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1. General information 

1
H NMR spectra were recorded on Bruker 400 or 500 MHz spectrometer and the chemical shifts were reported 

in parts per million (δ) relative to internal standard TMS (0 ppm) for CDCl3. The peak patterns are indicated as 

follows: s, singlet; d, doublet; dd, doublet of doublet; t, triplet; q, quartet; m, multiplet. The coupling constants, J, 

are reported in Hertz (Hz). 
13

C NMR spectra were obtained at Bruker 100 or 125 MHz and referenced to the 

internal solvent signals. CDCl3 or d6-DMSO was used as the NMR solvent. APEX II (Bruker Inc.) was used for 

HR-MS and APCI-MS. Flash column chromatography was performed over silica gel 200-300. The reagent 

Ni(COD)2 was weighed and handled in a glove box. Hydrazine hydrate-d6 was purchased from Toronto Research 

Chemicals. All other reagents were purchased from Alfa, Acros, Aldrich, and TCI and used without further 

purification.  
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2. Optimization of the reaction conditions 

Table S1 Optimization of the reaction conditions
a
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[a] Reaction conditions: benzaldehyde hydrazone 2a (0.2 mmol, 1.0 M generated in situ from benzaldehyde and 

hydrazine), phenyl butadiene 3a (0.1 mmol), catalyst (10 mol%), ligand (20 mol% for monodentate, 10 mol% for 

bidentate and carbene ligand) and base (3.0 equiv) in THF (1.0 mL) at 80 
o
C for 12 h under N2. [b] The yields of 

4aa, 4aaʹ and 4aa" were determined by 
1
H NMR using mesitylene as an internal standard. N. D. = not detected.  

3. General procedure and characterization data for products 4 and 6 

 

In situ preparation of hydrazone solution 2: a mixture of aldehydes 1 (0.2 mmol, 2.0 equiv) and hydrazine 

monohydrate (12 µL, 0.24 mmol, 64–65 wt%, 2.4 equiv) in THF (0.6 mL) solution was stirred for 30 min at room 

temperature. Before use, 50 mg of anhydrous Na2SO4 and 50 mg of 4Ǻ MS were added sequentially.  

In a glovebox, a flame-dried reaction tube (10 cm
3
) equipped with a magnetic stir bar was charged with Ni(cod)2 

(2.8 mg, 10 mol%), ICy•HCl (2.7 mg, 10 mol%) or SIMes•HCl (3.4 mg, 10 mol%), 
t
BuOLi (1.6 mg, 20 mol%) and 

THF (0.4 mL) before being sealed with a rubber septum. The reaction mixture was stirred at room temperature for 

30 min. Then diene 3 or 5 (0.1 mmol, 1.0 equiv), hydrazone solution 2 (0.2 mmol in 0.6 mL THF) and 
t
BuOLi (0.3 

mmol, 24 mg) was added sequentially. After that, the reaction mixture was sealed with aluminum cap, moved out of 

glovebox, and stirred at 80 °C for 12 hour. After the mixture was cooled to room temperature, the resulting solution 

was directly filtered through a pad of celite by EtOAc (3.0 mL). The crude mixture was analyzed by GC-MS. The 

solvent was evaporated in vacuo to give the crude product. NMR yield was determined by 
1
H NMR using 

mesitylene as an internal standard. The residue was purified by preparative TLC (ethyl acetate/petroleum ether) to 

give the pure product 4 or 6.  

Note: Use of the glovebox is not necessary unless to store and manipulate air-sensitive Ni(cod)2 catalyst. The 

other operations can be successfully performed outside the glovebox with standard Schlenk line procedure. 
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(E)-(3-methylbut-1-ene-1,4-diyl)dibenzene (4aa). (17.5 mg, 79%). Isolated by preparative TLC (hexane: ethyl 

acetate = 100:1, Rf = 0.5); 
1
H NMR (400 MHz, CDCl3) δ 7.37-7.28 (m, 6H), 7.24-7.20 (m, 4H), 6.35 (d, J = 16.0 

Hz, 1H), 6.22 (dd, J = 16.0, 6.8 Hz, 1H), 2.85-2.79 (m, 1H), 2.69-2.62 (m, 2H), 1.12 (d, J = 6.2 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 140.5, 137.8, 136.0, 129.3, 128.5, 128.3, 128.2, 126.9, 126.0, 125.9, 43.6, 38.8, 19.8; EI-MS 

(m/z): 222.2; HRMS (APCI) calcd for C17H17 [M – H
-
], 221.1325; found: 221.1326. 

 

(E)-1-methyl-4-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ba). (18.2 mg, 77%). Isolated by preparative TLC 

(hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.30 (m, 4H), 7.23-7.20 (m, 1H), 

7.12-7.09 (m, 4H), 6.35 (d, J = 16.0 Hz, 1H), 6.10 (dd, J = 16.0, 6.8 Hz, 1H), 2.80-2.75 (m, 1H), 2.64-2.58 (m, 2H), 

2.35 (s, 3H), 1.11 (d, J = 6.2 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 137.9, 137.4, 136.1, 135.3, 129.2, 128.9, 

128.5, 128.2, 126.8, 126.0, 43.2, 38.8, 21.0, 19.8; EI-MS (m/z): 236.2; HRMS (APCI) calcd for C18H19 [M – H
-
], 

235.1481; found: 235.1481. 

 

(E)-1-ethyl-4-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ca). (18.7 mg, 75%). Isolated by preparative TLC 

(hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (400 MHz, CDCl3) δ 7.37-7.28 (m, 4H), 7.24-7.21 (m, 1H), 

7.16-7.11 (m, 4H), 6.34 (d, J = 16.0 Hz, 1H), 6.23 (dd, J = 16.0, 6.8 Hz, 1H), 2.82-2.74 (m, 1H), 2.70-2.58 (m, 4H), 

1.26 (t, J = 7.6 Hz, 3H), 1.11 (d, J = 6.4 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 141.7, 137.9, 137.7, 136.2, 129.2, 

128.5, 128.1, 127.6, 126.8, 126.0, 43.2, 38.8, 28.4, 19.8, 15.6; EI-MS (m/z): 250.2; HRMS (APCI) calcd for C19H21 

[M – H
-
], 249.1638; found: 249.1639. 

 

(E)-1-methoxy-4-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4da). (19.9 mg, 79%). Isolated by preparative TLC 

(hexane: ethyl acetate = 50:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.34 (m, 2H), 7.33-7.30 (m, 2H), 

7.24-7.20 (m, 1H), 7.12 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.34 (d, J = 16.0 Hz, 1H), 6.21 (dd, J = 16.0, 

7.0 Hz, 1H), 3.82 (s, 3H), 2.77-2.72 (m, 1H), 2.63-2.56 (m, 2H), 1.11 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, 

CDCl3) δ 157.8, 137.9, 136.1, 132.6, 130.2, 128.5, 128.2, 126.9, 126.0, 113.6, 55.2, 42.7, 39.0, 19.7; EI-MS (m/z): 

252.2; HRMS (ESI) calcd for C18H21O [M + H
+
], 253.1587; found: 253.1586. 
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(E)-1-chloro-4-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ea). (18.7 mg, 73%). Isolated by preparative TLC 

(hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.35-7.30 (m, 4H), 7.28-7.21 (m, 3H), 

7.14-7.11 (m, 2H), 6.32 (d, J = 15.8 Hz, 1H), 6.16 (dd, J = 16.0, 7.2 Hz, 1H), 2.78-2.72 (m, 1H), 2.65-2.58 (m, 2H), 

1.11 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 139.0, 137.6, 135.4, 131.6, 130.6, 128.6, 128.5, 128.3, 

127.0, 126.0, 42.9, 38.8, 19.8; EI-MS (m/z): 256.1; HRMS (APCI) calcd for C17H16Cl [M – H
-
], 255.0935; found: 

255.0935. 

 

(E)-1-fluoro-4-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4fa). (19 mg, 79%). Isolated by preparative TLC 

(hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.35-7.30 (m, 4H), 7.24-7.21 (m, 1H), 

7.16-7.13 (m, 2H), 7.01-6.96 (m, 2H), 6.32 (d, J = 16.0 Hz, 1H), 6.17 (dd, J = 16.0, 7.2 Hz, 1H), 2.78-2.72 (m, 1H), 

2.65-2.57 (m, 2H), 1.11 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 161.3 (d, JC-F = 243.0 Hz), 140.1, 137.7, 

136.1 (d, JC-F = 3.0 Hz), 135.5, 130.6 (d, JC-F = 8.0 Hz), 128.6, 128.5, 127.0, 126.0, 114.9 (d, JC-F = 21.0 Hz), 42.8, 

39.0, 19.8; 
19

F NMR (470 MHz, CDCl3) δ -117.7; EI-MS (m/z): 240.2; HRMS (APCI) calcd for C17H16F [M – H
-
], 

239.1231; found: 239.1232. 

 

(E)-1-methyl-3-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ga). (17.9 mg, 76%). Isolated by preparative TLC 

(hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.37-7.35 (m, 2H), 7.33-7.30 (m, 2H), 

7.24-7.18 (m, 2H), 7.04-7.00 (m, 3H), 6.36 (d, J = 16.0 Hz, 1H), 6.23 (dd, J = 16.0, 7.0 Hz, 1H), 2.81-2.77 (m, 1H), 

2.67-2.57 (m, 2H), 2.36 (s, 3H), 1.11 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 140.5, 137.9, 137.7, 136.1, 

130.1, 128.5, 128.1, 128.0, 126.9, 126.6, 126.3, 126.0, 43.6, 38.8, 21.5, 19.7; EI-MS (m/z): 236.2; HRMS (APCI) 

calcd for C18H19 [M – H
-
], 235.1481; found: 235.1483. 

 

(E)-1-methoxy-3-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ha). (20.7 mg, 82%). Isolated by preparative TLC 

(hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.37-7.36 (m, 2H), 7.34-7.31 (m, 2H), 

7.25-7.21 (m, 2H), 6.82-6.81 (m, 1H), 6.79-6.77 (m, 2H), 6.37 (d, J = 15.8 Hz, 1H), 6.23 (dd, J = 15.8, 7.0 Hz, 1H), 

3.82 (s, 3H), 2.83-2.77 (m, 1H), 2.68-2.60 (m, 2H), 1.13 (d, J = 6.5 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 159.5, 

142.2, 137.8, 136.0, 129.1, 128.5, 128.3, 126.9, 126.0, 121.8, 115.0, 111.2, 55.1, 43.7, 38.7, 19.8; EI-MS (m/z): 

252.2; HRMS (ESI) calcd for C18H21O [M + H
+
], 253.1587; found: 253.1585. 
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(E)-1-chloro-3-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ia). (20.5 mg, 80%). Isolated by preparative TLC 

(hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.30 (m, 4H), 7.24-7.14 (m, 4H), 

7.08-7.07 (m, 1H), 6.35 (d, J = 16.0 Hz, 1H), 6.17 (dd, J = 16.0, 7.1 Hz, 1H), 2.81-2.74 (m, 1H), 2.67-2.60 (m, 2H), 

1.12 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 142.6, 137.6, 135.3, 133.9, 129.4, 129.3, 128.7, 128.5, 

127.5, 127.0, 126.1, 126.0, 43.2, 38.7, 19.8; EI-MS (m/z): 256.1; HRMS (APCI) calcd for C17H16Cl [M – H
-
], 

255.0935; found: 255.0935. 

