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General Remarks. 1H and 13C NMR spectra were recorded on a Varian Mercury vx-300 

spectrometer for solution in CDCl3 with tetramethylsilane (TMS) as an internal standard; 

J-values are in Hz. Mass spectra were recorded by EI, and HRMS was measured on a 

Micromass GCT mass spectrometer. CHN microanalyses were recorded on a Elementar Vario 

EL III analyzer. THF and toluene were distilled from Na under Ar atmosphere. 

1,2-Dichloroethane was distilled from CaH2 under Ar atmosphere. Commercially obtained 

reagents were used without further purification. All reactions were monitored by TLC with 

Huanghai GF254 silica gel coated plates. Flash column chromatography was carried out using 

300-400 mesh silica gel at increased pressure.  
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Optimization for the Formation of Products 3a and 4a:  

 

cat. (10 mol%)

1

solvent

3

6

yield (%)btime (h)

120

cat.entrya

NREthanol 120BF3
.OEt2

DCE none NR

solvent, 40 oC

a All reactions were carried out using 2a (0.2 mmol) in the presence 

of the listed catalysts (10 mol%) and solvent (5.0 mL).
b Isolated yields. 
c Along with the corresonding indene product in 24% yield.

2

2a: R1 = R2 = C6H5, 

R3 = R4 = Me

7

9

60DCE 5BF3
.OEt2
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5
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.OEt2

TfOH
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Toluene
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5
BF3

.OEt2

BF3
.OEt2

48Hexane 10BF3
.OEt2

3a

4

R1

R1

R3 R4

R2

5

8

56DCE 5HBr
48cDCE 5CF3CO2H

NRDCE 5CH3CO2H

10

11

Table SI-I. Optimization for the formation of naphthalene 3a.
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Lewis acid (10 mol%)

1

solvent

3

yield (%)atime (h)

5

Lewis acidentrya

DCE

Sn(OTf)2

67Ethanol 5Cu(OTf)2

solvent, 50 oC

a All reactions were carried out using 2a (0.2 mmol) in the presence of 

the listed catalysts (10 mol%) and solvent (5.0 mL). 
b Isolated yields.

2

70

5DCE

6

70

98

DCE

Cu(OTf)2
Sc(OTf)3

5

8

NRDMF 120Cu(OTf)2

9

10

52

72

THF

Toluene

5

5

Cu(OTf)2

Cu(OTf)2

62Hexane 5Cu(OTf)2

4a

4

5

7

2a: R1 = R2 = C6H5, 

R3 = R4 = Me

R1

R1

R3 R4

R2

DCE Eu(OTf)3

DCE

5

Zr(OTf)4 5

74

70

Table SI-II. Optimization for the formation of indene 4a.
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Typical Reaction Procedure for the Preparation of Vinylcyclopropenes: A mixture of 

Bu4NHSO4 (0.4 mmol) and powered NaOH (160 mg, 4 mmol) was added to a toluene (5.0 mL) 

solution containing vinylidenecyclopropane 1a (0.2 mmol). The mixture was vigorously 

stirred at 60 oC for about 5 hrs. Flash column chromatography of the resulting mixture on silica 

gel gave the product 2a (92%) as a yellow oil.  

 

Typical Reaction Procedure for the Rearrangement of Vinylcyclopropenes 2 to 

Naphthalenes 3: BF3 OEt2 (10 mol%) was added to a 1,2-dichloroethane (5.0 mL) solution 

containing vinylcyclopropene 2a (0.2 mmol). The mixture was vigorously stirred at 40 oC for 

about 5 hrs. Flash column chromatography of the resulting mixture on silica gel gave the 

product 3a (75%) as a white solid.  

 

Typical Reaction Procedure for the Rearrangement of Vinylcyclopropenes 2 to Indenes 4: 

Cu(OTf)2 (10 mol%) was added to a 1,2-dichloroethane (5.0 mL) solution containing 

vinylcyclopropene 2a (0.2 mmol). The mixture was vigorously stirred at 50 oC for about 5 hrs. 

Flash column chromatography of the resulting mixture on silica gel gave the product 4a (98%) 

as a yellow solid.  
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Compound 2a. A yellow oil. IR (CH2Cl2): ν 3075, 3056, 3024, 2959, 2923, 2854, 1771, 1595, 

1494, 1485, 1444, 1362, 1072, 1029, 878 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.88 (6H, 

s, CH3), 7.21 (1H, s, =CH), 7.24-7.45 (15H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 22.2, 25.0, 

115.5, 123.2, 127.2, 127.5, 127.6, 127.72, 127.74, 128.20, 128.23, 128.6, 128.9, 129.8, 130.4, 

140.6, 141.6, 145.1; MS (EI) m/z (%): 322 (21) [M+], 307 (100), 292 (28), 229 (33), 215 (24); 

