NMR (CDCl3, 75 MHz, TMS) δ 20.99, 21.04, 30.6, 60.5, 66.3, 126.3, 126.7, 126.8, 127.4, 

127.6, 127.9, 128.0, 128.4, 130.1, 130.2, 133.2, 135.7, 135.8, 137.66, 137.73, 142.1, 143.6, 147.9, 

155.1. IR (CH2Cl2) ν 3578, 3385, 3080, 3055, 3023, 2920, 2885, 1940, 1886, 1805, 1598, 1509, 

1492, 1443, 1406, 1266, 1181, 1110, 1034, 916, 820, 763, 738, 700, 672, 561, 538, 524, 514 cm-1.

ESI-MS (MALDI) m/z 518 (M++1), 541(M++Na). HRMS (MALDI) calcd. for C39H34ONa+:

541.2486, Found: 541.2502.  
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A yellow solid, m.p. 154-156 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 0.99 (t, J = 6.6 Hz, 1H, 

OH), 2.64 (t, J = 6.6 Hz, 2H, CH2), 3.39 (q, J = 6.6 Hz, 2H, CH2), 6.54-6.71 (m, 6H, Ar), 

6.82-6.87 (m, 2H, Ar), 6.98-7.13 (m, 5H, Ar), 7.18-7.34 (m, 10H, Ar). 13C NMR (CDCl3, 75 MHz, 

TMS) δ 30.6, 60.4, 66.4, 114.0 (d, J = 21.3 Hz), 114.3 (d, J = 21.3 Hz), 124.5, 126.6, 127.2, 127.6, 

127.7, 127.9, 128.1, 128.2, 128.3, 131.8 (d, J = 8.2 Hz), 132.9, 136.2 (d, J = 3.3 Hz), 141.6, 144.9, 

147.5, 156.1, 161.4 (d, J = 244.5 Hz), 161.6 (d, J = 244.5 Hz). IR (CH2Cl2) ν 3580, 3415, 3057, 

3029, 2930, 2887, 1599, 1500, 1443, 1265, 1222, 1156, 1032, 1015, 836, 810, 765, 739, 701, 568, 

526 cm-1. MS (MALDI) m/z 549 (M+Na+). HRMS (MALDI) calcd. for C37H28OF2Na+: 549.2014, 

Found: 549.2000. 
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A white solid, mp: 147-149 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.75-1.88 (m, 1H, CH2), 

2.01-2.11 (m, 1H, CH2), 2.22-2.32 (m, 1H, CH2), 2.55-2.63 (m, 1H, CH2), 3.23 (s, 3H, OCH3), 

4.56 (t, J = 9.3 Hz, 1H, CH), 4.99 (s, 2H, CH2), 6.49-6.55 (m, 2H, Ar), 6.78-6.95 (m, 5H, Ar), 

7.22-7.48 (m, 15H, Ar), 7.60 (d, J = 7.5 Hz, 2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 18.5,

29.3, 43.9, 50.9, 69.5, 87.1, 108.9, 110.5, 112.8, 120.0, 126.3, 126.9, 127.2, 127.3, 127.5, 127.6, 

127.7, 127.8, 128.46, 128.51, 128.6, 128.8, 133.4, 136.5, 137.7, 156.1, 208.6. IR (CH2Cl2) ν 3057, 

3028, 2985, 2936, 2820, 1598, 1491, 1450, 1243, 1186, 1112, 1051, 1028, 767, 749, 731, 694, 595 

cm-1. MS (MALDI) m/z 568 (M+Na+). Anal. calcd. for C39H34O2: C, 87.61%; H, 6.41%; Found: C, 

87.96%; H, 6.57%. 
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.76-1.86 (m, 1H, CH2), 1.99-2.10 (m, 1H, 

CH2), 2.19-2.30 (m, 1H, CH2), 2.54-2.62 (m, 1H, CH2), 3.22 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 

4.40 (t, J = 9.3 Hz, 1H, CH), 6.48-6.53 (m, 2H, Ar), 6.74-6.77 (m, 1H, Ar), 6.87-6.97 (m, 4H, Ar), 

7.26-7.48 (m, 12H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 18.4, 29.3, 43.9, 51.0, 55.0, 87.0, 

108.8, 109.1, 112.9, 119.7, 126.3, 127.18, 127.22, 127.4, 127.5, 127.7, 127.8, 128.3, 128.47, 

128.50, 128.8, 133.2, 136.4, 156.9, 208.5. IR (CH2Cl2) ν 3056, 3027, 2985, 2936, 2900, 2833, 