 

(E)-1-fluoro-3-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ja). (18.2 mg, 76%). Isolated by preparative TLC 

(hexane: ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.35-7.30 (m, 4H), 7.26-7.21 (m, 2H), 

6.98-6.96 (m, 1H), 6.93-6.89 (m, 2H), 6.34 (d, J = 16.0 Hz, 1H), 6.18 (dd, J = 16.0, 7.0 Hz, 1H), 2.82-2.77 (m, 1H), 

2.67-2.61 (m, 2H), 1.12 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 162.8 (d, JC-F = 244.7 Hz), 143.1 (d, 

JC-F = 7.2 Hz), 137.7, 135.4, 129.5 (d, JC-F = 8.4 Hz), 128.6, 128.5, 127.0, 126.0, 124.9 (d, JC-F = 2.6 Hz), 116.0 (d, 

JC-F = 20.8 Hz), 112.8 (d, JC-F = 20.8 Hz), 43.3, 38.7, 19.8; 
19

F NMR (470 MHz, CDCl3) δ -114.1; EI-MS (m/z): 

240.2; HRMS (APCI) calcd for C17H16F [M – H
-
], 239.1231; found: 239.1232. 

 

(E)-1-methyl-2-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ka). (18.2 mg, 77%). Isolated by preparative TLC 

(hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.34 (m, 2H), 7.33-7.30 (m, 2H), 

7.24-7.20 (m, 1H), 7.18-7.12 (m, 4H), 6.34 (d, J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 7.0 Hz, 1H), 2.83-2.77 (m, 1H), 

2.68-2.61 (m, 2H), 2.36 (s, 3H), 1.15 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 138.8, 137.8, 136.2, 136.0, 

130.2, 130.1, 128.5, 128.1, 126.9, 126.0, 125.6, 40.7, 37.9, 19.9, 19.6; EI-MS (m/z): 236.2; HRMS (APCI) calcd 

for C18H19 [M – H
-
], 235.1481; found: 235.1482. 

 

(E)-1-methoxy-2-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4la). (21.4 mg, 85%). Isolated by preparative TLC 

(hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (400 MHz, CDCl3) δ 7.36-7.28 (m, 4H), 7.23-7.19 (m, 2H), 

7.15-7.13 (m, 1H), 6.92-6.87 (m, 2H), 6.32 (d, J = 16.0 Hz, 1H), 6.25 (dd, J = 16.0, 6.2 Hz, 1H), 3.85 (s, 3H), 

2.83-2.78 (m, 1H), 2.73-2.64 (m, 2H), 1.12 (d, J = 6.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 157.7, 138.1, 136.7, 

131.0, 129.1, 128.4, 127.7, 127.1, 126.7, 126.0, 120.2, 110.3, 55.3, 37.7, 37.4, 19.9; EI-MS (m/z): 252.2; HRMS 
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(ESI) calcd for C18H21O [M + H
+
], 253.1587; found: 253.1587. 

 

(E)-2,4-dimethyl-1-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4ma). (20.2 mg, 81%). Isolated by preparative 

TLC (hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.37-7.35 (m, 2H), 7.33-7.30 (m, 2H), 

7.24-7.21 (m, 1H), 7.04 (d, J = 7.6 Hz, 1H), 7.00 (s, 1H), 6.96 (d, J = 7.4 Hz, 1H), 6.35 (d, J = 15.8 Hz, 1H), 6.24 

(dd, J = 15.8, 6.8 Hz, 1H), 2.79-2.74 (m, 1H), 2.63-2.59 (m, 2H), 2.32 (s, 6H), 1.14 (d, J = 6.4 Hz, 3H); 
13

C NMR 

(125 MHz, CDCl3) δ 137.9, 136.2, 136.0, 135.7, 135.4, 131.0, 130.1, 128.5, 128.0, 126.8, 126.3, 126.0, 40.3, 37.9, 

20.9, 19.9, 19.6; EI-MS (m/z): 250.2; HRMS (APCI) calcd for C19H21 [M – H
-
], 249.1638; found: 249.1636. 

 

(E)-1,3,5-trimethyl-2-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4na). (16.4 mg, 62%). Isolated by preparative 

TLC (hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.30 (m, 4H), 7.23-7.20 (m, 1H), 

6.86 (s, 2H), 6.30 (d, J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 6.7 Hz, 1H), 2.77-2.69 (m, 2H), 2.64-2.57 (m, 1H), 2.33 

(s, 6H), 2.28 (s, 3H), 1.17 (d, J = 6.6 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 137.8, 136.5, 136.1, 135.0, 134.5, 

129.0, 128.5, 127.6, 126.8, 126.0, 37.6, 36.5, 20.8, 20.4, 20.0; EI-MS (m/z): 264.2; HRMS (APCI) calcd for C20H23 

[M – H
-
], 263.1794; found: 263.1797. 

 

(E)-5-(2-methyl-4-phenylbut-3-en-1-yl)-2,3-dihydro-1H-indene (4oa). (19.1 mg, 73%). Isolated by preparative 

TLC (hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.37-7.35 (m, 2H), 7.33-7.30 (m, 2H), 

7.24-7.20 (m, 1H), 7.16 (d, J = 7.6 Hz, 1H), 7.08 (s, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.37 (d, J = 15.8 Hz, 1H), 6.24 

(dd, J = 15.8, 7.0 Hz, 1H), 2.91 (t, J = 7.4 Hz, 4H), 2.81-2.78 (m, 1H), 2.66-2.57 (m, 2H), 2.12-2.06 (m, 2H), 1.11 

(d, J = 6.5 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 144.2, 141.7, 138.3, 137.9, 136.3, 128.5, 128.0, 127.1, 126.8, 

126.0, 125.3, 124.0, 43.5, 38.9, 32.8, 32.5, 25.5, 19.7; EI-MS (m/z): 262.2; HRMS (APCI) calcd for C20H21 [M – 

H
-
], 261.1638; found: 261.1638. 

 

(E)-1,2,3-trimethoxy-5-(2-methyl-4-phenylbut-3-en-1-yl)benzene (4pa). (23.1 mg, 74%). Isolated by preparative 

TLC (hexane: ethyl acetate = 10:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.35 (m, 2H), 7.33-7.30 (m, 2H), 

7.23-7.20 (m, 1H), 6.42 (s, 2H), 6.35 (d, J = 16.0 Hz, 1H), 6.11 (dd, J = 16.0, 7.0 Hz, 1H), 3.86 (s, 3H), 3.84 (s, 

6H), 2.76-2.72 (m, 1H), 2.67-2.56 (m, 2H), 1.14 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 152.9, 137.7, 
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136.3, 135.8, 128.5, 128.4, 127.0, 126.0, 106.2, 60.9, 56.1, 44.0, 38.8, 19.9; EI-MS (m/z): 312.2; HRMS (ESI) 

calcd for C20H25O3 [M + H
+
], 313.1798; found: 313.1795. 

 

(E)-5-(2-methyl-4-phenylbut-3-en-1-yl)benzo[d][1,3]dioxole (4qa). (17 mg, 64%). Isolated by preparative TLC 

(hexane: ethyl acetate = 40:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.34 (m, 2H), 7.33-7.30 (m, 2H), 

7.23-7.20 (m, 1H), 6.75 (d, J = 7.8 Hz, 1H), 6.71 (d, J = 1.6 Hz, 1H), 6.64 (dd, J = 7.8, 1.6 Hz, 1H), 6.35 (d, J = 

16.0 Hz, 1H), 6.08 (dd, J = 16.0, 7.1 Hz, 1H), 5.95 (s, 2H), 2.75-2.69 (m, 1H), 2.61-2.54 (m, 2H), 1.10 (d, J = 6.4 

Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 147.5, 145.7, 140.3, 137.7, 134.1, 133.5, 130.3, 129.3, 128.4, 128.2, 126.9, 

126.1, 125.9, 122.2, 109.6, 108.0, 100.7, 46.6, 41.3, 41.0; EI-MS (m/z): 266.2; HRMS (ESI) calcd for C18H19O2 [M 

+ H
+
], 267.1380; found: 267.1378. 

 

(E)-2-(2-methyl-4-phenylbut-3-en-1-yl)furan (4ra). (17.8 mg, 84%). Isolated by preparative TLC (hexane: ethyl 

acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.37-7.30 (m, 5H), 7.24-7.21 (m, 1H), 6.39 (d, J = 16.0 Hz, 

1H), 6.31 (dd, J = 3.0, 1.8 Hz, 1H), 6.20 (dd, J = 16.0, 7.0 Hz, 1H), 6.05 (d, J = 3.0 Hz, 1H), 2.82-2.67 (m, 3H), 

1.15 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 154.6, 140.9, 137.7, 135.4, 128.5, 128.4, 127.0, 126.1, 

110.1, 106.2, 36.4, 35.5, 20.0; EI-MS (m/z): 212.1; HRMS (ESI) calcd for C15H17O [M + H
+
], 213.1274; found: 

213.1272. 

 

(E)-1-(2-methyl-4-phenylbut-3-en-1-yl)naphthalene (4sa). (24.2 mg, 89%). Isolated by preparative TLC (hexane: 

ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 8.11 (d, J = 8.4 Hz, 1H), 7.91 (dd, J = 8.2, 1.2 Hz, 

1H), 7.77 (d, J = 8.2 Hz, 1H), 7.57 (td, J = 7.6, 1.4 Hz, 1H), 7.52 (td, J = 7.6, 1.4 Hz, 1H), 7.45-7.42 (m, 1H), 

7.37-7.31 (m, 5H), 7.25-7.22 (m, 1H), 6.38 (d, J = 16.0 Hz, 1H), 6.31 (dd, J = 16.0, 7.0 Hz, 1H), 3.30 (dd, J = 13.6, 

6.4 Hz, 1H), 3.08 (dd, J = 13.6, 6.4 Hz, 1H), 2.90-2.82 (m, 1H), 1.19 (d, J = 6.8 Hz, 3H); 
13

C NMR (125 MHz, 

CDCl3) δ 137.8, 136.6, 136.1, 134.0, 132.2, 128.8, 128.5, 128.2, 127.4, 126.9, 126.8, 126.1, 125.7, 125.4, 125.3, 

124.1, 40.7, 38.0, 20.2; EI-MS (m/z): 272.2; HRMS (APCI) calcd for C21H19 [M – H
-
], 271.1481; found: 271.1483. 

 

(E)-2-(2-methyl-4-phenylbut-3-en-1-yl)naphthalene (4ta). (25.6 mg, 94%). Isolated by preparative TLC (hexane: 

ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.85-7.79 (m, 3H), 7.66 (s, 1H), 7.50-7.44 (m, 2H), 
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7.38-7.35 (m, 3H), 7.33-7.30 (m, 2H), 7.24-7.21 (m, 1H), 6.39 (d, J = 16.0 Hz, 1H), 6.27 (dd, J = 16.0, 7.0 Hz, 1H), 

3.01-2.97 (m, 1H), 2.84-2.74 (m, 2H), 1.16 (d, J = 6.5 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 138.1, 137.8, 135.9, 

133.6, 132.1, 128.5, 128.3, 128.0, 127.7, 127.6, 127.5, 126.9, 126.1, 125.8, 125.2, 43.8, 38.8, 19.8; EI-MS (m/z): 

272.2; HRMS (APCI) calcd for C21H19 [M – H
-
], 271.1481; found: 271.1483. 