HRMS (EI) Calcd. for C25H22 (M
+) requires 322.1722, Found: 322.1718. 
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F

F

 

Compound 2b. A yellow solid, m.p. 118.3-118.8 °C. IR (CH2Cl2): ν 2955, 2910, 2846, 1601, 

1509, 1232, 1158, 834 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.92 (6H, s, CH3), 6.97-7.41 

(14H, m, =CH + ArH); 13C NMR (75 MHz, CDCl3): δ 22.2, 25.1, 115.2 (d, JC-F = 21.6 Hz), 

115.3 (d, JC-F = 21.1 Hz), 115.7, 122.7, 127.96, 128.00, 128.6, 129.0, 129.1 (d, JC-F = 8.0 Hz), 

130.2, 131.5 (d, JC-F = 8.1 Hz), 136.3 (d, JC-F = 3.7 Hz), 137.7 (d, JC-F = 3.7 Hz), 142.8, 162.3 

(d, JC-F = 245.1 Hz), 162.6 (d, JC-F = 247.7 Hz); MS (EI) m/z (%): 358 (21) [M+], 343 (100), 

131 (61); Anal. Calcd. for C25H20F2 requires C, 83.77; H, 5.62%. Found: C, 84.00; H, 5.37%. 
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Compound 2c. A yellow oil. IR (CH2Cl2): ν 2924, 2854, 1492, 1485, 1462, 1092, 1015, 828 

cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.92 (6H, s, CH3), 7.16-7.41 (14H, m, =CH + ArH); 

13C NMR (75 MHz, CDCl3): δ 22.2, 25.1, 116.4, 122.4, 128.1, 128.48, 128.54, 128.6, 128.7, 

128.8, 129.1, 130.0, 131.2, 133.5, 133.8, 138.6, 139.7, 142.3; MS (EI) m/z (%): 390 (19) [M+], 

375 (49), 355 (100), 340 (66), 325 (45); HRMS (EI) Calcd. for C25H20Cl2 (M+) requires 

390.0942, Found: 390.0938. 
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CH3

CH3

 

Compound 2d. A yellow oil. IR (CH2Cl2): ν 3023, 2958, 2921, 2853, 1486, 1446, 1361, 1275, 

1261, 817 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.82 (6H, s, CH3), 2.23 (3H, s, CH3), 

2.30 (3H, s, CH3), 6.98-7.27 (14H, m, =CH + ArH); 13C NMR (75 MHz, CDCl3): δ 21.2, 21.3, 

22.0, 25.1, 114.5, 123.4, 126.7, 127.51, 127.53, 128.5, 128.8, 128.88, 128.92, 129.7, 130.6, 

136.8, 137.6, 137.7, 139.1, 145.3; MS (EI) m/z (%): 350 (27) [M+], 335 (100), 320 (33), 219 

(26); HRMS (EI) Calcd. for C27H26 (M
+) requires 350.2023, Found: 350.2020. 
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Cl  

Compound 2e. A yellow oil. IR (CH2Cl2): ν 3057, 3025, 2961, 2934, 2872, 2854, 1763, 1736, 

1662, 1588, 1484, 1445, 1400, 1362, 1278, 828 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 

0.88 (6H, s, CH3), 7.16 (1H, s, =CH) 7.24-7.39 (14H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 

22.1, 24.9, 115.2, 123.7, 126.1, 127.3, 127.5, 127.8, 128.21, 128.22, 128.76, 128.82, 129.8, 

130.0, 133.3, 140.4, 141.5, 145.8; MS (EI) m/z (%): 356 (23) [M+], 341 (100), 291 (41), 229 

(40); HRMS (EI) Calcd. for C25H21Cl (M+) requires 356.1332, Found: 356.1305. 
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Br  

Compound 2f. A yellow oil. IR (CH2Cl2): ν 3079, 3058, 3025, 2924, 2854, 1756, 1596, 1494, 



 12 

1480, 1444, 1396, 1362, 1068, 1009, 823 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.88 (6H, 

s, CH3), 7.15-7.45 (15H, m, =CH + ArH); 13C NMR (75 MHz, CDCl3): δ 22.1, 24.9, 115.2, 

124.0, 126.2, 127.4, 127.5, 127.9, 128.2, 128.4, 128.9, 129.2, 129.8, 130.3, 131.7, 140.4, 141.5, 

145.9; MS (EI) m/z (%): 400 (13) [M+], 385 (66), 291 (41), 306 (100), 291 (62), 229 (36); 

HRMS (EI) Calcd. for C25H21Br (M+) requires 400.0827, Found: 400.0850. 
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H3C  

Compound 2g. A yellow oil. IR (CH2Cl2): ν 3022, 2957, 2923, 2854, 1738, 1504, 1444, 1361, 

