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1. General experimental details: Pd2(dba)3 was purchased from Adamas. Phenyl allene was 

prepared by following the literature report.1 All other reagents were commercially available and 

were used without further purification unless otherwise stated. Solvents were treated prior to use 

according to the standard methods. 1H NMR and 13C NMR spectra were recorded at room 

temperature in CDCl3 on 400 MHz instrument with tetramethylsilane (TMS) as internal standard. 

Data are reported as follows: chemical shift in ppm (δ), multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, brs = broad singlet, m = multiplet), coupling constant (Hz), and integration. 

Flash column chromatography was performed on commercially available silica gel (200-300 

mesh). All reactions were monitored by TLC, GC-FID or NMR analysis. 

 

2. Typical procedure for the preparation of alkynes 

Substrates 1a, 1p, 1q and 1u are commercially available, and 1b-1o and 1t was synthesized 

according to the literature report. 2 Substrates 1r-1s, 1v-1w and 1a-d3 were synthesized according 

to the following procedures. 
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Pd(PPh3)2Cl2 (1 mol%)
CuI (2 mol%)

Et3N, 0 °C to rt

1

Ar Me

SM1

Ar I Me+

SM2  

To a flame-dried round-bottom flask under N2, substituted iodobenzene SM1 (5 mmol, 1.0 

equiv), PdCl2(PPh3)2 (1 mol%) and CuI (2 mol%) were dissolved in 5 mL Et3N and the reaction 

mixture was stirred under N2 at 0 oC for 5 min. Propyne (6 mmol, 1.2 equiv, ca. 1.0 M in 

tetrahydrofuran, purchased from TCI) was added in one portion and the solution was stirred at 

room temperature for 5~10 h. After the starting material was consumed completely which was 

detected by TLC, the reaction mixture was diluted with 20 mL dichloromethane, then washed with 

saturated NaCl aqueous solution, dried over anhydrous Na2SO4. The mixture was concentrated in 

vacuo and purified by flash chromatography on silica gel with n-pentene to afford the alkynylation 

products 1r and 1s. 

 

To a flame-dried round-bottom flask under N2, substituted iodobenzene SM1 (5 mmol, 1.0 

equiv), PdCl2(PPh3)2 (1 mol%) and CuI (2 mol%) were dissolved in 5 mL Et3N and the reaction 

mixture was stirred under N2 at 0 oC for 5 min. Propyne (12 mmol, 2.4 equiv, ca. 1.0 M in 

tetrahydrofuran, purchased from TCI) was added in one portion and the solution was stirred at 

room temperature for 5~10 h. After the starting material was consumed completely which was 

detected by TLC, the reaction mixture was diluted with 20 mL dichloromethane, then washed with 

saturated NaCl aqueous solution, dried over anhydrous Na2SO4. The mixture was concentrated in 

vacuo and purified by flash chromatography on silica gel with petroleum ether to afford the 

alkynylation products 1v and 1w. 

 

To a flame-dried round-bottom flask under N2, phenylacetylene (9 mmol, 1.0 equiv) were 

dissolved in 20 mL THF and the flask cooled to -20 oC. nBuLi (18 mmol, 2.0 equiv) was added 

slowly and the reaction mixture was allowed to stir at room for 1 h. Then CD3I (19 mmol, 2.1 

equiv) was added at -20 oC and the reaction was allowed to stir at room temperature for another 1 

h. After the starting material was consumed completely which was detected by TLC, the reaction 

was quenched with a saturated aqueous solution of ammonium chloride, extracted with 

dichloromethane, washed with saturated NaCl aqueous solution and dried over anhydrous Na2SO4. 

The mixture was concentrated in vacuo and purified by flash chromatography on silica gel with 

n-pentene to afford the product 1a-d3. 

3. Screening of reaction conditions 

Table S1. Screening of the conditions for 3a 
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entry "Pd" acid alcohol solvent 
yield (%)b 

3a others

1 Pd2(dba)3 (PhO)2PO2H nBuOH dioxane trace trace 

2 Pd2(dba)3 PhSO3H nBuOH dioxane trace trace 

3 Pd2(dba)3 PhCO2H nBuOH dioxane 60 trace 

4 Pd2(dba)3 AcOH nBuOH dioxane 78 trace 

5 Pd2(dba)3 AdCO2H nBuOH dioxane 83 trace 

6 Pd2(dba)3 PivOH nBuOH dioxane 76 trace 

7 Pd2(dba)3 AdCO2H MeOH dioxane 83 3 

8 Pd2(dba)3 AdCO2H EtOH dioxane 82 trace 

9 Pd2(dba)3 AdCO2H tBuOH dioxane 68 trace 

10c Pd2(dba)3 AdCO2H nBuOH dioxane 54 trace 

11d Pd2(dba)3 AdCO2H nBuOH dioxane 36 trace 

12 Pd2(dba)3 AdCO2H nBuOH THF 73 trace 

13 Pd2(dba)3 AdCO2H nBuOH DCE trace trace 

14 Pd2(dba)3 AdCO2H nBuOH toluene 57 trace 

15 Pd2(dba)3 AdCO2H nBuOH MeCN 25 8 

16 Pd2(dba)3 AdCO2H nBuOH EtOAc 44 trace 

17 Pd(OAc)2 AdCO2H nBuOH dioxane 40 trace 

18 PdCl2 AdCO2H nBuOH dioxane trace trace 
aReaction conditions: 1a (0.20 mmol), 2a (0.40 mmol), [Pd] (5 mol%), PCy3 (10 mol%), acid 

(10 mol%), alcohol (2.0 equiv), solvent (1.0 mL), 90 ˚C, 6 h. bDetermined by GC using 

1,3,5-trimethoxy-benzene as internal standard. c110 ˚C. d70 ˚C. 

Table S2. Screening of the conditions for 4a 
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entry additive alcohol (x equiv) 
yield (%)b 

4a 4a' 

1 Co(OAc)2•4H2O nBuOH (2.0) trace trace 

2 Zn(OAc)2•2H2O nBuOH (2.0) trace trace 

3 Ni(OAc)2 nBuOH (2.0) trace trace 

4 Fe(OAc)2 nBuOH (2.0) trace trace 

5 AgOAc nBuOH (2.0) trace trace 

6 NaOAc nBuOH (2.0) trace trace 

7 Cu(OAc)2 nBuOH (2.0) 53 5 

8 Cu(OAc)2 MeOH (2.0) 55 5 

9 Cu(OAc)2 MeOH (3.0) 57 6 

10c Cu(OAc)2 MeOH (3.0) 66 6 

11c,d Cu(OAc)2 MeOH (3.0) 76 7 

12c,d,e Cu(OAc)2 MeOH (3.0) 79(65g) 7(6g) 

13c,d,e,f Cu(OAc)2 MeOH (3.0) n.d. n.d. 