 

((E)-3-methylpent-1-ene-1,4-diyl)dibenzene (4ua). (20.8 mg, 88%, dr = 1.6:1). Isolated by preparative TLC 

(hexane, Rf = 0.6); 
1
H NMR (400 MHz, CDCl3) Major: δ 7.34-7.31 (m, 6H), 7.26-7.21 (m, 4H), 6.32 (dd, J = 15.8, 

1.0 Hz, 1H), 6.07 (dd, J = 15.8, 8.0 Hz, 1H), 2.88-2.80 (m, 1H), 2.69-2.61 (m, 1H), 1.35 (d, J = 7.0 Hz, 3H), 1.11 (d, 

J = 6.8 Hz, 3H); Minor: δ 7.42-7.33 (m, 6H), 7.27-7.22 (m, 4H), 6.43 (d, J = 15.8 Hz, 1H), 6.17 (dd, J = 15.8, 8.6 

Hz, 1H), 2.61-2.46 (m, 2H), 1.30 (d, J = 7.0 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) Major 

and Minor: δ 146.2, 145.1, 138.0, 137.9, 135.2, 134.7, 129.4, 129.1, 128.5, 128.4, 128.2, 128.1, 128.0, 127.7, 127.0, 

126.8, 126.1, 126.0, 125.9, 46.0, 45.3, 44.5, 43.4, 20.1, 19.4, 18.1, 17.5; EI-MS (m/z): 236.2. HRMS (APCI) calcd 

for C18H19 [M – H
-
], 235.1481; found: 235.1478. 

 

((E)-3-methylhex-1-ene-1,4-diyl)dibenzene (4va). (12.8 mg, 51%, dr = 2:1). Isolated by preparative TLC (hexane, 

Rf = 0.6); 
1
H NMR (500 MHz, CDCl3) Major: δ 7.35-7.29 (m, 6H), 7.22-7.16 (m, 4H), 6.43 (d, J = 15.8 Hz, 1H), 

6.15 (dd, J = 15.8, 8.8 Hz, 1H), 2.57-2.49 (m, 1H), 2.37-2.31 (m, 1H), 1.94-1.80 (m, 1H), 1.59-1.53 (m, 1H), 0.90 

(d, J = 6.8 Hz, 3H), 0.72 (t, J = 7.4 Hz, 3H); Minor: δ 7.41-7.32 (m, 6H), 7.25-7.20 (m, 4H), 6.30 (dd, J = 16.0, 0.8 

Hz, 1H), 6.03 (dd, J = 16.0, 8.2 Hz, 1H), 2.57-2.49 (m, 1H), 2.37-2.31 (m, 1H), 1.94-1.80 (m, 1H), 1.59-1.53 (m, 

1H), 1.08 (d, J = 6.8 Hz, 3H), 0.82 (t, J = 7.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) Major and Minor: δ 143.9, 

142.8, 138.0, 137.9, 135.9, 134.4, 129.2, 129.1, 129.0, 128.5, 128.4, 128.1, 127.8, 126.9, 126.8, 126.1, 126.0, 125.9, 

54.1, 53.7, 43.6, 42.1, 27.1, 25.6, 19.4, 18.5, 12.4, 12.3; EI-MS (m/z): 250.2. HRMS (APCI) calcd for C19H21 [M – 

H
-
], 249.1638; found: 249.1640. 

 

1-((E)-4-Phenylbut-3-en-2-yl)-2,3-dihydro-1H-indene (4wa). (23.6 mg, 95%, dr = 1:1). Isolated by preparative 

TLC (hexane, Rf = 0.4); 
1
H NMR (500 MHz, CDCl3) Major and Minor: δ 7.42-7.32 (m, 10H), 7.28-7.19 (m, 8H), 

6.48 (d, J = 16.0 Hz, 1H), 6.38 (dd, J = 16.0, 1.2 Hz, 1H), 6.29 (dd, J = 16.0, 7.8 Hz, 1H), 6.19 (dd, J = 16.0, 7.0 

Hz, 1H), 3.39-3.29 (m, 2H), 3.00-2.92 (m, 2H), 2.91-2.81 (m, 4H), 2.28-2.17 (m, 2H), 2.03-1.94 (m, 2H), 1.27 (d, J 

= 6.8 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) Major and Minor: δ 145.6, 145.5, 144.8, 

144.7, 137.9, 135.5, 133.9, 129.3, 128.9, 128.6, 128.5, 126.9, 126.8, 126.5, 126.1, 126.0, 125.9, 125.8, 124.7, 124.6, 
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124.5, 124.4, 50.7, 50.2, 41.1, 40.0, 31.7, 31.6, 28.1, 18.1, 16.4; EI-MS (m/z): 248.2. HRMS (APCI) calcd for 

C19H21 [M + H
+
], 249.1638; found: 249.1636. 

 

1-((E)-4-Phenylbut-3-en-2-yl)-1,2,3,4-tetrahydronaphthalene (4xa). (17.6 mg, 67%, dr = 1:1). Isolated by 

preparative TLC (hexane, Rf = 0.6); 
1
H NMR (400 MHz, CDCl3) Major and Minor: δ 7.40-7.28 (m, 4H), 

7.25-7.11 (m, 5H), 6.43 (d, J = 16.0 Hz, 0.5H), 6.35 (dd, J = 16.0, 6.0 Hz, 0.5H), 6.33 (d, J = 16.0 Hz, 0.5H), 6.11 

(dd, J = 16.0, 6.0 Hz, 0.5H), 3.05-3.03 (m, 1H), 2.93-2.86 (m, 1H), 2.80-2.77 (m, 2H), 1.95-1.70 (m, 4H), 1.23 (d, J 

= 6.4 Hz, 1.5H), 1.01 (d, J = 6.4 Hz, 1.5H); 
13

C NMR (100 MHz, CDCl3) Major and Minor: δ 139.4, 139.1, 138.4, 

138.1, 138.0, 135.9, 134.2, 129.1, 129.0, 128.7, 128.5, 128.4, 128.3, 128.2, 126.9, 126.8, 126.0, 125.9, 125.6, 125.4, 

125.2, 43.4, 42.9, 41.0, 40.7, 30.1, 29.5, 24.8, 24.2, 21.6, 20.5, 18.6, 14.6; EI-MS (m/z): 262.2. HRMS (APCI) 

calcd for C20H23 [M + H
+
], 263.1794; found: 263.1788. 

 

(E)-1-methoxy-4-(2-methyl-4-(p-tolyl)but-3-en-1-yl)benzene (4ab). (21.2 mg, 75%). Isolated by preparative 

TLC (hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.25 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 

8.0 Hz, 2H), 7.12 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.31 (d, J = 16.0 Hz, 1H), 6.16 (dd, J = 16.0, 6.8 Hz, 

1H), 3.82 (s, 3H), 2.77-7.72 (m, 1H), 2.61-2.56 (m, 2H), 2.36 (s, 3H), 1.10 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 

MHz, CDCl3) δ 157.8, 136.6, 135.1, 135.0, 132.7, 130.2, 129.2, 128.0, 125.9, 113.6, 55.2, 42.8, 39.0, 21.2, 19.8; 

EI-MS (m/z): 266.2; HRMS (ESI) calcd for C19H22NaO [M + Na
+
], 289.1563; found: 289.1562. 

 

(E)-4,4'-(3-methylbut-1-ene-1,4-diyl)bis(methoxybenzene) (4ac). (20 mg, 71%). Isolated by preparative TLC 

(hexane: ethyl acetate = 20:1, Rf = 0.6); 
1
H NMR (500 MHz, CDCl3) δ 7.28 (d, J = 8.6 Hz, 2H), 7.11 (d, J = 8.6 Hz, 

2H), 6.86 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.28 (d, J = 16.0 Hz, 1H), 7.90 (dd, J = 16.0, 6.8 Hz, 1H), 

3.83 (s, 3H), 3.82 (s, 3H), 2.76-2.71 (m, 1H), 2.60-2.54 (m, 2H), 1.09 (d, J = 6.2 Hz, 3H); 
13

C NMR (125 MHz, 

CDCl3) δ 158.7, 157.8, 134.0, 132.7, 130.7, 130.2, 127.5, 127.1, 113.9, 113.5, 55.3, 55.2, 42.8, 38.9, 19.8; EI-MS 

(m/z): 282.2; HRMS (ESI) calcd for C19H22NaO2 [M + Na
+
], 305.1512; found: 305.1499. 
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(E)-4-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)-1,1'-biphenyl (4ad). (25.6 mg, 78%). Isolated by 

preparative TLC (hexane: ethyl acetate = 30:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.63 (d, J = 7.8 Hz, 2H), 

7.57 (d, J = 8.4 Hz, 2H), 7.47 (t, J = 7.8 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 8.6 

Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.38 (d, J = 16.0 Hz, 1H), 6.26 (dd, J = 16.0, 6.8 Hz, 1H), 3.83 (s, 3H), 2.80-2.74 

(m, 1H), 2.66-2.60 (m, 2H), 1.13 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 157.8, 140.9, 139.6, 136.9, 

136.3, 132.6, 130.2, 128.8, 127.8, 127.2, 127.1, 126.9, 126.4, 113.6, 55.2, 42.8, 39.1, 19.8; EI-MS (m/z): 328.2; 

HRMS (ESI) calcd for C24H24NaO [M + Na
+
], 351.1719; found: 351.1726.  

 

(E)-1-chloro-4-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)benzene (4ae). (21.5 mg, 75%). Isolated by 

preparative TLC (hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.28-7.27 (m, 4H), 7.10 (d, 

J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.28 (d, J = 16.0 Hz, 1H), 6.17 (dd, J = 16.0, 6.8 Hz, 1H), 3.82 (s, 3H), 

2.75-2.70 (m, 1H), 2.62-2.56 (m, 2H), 1.10 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 157.9, 136.7, 136.4, 

132.5, 132.4, 130.2, 128.6, 127.2, 127.1, 113.6, 55.2, 42.6, 39.0, 19.7; EI-MS (m/z): 286.2; HRMS (ESI) calcd for 

C18H19ClNaO [M + Na
+
], 309.1017; found: 309.1016. 

 

(E)-1-fluoro-4-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)benzene (4af). (18.4 mg, 68%). Isolated by 

preparative TLC (hexane: ethyl acetate = 60:1, Rf = 0.6); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.28 (m, 2H), 7.11 (d, 

J = 8.6 Hz, 2H), 7.02-6.98 (m, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.29 (d, J = 16.0 Hz, 1H), 6.11 (dd, J = 16.0, 6.8 Hz, 

1H), 3.82 (s, 3H), 2.76-2.70 (m, 1H), 2.61-2.55 (m, 2H), 1.10 (d, J = 6.3 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 

161.9 (d, JC-F = 245.6 Hz), 157.8, 135.8 (d, JC-F = 2.3 Hz), 134.0 (d, JC-F = 3.4 Hz), 132.5, 130.2, 127.4, 127.3, 

127.1, 115.3 (d, JC-F = 21.4 Hz), 113.6, 55.2, 42.7, 38.9, 19.7; 
19

F NMR (470 MHz, CDCl3) δ -115.8; EI-MS (m/z): 

270.2; HRMS (ESI) calcd for C18H19FNaO [M + Na
+
], 293.1312; found: 293.1303. 
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(E)-1-methoxy-4-(2-methyl-4-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)benzene (4ag). (23.7 mg, 74%). 