1229, 1217, 968, 817 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.87 (6H, s, CH3), 2.35 (3H, s, 

CH3), 7.14-7.44 (15H, m, =CH + ArH); 13C NMR (75 MHz, CDCl3): δ 21.5, 22.0, 25.0, 115.7, 

121.8, 127.2, 127.5, 127.60, 127.61, 128.0, 128.18, 128.21, 128.9, 129.3, 129.9, 137.9, 140.6, 

141.7, 144.5; MS (EI) m/z (%): 336 (23) [M+], 321 (100), 229 (27), 145 (63); HRMS (EI) 

Calcd. for C26H24 (M
+) requires 336.1878, Found: 336.1841. 
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Compound 2h. A yellow oil. IR (CH2Cl2): ν 3051, 3019, 2955, 2854, 1661, 1598, 1494, 1445, 

1277, 764 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.47 (3H, d, J = 4.8 Hz, CH3), 1.61 (1H, 

q, J = 4.8 Hz), 7.13 (1H, s, =CH), 7.17-7.39 (15H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 

17.6, 19.5, 115.0, 117.3, 127.3, 127.5, 127.87, 127.91, 128.0, 128.2, 128.6, 129.1, 129.7, 130.5, 

130.9, 139.3, 141.9, 146.3; MS (EI) m/z (%): 308 (27) [M+], 293 (100), 215 (50); HRMS (EI) 

Calcd. for C24H20 (M
+) requires 308.1565, Found: 308.1572. 
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Compound 2i. A yellow oil. IR (CH2Cl2): ν 3051, 3019, 2955, 2923, 2846, 1667, 1588, 1445, 
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1399, 1362, 1277, 1090, 1012, 973, 828, 764 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.11 

(2H, s, CH2), 7.17 (1H, s, =CH), 7.25-7.47 (15H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 9.7, 

115.1, 127.3, 127.5, 127.86, 127.91, 128.0, 128.2, 128.3, 128.5, 128.7, 129.4, 130.4, 131.4, 

138.9, 142.2, 147.0; MS (EI) m/z (%): 294 (95) [M+], 279 (46), 217 (69), 215 (100), 202 (44), 

103 (84); HRMS (EI) Calcd. for C23H18 (M
+) requires 294.1409, Found: 294.1404. 
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Compound 2j. A yellow oil. IR (CH2Cl2): ν 3051, 3019, 2955, 2923, 2854, 1661, 1598, 1494, 

1445, 1277, 764 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.09-1.27 (6H, m), 1.43-1.50 (2H, 

m), 7.10 (1H, s, =CH), 7.13-7.33 (15H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 26.8, 32.0, 

33.1, 115.3, 117.6, 124.8, 127.3, 127.5, 127.7, 127.8, 128.2, 128.3, 128.6, 129.1, 129.3, 129.9, 

140.7, 141.8, 145.4; MS (EI) m/z (%): 348 (100) [M+], 305 (58), 215 (43); HRMS (EI) Calcd. 

for C27H24 (M
+) requires 348.1878, Found: 348.1840. 
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Compound 2k. A yellow oil. IR (CH2Cl2): ν 3060, 2922, 2851, 1487, 1444, 1074, 763 cm-1; 1H 

NMR (300 MHz, CDCl3, TMS): δ 1.08-1.25 (5H, m), 1.51-1.66 (5H, m), 7.19-7.44 (16H, m, 

=CH + ArH); 13C NMR (75 MHz, CDCl3): δ 26.5, 28.0, 30.0, 36.9, 115.8, 123.8, 127.3, 127.6, 

127.7, 128.0, 128.2, 128.3, 128.4, 128.8, 129.4, 130.1, 130.5, 140.6, 141.8, 145.2; MS (EI) m/z 

(%): 362 (100) [M+], 319 (18), 305 (24); HRMS (EI) Calcd. for C28H26 (M
+) requires 362.2035, 

Found: 362.2036. 
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Compound 3a. A white solid, m.p. 151.8-152.7 °C; IR (CH2Cl2): ν 3057, 2961, 2927, 2867, 
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1590, 1496, 1387, 1072, 1056, 893, 765, 741 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.20 

(6H, d, J = 6.6 Hz, CH3), 2.96 (1H, hept, J = 6.6 Hz, CH), 7.31-7.59 (14H, m, ArH), 7.88-7.91 

(1H, m, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 23.9, 30.4, 124.8, 125.0, 125.6, 125.8, 

127.0, 127.1, 127.2, 128.25, 128.27, 130.0, 130.2, 130.3, 133.3, 136.4, 139.7, 140.0, 141.2, 

143.1; MS (EI) m/z (%): 322 (100) [M+], 307 (54); HRMS (EI) Calcd. for C25H22 (M
+) requires 

322.1722, Found: 322.1714.  

