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1. General information  

Unless otherwise stated, all reagents were purchased from commercial suppliers and used 

without further purification. An oil bath was used for reactions requiring heating. 

Temperatures quoted are external. All reactions were carried out at inert atmosphere using 

reaction tubes and were monitored through thin layer chromatography (TLC) on silica gel-

precoated glass plates. Chromatograms were visualized by fluorescence quenching with UV-

light at 254 nm and 365 nm. Flash column chromatography was performed using Yantai 

Yinlong flash silica gel (200-300 mesh). Melting points were recorded on an Electrothermal 

digital melting point apparatus. 1H, 13C and 19F NMR spectra were recorded on Bruker 400 

MHz or Agilent 600 MHz spectrometer in CDCl3 with tetramethylsilane (TMS) as internal 

standard. The chemical shifts are expressed in ppm and coupling constants are given in Hz. 

Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet; 

d = doublet; t = triplet; q = quarter; p = pentet; m = multiplet; br = broad), coupling constant 

(Hz), integration. Data for 13C NMR are reported in terms of chemical shift (δ, ppm). Data 

for 19F NMR are reported in terms of chemical shift (δ, ppm). HRMS spectra were obtained 

by using BRUKER microTOF-Q III instrument with ESI, EI or CI source. The crystal was 

measured by using Agilent or Bruker instrument. IR spectra were recorded on a BRUKER 

VERTEX 70 spectrophotometer and are reported in terms of frequency of absorption (cm-1). 

2. Preparation of quinoline derivatives and methylenecyclopropanes 

(MCPs) 

2.1 Preparation of quinoline derivatives 

 

The quinoline derivatives was synthesized according to the literature[1]：To a stirred 

solution of quinoline derivatives (10 mmol, 1 equiv) in anhydrous Et₂O (50 mL) at 0 °C 

under nitrogen was added a 1.6 M solution of n-butyllithium in hexanes (6.8 mL, 10.8 mmol, 

1.08 equiv). The resulting yellow solution was stirred at 0 °C for 10 min and then at room 

temperature for 1 h. After cooling to below -30 °C, diisopropyl ketone (1.370 g, 12 mmol, 

1.2 equiv) was added and the mixture was stirred for 20 min. The reaction was quenched 

with saturated aqueous NH₄Cl solution (20 mL) and warmed to room temperature. The 
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mixture was extracted with EtOAc (3 × 30 mL). The combined organic layers were dried 

over Na₂SO₄ and concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography to afford the quinoline derivatives. 

2.2 Preparation of methylenecyclopropanes (MCPs) 

 

The methylenecyclopropanes was synthesized according to the literature[2]: To a 

suspension of 1-bromopropyl-3-triphenylphosphonium bromide (1.5 equiv) in THF (2 

mL/mmol of phosphonium) under argon atmosphere was added a solution of tBuOK (3 equiv) 

in THF (1 mL/mmol of tBuOK) via cannula, and the reaction mixture turned to bright orange. 

The reaction mixture was then heated at reflux with an oil bath for 90 min and the aldehyde 

or ketone (1 equiv) was then added. The reflux was continued for 16 h for ketones and 2 h 

for aldehydes, and the reaction mixture was cooled down to room temperature. The reaction 

mixture was then poured in a large Erlenmeyer containing a large amount of pentane (10 

mL/mmol) and the precipitates were filtered. The filtrate was concentrated and the residue 

was purified on a silica gel chromatography. 

3. Optimization of reaction conditions 

Table S1: Ligand screeninga,b 
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aReaction conditions: 1 (0.10 mmol), 2 (0.12 mmol), Pd2(dba)3 (5.0 mol %), Cs2CO3 (1.5 

equiv) and ligand (10.0 mol %) in toluene (1.0 mL) at 110 oC for 12 h. bDetermined by LC 

analysis using biphenyl as an internal standard. 

Table S2: Base screeninga,b 

 

Entry Ligand Yield(%)b 

1 PPh3 17 

2 tBuPh2P 32 

3 rac-BINAP trace 

4 DPPB 5 

5 DPPF 9 

6 CyJohnPhos trace 

7 DavePhos 42 

8 CPhos 27 

9 SPhos 46 

10 tBuXPhos trace 

11 XPhos 48 

12 RuPhos 52 

entry Base Yield (%)b 

13 Cs2CO3 52 

14 NaOAc 47 

15 NaOH 38 

16 tBuOK N.R. 

17 tBuOLi 59 

18 K2CO3 50 

19 KOH 51 

20 K3PO4 19 

21 DMAP 40 
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aReaction conditions: 1 (0.10 mmol), 2 (0.12 mmol), Pd2(dba)3 (5.0 mol %), Base (1.5 equiv) 

and RuPhos (10.0 mol %) in toluene (1.0 mL) at 110 oC  for 12 h. bDetermined by LC analysis 

using biphenyl as an internal standard.  