14c,d,e,f CuOAc MeOH (3.0) 63 6 
aReaction conditions: 1a (0.20 mmol), 2 (0.40 mmol), Pd2(dba)3 (2.5 mol%), dppe (5 mol%), 

additive (10 mol%), dioxane (1.0 mL), 90 ˚C, 6 h. bDetermined by GC using 1,3,5-trimethoxy- 

benzene as internal standard. n.d. = no detected. Unless otherwise noted, regioselectivity > 20:1. c 

Dioxane (0.5 mL). d70 ˚C. e24 h. fIn the absence of Pd2(dba)3. 
gIsolated yield.  

4. Typical procedure for palladium-catalyzed allyl-allyl coupling reaction 

 

In glove box, a sealed tube was charged with alkynes 1 (0.2 mmol, 1.0 equiv), 2a (0.4 mmol, 

2.0 equiv), Pd2(dba)3 (0.005 mmol, 2.5 mol%), PCy3 (0.02 mmol, 10 mol%), AdCO2H (0.02 mmol, 

10 mol%) and nBuOH (0.4 mmol, 2.0 equiv) in dioxane (1.0 mL). The reaction tube was sealed 

with a Teflon screw cap, removed from the glove box. Then, the reaction mixture was stirred at 

80-90 oC for 6-10 h. After cooling to room temperature, the reaction mixture was directly purified 

by column chromatography on silica gel using n-pentene to afford the corresponding product 3.  

  
(E)-1-(hexa-1,5-dien-1-yl)-benzene (3a): Prepared according to the general 

procedure, 90 oC, 6 h, 82% yield, known compound,3 colorless oil, Rf = 0.8 

(Petroleum ether), 1H NMR (400 MHz, CDCl3) δ 7.36-7.33 (m, 2H), 7.31-7.27 (m, 

2H), 7.21-7.17 (m, 1H), 6.40 (d, J = 15.8, 1H), 6.23 (dt, J = 15.8, 6.6 Hz 1H), 5.87 

(ddt, J = 17.0, 10.3, 6.4 Hz, 1H), 5.06 (dt, J = 17.1, 1.7 Hz, 1H), 5.00 (dt, J = 10.2, 1.6 Hz, 1H), 

2.35-2.29 (m, 2H), 2.27-2.20 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 138.11, 137.77, 130.21, 
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130.13, 128.49, 126.90, 125.98, 114.94, 33.58, 32.45.  

  

(E)-1-(hexa-1,5-dien-1-yl)-4-methylbenzene (3b): Prepared according to the 

general procedure, 90 oC, 6 h, 78% yield, known compound,4 colorless oil, Rf = 

0.8 (Petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.23 (d, J = 8.1, 2H), 7.09 

(d, J = 7.8, 2H), 6.36 (d, J = 15.8, 1H), 6.16 (dt, J = 15.8, 6.6 Hz, 1H), 5.86 (ddt, 

J = 17.0, 10.3, 6.3 Hz 1H), 5.07 (dq, J = 17.2, 1.6 Hz, 1H), 4.98 (ddt, J =10.2, 2.1, 1.2 Hz, 1H), 

2.31 (s, 3H), 2.31-2.27 (m, 2H), 2.25-2.19 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 138.20, 

136.59, 135.00, 130.03, 129.19, 129.08, 125.87, 114.87, 33.66, 32.46, 21.15. 

  

(E)-1-(hexa-1,5-dien-1-yl)-4-ethylbenzene (3c): Prepared according to the 

general procedure, 90 oC, 10 h, 71% yield, colorless oil, Rf = 0.8 (Petroleum 

ether), 1H NMR (400 MHz, CDCl3 ) δ 7.26 (d, J = 8.2 Hz, 2H), 7.12 (d, J = 8.1 

Hz, 2H), 6.38 (dt, J = 15.8, 1.4 Hz, 1H), 6.17 (dt, J = 15.8, 6.6 Hz, 1H), 5.86 

(ddt, J = 17.0, 10.3, 6.4 Hz, 1H), 5.06 (dq, J = 17.2, 1.6 Hz, 1H), 4.98 (ddt, J = 10.2, 2.1, 1.2 Hz, 

1H) 2.62 (q, J = 7.6 Hz, 2 H), 2.33-2.27 (m, 2H), 2.25-2.19 (m, 2H), 1.22 (t, J = 7.6 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 143.05, 138.19, 135.26, 130.05, 129.16, 127.99, 125.94, 114.86, 33.66, 

32.46, 28.58, 15.63. HRMS Calculated for C14H18 [M+H]+ 187.1481, found 187.1489. 

 

 (E)-1-(hexa-1,5-dien-1-yl)-4-methoxybenzene (3d): Prepared according to 

the general procedure, 80 oC, 10 h, 75% yield, known compound,3 pale yellow 

oil, Rf = 0.6 (petroleum ether). 1H NMR (400 MHz, CDCl3 ) δ 7.26 (d, J = 8.7 

Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 6.34 (d, J = 15.8 Hz, 1H), 6.07 (dt, J = 15.8, 

6.6 Hz, 1H), 5.86 (ddt, J = 16.9, 10.1, 6.3 Hz, 1H), 5.05 (dq, J = 17.1, 1.7 Hz, 1H), 4.98 (dd, J = 

10.2, 1.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.73, 138.22, 130.64, 129.55, 127.95, 127.04, 

114.83, 113.93, 55.28, 33.72, 32.43.  

 

(E)-1-(hexa-1,5-dien-1-yl)-4-fluorobenzene (3e): Prepared according to the 

general procedure, 90 oC, 6 h, 74% yield, colorless oil, Rf = 0.7 (Petroleum 

ether), 1H NMR (400 MHz, CDCl3 ) δ 7.31-7.26 (m, 2H), 7.00-6.94 (m, 2H), 

6.36 (d, J = 15.9 Hz, 1H), 6.13 (dt, J = 15.8, 6.6 Hz, 1H), 5.86 (ddt, J = 17.0, 

10.1, 6.3 Hz, 1H), 5.06 (dq, J = 17.1, 1.7 Hz, 1H), 5.00 (dq, J = 10.1, 1.6 Hz, 1H), 2.33-2.27 (m, 

2H), 2.25-2.20 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 161.93 (d, J = 244.2 Hz), 138.02, 133.91 

(d, J = 3.2 Hz), 129.84 (d, J = 2.2 Hz), 129.03, 127.4 (d, J = 7.7 Hz), 115.20 (d, J = 21.4 Hz), 

114.97, 33.52, 32.34; 19F NMR (376 MHz, CDCl3) δ -115.75. HRMS Calculated for C12H13F 

176.1001, found 176.1010. 