Isolated by preparative TLC (hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 8.2 

Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.35 (d, J = 16.0 Hz, 1H), 6.29 

(dd, J = 16.0, 6.2 Hz, 1H), 3.82 (s, 3H), 2.76-2.71 (m, 1H), 2.66-2.60 (m, 2H), 1.12 (d, J = 6.4 Hz, 3H); 
13

C NMR 

(125 MHz, CDCl3) δ 157.9, 141.3, 138.8, 132.3, 130.2, 128.8 (q, JC-F = 28.6 Hz), 127.1, 126.1, 125.4 (q, JC-F = 3.6 

Hz), 123.2 (q, JC-F = 272.4 Hz), 113.6, 55.2, 42.5, 39.1, 19.6; 
19

F NMR (470 MHz, CDCl3) δ -62.4; EI-MS (m/z): 

320.2; HRMS (ESI) calcd for C19H20F3O [M + H
+
], 321.1461; found: 321.1467. 

 

(E)-1-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)-2-methylbenzene (4ah). (20.7 mg, 78%). Isolated by 

preparative TLC (hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 7.0 Hz, 1H), 

7.20-7.13 (m, 5H), 6.86 (d, J = 8.6 Hz, 2H), 6.49 (d, J = 15.8 Hz, 1H), 6.04 (dd, J = 15.8, 7.0 Hz, 1H), 3.83 (s, 3H), 

2.76-2.71 (m, 1H), 2.66-2.60 (m, 2H), 2.29 (s, 3H), 1.14 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 157.8, 

137.4, 137.1, 135.1, 132.7, 130.2, 130.1, 126.8, 126.3, 126.0, 125.6, 113.6, 55.3, 42.8, 39.4, 20.1, 19.8; EI-MS 

(m/z): 266.2; HRMS (ESI) calcd for C19H22NaO [M + Na
+
], 289.1563; found: 289.1554. 

 

(E)-1-chloro-2-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)benzene (4ai). (22 mg, 77%). Isolated by 

preparative TLC (hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.50 (dd, J = 7.6, 1.6 Hz, 

1H), 7.35 (dd, J = 8.0, 1.4 Hz, 1H), 7.22 (td, J = 7.6, 0.8 Hz, 1H), 7.16 (dd, J = 7.8, 1.6 Hz, 1H), 7.13 (d, J = 8.6 Hz, 

2H), 6.86 (d, J = 8.6 Hz, 2H), 6.72 (d, J = 15.8 Hz, 1H), 6.18 (dd, J = 15.8, 7.1 Hz, 1H), 3.82 (s, 3H), 2.78-2.72 (m, 

1H), 2.70-2.60 (m, 2H), 1.13 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 157.9, 138.9, 135.9, 132.7, 132.4, 

130.2, 129.6, 127.9, 126.7, 126.6, 124.6, 113.6, 55.3, 42.6, 39.1, 19.7; EI-MS (m/z): 286.2; HRMS (ESI) calcd for 

C18H19NaClO [M + Na
+
], 309.1017; found: 309.1018. 

 

(E)-1-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)naphthalene (4aj). (27.8 mg, 92%). Isolated by preparative 

TLC (hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.97-7.96 (m, 1H), 7.86-7.85 (m, 1H), 

7.77 (d, J = 8.0 Hz, 1H), 7.55-7.44 (m, 4H), 7.17 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 15.6 Hz, 1H), 6.88 (d, J = 8.0 Hz, 

2H), 6.17 (dd, J = 15.6, 6.6 Hz, 1H), 3.83 (s, 3H), 2.79-2.71 (m, 3H), 1.22 (d, J = 5.0 Hz, 3H); 
13

C NMR (125 MHz, 

CDCl3) δ 157.9, 139.3, 135.9, 133.6, 132.7, 131.2, 130.3, 128.4, 127.2, 125.9, 125.7, 125.6, 124.1, 123.6, 113.6, 

55.3, 42.8, 39.6, 20.1; EI-MS (m/z): 302.2; HRMS (ESI) calcd for C22H22NaO [M + Na
+
], 325.1563; found: 
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325.1558. 

 

(E)-2-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)naphthalene (4ak). (28.4 mg, 94%). Isolated by preparative 

TLC (hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.83-7.79 (m, 3H), 7.70 (s, 1H), 7.60 

(dd, J = 8.4, 1.4 Hz, 1H), 7.50-7.43 (m, 2H), 7.15 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 6.52 (d, J = 16.0 Hz, 

1H), 6.35 (dd, J = 16.0, 7.0 Hz, 1H), 3.83 (s, 3H), 2.82-2.78 (m, 1H), 2.70-2.62 (m, 2H), 1.16 (d, J = 6.4 Hz, 3H); 

13
C NMR (125 MHz, CDCl3) δ 157.9, 136.6, 135.3, 133.7, 132.7, 132.6, 130.2, 128.4, 128.1, 127.8, 127.6, 126.2, 

125.5, 123.6, 113.6, 55.3, 42.8, 39.2, 19.8; EI-MS (m/z): 302.2; HRMS (ESI) calcd for C22H22NaO [M + Na
+
], 

325.1563; found: 325.1558. 

 

(E)-9-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)phenanthrene (4al). (31 mg, 88%). Isolated by preparative 

TLC (hexane: ethyl acetate = 40:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 8.73 (d, J = 8.2 Hz, 1H), 8.68 (d, J = 

7.8 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.90 (dd, J = 7.4, 1.6 Hz, 1H), 7.76 (s, 1H), 7.70-7.67 (m, 1H), 7.65-7.60 (m, 

3H), 7.19 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 15.6 Hz, 1H), 6.90 (d, J = 8.6 Hz, 2H), 6.23 (dd, J = 15.6, 7.0 Hz, 1H), 

3.84 (s, 3H), 2.82-2.74 (m, 3H), 1.26 (d, J = 6.2 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 157.9, 139.5, 134.8, 132.8, 

132.0, 130.8, 130.3, 130.2, 130.0, 128.5, 126.7, 126.5, 126.4, 126.3, 126.2, 125.0, 124.3, 122.9, 122.5, 113.6, 55.3, 

42.9, 39.7, 20.1; EI-MS (m/z): 352.2; HRMS (ESI) calcd for C26H24NaO [M + Na
+
], 375.1719; found: 375.1728. 

 

(E)-2-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)thiophene (4am). (16.8 mg, 65%). Isolated by preparative 

TLC (hexane: ethyl acetate = 50:1, Rf = 0.5);
 1
H NMR (500 MHz, CDCl3) δ 7.12-7.10 (m, 3H), 6.95 (dd, J = 5.2, 

3.4 Hz, 1H), 6.88 (d, J = 3.4 Hz, 1H), 6.85 (d, J = 8.6 Hz, 2H), 6.46 (d, J = 15.8 Hz, 1H), 6.08 (dd, J = 15.8, 6.8 Hz, 

1H), 3.82 (s, 3H), 2.76-2.71 (m, 1H), 2.59-2.52 (m, 2H), 1.08 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 

157.8, 143.2, 136.0, 132.5, 130.2, 127.2, 124.4, 123.2, 121.6, 113.6, 55.2, 42.6, 38.9, 19.5; EI-MS (m/z): 258.1; 

HRMS (ESI) calcd for C16H18NaOS [M + Na
+
], 281.0971; found: 281.0971. 
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(E)-2-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)furan (4an). (18.4 mg, 76%). Isolated by preparative TLC 

(hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.33 (d, J = 1.4 Hz, 1H), 7.11 (d, J = 8.6 Hz, 

2H), 6.85 (d, J = 8.6 Hz, 2H), 6.36 (dd, J = 3.2, 1.8 Hz, 1H), 6.21-6.14 (m, 3H), 3.82 (s, 3H), 2.76-2.71 (m, 1H), 

2.58-2.53 (m, 2H), 1.08 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 157.8, 153.3, 141.3, 135.0, 132.5, 

130.1, 117.0, 113.6, 111.1, 106.2, 55.2, 42.6, 38.7, 19.5; EI-MS (m/z): 242.2; HRMS (ESI) calcd for C16H18NaO2 

[M + Na
+
], 265.1199; found: 265.1197. 

 

(E)-2-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)dibenzo[b,d]furan (4ao). (31.1 mg, 91%). Isolated by 

preparative TLC (hexane: ethyl acetate = 50:1, Rf = 0.5);
 1
H NMR (500 MHz, CDCl3) δ 7.97 (dq, J = 7.6, 0.6 Hz, 

1H), 7.92 (d, J = 1.6 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1H), 7.51 (d, J = 8.6 Hz, 1H), 7.50-7.46 (m, 2H), 7.37 (td, J = 7.6, 

1.0 Hz, 1H), 7.15 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 6.49 (d, J = 15.8 Hz, 1H), 6.26 (dd, J = 15.8, 7.1 Hz, 

1H), 3.83 (s, 3H), 2.83-2.77 (m, 1H), 2.68-2.61 (m, 2H), 1.15 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 

157.8, 156.6, 155.5, 135.4, 133.0, 132.7, 130.2, 128.1, 127.1, 125.5, 124.5, 124.3, 122.7, 120.7, 117.9, 113.6, 111.7, 

111.5, 55.3, 42.8, 39.1, 19.8; EI-MS (m/z): 342.2; HRMS (ESI) calcd for C24H22NaO2 [M + Na
+
], 365.1512; found: 

365.1506. 

 

(E)-5-(4-(4-methoxyphenyl)-3-methylbut-1-en-1-yl)-1-methyl-1H-indole (4ap). (26.9 mg, 88%). Isolated by 

preparative TLC (hexane: ethyl acetate = 20:1, Rf = 0.5);
 1
H NMR (400 MHz, CDCl3) δ 7.58 (t, J = 0.6 Hz, 1H), 

7.31 (dt, J = 8.6, 1.6 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 3.0 Hz, 1H), 6.86 (d, J = 8.6 Hz, 2H), 6.47 (dd, 

J = 3.0, 0.6 Hz, 1H), 6.46 (d, J = 15.8 Hz, 1H), 6.16 (dd, J = 15.8, 6.9 Hz, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 2.82-2.76 

(m, 1H), 2.65-2.58 (m, 2H), 1.13 (d, J = 6.4 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 157.8, 136.2, 133.2, 133.0, 

130.2, 129.5, 129.2, 129.1, 128.7, 120.0, 118.7, 113.6, 109.2, 101.1, 55.2, 43.0, 39.0, 32.9, 19.9; EI-MS (m/z): 

305.2; HRMS (ESI) calcd for C21H23NaNO [M + Na
+
], 328.1672; found: 328.1667. 

 

(3-Methylbut-1-ene-1,1,4-triyl)tribenzene (4aq). (17 mg, 57%). Isolated by preparative TLC (hexane, Rf = 0.4); 

1
H NMR (500 MHz, CDCl3) δ 7.43-7.30 (m, 4H), 7.27-7.18 (m, 7H), 7.06-7.04 (m, 2H), 6.92-6.90 (m, 2H), 5.93 (d, 

J = 9.8 Hz, 1H), 2.71-2.55 (m, 3H), 1.07 (d, J = 6.4 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) δ 142.5, 140.6, 140.5, 

140.3, 135.0, 129.6, 129.3, 128.1, 128.0, 127.0, 126.8, 126.7, 125.8, 44.0, 36.1, 20.9; EI-MS (m/z): 298.2. HRMS 

(APCI) calcd for C23H23 [M + H
+
], 299.1794; found: 299.1788. 
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(E)-(3,3-Dimethylbut-1-ene-1,4-diyl)dibenzene (4ar). (14.4 mg, 61%). Isolated by preparative TLC (hexane, Rf = 

0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.38-7.36 (m, 2H), 7.34-7.31 (m, 3H), 7.28-7.26 (m, 1H), 7.24-7.21 (m, 2H), 

7.17-7.15 (m, 2H), 6.28 (d, J = 16.2 Hz, 1H), 6.24 (d, J = 16.2 Hz, 1H), 2.72 (s, 2H), 1.15 (s, 6H); 
13

C NMR (125 

MHz, CDCl3) δ 140.2, 138.7, 138.0, 130.6, 128.7, 128.5, 127.6, 126.8, 126.5, 126.1, 126.0, 49.6, 37.3, 27.0; EI-MS 

(m/z): 236.2; HRMS (APCI) calcd for C18H19 [M – H
-
], 235.1481; found: 235.1482. 