 

 



 21 

 

F

F

 

Compound 3b. A white solid, m.p. 157.4-158.2 °C; IR (CH2Cl2): ν 3058, 3019, 2963, 2853, 

1624, 1519, 1506, 1428, 1223, 841, 757 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.19 (6H, 

d, J = 7.2 Hz, CH3), 2.94 (1H, hept, J = 7.2 Hz, CH), 6.97-7.52 (12H, m, ArH), 7.79-7.84 (1H, 

m, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 23.8, 30.5, 110.6 (d, JC-F = 21.8 Hz), 115.1 (d, 

JC-F = 25.4 Hz), 115.3 (d, JC-F = 21.2 Hz), 124.2, 127.1, 127.3, 128.1 (d, JC-F = 9.4 Hz), 128.5, 

129.3 (d, JC-F = 3.9 Hz), 130.1, 131.6 (d, JC-F = 8.1 Hz), 134.6 (d, JC-F = 8.5 Hz), 134.9 (d, JC-F 

= 2.9 Hz), 136.8 (d, JC-F = 3.8 Hz), 139.0, 144.4, 160.6 (d, JC-F = 244.1 Hz), 162.3 (d, JC-F = 

245.5Hz); MS (EI) m/z (%): 358 (100) [M+], 343 (29); HRMS (EI) Calcd. for C25H20F2 (M
+) 

requires 358.1533, Found: 358.1532. 
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Cl

 

Compound 3c. A white solid, m.p. 197.8-198.5 °C; IR (CH2Cl2): ν 3058, 2961, 2925, 2868, 

1604, 1502, 1092, 1015, 834, 759, 705 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.18 (6H, d, 

J = 6.6 Hz, CH3), 2.93 (1H, hept, J = 6.6 Hz, CH), 7.23-7.53 (12H, m, ArH), 7.75-7.78 (1H, m, 

ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 23.8, 30.5, 125.1, 126.0, 127.2, 127.4, 128.2, 128.5, 

128.6, 130.1, 131.3, 131.8, 133.5, 134.2, 136.1, 138.6, 138.7, 139.0, 139.2, 144.5; MS (EI) m/z 

(%): 390 (100) [M+]; HRMS (EI) Calcd. for C25H20Cl2 (M+) requires 390.0942, Found: 

390.0959.  
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 24 

Compound 3d. A white solid, m.p. 144.4-145.6 °C; IR (CH2Cl2): ν 3052, 3022, 2959, 2855, 

1507, 1460, 1441, 1376, 1362, 1053, 825, 754 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.10 

(6H, d, J = 7.2 Hz, CH3), 2.93 (1H, hept, J = 7.2 Hz, CH), 2.36 (3H, s, CH3), 2.50 (3H, s, CH3), 

7.15-7.56 (12H, m, ArH), 7.84 (1H, d, J = 8.4 Hz, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 

21.2, 21.8, 23.9, 30.4, 123.9, 125.7, 126.0, 126.9, 127.1, 128.2, 128.3, 128.9, 130.0, 130.3, 

133.4, 135.1, 135.6, 136.8, 138.4, 139.7, 139.9, 143.2; MS (EI) m/z (%): 350 (100) [M+], 335 

(24); Anal. Calcd. for C27H26 requires C, 92.52; H, 7.48%. Found: C, 92.49; H, 7.42%.  
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Compound 3e. A white solid, m.p. 185.6-186.4 °C; IR (CH2Cl2): ν 3063, 2961, 2926, 2868, 

1591, 1491, 1388, 1089, 1017, 826, 766 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ  1.23 (6H, 

d, J = 7.2 Hz, CH3), 2.83 (1H, hept, J = 7.2 Hz, CH), 7.28-7.52 (13H, m, ArH), 7.80-7.83 (1H, 

m, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ  23.8, 30.4, 124.8, 125.1, 125.8, 125.9, 126.8, 

127.3, 128.3, 128.6, 130.0, 130.1, 131.7, 133.05, 133.08, 135.0, 138.1, 140.3, 141.0, 143.2; 

MS (EI) m/z (%): 356 (100) [M+], 341 (23); HRMS (EI) Calcd. for C25H21Cl (M+) requires 

356.1332, Found: 356.1326.  
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Compound 3f. A white solid, m.p. 193.1-194.6 °C; IR (CH2Cl2): ν 3057, 2961, 2926, 2868, 
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1591, 1491, 1388, 1071, 1012, 823, 765 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.27 (6H, 

d, J = 6.9 Hz, CH3), 2.82 (1H, hept, J = 6.9 Hz, CH), 7.10-7.56 (13H, m, ArH), 7.79-7.82 (1H, 

m, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 23.8, 30.4, 121.2, 124.8, 125.1, 125.8, 125.9, 