Table S3: Catalyst screeninga,b
 

 

aReaction conditions: 1 (0.10 mmol), 2 (0.12 mmol), [Pd] (5.0 mol %), tBuOLi (1.5 equiv) 

and RuPhos (10.0 mol %) in Toluene (1.0 mL) at 110 oC for 12 h. bDetermined by LC 

analysis using biphenyl as an internal standard. 

Table S4: Solvent screeninga,b,c
 

 

Entry [Pd] Yield (%)b 

22 Pd2(dba)3 59 

23 PdCl2 N.R. 

24 Pd(OAc)2 62 

25 Pd(acac)2 41 

26 Pd(TFA)2 7 

27 Pd(alkyl)2Cl2 trace 

28 Pd(PPh3)4 15 

29 Pd(PPh3)2Cl2 trace 

30 Pd(MeCN)4(OTf)2 28 

Entry Solvent Yield (%)b 

31 Toluene 62 

32 Xylene 72(70)c 

33 MeCN trace 

34 DMA N.R. 

35 Dioxane 64 
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aReaction conditions: 1 (0.10 mmol), 2 (0.12 mmol), Pd(OAc)2 (5.0 mol %), tBuOLi (1.5 

equiv) and RuPhos (10.0 mol %) in Solvent (1.0 mL) at 110 oC  for 12 h. bDetermined by 

LC analysis using biphenyl as an internal standard. cIsolated yield. 

4. Experimental procedures  

4.1 Typical procedure for the synthesis of 3 

 

In a glovebox, an 8 mL glass reaction vial was sequentially charged with 2-quinolinyl tertiary 

alcohol 1 (0.2 mmol, 1.0 equiv), methylenecyclopropane substrate 2 (0.24 mmol, 1.2 equiv), 

Pd(OAc)₂ (0.01 mmol, 5 mol%), RuPhos (0.02 mmol, 10 mol%), tBuOLi (0.3 mmol, 1.5 

equiv), and xylene (2 mL). The reaction mixture was stirred at 110 °C for 12 h. After cooling, 

the mixture was filtered through Celite, and the solution was concentrated under reduced 

pressure by rotary evaporation. The residue was purified by column chromatography 

(PE/EtOAc = 40:1-30:1) to afford product 3. 

4.2 Further transformation of 3 

 

To an 8 mL vial equipped with a magnetic stir bar were added 3 (0.2 mmol, 1.0 equiv), PADE 

(0.02 mmol, 10 mol%), and HEH (0.48 mmol, 2.4 equiv). Dichloromethane (4 mL) was 

added under an air atmosphere, and the mixture was stirred at 30 °C for 12 h. After 

completion of the reaction, the solvent was removed under reduced pressure. The residue 

was purified by column chromatography on silica gel (PE/EtOAc = 60:1 to 40:1) to afford a 

yellow liquid 36 (50 mg, 90%). 

36 NMP N.R. 

37 DCM 42 

38 EA trace 

39 EtOH N.R. 

40 THF 36 
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3 (0.2 mmol, 1.0 equiv) was dissolved in DCM. m-CPBA (0.3 mmol, 1.5 equiv) was added 

slowly at room temperature, and the mixture was stirred for 6 h. The reaction was quenched 

with saturated aqueous sodium thiosulfate, extracted with DCM three times, dried over 

anhydrous sodium sulfate, filtered, and concentrated. The residue was purified by silica gel 

column chromatography (DCM/MeOH = 40:1-20:1) to give compound 37 as a colorless oil 

(28 mg, 48%). 

 

To a 25 mL Schlenk tube equipped with a magnetic stir bar was sealed, and the system was 

purged with nitrogen gas three times. Quinoline N-oxide derivative 37 (0.2 mmol, 1.0 equiv.) 

and acetic anhydride (4 mL) were added. The mixture was heated and stirred at 110 °C for 

3 h. After completion of the reaction, the solvent was removed under reduced pressure. The 

crude product was purified by a column chromatography on a silica gel (PE/EtOAc = 40:1-

20:1) to afford the product 38 as a yellow liquid (28 mg, 42%). 

5. References  

[1] M. M. López, N. Jamey, A. Pinet, B. Figadère and L. Ferrié, Org. Lett., 2021, 23, 1626-

1631.  

[2] D.-W. Wang, X.-B. Wang, D.-S. Wang, S.-M. Lu, Y.-G. Zhou and Y.-X. Li, J. Org. 

Chem., 2009, 74, 2780-2787. 