 

(Cyclohex-2-en-1-ylmethyl)benzene (4as). (7.2 mg, 21%, 0.2 mmol scale). Isolated by preparative TLC (hexane, 

Rf = 0.8); 
1
H NMR (500 MHz, CDCl3) δ 7.34 (t, J = 7.6 Hz, 2H), 7.24 (t, J = 7.6 Hz, 3H), 5.77-5.74 (m, 1H), 

5.65-5.62 (m, 1H), 2.70 (dd, J = 13.2, 7.2 Hz, 1H), 2.61 (dd, J = 13.2, 7.2 Hz, 1H), 2.46-2.41 (m, 1H), 2.05-2.04 (m, 

2H), 1.81-1.74 (m, 2H), 1.61-1.53 (m, 1H), 1.36-1.29 (m, 1H); 
13

C NMR (125 MHz, CDCl3) δ 140.9, 131.4, 129.2, 

128.2, 127.4, 125.8, 42.8, 37.2, 29.0, 25.4, 21.3; EI-MS (m/z): 172.2. 

 

2,5,7,8-Tetramethyl-6-((4-(3-methyl-4-phenylbut-1-en-1-yl)benzyl)oxy)-2-(4,8,12-trimethyltridecyl)chromane 

(4at). (48 mg, 73%, dr = 10:1). Isolated by preparative TLC (hexane: ethyl acetate = 100:1, Rf = 0.5); 
1
H NMR 

(500 MHz, CDCl3) δ 7.45 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.33-7.30 (m, 2H), 7.24-7.21 (m, 3H), 6.37 

(d, J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 6.8 Hz, 1H), 4.70 (s, 2H), 2.85-2.80 (m, 1H), 2.69-2.61 (m, 4H), 2.25 (s, 

3H), 2.20 (s, 3H), 2.14 (s, 3H), 1.87-1.79 (m, 3H), 1.62-1.52 (m, 4H), 1.49-1.32 (m, 9H), 1.20-1.09 (m, 10H), 

0.91-0.88 (m, 15H); 
13

C NMR (125 MHz, CDCl3) δ 148.2, 147.9, 140.5, 137.4, 136.7, 136.0, 129.3, 128.2, 128.0, 

127.9, 126.1, 126.0, 125.9, 122.9, 117.6, 74.8, 74.6, 43.7, 40.1, 39.4, 38.9, 37.5, 37.4, 37.3, 32.8, 32.7, 31.4, 28.0, 

24.8, 24.5, 23.9, 22.8, 22.7, 21.1, 20.7, 19.8, 19.7, 12.9, 12.1, 11.9; HRMS (ESI) calcd for C47H68NaO2 [M + H
+
], 

687.5112; found: 687.5090. 

 

(E)-(3-benzylbut-1-ene-1,4-diyl)dibenzene (6a). (29 mg, 97%). Isolated by preparative TLC (hexane: ethyl 

acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.25 (m, 8H), 7.22-7.17 (m, 7H), 6.16 (d, J = 19.8 Hz, 

1H), 6.09 (dd, J = 19.8, 8.4 Hz, 1H), 2.87-2.73 (m, 5H); 
13

C NMR (125 MHz, CDCl3) δ 140.3, 137.7, 133.6, 130.2, 

129.3, 128.4, 128.2, 126.9, 126.0, 125.9, 46.4, 41.3; EI-MS (m/z): 298.2; HRMS (APCI) calcd for C23H21 [M – H
-
], 
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297.1638; found: 297.1646. 

 

(E)-(3-(4-methylbenzyl)but-1-ene-1,4-diyl)dibenzene (6b). (29.6 mg, 95%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.26 (m, 6H), 7.22-7.18 (m, 4H), 7.11 (d, J = 

8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 6.18 (d, J = 16.0 Hz, 1H), 6.11 (dd, J = 16.0, 7.0 Hz, 1H), 2.86-2.78 (m, 3H), 

2.76-2.71 (m, 2H), 2.34 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ 140.4, 137.8, 137.1, 135.3, 133.8, 130.1, 129.4, 

129.2, 128.9, 128.4, 128.2, 126.9, 126.1, 125.9, 46.4, 41.3, 40.9, 21.0; EI-MS (m/z): 312.2; HRMS (APCI) calcd 

for C24H23 [M – H
-
], 311.1794; found: 311.1800. 

 

(E)-(3-(4-ethylbenzyl)but-1-ene-1,4-diyl)dibenzene (6c). (31.6 mg, 97%). Isolated by preparative TLC (hexane: 

ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (400 MHz, CDCl3) δ 7.32-7.29 (m, 6H), 7.23-7.19 (m, 4H), 7.16-7.11 (m, 

4H), 6.20 (d, J = 16.0 Hz, 1H), 6.16 (dd, J = 16.0, 6.5 Hz, 1H), 2.89-2.72 (m, 5H), 2.66 (q, J = 7.6 Hz, 2H), 1.27 (t, 

J = 7.6 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 141.8, 140.4, 137.8, 137.4, 133.8, 130.1, 129.3, 129.2, 128.4, 

128.2, 127.7, 126.9, 126.1, 125.9, 46.3, 41.3, 40.9, 28.5, 15.6; EI-MS (m/z): 326.2; HRMS (APCI) calcd for C25H25 

[M – H
-
], 325.1951; found: 325.1954. 

 

(E)-4-(2-benzyl-4-phenylbut-3-en-1-yl)-1,1'-biphenyl (6d). (34.4 mg, 92%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.64-7.62 (m, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.47 (t, J 

= 7.8 Hz, 2H), 7.38-7.27 (m, 9H), 7.24-7.21 (m, 4H), 6.22 (d, J = 15.8 Hz, 1H), 6.15 (dd, J = 15.8, 7.0 Hz, 1H), 

2.92-2.86 (m, 3H), 2.84-2.78 (m, 2H); 
13

C NMR (125 MHz, CDCl3) δ 141.1, 140.3, 139.4, 138.8, 137.7, 133.6, 

130.4, 129.8, 129.4, 128.7, 128.5, 128.2, 127.0, 126.9, 126.1, 126.0, 46.4, 41.4, 41.0; EI-MS (m/z): 374.2; HRMS 

(APCI) calcd for C29H25 [M – H
-
], 373.1951; found: 373.1950. 

 

(E)-(3-(4-chlorobenzyl)but-1-ene-1,4-diyl)dibenzene (6e). (31.5 mg, 95%). Isolated by preparative TLC (hexane: 

ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.28 (m, 4H), 7.27-7.24 (m, 4H), 7.23-7.18 (m, 
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4H), 7.11-7.09 (m, 2H), 6.15 (d, J = 16.0 Hz, 1H), 6.06 (dd, J = 16.0, 7.2 Hz, 1H), 2.84-2.76 (m, 4H), 2.71-2.67 (m, 

1H); 
13

C NMR (125 MHz, CDCl3) δ 140.0, 138.8, 137.5, 133.1, 131.7, 130.6, 130.5, 129.3, 128.5, 128.3, 128.2, 

127.1, 126.1, 46.5, 41.4, 40.6; EI-MS (m/z): 332.1; HRMS (APCI) calcd for C23H20Cl [M – H
-
], 331.1248; found: 

331.1242. 

 

(E)-(3-(4-fluorobenzyl)but-1-ene-1,4-diyl)dibenzene (6f). (16 mg, 98%). Isolated by preparative TLC (hexane: 

ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.25 (m, 6H), 7.23-7.19 (m, 4H), 7.14-7.11 (m, 

2H), 6.99-6.95 (m, 2H), 6.15 (d, J = 16.0 Hz, 1H), 6.07 (dd, J = 16.0, 7.0 Hz, 1H), 2.85-2.74 (m, 4H), 2.72-2.68 (m, 

1H); 
13

C NMR (125 MHz, CDCl3) δ 161.4 (d, JC-F = 243.5 Hz), 140.1, 137.6, 135.9 (d, JC-F = 3.2 Hz), 133.2, 130.6 

(d, JC-F = 7.6 Hz), 130.5, 129.3, 128.5, 128.2, 127.0, 126.1, 126.0, 114.9 (d, JC-F = 21.0 Hz), 46.6, 41.4, 40.4; 
19

F 

NMR (470 MHz, CDCl3) δ -117.6; EI-MS (m/z): 316.2; HRMS (APCI) calcd for C23H20F [M – H
-
], 315.1544; 

found: 315.1547. 

 

(E)-(3-(4-methoxybenzyl)but-1-ene-1,4-diyl)dibenzene (6g). (31.5 mg, 96%). Isolated by preparative TLC 

(hexane: ethyl acetate = 50:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.28 (m, 6H), 7.23-7.19 (m, 4H), 7.12 

(d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.18 (d, J = 16.0 Hz, 1H), 6.11 (dd, J = 16.0, 6.8 Hz, 1H), 3.82 (s, 3H), 

2.87-2.69 (m, 5H); 
13

C NMR (125 MHz, CDCl3) δ 157.8, 140.4, 137.8, 133.7, 132.3, 130.3, 130.2, 129.4, 128.4, 

128.2, 126.9, 126.1, 125.9, 113.6, 55.2, 46.6, 41.3, 40.5; EI-MS (m/z): 328.2; HRMS (ESI) calcd for C24H25O [M + 

H
+
], 329.1990; found: 329.1992. 

 

(E)-(3-(3-methylbenzyl)but-1-ene-1,4-diyl)dibenzene (6h). (30 mg, 96%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.30-7.26 (m, 6H), 7.22-7.17 (m, 5H), 7.03-6.99 (m, 

3H), 6.18 (d, J = 16.0 Hz, 1H), 6.10 (dd, J = 16.0, 7.2 Hz, 1H), 2.86-2.78 (m, 3H), 2.75-2.71 (m, 2H), 2.34 (s, 3H); 

13
C NMR (125 MHz, CDCl3) δ 140.4, 140.2, 137.8, 137.7, 133.8, 130.2, 130.1, 129.3, 128.4, 128.2, 128.1, 126.9, 

126.7, 126.4, 126.1, 125.9, 46.3, 41.3, 21.5; EI-MS (m/z): 312.2; HRMS (APCI) calcd for C24H23 [M – H
-
], 

311.1794; found: 311.1798. 
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(E)-(3-(3-methoxybenzyl)but-1-ene-1,4-diyl)dibenzene (6i). (31.5 mg, 95%). Isolated by preparative TLC 

(hexane: ethyl acetate = 40:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.28 (m, 6H), 7.24-7.20 (m, 5H), 

6.82-6.80 (m, 1H), 6.79-6.77 (m, 2H), 6.21 (d, J = 15.8 Hz, 1H), 6.13 (dd, J = 16.0, 7.2 Hz, 1H), 3.80 (s, 3H), 

2.88-2.81 (m, 3H), 2.79-2.73 (m, 2H); 
13

C NMR (125 MHz, CDCl3) δ 159.5, 141.9, 140.3, 137.7, 133.6, 130.2, 

129.4, 129.1, 128.5, 128.2, 126.9, 126.1, 126.0, 121.8, 115.1, 111.3, 55.1, 46.3, 41.4, 41.3; EI-MS (m/z): 328.2; 

HRMS (ESI) calcd for C24H25O [M + H
+
], 329.1990; found: 329.1990. 