2821, 1923, 1598, 1493, 1463, 1445, 1291, 1248, 1108, 1051, 1030, 921, 899, 814, 797, 767, 695, 

671, 629, 609, 596, 509 cm-1. MS (MALDI) m/z 481 (M+Na+). HRMS (MALDI) calcd. for 

C33H30O2Na+: 481.2139, Found: 481.2138.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.20 (s, 9H, CH3), 1.71-1.78 (m, 1H, CH2), 

2.07-2.22 (m, 1H, CH2), 2.26-2.32 (m, 1H, CH2), 2.59-2.66 (m, 1H, CH2), 3.19 (s, 3H, OCH3), 

4.75 (t, J = 9.3 Hz, 1H, CH), 6.22 (d, J = 7.8 Hz, 1H, Ar), 6.35 (t, J = 7.5 Hz, 1H, Ar), 6.46-6.52 

(m, 1H, Ar), 6.72 (dd, J = 1.5, 7.5 Hz, 1H, Ar), 6.98 (t, J = 3.3 Hz, 3H, Ar), 7.24-7.52 (m, 18H, Ar), 

7.65 (d, J = 7.0 Hz, 2H, Ar), 7.85 (dd, J = 1.5, 7.5 Hz, 2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) 

δ 19.7, 26.5, 29.7, 44.2, 50.8, 86.8, 109.2, 113.0, 118.0, 120.2, 126.3, 126.5, 127.36, 127.43, 

127.56, 127.64, 127.70, 127.75, 128.51, 128.54, 129.0, 129.1, 129.7, 129.8, 130.4, 132.7, 133.3, 

133.4, 135.5, 135.7, 136.5, 152.8, 208.7. IR (CH2Cl2) ν 3054, 3025, 2942, 2895, 2859, 2821, 1923,

1653, 1597, 1578, 1490, 1473, 1451, 1429, 1256, 1184, 1144, 1111, 1052, 1045, 928, 921, 822, 

782, 774, 761, 753, 741, 715, 704, 696, 676, 670, 650, 629, 623, 612, 598, 591, 581, 565, 559, 548, 

534, 528, 504 cm-1. MS (MALDI) m/z 705 (M+Na+). HRMS (MALDI) calcd. for C48H46O2SiNa+:

705.3166, Found: 705.3159.  



S25 

.
HO

Br

4d 

A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.67-1.78 (m, 1H, CH2), 2.16-2.38 (m, 2H, 

CH2), 2.55 (s, 1H, OH), 2.69-2.77 (m, 1H, CH2), 3.78 (t, J = 8.7 Hz, 1H, CH), 6.80 (d, J = 7.5 Hz, 

2H, Ar), 7.05-7.14 (m, 7H, Ar), 7.25-7.45 (m, 10H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 19.6, 

34.5, 54.5, 81.1, 111.5, 113.3, 120.2, 127.1, 127.6, 127.8, 128.07, 128.11, 128.5, 128.6, 128.9, 

129.9, 130.8, 133.3, 135.87, 135.95, 139.2, 206.1. IR (CH2Cl2) ν 3556, 3395, 3080, 3057, 3026, 

2985, 2948, 1922, 1883, 1716, 1596, 1491, 1444, 1113, 1073, 1010, 921, 831, 768, 735, 695, 666, 

634, 611, 599, 572, 535 cm-1. MS (MALDI) m/z 515 (M+Na+). HRMS (MALDI) calcd. for 

C31H25OBrNa+: 515.0990, Found: 515.0981.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.66-1.78 (m, 1H, CH2), 2.18-2.38 (m, 2H, 

CH2), 2.56 (s, 1H, OH), 2.61-2.69 (m, 1H, CH2), 3.79 (t, J = 8.4 Hz, 1H, CH), 6.82 (d, J = 8.4 Hz, 

2H, Ar), 7.06-7.14 (m, 9H, Ar), 7.23-7.38 (m, 6H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 19.3,

34.7, 54.5, 80.8, 111.4, 112.1, 120.3, 127.5, 128.1, 128.3, 128.79, 128.83, 129.1, 129.6, 129.9, 

130.9, 132.9, 133.6, 133.8, 134.1, 139.0, 205.9. IR (CH2Cl2) ν 3566, 3451, 3432, 3356, 3349, 

3082, 3054, 3026, 2983, 2952, 2871, 1920, 1901, 1590, 1488, 1450, 1408, 1396, 1264, 1233, 1211, 