 

(E)-1-(hexa-1,5-dien-1-yl)-4-chlorobenzene (3f): Prepared according to the 

general procedure, 90 oC, 6 h, 78% yield, known compound,4 colorless oil, Rf = 

0.7 (Petroleum ether), 1H NMR (400 MHz, CDCl3) δ 7.25-7.24 (m, 4H), 6.34 

(d, J = 15.8 Hz, 1H), 6.19 (dt, J = 15.8, 6.5 Hz, 1H), 5.85 (ddt, J = 17.0, 10.4, 

6.4 Hz, 1H), 5.08-5.03 (m, 1H), 5.02-4.98 (m, 1H), 2.33-2.27 (m, 2H), 2.25-2.19 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 137.94, 136.25, 132.43, 130.86, 129.06, 128.60, 127.17, 115.06, 33.44, 

32.38. 
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(E)-1-(hexa-1,5-dien-1-yl)-4-(trifluoromethyl)benzene (3g): Prepared 

according to the general procedure, 90 oC, 6 h, 84% yield, known compound, 3 

colorless oil, Rf = 0.4 (Petroleum ether), 1H NMR (400 MHz, CDCl3) δ 7.53 

(d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 6.43 (d, J = 15.9 Hz, 1H), 6.33 

(dt, J = 15.9, 6.3 Hz, 1H), 5.85 (ddt, J = 17.0, 10.3, 6.4 Hz, 1H), 5.07 (dq, J = 17.1, 1.7 Hz, 1H), 

5.01 (ddt, J = 10.2, 1.9, 1.3 Hz, 1H), 2.37-2.31 (m, 2H), 2.28-2.22 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ 141.22, 137.77, 132.97, 129.06, 128.71 (q, J = 32.2 Hz), 126.07, 125.42 (q, J = 3.8 Hz), 

124.30 (q, J = 269.9 Hz), 115.17, 33.28, 32.39; 19F NMR (376 MHz, CDCl3) δ -62.41. 

 

(E)-4-(hexa-1,5-dien-1-yl)-1,1'-biphenyl (3h): Prepared according to the 

general procedure, 90 oC, 6 h, 84% yield, known compound,4 colorless solid, Rf 

= 0.6 (Petroleum ether), 1H NMR (400 MHz, CDCl3) δ 7.59-7.57 (m, 2H), 

7.54-7.51 (m, 2H), 7.44-7.39 (m, 4H), 7.34-7.30 (m, 1H), 6.43 (d, J = 15.9 Hz, 

1H), 6.27 (dt, J =15.8, 6.6 Hz, 1H), 5.87 (ddt, J =17.0, 10.2, 6.4, 1H), 5.07 (dq, J = 17.1, 1.6 Hz, 

1H), 5.00 (ddt, J = 10.2, 2.0, 1.2 Hz, 1H), 2.36-2.30 (m, 2H), 2.28-2.21 (m, 2H); 13C NMR (100 

MHz, CDCl3) δ 141.18, 139.98, 138.41, 137.15, 130.64, 130.10, 129.08, 127.52, 127.49, 127.22, 

126.71, 115.30, 33.90, 32.84. 

 

(E)-1-(hexa-1,5-dien-1-yl)-4-acetylbenzene (3i): Prepared according to the 

general procedure, 90 oC, 6 h, 81% yield, pale yellow oil, Rf = 0.4 (Petroleum 

ether/ethyl acetate 50/1), 1H NMR (400 MHz, CDCl3) δ 7.90-7.87 (m, 2H), 

7.42-7.39 (m, 2H), 6.44 (d, J = 16.1 Hz, 1H), 6.37 (dt, J = 15.8, 6.1 Hz, 1H), 

5.86 (ddt, J = 17.0, 10.2, 6.5 Hz, 1H), 5.07 (dq, J = 17.1, 1.6 Hz, 1H), 5.01 (ddt, J = 10.2, 2.1, 1.2 

Hz, 1H), 2.58 (s, 3H), 2.38-2.32 (m, 2H), 2.28-2.22 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

197.58, 142.46, 137.77, 135.51, 133.41, 129.42, 128.74, 125.98, 115.17, 33.26, 32.50, 26.55. 

HRMS Calculated for C14H17O [M+H]+ 201.1274, found 201.1271. 

 

Methyl (E)-4-(hexa-1,5-dien-1-yl)benzoate (3j): Prepared according to the 

general procedure, 90 oC, 6 h, 90% yield, colorless oil, Rf = 0.6 (Petroleum 

ether/ethyl acetate 20/1), 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.4 Hz, 

2H), 7.38 (d, J = 8.3 Hz, 2H), 6.44 (d, J = 15.9 Hz, 1H), 6.35 (dt, J = 15.8, 

6.2 Hz, 1H), 5.86 (ddt, J = 16.9, 10.2, 6.5 Hz, 1H), 5.07 (dq, J = 17.1, 1.6, 1H), 5.01 (ddt, J = 10.2, 

2.2, 1.2 Hz, 1H), 3.90 (s, 3H), 3.37-2.31 (m, 2H), 2.28-2.21 (m, 2H); 13C NMR (100 MHz, CDCl3) 

δ 167.29, 142.58, 138.13, 133.40, 130.20, 129.82, 128.69, 126.13, 115.46, 52.31, 33.60, 32.80. 

HRMS Calculated for C14H17O2 [M+H]+ 217.1223, found 217.1225. 

 

(E)-1-(hexa-1,5-dien-1-yl)-3-methylbenzene (3k): Prepared according to the 

general procedure, 90 oC, 10 h, 72% yield, known compound,4 colorless oil, Rf = 

0.7 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.20-7.12 (m, 3H), 7.00 (dt, J 

= 7.2, 1.6 Hz, 1H), 6.37 (dt, J = 15.8, 1.4 Hz, 1H), 6.21 (dt, J = 15.8, 6.6 Hz, 1H), 

5.86 (ddt, J = 17.0, 10.2, 6.4 Hz 1H), 5.06 (dq, J = 17.1, 1.6 Hz, 1H), 4.99 (ddt, J = 10.2, 2.2, 1.2, 

1H), 2.33 (s, 3H), 2.32-2.27 (m, 2H), 2.25-2.19 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 138.15, 

138.00, 137.71, 130.27, 129.91, 128.39, 127.69, 126.70, 123.12, 114.90, 33.60, 32.47, 21.42. 
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Methyl (E)-3-(hexa-1,5-dien-1-yl)benzoate (3l): Prepared according to the general 

procedure, 90 oC, 8 h, 78% yield, colorless oil, Rf = 0.6 (petroleum ether/EtOAc 

20/1). 1H NMR (400 MHz, CDCl3)
 δ 8.01 (s, 1H), 7.86 (dt, J = 7.7, 1.5 Hz, 1H), 

7.51 (dt, J = 7.7, 1.5 Hz, 1H), 7.35 (t, J = 7.7, 1H), 6.43 (d, J = 15.8 Hz, 1H), 6.31 

(dt, J = 17.0, 6.6 Hz, 1H); 5.86 (ddt, J = 16.6, 10.2, 6.4 Hz, 1H), 5.07 (dq, J = 17.1, 1.6 Hz, 1H), 

5.00 (ddt, J = 10.3, 2.2, 1.2 Hz, 1H), 3.91 (s, 3H), 2.36-2.30 (m, 2H), 2.27-2.21 (m, 2H) ; 13C 

NMR (100 MHz, CDCl3) δ 167.14, 138.07, 137.91, 131.51, 130.38, 130.34, 129.30, 128.51, 

127.89, 127.03, 115.06, 52.11, 33.38, 32.39. HRMS Calculated for C14H17O2 [M+H]+ 217.1223, 

found 217.1225. 