 

 

6. Analytic and characterization data for the products 

(8R,9S,13S,14S)-3-(benzyloxy)-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-

cyclopenta[a]phenanthren-17-one (31-1) 
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To a dried reaction tube were added estrone (5.0 mmol) 

and anhydrous potassium carbonate (10.0 mmol). The 

tube was evacuated and backfilled with nitrogen three 

times. Acetone (15 mL) was added, and the mixture was 

stirred at room temperature for 10 min. The reaction 

mixture was heated to reflux at 56 °C and stirred for 48 h. 

After cooling to room temperature, the mixture was filtered to remove inorganic salts, and 

the filtrate was concentrated under reduced pressure to give a crude product. The crude 

product was purified by column chromatography to afford a white solid (1.45 g, 80% yield). 

m.p. = 123.8-124.5 oC.1H NMR (400 MHz, CDCl3) δ 7.45 - 7.41 (m, 2H), 7.40 - 7.35 (m, 

2H), 7.34 - 7.29 (m, 1H), 7.20 (dd, J = 8.7, 1.1 Hz, 1H), 6.79 (dd, J = 8.6, 2.8 Hz, 1H), 6.73 

(d, J = 2.7 Hz, 1H), 5.03 (s, 2H), 2.93 - 2.86 (m, 2H), 2.50 (dd, J = 18.8, 8.6 Hz, 1H), 2.42 - 

2.36 (m, 1H), 2.30 - 2.22 (m, 1H), 2.19 - 2.09 (m, 1H), 2.08 - 1.93 (m, 3H), 1.68 - 1.60 (m, 

1H), 1.58 - 1.41 (m, 5H), 0.91 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 156.9, 137.8, 137.3, 

132.3, 128.6, 127.9, 127.5, 126.4, 114.9, 112.4, 70.0, 50.4, 48.0, 44.0, 38.4, 35.9, 31.6, 29.7, 

26.6, 25.9, 21.6, 13.9. HRMS (ESI) calcd for [M+Na]+ C25H28NaO2
+, m/z: 383.1987, found: 

383.1985. FT-IR (ATR): 2919, 2866, 2051, 2029, 1734, 1601, 1495, 1228, 1022, 818, 751, 

728, 694 cm-1. 

 

(8S,9S,13S,14S)-3-(benzyloxy)-17-cyclopropylidene-13-methyl-

7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthrene (31-2) 

According to the general procedure, 31-2 was obtained as 

a white solid (0.82 g, 53% yield). m.p. = 87.9-89.9 oC. 1H 

NMR (400 MHz, CDCl3) δ 7.42 (d, J = 8.4 Hz, 2H), 7.37 

(t, J = 7.4 Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 7.22 (d, J = 

8.5 Hz, 1H), 6.78 (dd, J = 8.5, 2.8 Hz, 1H), 6.72 (d, J = 

2.8 Hz, 1H), 5.03 (s, 2H), 2.95 - 2.80 (m, 2H), 2.60 - 2.49 

(m, 1H), 2.41 - 2.30 (m, 2H), 2.28 - 2.18 (m, 1H), 2.18 - 

2.10 (m, 1H), 1.99 - 1.91 (m, 1H), 1.91 - 1.82 (m, 1H), 1.54 (d, J = 8.9 Hz, 2H), 1.49 - 1.41 

(m, 2H), 1.40 - 1.28 (m, 2H), 1.14 - 1.01 (m, 2H), 0.85 (s, 4H), 0.84 - 0.79 (m, 1H). 13C 

NMR (101 MHz, CDCl3) δ 157.3, 139.7, 138.7, 138.0, 133.9, 129.1, 128.4, 128.0, 126.9, 

115.4, 112.8, 107.8, 70.6, 54.9, 45.6, 44.9, 39.5, 36.9, 30.5, 29.6, 28.3, 27.3, 25.0, 18.4, 2.1, 
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0.0. HRMS (ESI) calcd for [M+H]+ C28H33O
+, m/z: 385.2531, found: 385.2532. FT-IR 

(ATR): 2913, 2848, 2180, 2145, 1962, 1495, 1278, 1027, 730, 693 cm-1. 

 

(R)-1-cyclopropylidene-3-methylcyclopentadecane (32-1) 

According to the general procedure, 32-1 was obtained as a 

yellow oil (0.84 g, 64% yield).1H NMR (400 MHz, CDCl3) δ 

2.22 - 2.09 (m, 3H), 1.93 (dd, J = 13.4, 7.7 Hz, 1H), 1.77 - 1.68 

(m, 1H), 1.60 - 1.51 (m, 1H), 1.47 - 1.20 (m, 20H), 1.14 - 1.06 (m, 

1H), 1.05 - 1.00 (m, 2H), 0.98 - 0.92 (m, 2H), 0.82 (d, J = 6.6 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 125.7, 114.1, 40.8, 33.5, 

32.1, 28.1, 25.8, 25.1, 24.8, 24.8, 24.7, 24.6, 24.5, 23.3, 18.5, 0.5, 

0.0. HRMS (ESI) calcd for [M+H]+ C19H35
+, m/z: 263.2739, 

found: 263.2739. FT-IR (ATR): 2922, 2853, 1456, 1373, 1350, 992, 716 cm-1. 