1140, 1128, 1112, 1100, 1087, 1069, 1012, 994, 978, 965, 930, 907, 836, 830, 821, 814, 803, 766, 

756, 739, 726, 714, 703, 695, 667, 634, 617, 605, 573, 566, 559, 548, 542, 534, 517, 510 cm-1. MS 

(MALDI) m/z 561 (M+H+). HRMS (MALDI) calcd. for C31H24OCl2Br+: 561.0365, Found: 

561.0382. 
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.66-1.78 (m, 1H, CH2), 2.16-2.38 (m, 2H, 

CH2), 2.54 (s, 1H, OH), 2.69-2.77 (m, 1H, CH2), 3.80 (t, J = 9.0 Hz, 1H, CH), 6.85 (d, J = 6.6 Hz, 

2H, Ar), 6.93 (d, J = 6.6 Hz, 2H, Ar), 7.01-7.11 (m, 6H, Ar), 7.28-7.45 (m, 9H, Ar). 13C NMR 

(CDCl3, 75 MHz, TMS) δ 19.7, 34.5, 54.5, 81.1, 111.5, 113.3, 127.1, 127.6, 127.8, 127.9, 128.1, 

128.5, 128.6, 128.9, 129.5, 132.0, 133.3, 135.9, 138.7, 206.1. IR (CH2Cl2) ν 3552, 3439, 3081, 

3057, 3026, 2984, 2870, 1923, 1890, 1728, 1680, 1660, 1596, 1578, 1492, 1445, 1265, 1239, 1117, 

1092, 1031, 1014, 1001, 969, 918, 901, 833, 773, 735, 693, 664, 635, 627, 609, 596, 574, 563, 548, 

543, 535, 518, 509, 503 cm-1. MS (MALDI) m/z 471 (M+Na+). HRMS (MALDI) calcd. for 

C31H25OClNa+: 471.1499, Found: 471.1486.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.77-1.87 (m, 1H, CH2), 2.03-2.14 (m, 1H, 

CH2), 2.23-2.33 (m, 1H, CH2), 2.46-2.54 (m, 1H, CH2), 3.20 (s, 3H, OCH3), 4.56 (t, J = 9.3 Hz, 

1H, CH), 4.97 (s, 2H, CH2), 6.53-6.57 (m, 2H, Ar), 6.82 (dd, J = 1.8, 7.7 Hz, 1H, Ar), 6.88-6.98 

(m, 4H, Ar), 7.25-7.45 (m, 13H, Ar), 7.60 (d, J = 7.7 Hz, 2H, Ar). 13C NMR (CDCl3, 75 MHz, 

TMS) δ 18.5, 29.2, 44.0, 50.9, 69.4, 86.9, 109.8, 110.6, 120.0, 126.7, 126.9, 127.35, 127.39, 127.6, 

128.3, 128.5, 128.6, 128.8, 128.9, 129.0, 130.0, 132.9, 133.4, 133.7, 134.7, 137.6, 156.1, 208.4. IR 

(CH2Cl2) ν 3060, 2936, 2811, 1911, 1589, 1490, 1456, 1223, 839, 830, 820, 775, 770, 759, 749, 

740, 728, 702, 688, 668, 643, 631, 618, 611, 599, 584, 573, 562, 549, 540, 531 cm-1. MS (MALDI) 

m/z 625 (M+Na+). HRMS (MALDI) calcd. for C39H32O2Cl2Na+: 625.1670, Found: 625.1672.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.26-1.73 (m, 7H, CH2), 1.81-1.94 (m, 2H, 

CH2), 2.02-2.11 (m, 2H, CH2), 2.20 (dd, J = 1.8, 12.9 Hz, 1H, CH2), 2.23-2.37 (m, 1H, CH2), 

2.58-2.67 (m, 1H, CH), 7.12-7.16 (m, 3H, Ar), 7.22-7.44 (m, 15H, Ar), 7.68 (dd, J = 1.2, 8.4 Hz, 

2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 25.4, 29.8, 30.2, 32.1, 32.2, 34.4, 43.8, 48.3, 81.0, 

113.0, 113.6, 125.8, 126.7, 127.2, 127.5, 128.23, 128.25, 128.28, 128.41, 128.45, 128.53, 134.8, 

136.2, 136.3, 147.3, 207.2. IR (CH2Cl2) ν 3078, 3059, 3024, 2930, 2851, 1944, 1920, 1798, 1725, 

1665, 1597, 1491, 1444, 1298, 1265, 1223, 1182, 1162, 1130, 1116, 1070, 1029, 999, 969, 937, 