 

(E)-1-(hexa-1,5-dien-1-yl)-3,5-dimethylbenzene (3m): Prepared according to 

the general procedure, 90 oC, 10 h, 84% yield, colorless oil, Rf = 0.7 (petroleum 

ether). 1H NMR (400 MHz, CDCl3)
 δ 6.96-6.95 (m, 2H), 6.84-6.83 (m, 2H), 

6.33 (dt, J = 15.7, 1.4 Hz, 1H), 6.19 (dt, J = 15.8, 6.5 Hz, 1H), 5.86 (ddt, J = 

17.0, 10.1, 6.3 Hz, 1H), 5.05 (dq, J = 17.1, 1.7 Hz, 1H), 4.99 (ddt, J = 10.2, 2.2, 

1.2 Hz, 1H), 2.32-2.26 (m, 2H), 2.29 (s, 6H), 2.25-2.18 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

138.19, 137.91, 137.69, 130.33, 129.72, 128.64, 123.89, 114.87, 33.64, 32.50, 21.29. HRMS 

Calculated for C14H18 186.1409, found 186.1410. 

 

(E)-1-(hexa-1,5-dien-1-yl)-2-methylbenzene (3n): Prepared according to the 

general procedure, 90 oC, 6 h, 52% yield, known compound,4 colorless oil, Rf = 0.6 

(petroleum ether). 1H NMR (400 MHz, CDCl3)
 δ 7.41-7.39 (m, 1H), 7.16-7.10 (m, 

3H), 6.59 (dt, J = 15.6, 1.5 Hz, 1H), 6.09 (dt, J = 15.7, 6.7 Hz, 1H), 5.87 (ddt, J = 

17.0, 10.2, 6.4 Hz, 1H), 5.09-5.04 (m, 1H), 5.00 (ddd, J = 10.2, 2.1, 1.0 Hz, 1H), 2.36-2.31 (m, 

2H), 2.33 (s, 3H), 2.27-2.22 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 138.14, 136.92, 134.94, 

131.47, 130.14, 128.10, 126.84, 126.00, 125.49, 114.92, 33.67, 32.70, 19.85. 

 

1,4-di((E)-hexa-1,5-dien-1-yl)benzene (3o): Prepared according to the 

general procedure, 90 oC, 6 h, 78% total yield, the ratio of 3n/3n' is 1:1.7, 

known compound,4 colorless oil, Rf = 0.6 (petroleum ether). 1H NMR (400 

MHz, CDCl3) δ 7.82-7.78 (m, 3H), 7.69 (s, 1H), 7.60-7.58 (m, 1H), 7.47-7.41 (m, 2H), 6.58 (d, J 

= 15.9 Hz, 1H), 6.38 (dt, J = 15.8, 6.7 Hz, 1H), 5.91 (ddt, J = 17.0, 10.2, 6.5 Hz, 1H), 5.13-5.04 

(m, 2H), 2.42-2.36 (m, 2H), 2.33-2.26 (m, 2H). 

  

2-(hexa-1,5-dien-3-yl)naphthalene (3o'): Prepared according to the general 

procedure, 90 oC, 6 h, 78% total yield, the ratio of 3n/3n' is 1:1.7, known 

compound,5 colorless oil, Rf = 0.6 (petroleum ether). 1H NMR (400 MHz, 

CDCl3) δ 7.83-7.76 (m, 3H), 7.65 (s, 1H), 7.50-7.40 (m, 2H), 7.36 (dd, J = 8.5, 1.8 Hz, 1H), 6.08 

(ddd, J = 17.3, 10.4, 7.2 Hz, 1H), 5.77 (ddt, J = 17.1, 10.1, 6.9 Hz, 1H), 5.12-4.95 (m, 4H), 3.55 (q, 

J = 7.4 Hz, 1H), 2.62-2.59 (m, 2H).  

 

(E)-4-(hexa-1,5-dien-1-yl)pyridine (3r): Prepared according to the general 

procedure, 90 oC, 6 h, 56% yield, yellow oil, Rf = 0.3 (petroleum ether/EtOAc 5/1). 
1H NMR (400 MHz, CDCl3) δ 8.53-8.47 (m, 2H), 7.23-7.16 (m, 2H), 6.47 (dt, J = N
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15.9, 6.6 Hz, 1H), 6.34 (d, J = 15.9 Hz, 1H), 5.85 (ddt, J = 16.8, 10.1, 6.5 Hz, 1H), 5.07 (dq, J = 

17.1, 1.6 Hz, 1H), 5.04-5.00 (m, 1H), 2.38-2.32 (m, 2H), 2.28-2.22 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ 150.02, 144.98, 137.56, 135.26, 128.18, 120.59, 115.31, 33.03, 32.33. HRMS 

Calculated for C11H14N [M+H]+ 160.1121, found 160.1138. 

 

(E)-3-(hexa-1,5-dien-1-yl)pyridine (3s): Prepared according to the general 

procedure, 90 oC, 6 h, 57% total yield, the ratio of 3s/3s' is 11.5:1, known 

compound,6 colorless oil, Rf = 0.3 (petroleum ether/EtOAc 5/1). 1H NMR (400 

MHz, CDCl3) δ 8.56 (d, J = 2.2 Hz, 1H), 8.43 (dd, J = 4.8, 1.6 Hz, 1H), 7.65 (dt, J 

= 7.9, 2.0 Hz, 1H), 7.21 (ddd, J = 8.0, 4.8, 0.8 Hz, 1H), 6.39 (d, J = 15.9 Hz, 1H), 6.30 (dt, J = 

15.9, 6.3 Hz, 1H), 5.86 (ddt, J = 16.8, 10.2, 6.5 Hz, 1H), 5.07 (dq, J = 17.1, 1.7 Hz, 1H), 5.01 (ddt, 

J = 10.2, 2.1, 1.2 Hz, 1H), 2.37-2.31 (m, 2H), 2.28-2.22 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

148.01, 148.00, 137.75, 133.25, 132.59, 132.41, 126.73, 123.34, 115.18, 33.28, 32.45.  