 

(E)-(3-(3-chlorobenzyl)but-1-ene-1,4-diyl)dibenzene (6j). (31.2 mg, 94%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.25 (m, 6H), 7.23-7.17 (m, 7H), 7.05 (dt, J = 

7.0, 1.4 Hz, 1H), 6.17 (d, J = 16.0 Hz, 1H), 6.06 (d, J = 16.0, 7.4 Hz, 1H), 2.83-2.77 (m, 4H), 2.73-2.68 (m, 1H); 

13
C NMR (125 MHz, CDCl3) δ 142.4, 139.9, 137.5, 134.0, 133.0, 130.6, 129.4, 129.3, 128.5, 128.3, 127.5, 127.0, 

126.2, 126.1, 46.3, 41.4, 40.9; EI-MS (m/z): 332.1; HRMS (APCI) calcd for C23H20Cl [M – H
-
], 331.1248; found: 

331.1255. 

 

(E)-(3-(3-fluorobenzyl)but-1-ene-1,4-diyl)dibenzene (6k). (30.6 mg, 97%). Isolated by preparative TLC (hexane: 

ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.28 (m, 4H), 7.27-7.19 (m, 7H), 6.96-6.95 (m, 

1H), 6.92-6.88 (m, 2H), 6.17 (d, J = 16.0 Hz, 1H), 6.07 (dd, J = 16.0, 7.4 Hz, 1H), 2.87-2.70 (m, 5H); 
13

C NMR 

(125 MHz, CDCl3) δ 162.8 (d, JC-F = 244.9 Hz), 142.9 (d, JC-F = 7.2 Hz), 140.0, 137.6, 133.1, 130.6, 129.5 (d, JC-F 

= 8.4 Hz), 129.3, 128.5, 128.3, 127.0, 126.1, 126.0, 125.0 (d, JC-F = 2.6 Hz), 116.0 (d, JC-F = 21.0 Hz), 112.8 (d, JC-F 

= 21.0 Hz), 46.3, 41.4, 41.0; 
19

F NMR (470 MHz, CDCl3) δ -113.9; EI-MS (m/z): 316.2; HRMS (APCI) calcd for 

C23H20F [M – H
-
], 315.1544; found: 315.1547. 
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(E)-(3-(2-methylbenzyl)but-1-ene-1,4-diyl)dibenzene (6l). (29.3mg, 94%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.26 (m, 6H), 7.23-7.20 (m, 4H), 7.16-7.11 (m, 

4H), 6.17-6.10 (m, 2H), 2.89-2.81 (m, 3H), 2.80-2.70 (m, 2H), 2.56 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ 140.4, 

138.6, 137.7, 136.2, 133.6, 130.2, 130.1, 129.4, 128.4, 128.2, 126.9, 126.1, 126.0, 125.6, 45.7, 41.6, 38.5, 19.5; 

EI-MS (m/z): 312.2; HRMS (APCI) calcd for C24H23 [M – H
-
], 311.1794; found: 311.1798. 

 

(E)-(3-(2-methoxybenzyl)but-1-ene-1,4-diyl)dibenzene (6m). (31.8 mg, 97%). Isolated by preparative TLC 

(hexane: ethyl acetate = 40:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.26 (m, 6H), 7.23-7.19 (m, 5H), 7.15 

(dd, J = 7.4, 1.6 Hz, 1H), 6.90 (td, J = 7.4, 1.0 Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 6.18-6.10 (m, 2H), 3.82 (s, 3H), 

2.92-2.86 (m, 3H), 2.81-2.76 (m, 2H); 
13

C NMR (125 MHz, CDCl3) δ 157.7, 140.7, 138.0, 134.2, 130.9, 129.7, 

129.4, 128.9, 128.4, 128.1, 127.2, 126.7, 126.0, 125.8, 120.2, 110.3, 55.3, 45.2, 41.6, 35.7; EI-MS (m/z): 328.2; 

HRMS (ESI) calcd for C24H25O [M + H
+
], 329.1990; found: 329.1991. 

 

(E)-(3-(2-fluorobenzyl)but-1-ene-1,4-diyl)dibenzene (6n). (32.8 mg, 91%). Isolated by preparative TLC (hexane: 

ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.28 (m, 3H), 7.27-7.24 (m, 3H), 7.22-7.19 (m, 

4H), 7.18-7.16 (m, 2H), 7.07-7.00 (m, 2H), 6.14-6.06 (m, 2H), 2.91-2.75 (m, 5H); 
13

C NMR (125 MHz, CDCl3) δ 

161.3 (d, JC-F = 244.9 Hz), 140.1, 137.7, 133.2, 131.5 (d, JC-F = 5.2 Hz), 130.5, 129.3, 128.4, 128.2, 127.7 (d, JC-F = 

8.2 Hz), 127.3 (d, JC-F = 15.6 Hz), 126.1, 126.0, 123.8 (d, JC-F = 3.5 Hz), 115.2 (d, JC-F = 22.5 Hz), 45.7, 41.7, 34.5; 

19
F NMR (470 MHz, CDCl3) δ -117.8; EI-MS (m/z): 316.2; HRMS (APCI) calcd for C23H20F [M – H

-
], 315.1544; 

found: 315.1559. 

 

(E)-(3-(2,4-dimethylbenzyl)but-1-ene-1,4-diyl)dibenzene (6o). (31 mg, 95%). Isolated by preparative TLC 

(hexane: ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.27 (m, 6H), 7.24-7.20 (m, 4H), 7.04 

(d, J = 7.6 Hz, 1H), 6.99 (s, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.18-6.12 (m, 2H), 2.89-2.81 (m, 3H), 2.79-2.68 (m, 2H), 

2.32 (s, 3H), 2.23 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ 140.5, 137.8, 136.0, 135.5, 135.4, 133.9, 131.0, 130.1, 

130.0, 129.4, 128.4, 128.2, 126.9, 126.3, 126.1, 125.9, 45.8, 41.6, 38.1, 21.0, 19.5; EI-MS (m/z): 326.2; HRMS 
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(APCI) calcd for C25H27 [M + H
+
], 327.2107; found: 327.2101. 

 

(E)-(3-(2,4,6-trimethylbenzyl)but-1-ene-1,4-diyl)dibenzene (6p). (29.6 mg, 87%). Isolated by preparative TLC 

(hexane: ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.28 (m, 4H), 7.26-7.24 (m, 2H), 

7.22-7.19 (m, 4H), 6.82 (s, 2H), 6.16 (dd, J = 16.0, 7.8 Hz, 1H), 6.05 (d, J = 16.0 Hz, 1H), 2.91-2.81 (m, 3H), 

2.76-2.67 (m, 2H), 2.26 (s, 3H), 2.23 (s, 6H); 
13

C NMR (125 MHz, CDCl3) δ 140.6, 137.8, 136.5, 135.0, 134.1, 

133.7, 129.5, 129.3, 129.0, 128.4, 128.2, 126.8, 126.0, 125.9, 45.7, 41.7, 34.6, 20.8, 20.3; EI-MS (m/z): 340.2; 

HRMS (APCI) calcd for C26H29 [M + H
+
], 341.2264; found: 341.2266. 

 

(E)-5-(2-benzyl-4-phenylbut-3-en-1-yl)-2,3-dihydro-1H-indene (6q). (31 mg, 92%). Isolated by preparative TLC 

(hexane: ethyl acetate = 80:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.28 (m, 6H), 7.23-7.18 (m, 4H), 7.15 

(d, J = 7.5 Hz, 1H), 7.07 (s, 1H), 6.97 (d, J = 7.5 Hz, 1H), 6.20 (d, J = 16.0 Hz, 1H), 6.12 (dd, J = 16.0, 7.0 Hz, 1H), 

2.90 (t, J = 7.4 Hz, 4H), 2.86-2.72 (m, 5H), 2.12-2.06 (m, 2H); 
13

C NMR (125 MHz, CDCl3) δ 144.2, 141.7, 140.5, 

138.0, 137.9, 134.0, 130.0, 129.4, 128.4, 128.1, 127.1, 126.8, 126.1, 125.8, 125.3, 124.0, 46.4, 41.2, 32.8, 32.5, 

25.5; EI-MS (m/z): 338.2; HRMS (APCI) calcd for C26H25 [M – H
-
], 337.1951; found: 337.1957. 

 

(E)-(3-(3,4,5-trimethoxybenzyl)but-1-ene-1,4-diyl)dibenzene (6r). (38 mg, 98%). Isolated by preparative TLC 

(hexane: ethyl acetate = 10:1, Rf = 0.4); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.28 (m, 6H), 7.23-7.19 (m, 4H), 6.39 

(s, 2H), 6.19 (d, J = 15.8 Hz, 1H), 6.11 (dd, J = 15.8, 6.8 Hz, 1H), 3.85 (s, 3H), 3.81 (s, 6H), 2.87-2.69 (m, 5H); 
13

C 

NMR (125 MHz, CDCl3) δ 152.9, 140.2, 137.6, 136.2, 135.9, 133.6, 130.3, 129.3, 128.5, 128.2, 127.0, 126.0, 106.3, 

60.9, 56.1, 46.3, 41.7, 41.3; EI-MS (m/z): 388.2; HRMS (ESI) calcd for C26H29O3 [M + H
+
], 389.2111; found: 

389.2111. 

 

(E)-5-(2-benzyl-4-phenylbut-3-en-1-yl)benzo[d][1,3]dioxole (6s). (26 mg, 76%). Isolated by preparative TLC 

(hexane: ethyl acetate = 30:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.31-7.26 (m, 6H), 7.22-7.18 (m, 4H), 6.74 
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(d, J = 7.8 Hz, 1H), 6.68 (d, J = 1.6 Hz, 1H), 6.63 (dd, J = 7.8, 1.6 Hz, 1H), 6.18 (d, J = 16.0 Hz, 1H), 6.08 (dd, J = 

16.0, 7.2 Hz, 1H), 5.94 (s, 2H), 2.84-2.80 (m, 1H), 2.79-2.70 (m, 3H), 2.69-2.64 (m, 1H); 
13

C NMR (125 MHz, 

CDCl3) δ 147.5, 145.7, 140.3, 137.7, 134.1, 133.5, 130.3, 129.3, 128.4, 128.2, 126.9, 126.1, 125.9, 122.2, 109.6, 

108.0, 100.7, 46.6, 41.3, 41.0; EI-MS (m/z): 342.2; HRMS (ESI) calcd for C24H23O2 [M + H
+
], 343.1693; found: 

343.1696. 