922, 900, 843, 769, 758, 739, 665, 647, 633, 611, 596, 545, 532 cm-1. MS (MALDI) m/z 505 

(M+Na+). HRMS (MALDI) calcd. for C36H34ONa+: 505.2504, Found: 505.2502.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 0.64-0.70 (m, 3H, CH2), 0.86-0.91 (m, 1H, 

CH2), 3.11 (s, 3H, OCH3), 5.01 (d, J = 12.0 Hz, 1H, CH2), 5.03 (d, J = 12.0 Hz, 1H, CH2), 5.22 (s, 

1H, CH), 6.88-7.09 (m, 4H, Ar), 7.18-7.34 (m, 15H, Ar), 7.42 (dd, J = 1.5, 7.5 Hz, 1H, Ar), 7.50 (d, 

J = 7.5 Hz, 2H, Ar), 7.65 (d, J = 7.5 Hz, 2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 8.2, 11.2, 

25.8, 57.2, 70.3, 77.7, 111.6, 111.9, 112.7, 120.7, 126.6, 127.0, 127.2, 127.4, 127.7, 127.9, 128.12, 

128.18, 128.25, 128.28, 128.34, 128.37, 128.42, 128.6, 135.3, 136.5, 136.6, 137.0, 156.9, 209.8. 

IR (CH2Cl2) ν 3080, 3057, 3030, 2973, 2929, 2821, 1597, 1493, 1451, 1284, 1266, 1232, 1186, 

1106, 1095, 1026, 1007, 999, 982, 753, 741, 727, 696, 686, 672, 657, 649, 640, 633, 618, 609, 597, 

583, 575, 556, 541, 533, 513, 504 cm-1. MS (MALDI) m/z 557 (M+Na+). HRMS (MALDI) calcd. 

for C39H34O2Na+: 557.2457, Found: 557.2451.  
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A yellow solid, m.p. 127-129 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 0.56-0.70 (m, 3H, CH2), 

0.91-0.97 (m, 1H, CH2), 3.15 (s, 3H, OCH3), 3.70 (s, 3H, OCH3), 5.15 (s, 1H, CH), 6.83 (d, J =

8.1 Hz, 1H, Ar), 6.94 (t, J = 7.2 Hz, 1H, Ar), 7.15-7.39 (m, 13H, Ar), 7.49 (dd, J = 1.5, 7.2 Hz, 2H, 

Ar), 7.77 (dd, J = 1.5, 8.1 Hz, 2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 8.4, 11.1, 26.0, 54.9, 

57.2, 77.6, 109.9, 112.0, 112.7, 120.4, 126.8, 127.0, 127.3, 127.5, 128.2, 128.27, 128.30, 128.38, 

128.41, 135.7, 136.5, 157.6, 158.0, 209.7. IR (CH2Cl2) ν 3089, 3060, 2932, 1925, 1598, 1493, 

1464, 1444, 1360, 1278, 1242, 1110, 1099, 1091, 1028, 934, 918, 912, 899, 886, 875, 851, 825, 

815, 807, 782, 760, 752, 736, 720, 712, 695, 609, 589, 548, 535, 508 cm-1. MS (MALDI) m/z 481 

(M+Na+). HRMS (MALDI) calcd. for C33H30O2Na+: 481.2145, Found: 481.2138.  
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A yellow solid, m.p. 149-151 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 0.65-0.80 (m, 1H, CH2), 

0.86 (s, 9H, CH3), 0.89-0.95 (m, 1H, CH2), 1.09-1.21 (m, 1H, CH2), 1.21-1.36 (m, 1H, CH2), 3.24 

(s, 3H, CH3), 5.39 (s, 1H, CH), 6.35 (dd, J = 1.5, 8.1 Hz, 1H, Ar), 6.63-6.73 (m, 2H, Ar), 7.04-7.16 

(m, 5H, Ar), 7.22-7.32 (m, 11H, Ar), 7.35-7.50 (m, 4H, Ar), 7.58-7.68 (m, 6H, Ar). 13C NMR 

(CDCl3, 75 MHz, TMS) δ 10.2, 10.3, 19.1, 26.2, 26.3, 56.8, 111.8, 112.4, 119.0, 121.1, 126.8, 

126.9, 127.1, 127.3, 127.7, 128.0, 128.2, 128.3, 128.5, 129.1, 129.4, 129.8, 132.2, 132.4, 135.2, 