126.7, 127.3, 128.3, 130.0, 130.1, 131.5, 132.0, 133.0, 134.9, 138.6, 140.4, 141.0, 143.1; MS 

(EI) m/z (%): 400 (41) [M+], 306 (100); HRMS (EI) Calcd. for C31H26 (M
+) requires 400.0827, 

Found: 400.0793.  
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Compound 3g. A white solid, m.p. 146.3-145.8 °C; IR (CH2Cl2): ν 3023, 2960, 2925, 2867, 

1515, 1459, 1387, 1056, 893, 817, 775, 765 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.11 

(6H, d, J = 7.2 Hz, CH3), 2.51 (3H, s, CH3), 2.90 (1H, hept, J = 7.2 Hz, CH), 7.24-7.62 (13H, m, 

ArH), 7.91-7.94 (1H, m, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 21.3, 23.9, 30.4, 124.86, 

124.91, 125.5, 125.7, 127.1, 127.2, 128.2, 129.0, 130.0, 130.2, 133.4, 136.4, 136.50, 136.54, 

139.8, 141.2, 143.2; MS (EI) m/z (%): 336 (100) [M+], 321 (42); Anal. Calcd. for C26H24 

requires C, 92.81; H, 7.19%. Found: C, 92.54; H, 6.92%.  
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Compound 3h. A white solid, m.p. 109.7-110.6 °C; IR (CH2Cl2): ν 3058, 3025, 2959, 2925, 

2854, 1601, 1496, 1456, 1441, 1381, 1289, 1244, 891, 773, 760, 741 cm-1; 1H NMR (300 MHz, 

CDCl3, TMS): δ  1.13 (3H, t, J = 7.5 Hz, CH3), 2.56 (2H, q, J = 7.5 Hz, CH2), 7.29-7.35 (4H, m, 

ArH), 7.40-7.57 (10H, m, ArH), 7.89-7.92 (1H, m, ArH); 13C NMR (75 MHz, CDCl3, TMS): 

δ  16.0, 27.0, 124.9, 125.6, 125.8, 126.8, 127.0, 127.2, 128.2, 130.0, 130.1, 130.4, 133.4, 137.2, 

138.8, 139.5, 139.8, 140.9; MS (EI) m/z (%): 308 (100) [M+], 293 (15), 215 (21); Anal. Calcd. 

for C24H20 requires C, 93.46; H, 6.54%. Found: C, 93.07; H, 6.69%. 
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Compound 3i.A white solid, m.p. 129.2-129.5 °C; IR (CH2Cl2): ν 3056, 3025, 2920, 2859, 
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1591, 1496, 1441, 1387, 1373, 1072, 1030, 886, 774, 744 cm-1; 1H NMR (300 MHz, CDCl3, 

TMS): δ  2.27 (3H, s, CH3), 7.30-7.57 (14H, m, ArH), 7.88-7.91 (1H, m, ArH); 13C NMR (75 

MHz, CDCl3, TMS): δ  20.8, 124.8, 125.6, 125.8, 126.5, 127.0, 127.2, 128.2, 128.4, 129.7, 

130.06, 130.10, 130.2, 132.6, 133.3, 137.8, 139.4, 139.8, 140.8; MS (EI) m/z (%): 294 (100) 

[M+], 279 (30), 215 (24), 202 (15); Anal. Calcd. for C23H18 requires C, 93.84; H, 6.16%. Found: 

C, 93.55; H, 6.43%. 

 

 

 

Compound 3j. A white solid, m.p. 137.7-138.8 °C; IR (CH2Cl2): ν 3057, 3024, 2955, 2866, 

1592, 1496, 1441, 1380, 768 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.57-2.02 (8H, m), 

3.05-3.08 (1H, m), 7.38-7.57 (14H, m, ArH), 7.97-7.99 (1H, m, ArH); 13C NMR (75 MHz, 

CDCl3, TMS): δ 26.3, 35.4, 42.4, 124.9, 125.6, 125.8, 126.95, 127.02, 127.2, 128.19, 128.24, 

128.4, 129.2, 129.9, 130.1, 130.4, 133.1, 137.3, 139.8, 140.0, 141.1; MS (EI) m/z (%): 348 

(100) [M+]; Anal. Calcd. for C27H24 requires C, 93.06%; H, 6.94%. Found: C, 92.75%; H, 

6.67%.  
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Compound 3k. A white solid, m.p. 153.4-154.7 °C; IR (CH2Cl2): ν 3057, 3026, 2925, 2850, 
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1587, 1496, 1443, 1381, 1261, 1184, 1072, 977, 768 cm-1; 1H NMR (300 MHz, CDCl3, TMS): 

δ 1.21-1.85 (10H, m), 2.57-2.65 (1H, m), 7.36-7.66 (14H, m, ArH), 7.96-7.99 (1H, m, ArH); 