 

(8R,9S,13S,14S)-3-((E)-hexa-1,5-dien-1-yl)-13-methyl-6,7,8,9,11,12,1

3,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (3t): 

Prepared according to the general procedure, 90 oC, 6 h, 56% yield, 

yellow solid, colorless solid, m.p. 80-82 °C, Rf = 0.3 (petroleum 

ether/EtOAc 20/1). 1H NMR (400 MHz, CDCl3) δ 7.22 (d, J = 8.2 Hz, 

1H), 7.14 (dd, J = 8.1, 1.9 Hz, 1H), 7.07 (s, 1H), 6.35 (d, J = 15.9 Hz, 1H), 6.18 (dt, J = 15.8, 6.6 

Hz, 1H), 5.86 (ddt, J = 16.9, 10.2, 6.4 Hz, 1H), 5.05 (dq, J = 17.0, 1.6 Hz, 1H), 4.98 (ddt, J = 10.2, 

2.2, 1.2 Hz, 1H), 2.90 (dd, J = 9.0, 4.3 Hz, 2H), 2.54-2.46 (m, 1H), 2.44-2.38 (m, 1H), 2.33-2.18 

(m, 5H), 2.16-2.07 (m, 1H), 2.09-1.93 (m, 3H), 1.68-1.40 (m, 6H), 0.90 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 220.89, 138.54, 138.14, 136.49, 135.41, 129.85, 129.55, 126.57, 125.50, 123.42, 

114.88, 50.51, 48.01, 44.42, 38.22, 35.87, 33.62, 32.46, 31.61, 29.41, 26.54, 25.75, 21.60, 13.86. 

HRMS Calculated for C24H31O [M+H]+ 335.2369, found 335.2361. 

 

(E)-hexa-1,5-diene-1,4-diyldibenzene (3x): Prepared according to the general 

procedure, 90 oC, 18 h, 6% yield [with Cu(OAc) (10 mol%), 34% yield], known 

compound,4 colorless oil, Rf = 0.5 (petroleum ether). 1H NMR (400 MHz, 

CDCl3) δ 7.36-7.15 (m, 10H), 6.38 (dt, J = 15.8, 1.4 Hz, 1H), 6.13 (dt, J = 15.8, 

7.1 Hz, 1H), 6.03 (ddd, J = 16.6, 10.7, 7.4 Hz, 1H), 5.11-5.06 (m, 1H), 5.05 (dt, J = 8.4, 1.4 Hz, 

1H), 3.43 (q, J = 7.4 Hz, 1H), 2.64 (tdd, J = 7.2, 2.9, 1.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

143.73, 141.48, 137.67, 131.41, 128.50, 128.45, 127.69, 126.96, 126.35, 126.04, 114.65, 50.02, 

39.06. 

 

(E)-(4,4-dimethylhexa-1,5-dien-1-yl)benzene (3y): Prepared according to the 

general procedure, 90 oC, 18 h, 13% yield [with Cu(OAc) (10 mol%), 38% 

yield], known compound,7 colorless oil, Rf = 0.7 (petroleum ether). 1H NMR 

(400 MHz, CDCl3) δ 7.36-7.32 (m, 2H), 7.31-7.26 (m, 2H), 7.21-7.17 (m, 1H), 

6.36 (dt, J = 15.8, 1.3 Hz, 1H), 6.19 (dt, J = 15.7, 7.4 Hz, 1H), 5.86 (dd, J = 17.7, 10.4 Hz, 1H), 

4.95 (dd, J = 10.4, 1.4 Hz, 1H), 4.94 (dd, J = 17.8, 1.4 Hz, 1H), 2.19 (dd, J = 7.5, 1.3 Hz, 2H). 

1.55 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 148.09, 137.83, 132.03, 128.46, 127.57, 126.87, 

126.02, 110.58, 46.14, 37.22, 26.67. 

N

O Me

H

HH

Me
Me

Ph
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5. Typical procedure for the synthesis of 3v and 3w 

 

  In glove box, a sealed tube was charged with alkynes 1 (0.2 mmol, 1.0 equiv), 2a (0.8 mmol, 

4.0 equiv), Pd2(dba)3 (0.005mmol, 2.5 mol%), PCy3 (0.02 mmol, 10 mol%), AdCO2H (0.02 mmol, 

10 mol%) and nBuOH (0.8 mmol, 4.0 equiv) in dioxane (1.0 mL). The reaction tube was sealed 

with a Teflon screw cap, removed from the glove box. Then, the reaction mixture was stirred at 90 
oC for 8-10 h. After cooling to room temperature, the reaction mixture was directly purified by 

column chromatography on silica gel using n-pentene to afford the corresponding product 3. 

 

1,3-di((E)-hexa-1,5-dien-1-yl)benzene (3v): Prepared according to the 

general procedure, 10 h, 57% yield, colorless oil, Rf = 0.6 (petroleum ether). 
1H NMR (400 MHz, CDCl3) δ 7.29 (s, 1H), 7.24-7.16 (m, 3H), 6.39 (d, J = 

15.9 Hz, 2H), 6.22 (dt, J = 15.9, 6.5 Hz, 2H), 5.92-5.82 (m, 2H), 5.09-4.98 (m, 4H), 2.34-2.28 (m, 

4H), 2.26-2.20 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 138.11, 137.92, 130.18, 130.17, 128.61, 

124.57, 123.75, 114.93, 33.56, 32.46. HRMS Calculated for C18H23 [M+H]+ 239.1794, found 

239.1789. 

 

1,4-di((E)-hexa-1,5-dien-1-yl)benzene (3w): Prepared according to the 

general procedure, 8 h, 64% yield, colorless oil, Rf = 0.7 (petroleum 

ether). 1H NMR (400 MHz, CDCl3) δ 7.26 (s, 4H), 6.37 (dt, J = 15.8, 1.4 Hz, 2H), 6.20 (dt, J = 

15.8, 6.6, 2H), 5.86 (ddt, J = 16.7, 10.1, 6.4, 2H), 5.06 (dq, J = 17.2, 1.6 Hz, 2H), 4.99 (ddt, J = 

10.2, 2.1, 1.2 Hz, 2H), 2.33-2.28 (m, 4H), 2.26-2.18 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 

138.13, 136.44, 129.94, 129.68, 126.10, 114.91, 33.59, 32.49. HRMS Calculated for C18H23 

[M+H]+ 239.1794, found 239.1789. 