 

(E)-2-(2-benzyl-4-phenylbut-3-en-1-yl)naphthalene (6t). (16 mg, 95%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.89 (dd, J = 7.6, 2.0 Hz, 1H), 7.84 (dd, J = 7.6, 1.2 

Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.52-7.47 (m, 2H), 7.42-7.39 (m, 1H), 7.36-7.32 (m, 3H), 7.30-7.21 (m, 8H), 

6.20 (dd, J = 16.0, 7.8 Hz, 1H), 6.12 (d, J = 16.0 Hz, 1H), 3.38 (dd, J = 13.8, 5.4 Hz, 1H), 3.12 (dd, J = 13.8, 8.0 

Hz, 1H), 3.03-2.96 (m, 1H), 2.93-2.90 (m, 2H); 
13

C NMR (125 MHz, CDCl3) δ 140.3, 137.7, 136.4, 134.0, 133.8, 

132.1, 130.2, 129.5, 128.8, 128.4, 128.3, 127.6, 126.9, 126.8, 126.1, 125.7, 125.4, 125.3, 123.9, 45.8, 41.9, 38.3; 

EI-MS (m/z): 348.2; HRMS (ESI) calcd for C27H25 [M + H
+
], 349.1951; found: 349.1943. 

 

(E)-2-(2-benzyl-4-phenylbut-3-en-1-yl)naphthalene (6u). (34mg, 98%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.85 (dd, J = 7.6, 1.3 Hz, 1H), 7.82-7.79 (m, 2H), 

7.66 (s, 1H), 7.51-7.45 (m, 2H), 7.36 (dd, J = 8.4, 1.6 Hz, 1H), 7.33-7.26 (m, 6H), 7.25-7.20 (m, 4H), 6.22 (d, J = 

15.8 Hz, 1H), 6.17 (dd, J = 15.8, 6.6 Hz, 1H), 3.05-2.89 (m, 4H), 2.85-2.80 (m, 1H); 
13

C NMR (125 MHz, CDCl3) 

δ 140.3, 137.9, 137.7, 133.6, 132.1, 130.3, 129.4, 128.4, 128.2, 128.0, 127.7, 127.6, 127.5, 127.0, 126.1, 126.0, 

125.9, 125.2, 46.4, 41.5, 41.4; EI-MS (m/z): 348.2; HRMS (ESI) calcd for C27H25 [M + H
+
], 349.1951; found: 

349.1942. 

 

(E)-9-(2-benzyl-4-phenylbut-3-en-1-yl)phenanthrene (6v). (39 mg, 98%). Isolated by preparative TLC (hexane: 

ethyl acetate = 50:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 8.78 (d, J = 8.2 Hz, 1H), 8.70 (d, J = 8.2 Hz, 1H), 
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7.90 (d, J = 8.0 Hz, 1H), 7.85 (dd, J = 7.6, 0.8 Hz, 1H), 7.69 (td, J = 7.6, 1.0 Hz, 1H), 7.66-7.58 (m, 4H), 7.36-7.33 

(m, 2H), 7.31-7.20 (m, 8H), 6.26 (dd, J = 15.8, 7.6 Hz, 1H), 6.19 (d, J = 15.8 Hz, 1H), 3.38 (dd, J = 13.8, 5.6 Hz, 

1H), 3.20 (dd, J = 13.8, 7.8 Hz, 1H), 3.10-3.03 (m, 1H), 3.00-2.92 (m, 2H); 
13

C NMR (125 MHz, CDCl3) δ 140.3, 

137.7, 134.4, 133.9, 131.7, 131.4, 130.8, 130.3, 129.8, 129.5, 128.4, 128.3, 128.2, 127.9, 127.0, 126.1, 126.2, 126.1, 

126.0, 124.6, 123.3, 122.5, 45.1, 41.9, 38.8; EI-MS (m/z): 398.2; HRMS (ESI) calcd for C31H27 [M + H
+
], 

399.2107; found: 399.2121. 

 

(E)-2-(2-benzyl-4-phenylbut-3-en-1-yl)furan (6w). (28.2 mg, 98%). Isolated by preparative TLC (hexane: ethyl 

acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36 (dd, J = 1.6, 0.6 Hz, 1H), 7.33-7.29 (m, 6H), 

7.24-7.21 (m, 4H), 6.31 (dd, J = 3.2, 1.8 Hz, 1H), 6.28 (d, J = 15.8 Hz, 1H), 6.12 (dd, J = 15.8, 8.2 Hz, 1H), 6.07 

(dd, J = 3.2, 0.4 Hz, 1H), 2.98-2.91 (m, 1H), 2.88-2.83 (m, 2H), 2.81-2.76 (m, 2H); 
13

C NMR (125 MHz, CDCl3) δ 

154.2, 141.0, 140.0, 137.6, 133.2, 130.3, 129.4, 128.5, 128.2, 127.0, 126.1, 126.0, 110.2, 106.5, 43.8, 41.2, 33.2; 

EI-MS (m/z): 288.2; HRMS (ESI) calcd for C21H21O [M + H
+
], 289.1587; found: 289.1586. 

 

(E)-3-(2-benzyl-4-phenylbut-3-en-1-yl)furan (6x). (17.8 mg, 62%). Isolated by preparative TLC (hexane: ethyl 

acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.37 (t, J = 1.6 Hz, 1H), 7.31-7.30 (m, 5H), 7.29-7.28 (m, 

1H), 7.27-7.26 (m, 1H), 7.24-7.19 (m, 4H), 6.30 (d, J = 0.8 Hz, 1H), 6.26 (d, J = 16.0 Hz, 1H), 6.12 (dd, J = 16.0, 

7.8 Hz, 1H), 2.87-2.82 (m, 1H), 2.78-2.72 (m, 2H), 2.66 (dd, J = 14.5, 5.0 Hz, 1H), 2.57 (dd, J = 14.5, 7.2 Hz, 1H); 

13
C NMR (125 MHz, CDCl3) δ 142.6, 140.2, 139.8, 137.6, 133.7, 130.3, 129.4, 128.5, 128.2, 127.0, 126.1, 126.0, 

122.8, 111.6, 45.1, 41.3, 30.0; EI-MS (m/z): 288.2; HRMS (ESI) calcd for C21H21O [M + H
+
], 289.1587; found: 

289.1580. 

 

(E)-3-(2-benzyl-4-phenylbut-3-en-1-yl)thiophene (6y). (15.5 mg, 51%). Isolated by preparative TLC (hexane: 

ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.32-7.28 (m, 6H), 7.26 (dd, J = 4.8, 3.0 Hz, 1H), 

7.23-7.18 (m, 4H), 6.98 (dd, J = 3.0, 0.8 Hz, 1H), 6.96 (dd, J = 4.8, 1.2 Hz, 1H), 6.23 (d, J = 16.0 Hz, 1H), 6.12 (dd, 

J = 16.0, 6.8 Hz, 1H), 2.89-2.73 (m, 5H); 
13

C NMR (125 MHz, CDCl3) δ 140.5, 140.2, 137.7, 133.7, 130.3, 129.3, 

128.8, 128.5, 128.2, 127.0, 126.1, 126.0, 125.1, 121.4, 45.6, 41.3, 35.5; EI-MS (m/z): 304.1; HRMS (ESI) calcd for 

C21H21S [M + H
+
], 305.1370; found: 305.1363. 
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(E)-1-(2-ethyl-4-phenylbut-3-en-1-yl)-4-methoxybenzene (6z). (20.7 mg, 78%). Isolated by preparative TLC 

(hexane: ethyl acetate = 60:1, Rf = 0.5); 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.30 (m, 4H), 7.24-7.21 (m, 1H), 7.11 

(d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 6.30 (d, J = 15.8 Hz, 1H), 6.05 (dd, J = 16.0, 8.8 Hz, 1H), 3.81 (s, 3H), 

2.70 (dd, J = 6.8, 1.6 Hz, 2H), 2.37-2.31 (m, 1H), 1.63-1.54 (m, 1H), 1.41-1.34 (m, 1H), 0.94 (t, J = 7.4 Hz, 3H); 

13
C NMR (125 MHz, CDCl3) δ 157.7, 137.9, 134.6, 132.7, 130.2, 130.0, 128.5, 126.8, 126.0, 113.5, 55.2, 46.9, 

41.0, 27.2, 11.9; EI-MS (m/z): 266.2; HRMS (ESI) calcd for C19H23O [M + H
+
], 267.1743; found: 267.1745. 

 

(E)-(3-Butylbut-1-ene-1,4-diyl)dibenzene (6aa). (23.5 mg, 89%). Isolated by preparative TLC (hexane, Rf = 0.5); 

1
H NMR (500 MHz, CDCl3) δ 7.37-7.29 (m, 6H), 7.24-7.16 (m, 4H), 6.28 (d, J = 15.8 Hz, 1H), 6.07 (dd, J = 15.8, 

8.8 Hz, 1H), 2.80-2.72 (m, 2H), 2.52-2.45 (m, 1H), 1.57-1.49 (m, 1H), 1.44-1.24 (m, 5H), 0.91 (t, J = 7.0 Hz, 3H); 

13
C NMR (125 MHz, CDCl3) δ 140.6, 137.9, 134.8, 129.8, 129.4, 128.5, 128.1, 126.8, 126.0, 125.8, 45.0, 42.3, 

34.3, 29.6, 22.8, 14.1; EI-MS (m/z): 264.2. HRMS (APCI) calcd for C20H23 [M – H
-
], 263.1794; found: 263.1789. 

 

(E)-(3-Isobutylbut-1-ene-1,4-diyl)dibenzene (6ab). (24.3 mg, 92%). Isolated by preparative TLC (hexane, Rf = 

0.5); 
1
H NMR (400 MHz, CDCl3) δ 7.34-7.29 (m, 6H), 7.25-7.20 (m, 4H), 6.28 (d, J = 15.8 Hz, 1H), 6.04 (dd, J = 

15.8, 8.8 Hz, 1H), 2.80-2.69 (m, 2H), 2.65-2.55 (m, 1H), 1.76-1.66 (m, 1H), 1.43-1.28 (m, 2H), 0.94 (d, J = 6.6 Hz, 

3H), 0.90 (d, J = 6.6 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 140.5, 137.9, 134.8, 129.8, 129.4, 128.5, 128.1, 126.8, 

126.0, 125.8, 44.1, 42.9, 42.7, 25.5, 23.7, 21.7; EI-MS (m/z): 264.2. HRMS (APCI) calcd for C20H23 [M – H
-
], 

263.1794; found: 263.1788. 

 

((E)-3-Isobutylpent-1-ene-1,4-diyl)dibenzene (6ac). (12 mg, 43%, dr = 1.6:1). Isolated by preparative TLC 

(hexane, Rf = 0.6); 
1
H NMR (500 MHz, CDCl3) Major: δ 7.34-7.29 (m, 6H), 7.23-7.17 (m, 4H), 6.32 (d, J = 15.8 

Hz, 1H), 5.82 (dd, J = 15.8, 9.6 Hz, 1H), 2.89-2.83 (m, 1H), 2.49-2.39 (m, 1H), 1.60-1.53 (m, 1H), 1.35 (d, J = 7.2 

Hz, 3H), 1.32-1.22 (m, 1H), 1.09-1.03 (m, 1H), 0.88 (d, J = 6.6 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H); Minor: δ 

7.41-7.31 (m, 6H), 7.26-7.21 (m, 4H), 6.37 (d, J = 15.8 Hz, 1H), 5.98 (dd, J = 15.8, 9.6 Hz, 1H), 2.69-2.63 (m, 1H), 

2.49-2.39 (m, 1H), 1.60-1.53 (m, 1H), 1.26 (d, J = 7.2 Hz, 3H), 1.32-1.22 (m, 1H), 1.09-1.03 (m, 1H), 0.82 (d, J = 
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6.6 Hz, 3H), 0.79 (d, J = 6.6 Hz, 3H); 
13

C NMR (125 MHz, CDCl3) Major and Minor: δ 146.5, 144.5, 137.9, 

137.8, 133.8, 132.8, 130.9, 130.7, 128.5, 128.4, 128.2, 127.8, 127.7, 126.9, 126.8, 126.0, 125.9, 48.1, 47.5, 45.1, 

44.6, 42.4, 42.1, 25.5, 25.4, 24.0, 23.9, 21.4, 21.1, 20.2, 19.0; EI-MS (m/z): 278.2. HRMS (APCI) calcd for C21H25 

[M – H
-
], 277.1951; found: 277.1946. 