13C NMR (75 MHz, CDCl3, TMS): δ 26.1, 26.7, 34.1, 41.1, 124.9, 125.5, 125.7, 125.8, 127.0, 

127.1, 128.2, 129.2, 130.0, 130.18, 130.24, 133.3, 136.7, 139.6, 139.7, 141.2, 142.3; MS (EI) 

m/z (%): 362 (100) [M+]; HRMS (EI) Calcd. for C28H26 (M+) requires 362.2035, Found: 

362.2014.  
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Compound 4a. A yellow solid, m.p. 97.3-98.1 °C. IR (CH2Cl2): ν 3057, 3015, 2956, 2925, 

2854, 1752, 1734, 1660, 1594, 1490, 1445, 1362, 1268, 1180, 1072, 1022, 965, 765 cm-1; 1H 

NMR (300 MHz, CDCl3, TMS): δ 1.62 (3H, s, CH3), 2.11 (3H, s, CH3), 4.85 (1H, d, J = 1.8 Hz, 

CH), 6.39 (1H, d, J = 1.8 Hz, =CH), 6.68-6.71 (2H, m, ArH), 7.00-7.03 (3H, m, ArH), 

7.21-7.24 (2H, m, ArH), 7.35-7.38 (6H, m, ArH), 7.47-7.50 (1H, m, ArH); 13C NMR (75 MHz, 

CDCl3): δ 20.7, 22.6, 52.7, 120.1, 123.9, 124.9, 125.8, 126.3, 127.1, 127.4, 127.6, 128.4, 128.5, 

130.9, 132.8, 135.4, 136.0, 140.6, 143.7, 144.2, 147.8; MS (EI) m/z (%): 322 (82) [M+], 307 

(100), 229 (23), 131 (39), 91 (37); Anal. Calcd. for C25H22 requires C, 93.12; H, 6.88%. Found: 

C, 92.75; H, 5.37%. 
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Compound 4b. A yellow oil. IR (CH2Cl2): ν 3051, 3015, 2955, 2926, 2855, 1604, 1587, 1575, 

1504, 1471, 1268, 1221, 1157, 826, 756 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.61 (3H, 

s, CH3), 2.10 (3H, s, CH3), 4.81 (1H, d, J = 2.4 Hz, CH), 6.31 (1H, d, J = 2.4 Hz, =CH), 

6.69-7.71 (2H, m, ArH), 6.89-6.95 (1H, m, ArH), 7.01-7.06 (5H, m, ArH), 7.17-7.28 (3H, m, 

ArH), 7.47-7.50 (1H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 20.7, 22.6, 52.5 (d, JC-F = 2.5 

Hz), 111.5 (d, JC-F = 22.7 Hz), 113.2 (d, JC-F = 22.9 Hz), 115.4 (d, JC-F = 21.2 Hz), 120.5 (d, 

JC-F = 8.6 Hz), 126.0, 127.2, 128.5, 129.0 (d, JC-F = 8.0 Hz), 131.6, 131.7 (d, JC-F = 3.5 Hz), 

132.2, 135.0 (d, JC-F = 3.2 Hz), 139.6, 140.3, 142.6, 150.0 (d, JC-F = 7.8 Hz), 161.6 (d, JC-F = 

242.0 Hz), 162.3 (d, JC-F = 244.9 Hz); MS (EI) m/z (%): 358 (31) [M+], 343 (28), 131 (100), 91 

(37); HRMS (EI) Calcd. for C25H20F2 (M
+) requires 358.1533, Found: 358.1550. 
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Compound 4c. A yellow oil. IR (CH2Cl2): ν 3071, 3045, 3019, 2949, 2923, 2853, 1744, 1731, 

1664, 1594, 1490, 1457, 1440, 1408, 1396 1373, 1093, 1015, 760 cm-1; 1H NMR (300 MHz, 

CDCl3, TMS): δ 1.61 (3H, s, CH3), 2.09 (3H, s, CH3), 4.81 (1H, d, J = 1.8 Hz, CH), 6.35 (1H, d, 

J = 1.8 Hz, =CH), 6.66-6.69 (2H, m, ArH), 7.01-7.04 (3H, m, ArH), 7.18-7.21 (4H, m, ArH), 

7.29-7.32 (2H, m, ArH), 7.44-7.45 (1H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 20.7, 22.6, 

52.6, 120.7, 124.3, 126.1, 126.6, 127.3, 128.5, 128.67, 128.69, 131.3, 131.8, 131.9, 133.4, 

133.8, 136.2, 140.2, 141.9, 142.5, 149.6; MS (EI) m/z (%): 390 (12) [M+], 375 (11), 131 (100), 