 

6. Typical procedure for palladium-catalyzed allyl-alkenyl coupling reaction 

 

In glove box, a sealed tube was charged with alkynes 1 (0.2 mmol, 1.0 equiv), 2a (0.4 mmol, 

2.0 equiv), Pd2(dba)3 (0.005 mmol, 2.5 mol%), dppe (0.01 mmol, 5.0 mol%), Cu(OAc)2 (0.02 

mmol, 10 mol%) and MeOH (0.6 mmol, 3.0 equiv) in dioxane (0.5 mL). The reaction tube was 

sealed with a Teflon screw cap, removed from the glove box. Then, the reaction mixture was 

stirred at 70 oC for 24 h. After cooling to room temperature, the reaction mixture was directly 

purified by column chromatography on silica gel using n-pentene and ethyl acetate to afford the 

corresponding product 4.  
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(E)-(2-methylpenta-1,4-dien-1-yl)benzene (4a): Prepared according to the general 

procedure, 71% total yield, the ratio of 4a/4a' is 11.9:1, known compound,8 

colorless oil, Rf = 0.8 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.33-7.29 

(m, 2H), 7.25-7.23 (m, 2H), 7.20-7.16 (m, 1H), 6.30 (s, 1H), 5.89 (ddt, J = 17.0, 

10.0, 6.8 Hz, 1H), 5.15-5.07 (m, 2H), 2.90 (dd, J = 6.8, 1.4 Hz, 2H), 1.85 (d, J = 1.4 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 138.45, 137.29, 136.42, 128.82, 128.04, 125.98, 125.76, 116.35, 44.99, 

17.86. 

 

(E)-1-methyl-4-(2-methylpenta-1,4-dien-1-yl)benzene (4b): Prepared 

according to the general procedure, 62% total yield, the ratio of 4b/4b' is 7.9:1, 

colorless oil, Rf = 0.8 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 

7.15-7.10 (m, 4H); 6.26 (s, 1H); 5.88 (ddt, J = 17.0, 10.0, 6.8 Hz, 1H), 

5.14-5.06 (m, 2H), 2.89 (dd, J = 6.8, 1.5 Hz, 2H), 2.32 (s, 3H) 1.84 (d, J = 1.5 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 136.55, 136.53, 135.56, 135.55, 128.75, 128.72, 125.62, 116.24, 45.04, 

21.15, 17.86. HRMS Calculated for C13H16 172.1252, found 172.1260. 

 

(E)-1-ethyl-4-(2-methylpenta-1,4-dien-1-yl)benzene (4c): Prepared according 

to the general procedure, 70% total yield, the ratio of 4c/4c' is 8.7:1, colorless 

oil, Rf = 0.8 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.18-7.13 (m, 

4H), 6.27 (s, 1H), 5.88 (ddt, J = 17.0, 10.0, 6.8 Hz, 1H), 5.14-5.06 (m, 2H), 

2.89 (dd, J = 6.9, 1.4 Hz, 2H), 2.63 (q, J = 7.6 Hz, 2H), 1.85 (d, J = 1.4 Hz, 3H), 1.23 (t, J = 7.6 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 141.96, 136.56, 136.53, 135.80, 128.78, 127.53, 125.64, 

116.22, 45.06, 28.56, 17.87, 15.58. HRMS Calculated for C14H18 186.1409, found 186.1412. 

 

(E)-1-methoxy-4-(2-methylpenta-1,4-dien-1-yl)benzene (4d): Prepared 

according to the general procedure, 70% total yield, the ratio of 4d/4d' is 

5.6:1, colorless oil, Rf = 0.6 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 

7.20-7.16 (m, 2H), 6.87-6.84 (m, 2H), 6.23 (s, 1H), 5.88 (ddt, J = 16.9, 10.0, 

6.9 Hz, 1H), 5.14-5.06 (m, 2H), 3.80 (s, 3H), 2.88 (dd, J = 6.9, 1.3 Hz, 2H), 1.84 (d, J = 1.4 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 157.80, 136.60, 132.80, 129.91 125.17, 116.18, 113.83, 

113.48, 55.24, 45.03, 17.80. HRMS Calculated for C13H17O [M+H]+ 189.1274, found 189.1266. 

 

(E)-1-fluoro-4-(2-methylpenta-1,4-dien-1-yl)benzene (4e): Prepared according 

to the general procedure, 71% total yield, the ratio of 4e/4e' is 12.0:1, colorless 

oil, Rf = 0.8 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.19 (dd, J = 8.4, 

5.5 Hz, 2H), 6.99 (t, J = 8.5 Hz, 2H), 6.25 (s, 1H), 5.88 (ddt, J = 17.0, 10.2, 6.9 

Hz, 1H), 5.17-5.05 (m, 2H), 2.89 (d, J = 6.8 Hz, 2H), 1.82 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
13C NMR (100 MHz, CDCl3) δ 161.14 (d, J = 243.69 Hz), 137.23, 136.26, 134.40 (d, J = 3.3 Hz), 

130.26 (d, J = 7.6 Hz), 124.63, 116.42, 114.85 (d, J = 21.1 Hz), 44.84, 17.74. 19F NMR (376 MHz, 

CDCl3) δ -116.62. HRMS Calculated for C12H13F 176.1001, found 176.1006. 

 

(E)-1-chloro-4-(2-methylpenta-1,4-dien-1-yl)benzene (4f): Prepared 

according to the general procedure, 75% total yield, the ratio of 4f/4f' is 18.5:1, 

colorless oil, Rf = 0.8 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.27 (d, 

Me

Me

Me

Et

Me

MeO
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J = 8.2 Hz, 2H), 7.16 (d, J = 8.2 Hz, 2H), 6.23 (s, 1H), 5.87 (ddt, J = 16.9, 10.0, 6.8 Hz, 1H), 5.15 

– 5.07 (m, 2H), 2.89 (d, J = 6.8 Hz, 2H), 1.83 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
13C NMR 

(100 MHz, CDCl3) δ 138.13, 136.85, 136.11, 131.63, 130.08, 128.16, 124.59, 116.56, 44.90, 17.85. 

HRMS Calculated for C12H13Cl 192.0706, found 192.0710.  

 

(E)-1-trifluoromethyl-4-(2-methylpenta-1,4-dien-1-yl)benzene (4g): 

Prepared according to the general procedure, 86% total yield, the ratio of 

4g/4g' is > 20.0:1, colorless oil, Rf = 0.4 (petroleum ether). 1H NMR (400 

MHz, CDCl3) δ 7.56 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.31 (s, 1H), 

5.88 (ddt, J = 17.0, 10.2, 6.9 Hz, 1H), 5.17-5.09 (m, 2H), 2.92 (d, J = 6.9 Hz, 2H), 1.85 (s, 3H).; 
13C NMR (100 MHz, CDCl3) δ 

13C NMR (100 MHz, CDCl3) δ 142.05, 139.76, 135.85, 128.96, 

127.95 (q, J = 32.2 Hz), 124.95 (q, J = 3.8 Hz), 124.59, 124.35 (q, J = 270.1 Hz), 116.77, 44.89, 

17.93. 19F NMR (376 MHz, CDCl3) δ -62.37. HRMS Calculated for C12H13F 226.0969, found 

226.0979. 