135.3, 135.8, 136.2, 136.5, 153.9, 210.0. IR (CH2Cl2) ν 3072, 3056, 3029, 2930, 2894, 2858, 2818,

1940, 1598, 1582, 1489, 1471, 1462, 1447, 1428, 1361, 1346, 1279, 1235, 1184, 1106, 1091, 1030, 

916, 823, 761, 742, 696, 616, 598, 513 cm-1. MS (MALDI) m/z 705 (M+Na+). HRMS (MALDI) 

calcd. for C48H46SiO2Na+: 705.3143, Found: 705.3159.  
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A yellow solid, m.p. 165-167 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 0.64-0.68 (1H, m, CH2), 

0.72-0.75 (m, 1H, CH2), 0.96-1.01 (m, 1H, CH2), 1.30-1.34 (m, 1H, CH2), 3.14 (s, 3H, OCH3), 

3.82 (s, 3H, OCH3), 4.53 (s, 1H, CH), 6.79 (d, J = 8.7 Hz, 2H, Ar), 6.84-6.88 (m, 2H, Ar), 7.06 (d, 

J = 8.7 Hz, 2H, Ar), 7.15-7.29 (m, 9H, Ar), 7.36 (t, J = 7.5 Hz, 2H, Ar), 7.59 (dd, J = 1.5, 8.4 Hz, 

2H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 8.6, 11.1, 27.4, 55.0, 56.9, 82.0, 112.0, 112.5, 113.4, 

127.0, 127.07, 127.10, 127.3, 128.1, 128.2, 128.3, 128.5, 132.5, 135.7, 136.0, 136.3, 159.0, 209.1. 

IR (CH2Cl2) ν 3077, 3051, 3038, 3013, 2910, 1510, 1489, 1251, 1244, 1097, 1084, 1050, 1039, 

917, 822, 813, 760, 748, 697, 689, 673, 661, 648, 638, 623, 609, 599, 588, 581, 572, 563, 552, 540, 

531, 524 cm-1. MS (MALDI) m/z 481 (M+Na+). HRMS (MALDI) calcd. for C33H30O2Na+:

481.2148, Found: 481.2138.  



S39 

HO

F

F

2c-OH 

A white solid, m.p. 100-102 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.94 (s, 1H, OH), 6.99-7.06 

(m, 4H, Ar), 7.32-7.36 (m, 3H, Ar), 7.48-7.51 (m, 2H, Ar), 7.58-7.65 (m, 4H, Ar). 13C NMR 

(CDCl3, 75 MHz, TMS) δ 73.9, 87.6, 91.0, 115.2 (d, J = 21.8 Hz), 122.0, 127.8 (d, J = 8.6 Hz), 

128.4, 128.9, 131.7, 140.7, 162.3 (d, J = 245.6 Hz). IR (CH2Cl2) ν 3566, 3430, 3037, 1602, 1500, 

1443, 1412, 1330, 1230, 1158, 1054, 1015, 988, 940, 902, 836, 803, 777, 756, 691, 582, 556, 517 

cm-1. MS (%) m/z 320 (M+, 32), 123 (100), 95 (52), 224 (47), 242 (32), 196 (32), 75 (25), 225 (23). 

HRMS (EI) calcd. for C21H14OF2: 320.1013, Found: 320.1016.  
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A white solid, m.p. 68-70 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 3.39 (s, 3H, OCH3), 7.02 (t, J =

8.7 Hz, 4H, Ar), 7.35-7.36 (m, 3H, Ar), 7.52-7.59 (m, 6H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) 

δ 52.5, 80.3, 88.0, 89.9, 115.1 (d, J = 21.8 Hz), 122.1, 128.4, 128.5 (d, J = 8.0 Hz), 128.9, 131.8, 

139.2, 162.2 (d, J = 245.6 Hz). IR (CH2Cl2) ν 3065, 2991, 2936, 2902, 2826, 2223, 1602, 1505, 

1465, 1444, 1409, 1299, 1258, 1228, 1173, 1157, 1077, 1042, 1015, 957, 945, 835, 781, 756, 691, 

594, 579, 553 cm-1. MS (%) m/z 334 (M+, 41), 303 (100), 319 (75), 291 (40), 239 (37), 123 (37), 

301 (33), 304 (26). Anal. calcd. for C22H16OF2: C, 79.03%; H, 4.82%; Found: C, 78.91%; H, 

4.87%.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 3.40 (s, 3H, OCH3), 3.81 (s, 6H, OCH3), 

6.86-6.89 (m, 4H, Ar), 7.34-7.35 (m, 3H, Ar), 7.51-7.54 (m, 6H, Ar). 13C NMR (CDCl3, 75 MHz, 

TMS) δ 52.4, 55.2, 80.5, 88.9, 89.1, 113.4, 122.6, 128.0, 128.3, 128.5, 131.7, 135.8, 158.9. IR 

(CH2Cl2) ν 3060, 3035, 2998, 2934, 2903, 2835, 2222, 1878, 1607, 1585, 1508, 1491, 1463, 1442, 

1415, 1303, 1249, 1170, 1074, 1035, 942, 918, 831, 807, 777, 757, 691, 600, 586, 557, 526 cm-1.