91 (55); HRMS (EI) Calcd. for C25H20Cl2 (M
+) requires 390.0942, Found: 390.0942. 
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Compound 4d. A yellow oil. IR (CH2Cl2): ν 3052, 3015, 2985, 2917, 2860, 1749, 1656, 1601, 

1568, 1509, 1491, 1441, 1338, 1284, 1181 823, 815, 717 cm-1; 1H NMR (300 MHz, CDCl3, 

TMS): δ 1.62 (3H, s, CH3), 2.08 (3H, s, CH3), 2.33 (3H, s , CH3), 2.40 (3H, s , CH3), 4.79 (1H, 

d, J = 1.8 Hz, CH), 6.26 (1H, d, J = 1.8 Hz, =CH), 6.68-6.71 (2H, m, ArH), 6.99-7.04 (4H, m, 

ArH), 7.12-7.15 (2H, m, ArH), 7.22-7.28 (4H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 20.7, 

21.2, 21.5, 22.6, 52.4, 119.8, 124.7, 125.8, 127.0, 127.1, 127.4, 128.5, 129.0, 130.6, 133.2, 

133.3, 133.9, 134.5, 137.0, 140.8, 141.3, 143.8, 148.2; MS (EI) m/z (%): 350 (62) [M+], 335 

(100), 320 (28), 219 (28); HRMS (EI) Calcd. for C27H26 (M+) requires 350.2035, Found: 

350.2038. 
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Compound 4e. A yellow oil. IR (CH2Cl2): ν 3060, 3025, 2978, 2924, 2856, 1594, 1489, 1450, 

1094, 1082, 1015, 820, 765 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.60 (3H, s, CH3), 2.13 

(3H, s, CH3), 4.84 (1H, d, J = 1.8 Hz, CH), 6.35 (1H, d, J = 1.8 Hz, =CH), 6.61 (2H, d, J = 8.1 

Hz, ArH), 6.98 (2H, d, J = 8.1 Hz, ArH), 7.22-7.24 (3H, m, ArH), 7.36-7.38 (5H, m, ArH), 

7.44-7.47 (1H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 20.7, 22.5, 52.4, 120.2, 123.9, 125.0, 

126.4, 127.3, 127.5, 127.7, 128.2, 128.4, 130.0, 130.4, 131.6, 134.9, 135.8, 138.8, 143.7, 144.6, 

147.4; MS (EI) m/z (%): 356 (56) [M+], 341 (88), 191 (45), 165 (100); HRMS (EI) Calcd. for 

C25H21Cl (M+) requires 356.1340, Found: 356.1332. 
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Compound 4f. A yellow oil. IR (CH2Cl2): ν 3060, 3019, 2981, 2918, 2853, 1581, 1486, 1458, 

1389, 1265, 1096, 1011, 821, 762 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.59 (3H, s, 

CH3), 2.12 (3H, s, CH3), 4.84 (1H, d, J = 1.8 Hz, CH), 6.35 (1H, d, J = 1.8 Hz, =CH), 6.56 (2H, 

d, J = 8.1 Hz, ArH), 7.13 (2H, d, J = 8.1 Hz, ArH), 7.21-7.24 (2H, m, ArH), 7.36-7.39 (6H, m, 

ArH), 7.43-7.46 (1H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 20.7, 22.6, 52.3, 119.9, 120.3, 

123.9, 125.1, 126.4, 127.6, 128.5, 130.2, 130.4, 131.65, 131.75, 134.9, 135.8, 139.3, 143.7, 

144.7, 147.4; MS (EI) m/z (%): 400 (31) [M+], 385 (35), 191 (45), 306 (40), 191 (46), 130 

(100); HRMS (EI) Calcd. for C25H21Br (M+) requires 400.0827, Found: 400.0858. 
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Compound 4g. A yellow oil. IR (CH2Cl2): ν 3058, 3026, 2974, 2955, 2916, 2856, 1509, 1488, 
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1456, 1443, 816 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.62 (3H, s, CH3), 2.08 (3H, s, 

CH3), 2.16 (3H, s, CH3), 4.83 (1H, d, J = 1.8 Hz, CH), 6.40 (1H, d, J = 1.8 Hz, =CH), 6.60 (2H, 

d, J = 8.1 Hz, ArH), 6.82 (2H, d, J = 8.1 Hz, ArH), 7.20-7.23 (2H, m, ArH), 7.28-7.39 (6H, m, 

ArH), 7.46-7.49 (1H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 20.7, 21.0, 22.6, 52.8, 120.1, 

123.9, 124.9, 126.2, 127.4, 127.6, 127.8, 128.37, 128.39, 130.8, 132.6, 135.1, 135.6, 136.1, 

137.7, 143.7, 144.1, 147.9; MS (EI) m/z (%): 336 (25) [M+], 321 (34), 145 (100); HRMS (EI) 