 

(E)-4-(2-methylpenta-1,4-dien-1-yl)-1,1'-biphenyl (4h): Prepared according 

to the general procedure, 88% total yield, the ratio of 4h/4h' is 17.9:1, colorless 

oil, Rf = 0.7 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.65-7.58 (m, 

2H), 7.56-7.54 (m, 2H), 7.44-7.40 (m, 2H), 7.33-7.31 (m, 3H), 6.32 (s, 1H), 

5.90 (ddt, J = 16.9, 10.0, 6.8 Hz, 1H), 5.16-5.08 (m, 2H), 2.92 (dd, J = 6.8, 1.4 Hz, 2H), 1.90 (d, J 

= 1.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 140.97, 138.74, 137.64, 137.53, 136.41, 129.28, 

128.79, 127.16, 126.99, 126.78, 125.42, 116.46, 45.16, 18.07. HRMS Calculated for C18H18 

234.1409, found 234.1412. 

 

(E)-1-acetyl-(4-(2-methylpenta-1,4-dien-1-yl)benzene (4i): Prepared 

according to the general procedure, 78% total yield, the ratio of 4i/4i' is > 

20.0:1, colorless oil, Rf = 0.6 (petroleum ether/EtOAc 20/1). 1H NMR (400 

MHz, CDCl3) δ 7.91 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 6.32 (s, 1H), 

5.88 (ddt, J = 17.0, 10.1, 6.9 Hz, 1H), 5.17-5.10 (m, 2H), 2.93 (dd, J = 6.7, 1.5 Hz, 2H), 2.59 (s, 

3H), 1.89 (d, J = 1.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 197.69, 143.45, 140.11, 135.85, 

134.69, 128.87, 128.23, 125.00, 116.81, 45.07, 26.55, 18.16. HRMS Calculated for C14H17O 

[M+H]+ 201.1274, found 201.1270. 

 

Methyl (E)-4-(2-methylpenta-1,4-dien-1-yl)benzoate (4j): Prepared 

according to the general procedure, 99% total yield, the ratio of 4j/4j' is > 

20.0:1, colorless oil, Rf = 0.5 (petroleum ether/EtOAc 10/1). 1H NMR (400 

MHz, CDCl3) δ 7.98 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 6.32 (s, 

1H), 5.88 (ddt, J = 17.0, 10.1, 6.9 Hz, 1H), 5.20-5.07 (m, 2H), 3.90 (s, 3H), 2.92 (dd, J = 6.9, 1.4 

Hz, 2H), 1.87 (d, J = 1.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.04, 143.21, 139.81, 135.90, 

129.39, 128.69, 127.54, 125.07, 116.75, 51.99, 45.04, 18.10 HRMS Calculated for C14H17O2 

[M+H]+ 217.1223, found 217.1226. 

 

(E)-1-methyl-3-(2-methylpenta-1,4-dien-1-yl)benzene (4k): Prepared according 

to the general procedure, 87% total yield, the ratio of 4k/4k' is 9.6:1, colorless oil, 

Me

Ac

Me

MeO2C

Me

F3C
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Rf = 0.7 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.23-7.18 (m, 1H), 7.06-7.00 (m, 3H), 

6.27 (s, 1H), 5.88 (ddt, J = 16.9, 10.0, 6.8 Hz, 1H), 5.14-5.06 (m, 2H), 2.89 (dd, J = 6.8, 1.4 Hz, 

2H), 2.34 (s, 3H), 1.85 (d, J = 1.4 Hz, 3H) ; 13C NMR (100 MHz, CDCl3) δ 138.40, 137.53, 

137.09, 136.49, 129.59, 127.94, 126.76, 125.87, 125.83, 116.30, 45.01, 21.49, 17.89. HRMS 

Calculated for C13H16 172.1252, found 172.1259. 

 

Methyl (E)-3-(2-methylpenta-1,4-dien-1-yl)benzoate (4l): Prepared according to 

the general procedure, 93% total yield, the ratio of 4l/4l' is 20.0:1, colorless oil, Rf 

= 0.6 (petroleum ether/EtOAc 10/1). 1H NMR (400 MHz, CDCl3) δ 7.92 (t, J = 1.8 

Hz, 1H), 7.86 (dt, J = 7.4, 1.6 Hz, 1H), 7.46-7.34 (m, 2H), 6.31 (s, 1H), 5.88 (ddt, J 

= 17.0, 10.1, 6.9 Hz, 1H), 5.38-5.04 (m, 2H), 3.91 (s, 3H), 2.91 (dd, J = 6.9, 1.4 Hz, 

2H), 1.85 (d, J = 1.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.21, 138.69, 138.62, 136.09, 

133.23, 129.96, 129.92, 128.09, 127.12, 124.81, 116.60, 52.09, 44.85, 17.85. HRMS Calculated 

for C14H17O2 [M+H]+ 217.1223, found 217.1224. 

 

(E)-1,3-dimethyl-5-(2-methylpenta-1,4-dien-1-yl)benzene (4m): Prepared 

according to the general procedure, 65% total yield, the ratio of 4m/4m' is 

11.8:1, colorless oil, Rf = 0.7 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 

6.87 (s, 2H), 6.83 (s, 1H), 6.24 (s, 1H), 5.88 (ddt, J = 16.9, 10.0, 6.8 Hz, 1H), 

5.18-5.04 (m, 2H), 2.88 (dd, J = 6.8, 1.4 Hz, 2H), 2.30 (s, 6H), 1.85 (d, J = 1.4 

Hz, 3Hz); 13C NMR (100 MHz, CDCl3) δ 138.36, 137.44, 136.89, 136.54, 127.68, 126.64, 125.86, 

116.23, 45.01, 21.36, 17.92. HRMS Calculated for C14H18 186.1409, found 186.1410. 

 

(E)-2-(2-methylpenta-1,4-dien-1-yl)naphthalene (4o): Prepared according to 

the general procedure, 80% total yield, the ratio of 4n/4n' is 18.4:1, colorless 

oil, Rf = 0.6 (petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.80-7.76 (m, 

3H), 7.68 (s, 1H), 7.46-7.37 (m, 3H), 6.44 (s, 1H), 5.93 (ddt, J = 17.0, 10.0, 

6.9 Hz, 1H), 5.18-5.10 (m, 2H), 2.95 (dd, J = 6.8, 1.4 Hz, 2H), 1.93 (d, J = 1.3 Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δ 137.90, 136.40, 136.00, 133.41, 131.93, 127.83, 127.58, 127.56, 127.47, 

127.27, 125.96, 125.80, 125.46, 116.48, 45.08, 18.05. HRMS Calculated for C16H16 208.1252, 

found 208.1260. 