MS (%) m/z 358 (M+, 32), 327 (100), 343 (79), 328 (30), 251 (29), 344 (25), 315 (21), 135 (20). 

HRMS (EI) calcd. for C24H22O3: 358.1569, Found: 358.1573.  
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A white solid, m.p. 91-93 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 3.39 (s, 3H, OCH3), 7.29-7.36 

(m, 7H, Ar), 7.51-7.54 (m, 6H, Ar). 13C NMR (CDCl3, 75 MHz, TMS) δ 52.5, 80.3, 87.4, 90.1, 

122.0, 128.1, 128.41, 128.43, 128.9, 131.8, 133.7, 141.7. IR (CH2Cl2) ν 3057, 3033, 2989, 2934, 

2901, 2825, 2223, 1592, 1578, 1487, 1443, 1401, 1262, 1216, 1172, 1092, 1078, 1040, 1015, 958, 

946, 919, 835, 820, 787, 756, 690, 614, 555 cm-1. MS (%) m/z 366 (M+, 19), 331 (100), 335 (69), 

255 (46), 337 (45), 333 (40), 265 (40), 132 (38), 351 (35). Anal. calcd. for C22H16OCl2: C, 71.95%; 

H, 4.39%; Found: C, 72.04%; H, 4.44%.  
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A yellow oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 2.25 (s, 3H, CH3), 3.41 (s, 3H, CH3), 7.09 (d, J

= 7.8 Hz, 2H, Ar), 7.15-7.30 (m, 6H, Ar), 7.46-7.63 (m, 4H, Ar), 7.65 (dd, J = 0.9, 7.8 Hz, 2H, Ar). 
13C NMR (CDCl3, 75 MHz, TMS) δ 20.9, 52.3, 81.0, 88.7, 89.3, 122.4, 126.52, 126.56, 127.4, 

127.6, 128.0, 128.2, 128.4, 128.7, 131.6, 137.1, 140.4, 143.6. IR (CH2Cl2) ν 3058, 3026, 2986, 

2934, 2901, 2823, 2212, 1598, 1509, 1489, 1447, 1260, 1172, 1074, 1043, 1030, 1022, 945, 818, 

756, 691, 608, 592, 582, 553, 533, 523, 508 cm-1. MS (%) m/z 312 (M+, 10), 211 (100), 105 (25), 

119 (19), 91 (18), 212 (17), 281 (16), 77 (15), 297 (15). HRMS (EI) calcd. for C23H20O: 312.1538, 

Found: 312.1514.  
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The crystal data of 3a have been deposited in CCDC with number 644870. Empirical Formula: 

C38H32O; Formula Weight: 504.64; Crystal Color, Habit: colorless, prismatic; Crystal System: 

Triclinic; Lattice Type: Primitive; Lattice Parameters: a = 10.9684(13)Å, b = 11.1701(14)Å, c = 

12.9433(15)Å, α = 87.150(2)o, β = 67.964(2)o, γ = 81.135(2)o, V = 1452.3(3)Å3; Space group: P-1; 

Z = 2; Dcalc = 1.154 g/cm3; F000 = 536; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0524, 

0.1271.  
 



S48 



S49 



S50 



S51 



S52 



S53 



S54 



S55 



S56 



S57 



S58 

The crystal data of 4a have been deposited in CCDC with number 650905. Empirical Formula: 

C39H34O2; Formula Weight: 534.66; Crystal Color, Habit: colorless, prismatic; Crystal System: 

Monoclinic; Lattice Type: Primitive; Lattice Parameters: a = 11.9815(12)Å, b = 28.144(3)Å, c = 

9.7933(10)Å, α = 90o, β = 111.828(2)o, γ = 90o, V = 3065.6(5)Å3; Space group: P2(1)/c; Z = 4; 

Dcalc = 1.158 g/cm3; F000 = 1136; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0520, 

0.1163.  
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