Calcd. for C26H24 (M
+) requires 336.1878, Found: 336.1878. 
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Compound 4h. A yellow oil. IR (CH2Cl2): ν 3056, 3026, 2955, 2922, 2853, 1728, 1655, 1594, 

1568, 1493, 1445, 1266, 1182, 1074, 1045, 767 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 

1.59 (3H, d, J = 6.9 Hz, CH3), 4.43 (1H, d, J = 1.8 Hz, CH), 5.85 (1H, q, J = 6.9 Hz, =CH), 

6.49 (1H, d, J = 1.8 Hz, =CH), 6.99-7.02 (2H, m, ArH), 7.16-7.50 (12H, m, ArH); 13C NMR 

(75 MHz, CDCl3): δ 14.9, 57.9, 120.3, 123.8, 124.2, 125.0, 126.5, 126.6, 127.6, 127.66, 127.68, 

128.5, 128.6, 135.1, 135.9, 139.2, 139.5, 143.4, 147.2, 154.0; MS (EI) m/z (%): 348 (100) [M+]; 

HRMS (EI) Calcd. for C27H24 (M
+) requires 348.1878, Found: 348.1881. 
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Compound 4j. A yellow oil. IR (CH2Cl2): ν 3051, 3032, 2951, 2923, 2866, 1597, 1491, 1443, 

752 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.62-1.69 (2H, m), 1.76-1.84 (2H, m), 

2.15-2.20 (2H, m), 2.52-2.75 (2H, m), 4.71 (1H, d, J = 2.1 Hz, CH), 6.45 (1H, d, J = 2.1 Hz, 

=CH), 6.77-6.81 (2H, m, ArH), 7.02-7.04 (3H, m, ArH), 7.20-7.24 (2H, m, ArH), 7.30-7.43 

(6H, m, ArH), 7.47-7.50 (1H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 26.7, 27.0, 31.0, 32.7, 

54.6, 120.2, 123.9, 125.0, 125.9, 126.3, 127.3, 127.4, 127.6, 128.03, 128.04, 128.4, 129.4, 

135.1, 136.0, 141.3, 143.6, 143.8, 147.6; MS (EI) m/z (%): 348 (100) [M+]; HRMS (EI) Calcd. 

for C27H24 (M
+) requires 348.1878, Found: 348.1881. 
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Compound 4k. A yellow oil. IR (CH2Cl2): ν 3058, 3026, 2927, 2854, 1597, 1488, 1463, 1455, 

1376, 1232, 1028 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.47-1.52 (2H, m), 1.62-1.68 

(2H, m), 1.75-1.81 (2H, m), 1.98-2.03 (2H, m), 2.50-2.70 (2H, m), 4.86 (1H, d, J = 1.2 Hz, 

CH), 6.38 (1H, d, J = 1.2 Hz, =CH), 6.69 (2H, br, ArH), 7.01 (3H, s, ArH), 7.22-7.25 (2H, m, 

ArH), 7.29-7.37 (6H, m, ArH), 7.48-7.50 (1H, m, ArH); 13C NMR (75 MHz, CDCl3): δ 26.9, 

28.6, 29.1, 31.1, 32.7, 51.9, 120.1, 124.0, 124.9, 125.8, 126.2, 127.0, 127.4, 127.6, 128.4, 

128.5, 129.7, 135.8, 136.0, 139.3, 140.4, 143.8, 144.2, 147.9; MS (EI) m/z (%): 362 (100) [M+]; 

HRMS (EI) Calcd. for C28H26 (M
+) requires 362.2035, Found: 362.2039. 
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The crystal data of 2b has been deposited in CCDC with number 602862. Empirical Formula: 

C25H20F2; Formula Weight: 358.41; Crystal Color, Habit: colorless, prismatic; Crystal System: 

Monoclinic; Lattice Type: Primitive; Lattice Parameters: a = 12.5896(12)Å, b = 9.1294(8)Å, c 

= 17.6833(16)Å, α = 90o, β = 102.192(2)o, γ = 90o, V = 1986.6(3)Å3; Space group: P2(1)/n; Z 

= 4; Dcalc = 1.198 g/cm3; F000 = 752; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0431, 

0.1098.  
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The crystal data of 4a has been deposited in CCDC with number 615026. Empirical Formula: 

C25H22; Formula Weight: 322.43; Crystal Color, Habit: colorless, prismatic; Crystal System: 

Triclinic; Lattice Type: Primitive; Lattice Parameters: a = 8.1168(19)Å, b = 10.068(2)Å, c = 

11.493(16)Å, α = 93.001(4)o, β = 98.563(4)o, γ = 98.080(4)o, V = 917.0(4)Å3; Space group: 

P-1; Z = 2; Dcalc = 1.168 g/cm3; F000 = 344; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 

0.0655, 0.1722.  
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