 

(E)-(2-ethylpenta-1,4-dien-1-yl)benzene (4p): Prepared according to the general 

procedure, 49% total yield, the ratio of 4o/4o' is 13.3:1, colorless oil, Rf = 0.8 

(petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.32-7.29 (m, 2H), 7.24-7.19 (m, 

3H), 6.26 (s, 1H), 5.89 (ddt, J = 16.9, 10.0, 6.9 Hz, 1H), 5.16-5.07 (m, 2H), 2.92 

(dd, J = 6.8, 1.3 Hz, 2 H), 2.26 (qd, J = 7.5, 0.7 Hz, 2H), 1.08 (t , J = 7.6 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 143.12, 138.38, 136.68, 128.56, 128.09, 126.03, 125.51, 116.29, 41.27, 23.87, 

12.93. HRMS Calculated for C13H16 172.1252, found 172.1256. 

 

(E)-(2-allylhex-1-en-1-yl)benzene (4q): Prepared according to the general 

procedure, 60% total yield, the ratio of 4p/4p' is 12.8:1, colorless oil, Rf = 0.8 

(petroleum ether). 1H NMR (400 MHz, CDCl3) δ 7.32-7.28 (m, 2H); 7.22-7.14 (m, 

3H), 6.28 (s, 1H); 5.88 (ddt, J = 16.9, 10.0, 6.9 Hz, 1H), 5.20-5.03 (m, 2H), 2.91 

Me

CO2Me
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(dd, J = 6.9, 1.4 Hz, 2H), 2.23 (t, J = 8.0 Hz, 2H), 1.55-1.41 (m, 2H), 1.31 (h, J = 7.2 Hz, 2H), 

0.88 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 141.93, 138.46, 136.74, 128.61, 128.06, 

125.98, 125.91, 116.25, 41.77, 30.63, 30.40, 22.85, 13.97. HRMS Calculated for C15H20 200.1565, 

found 200.1569. 

 

(E)-4-(2-methylpenta-1,4-dien-1-yl)pyridine (4r): Prepared according to the 

general procedure, 23% yield, the ratio of 4r/4r is > 20.0:1 yellow oil, Rf = 0.3 

(petroleum ether/EtOAc 5/1). 1H NMR (400 MHz, CDCl3) δ 8.53 (d, J = 5.1 Hz, 

2H), 7.14-7.13 (m, 2H), 6.22 (s, 1H), 5.87 (ddt, J = 17.0, 10.2, 6.9 Hz, 1H), 5.17 – 

5.14 (m, 1H), 5.12 (t, J = 1.3 Hz, 1H), 2.93 (dd, J = 6.9, 1.4 Hz, 2H), 1.90 (d, J = 1.4 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 149.50, 146.01, 142.12, 135.47, 123.58, 123.51, 117.09, 45.00, 18.18. 

HRMS Calculated for C11H14N [M+H]+ 160.1121, found 160.1142. 

 

(E)-3-(2-methylpenta-1,4-dien-1-yl)pyridine (4s): Prepared according to the 

general procedure, 57% total yield, the ratio of 4s/4s' is > 20.0:1, known 

compound,6 colorless oil, Rf = 0.3 (petroleum ether/EtOAc 5/1). 1H NMR (400 

MHz, CDCl3) δ 8.50 (d, J = 2.2 Hz, 1H), 8.42 (dd, J = 4.8, 1.6 Hz, 1H), 7.54 (dt, J 

= 7.9, 2.0 Hz, 1H), 7.24 (ddd, J = 7.9, 4.9, 0.9 Hz, 1H), 6.24 (s, 1H), 5.88 (ddt, J = 17.0, 10.1, 6.9 

Hz, 1H), 5.17-5.12 (m, 1H), 5.12-5.10 (m, 1H), 2.93 (dd, J = 6.8, 1.4 Hz, 2H), 1.86 (d, J = 1.3 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 150.08, 147.04, 140.06, 135.80, 135.70, 134.02, 122.94, 

122.09, 116.82, 44.84, 17.90. HRMS Calculated for C11H14N [M+H]+ 160.1121, found 160.1141. 

 

(8R,9S,13S,14S)-13-methyl-3-((E)-2-methylpenta-1,4-dien-1-yl)-6,7,8

,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-o

ne (4t): Prepared according to the general procedure, 25% total yield, 

the ratio of 4t/4t' is 13.6:1, colorless solid, m.p. 44-46 °C, Rf = 0.3 

(petroleum ether/EtOAc 20/1). 1H NMR (400 MHz, CDCl3) δ 7.24 (d, J 

= 7.9 Hz, 1H), 7.06 (dd, J = 8.2, 1.9 Hz, 1H), 6.99 (d, J = 1.9 Hz, 1H), 6.24 (s, 1H), 5.88 (ddt, J = 

16.8, 10.0, 6.7 Hz, 1H), 5.14-5.06 (m, 2H), 2.93-2.87 (m, 4H), 2.55-2.46 (m, 1H), 2.46-2.40 (m, 

1H), 2.33-2.27(m, 1H), 2.19-2.11 (m, 1H), 2.10-1.94 (m, 3H), 1.86 (d, J = 1.3 Hz, 3H), 1.68-1.39 

(m, 6H); 0.91 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 220.91, 137.49, 136.82, 136.50, 136.04, 

135.99, 129.39, 126.27, 125.41, 125.02, 116.24, 50.54, 48.02, 45.03, 44.40, 38.22, 35.88, 31.63, 

29.45, 26.59, 25.72, 21.61, 17.92, 13.87. HRMS Calculated for C24H31O [M+H]+ 335.2369, found 

335.2375. 

N

Me

N

Me

O Me

H

HH

Me



  S14

 

7. Control and deuterium labeling experiments 

 

Scheme S1: Control and deuterium labeling experiments 

  To better interpret the results of deuterium-labeling studies, we provided more details about 

potential pathways for the Pd-acid catalyzed reaction using deuterated alkyne. As we illustrated in 

Scheme S2, if the hydrometallation of the allene's internal π-system is irreversible (Pathway A), 

the reaction should give 100% deuteration at the γ-position of 1,5-diene. This is contrary to the 

observations in the deuterium labeling experiments. Instead, when hydrometallation of the allene's 

internal π-system is reversible (Pathway B), deuterium label could be scrambled into the α-, β-, 

and γ-positions of 1,5-diene. The above deuterium-labeling studies indeed support the conclusion 

that hydrometallation of the allene's internal π-system is reversible under Pd-acid conditions. It 

should be noted that Pd-hydride could be generated from whether oxidative addition of Pd(0) with 

X-H or β-hydride elimination from deuterated vinyl-Pd species. Therefore, the Pd-hydride species 

were partially labelled. 
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9. Copy of NMR for products 
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