 

1-((E)-1-Phenylpent-1-en-3-yl)-2,3-dihydro-1H-indene (6ad). (24.9 mg, 96%, dr = 1:1). Isolated by preparative 

TLC (hexane, Rf = 0.6); 
1
H NMR (500 MHz, CDCl3) Major and Minor: δ 7.40-7.32 (m, 5H), 7.27-7.18 (m, 4H), 

6.47 (d, J = 15.8 Hz, 0.5H), 6.33 (d, J = 15.8 Hz, 0.5H), 6.07 (dd, J = 15.8, 8.6 Hz, 0.5H), 6.04 (dd, J = 15.8, 8.6 

Hz, 0.5H), 3.41-3.33 (m, 1H), 2.99-2.92 (m, 1H), 2.89-2.83 (m, 1H), 2.55-2.43 (m, 1H), 2.34-2.27 (m, 0.5H), 

2.23-2.15 (m, 0.5H), 2.09-1.98 (m, 1H), 1.78-1.71 (m, 0.5H), 1.68-1.57 (m, 1H), 1.52-1.45 (m, 0.5H), 1.03 (t, J = 

7.4 Hz, 1.5H), 0.97 (t, J = 7.4 Hz, 1.5H); 
13

C NMR (125 MHz, CDCl3) Major and Minor: δ 146.0, 145.4, 144.9, 

144.5, 138.0, 137.9, 133.3, 132.2, 131.1, 130.8, 128.5, 128.4, 126.9, 126.8, 126.4, 126.3, 126.1, 126.0, 125.8, 124.9, 

124.7, 124.5, 124.4, 50.0, 49.7, 49.3, 48.2, 31.7, 31.6, 29.3, 28.1, 25.8, 24.5, 12.4; EI-MS (m/z): 262.2. HRMS 

(APCI) calcd for C20H23 [M + H
+
], 263.1794; found: 263.1788. 

4. Gram-scale synthesis of product 6g 

 

In situ preparation of hydrazone solution 2g: a mixture of aldehyde 1g (8.0 mmol, 1.6 equiv) and hydrazine 

monohydrate (0.5 mL, 9.6 mmol, 64–65 wt%, 2.0 equiv) in THF (10.0 mL) solution was stirred for 1 h at room 

temperature. Before use, 1 g of anhydrous Na2SO4 and 500 mg of 4Ǻ MS was added.  

In a glovebox, a flame-dried Schlenk tube (50 cm
3
) equipped with a magnetic stir bar was charged with Ni(cod)2 

(70.0 mg, 5 mol%), SIMes•HCl (85.0 mg, 5 mol%), 
t
BuOLi (40 mg, 10 mol%) and THF (5.0 mL) before being 

sealed with a Teflon septum. The reaction mixture was stirred at room temperature for 30 min. Then diene 5a (5.0 

mmol, 1.0 equiv), hydrazone solution 2g (9.6 mmol in 10.0 mL THF) and 
t
BuOLi (15.0 mmol, 1.2 g) was added 

sequentially. After that, the reaction mixture was sealed with Teflon septum, moved out of glovebox, and stirred at 

80 °C for 24 hour. After the mixture was cooled to room temperature, the Teflon septum was removed carefully. 

[Caution: N2 was generated in the reaction and should be released slowly]. Water (20.0 mL) and ether (50.0 mL) 

were added to the resulting mixture. The aqueous solution was separated and extracted with ether (2 x 25.0 mL). 

The organic layer was then washed with brine and dried over anhydrous Na2SO4. Evaporation and column 

chromatography on silica gel (ethyl acetate/hexane = 1:50 to 1:20) to give the pure product 6g (1.51 g, 92%).  
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5. Deuterium-labeling study 

 

The deuterated aldehyde d-1s was synthesized according to the literature (P. Beak, A. Tse, J. Haawkins, C.-W. Chen, 

S. Mills, Tetrahedron 1983, 39, 1983-1989). 
1
H NMR spectrum showed more than 99% D incorporation. 

1
H NMR 

(500 MHz, CDCl3) δ 9.29 (d, J = 8.6 Hz, 1H), 8.14 (d, J = 8.2 Hz, 1H), 8.03 (dd, J = 7.0, 1.2 Hz, 1H), 7.96 (d, J = 

8.2 Hz, 1H), 7.75-7.71 (m, 1H), 7.68-7.61 (m, 2H); EI-MS (m/z): 157.1. 

 

In situ preparation of hydrazone solution d-2s: a mixture of aldehyde d-1s (0.2 mmol, 2.0 equiv) and hydrazine 

monohydrate (12 µL, 0.24 mmol, 64–65 wt%, 2.4 equiv) in THF (0.6 mL) solution was stirred for 3 h at 60 
o
C. 

Before use, 50 mg of anhydrous Na2SO4 and 50 mg of 4Ǻ MS was added. 
1
H NMR (400 MHz, d6-DMSO) δ 

8.68-8.65 (m, 1H), 7.93 (dd, J = 7.6, 2.0 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.72 (dd, J = 7.4, 1.2 Hz, 1H), 7.57-7.47 

(m, 3H), 6.94 (br, 2H). 
2
H NMR (61 MHz, d6-DMSO) δ 8.42. 

The other operations were following the general procedure. d-4sa, 87% yield, > 20:1 rr. 
1
H NMR (500 MHz, 

CDCl3) δ 8.11 (d, J = 8.4 Hz, 1H), 7.91 (dd, J = 8.2, 1.2 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.57 (td, J = 7.6, 1.4 Hz, 
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1H), 7.52 (td, J = 7.6, 1.4 Hz, 1H), 7.45-7.42 (m, 1H), 7.37-7.31 (m, 5H), 7.25-7.22 (m, 1H), 6.38 (d, J = 16.0 Hz, 

1H), 6.31 (dd, J = 16.0, 7.0 Hz, 1H), 3.29 (d, J = 6.4 Hz, 0.54H), 3.07 (d, J = 7.8 Hz, 0.45H), 2.90-2.82 (m, 1H), 

1.19 (d, J = 6.8 Hz, 3H); EI-MS (m/z): 273.2. 
2
H NMR (77 MHz, CDCl3) δ 3.27, 3.05. Deuterium incorporation 

was determined by 
1
H NMR. (Note: the two benzylic hydrogen atoms were chemically equivalent. Percent 

deuterium (% D) incorporation is depicted as the amount of deuterium in place of the combined hydrogen atoms at 

that site).  
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The operations were following the general procedure. Hydrazone d-2sʹ(80% D).
 1
H NMR (400 MHz, d6-DMSO) 

δ 8.68-8.65 (m, 1H), 8.42 (s, 1H), 7.93 (dd, J = 7.6, 2.0 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.72 (dd, J = 7.4, 1.2 Hz, 

1H), 7.57-7.47 (m, 3H), 6.92 (br, 0.4H). 
2
H NMR (61 MHz, d6-DMSO) δ 6.92. Product d-4saʹ, 89% yield, > 20:1 rr. 

1
H NMR (500 MHz, CDCl3) δ 8.11 (d, J = 8.4 Hz, 1H), 7.91 (dd, J = 8.2, 1.2 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 

7.57 (td, J = 7.6, 1.4 Hz, 1H), 7.52 (td, J = 7.6, 1.4 Hz, 1H), 7.45-7.42 (m, 1H), 7.37-7.31 (m, 5H), 7.25-7.22 (m, 

1H), 6.38 (d, J = 16.0 Hz, 0.85H), 6.31 (dd, J = 16.0, 7.0 Hz, 1H), 3.32 (d, J = 6.4 Hz, 0.09H), 3.30-3.28 (m, 

0.45H), 3.10 (d, J = 7.8 Hz, 0.11H), 3.09-3.06 (m, 0.55H), 2.90-2.82 (m, 1H), 1.20-1.17 (m, 2.36H); 
2
H NMR (77 

MHz, CDCl3) δ 6.39, 3.27, 3.05, 1.16; EI-MS (m/z): 274.2, 275.2. Deuterium incorporation was determined by 
1
H 

NMR. (Note: the two benzylic hydrogen atoms were chemically equivalent. Percent deuterium (% D) incorporation 

is depicted as the amount of deuterium in place of the combined hydrogen atoms at that site).  
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The reaction was performed on 0.1 mmol (based on phenyl butadiene 3a), hydrazone was used with two 

equivalents (0.2 mmol). Suppose that the amount of 2s is A mmol and d-2s’ is B mmol, to ensure the equal quantity 

of NH2 and ND2 in the competitive experiment, the following equations should be valid. 

 

According to the calculation, hydrazones 2s (0.075 mmol) and d-2s’ (0.125 mmol) were used and the other 

operations were following the general procedure. To evaluate the initial rate of this transformation, the tube was 

cooled with ice-water immediately when the reaction mixture was stirred at 80 
o
C for 6 min. The resulting solution 

was directly filtered through a pad of celite by EtOAc (3.0 mL). The solvent was evaporated in vacuo to give the 

crude product. The yield and deuterium incorporation were determined by 
1
H NMR. Product d-4saʹ, 19% yield, > 

20:1 rr. 
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6. Copies of 
1
H NMR and 

13
C NMR spectra for all products 



34 
 



35 
 



36 
 



37 
 



38 
 



39 
 



40 
 



41 
 



42 
 



43 
 



44 
 



45 
 



46 
 



47 
 



48 
 



49 
 



50 
 



51 
 



52 
 



53 
 



54 
 



55 
 



56 
 



57 
 



58 
 



59 
 



60 
 



61 
 



62 
 



63 
 



64 
 



65 
 



66 
 



67 
 



68 
 



69 
 



70 
 



71 
 



72 
 



73 
 



74 
 



75 
 



76 
 



77 
 



78 
 



79 
 



80 
 



81 
 



82 
 



83 
 



84 
 



85 
 



86 
 



87 
 



88 
 



89 
 



90 
 



91 
 



92 
 



93 
 



94 
 



95 
 



96 
 



97 
 



98 
 



99 
 



100 
 



101 
 



102 
 



103 
 



104 
 



105 
 



106 
 



107 
 



108 
 



109 
 



110 
 



111 
 



112 
 



113 
 



114 
 



115 
 



116 
 



117 
 



118 
 



119 
 



120 
 

 



121 
 

 



122 
 

 



123 
 



124 
 



125 
 



126 
 



127 
 



128 
 



129 
 



130 
 



131 
 



132 
 



133 
 



134 
 



135 
 



136 
 



137 
 



138 
 



139 
 



140 
 



141 
 



142 
 



143 
 



144 
 



145 
 



146 
 



147 
 



148 
 



149 
 



150 
 



151 
 



152 
 



153 
 



154 
 



155 
 



156 
 



157 
 



158 
 



159 
 



160 
 



161 
 



162 
 



163 
 



164 
 



165 
 



166 
 



167 
 



168 
 



169 
 



170 
 



171 
 



172 
 



173 
 



174 
 



175 
 



176 
 



177 
 



178 
 



179 
 



180 
 



181 
 



182 
 



183 
 



184 
 



185 
 

 