 

2-(3-benzylbut-3-en-1-yl)quinoline (3) 

According to the general procedure, 3 was obtained 

as a yellow liquid (38 mg, 70% yield). 1H NMR 

(400 MHz, CDCl3) δ 8.05 (dd, J = 16.0, 8.4 Hz, 2H), 

7.75 (dd, J = 8.0, 1.5 Hz, 1H), 7.70 - 7.65 (m, 1H), 

7.49 - 7.45 (m, 1H), 7.30 - 7.24 (m, 2H), 7.20 (t, J = 

7.7 Hz, 4H), 4.92 (d, J = 1.6 Hz, 1H), 4.79 (d, J = 1.4 Hz, 1H), 3.41 (s, 2H), 3.18 - 3.11 (m, 

2H), 2.51 (t, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 162.1, 148.0, 147.6, 139.6, 

136.5, 129.6, 129.1, 128.7, 128.3, 127.5, 126.8, 126.1, 125.9, 121.3, 111.9, 43.3, 37.2, 35.2. 

HRMS (ESI) calcd for [M+H]+ C20H20N
+, m/z: 274.1596, found: 274.1594. FT-IR (ATR): 

2923, 1599, 1500, 1445, 1113, 823, 745 cm-1. 

 

2-(3-(4-methoxybenzyl)but-3-en-1-yl)quinoline (4) 

According to the general procedure, 4 was 

obtained as a yellow liquid (38 mg, 62% yield). 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.6, 

3.2 Hz, 2H), 7.75 (dd, J = 8.2, 1.5 Hz, 1H), 7.70 - 

7.64 (m, 1H), 7.49 - 7.45 (m, 1H), 7.26 (d, J = 8.4 

Hz, 1H), 7.12 (s, 4H), 4.90 (d, J = 1.4 Hz, 1H), 4.53 (d, J = 1.9 Hz, 1H), 3.40 (s, 2H), 3.19 - 
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3.14 (m, 2H), 2.61 - 2.54 (m, 2H), 2.24 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 162.2, 148.0, 

147.1, 137.7, 136.9, 136.3, 130.2, 130.1, 129.4, 128.9, 127.5, 126.8, 126.4, 125.9, 125.8, 

121.3, 111.3, 40.6, 38.0, 36.1, 19.4. HRMS (ESI) calcd for [M+H]+ C21H22NO+, m/z: 

304.1696, found: 304.1694. FT-IR (ATR): 2982, 1731, 1597, 1284, 1156, 1031, 907, 725, 

645 cm-1. 

 

2-(3-(4-methylbenzyl)but-3-en-1-yl)quinoline (5) 

According to the general procedure, 5 was 

obtained as a yellow liquid (28 mg, 48% yield). 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.3, 

2.5 Hz, 2H), 7.77 (dd, J = 8.0, 1.5 Hz, 1H), 7.70 - 

7.65 (m, 1H), 7.50 - 7.46 (m, 1H), 7.24 (d, J = 8.4 

Hz, 1H), 7.09 (s, 4H), 4.90 (s, 1H), 4.79 (s, 1H), 3.38 (s, 2H), 3.18 - 3.09 (m, 2H), 2.50 (t, J 

= 8.0 Hz, 2H), 2.31 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 162.6, 148.3, 147.3, 136.5, 

136.2, 135.6, 129.4, 129.0, 128.9, 128.8, 127.5, 126.8, 125.8, 121.3, 111.6, 42.9, 37.4, 35.5, 

21.1. HRMS (ESI) calcd for [M+H]+ C21H22N
+, m/z: 288.1747, found: 288.1749. FT-IR 

(ATR): 2916, 1599, 1495, 1447, 1315, 1118, 888, 829, 737, 699 cm-1. 

 

2-(3-([1,1'-biphenyl]-4-ylmethyl)but-3-en-1-yl)quinoline (6) 

According to the general procedure, 6 was 

obtained as a yellow liquid (45 mg, 65% yield). 

1H NMR (400 MHz, CDCl3) δ 8.02 (dd, J = 

14.4, 8.5 Hz, 2H), 7.73 (dd, J = 8.2, 1.5 Hz, 1H), 

7.67 - 7.63 (m, 1H), 7.59 - 7.55 (m, 2H), 7.52 - 

7.48 (m, 2H), 7.47 - 7.38 (m, 3H), 7.33 - 7.28 

(m, 1H), 7.28 - 7.24 (m, 2H), 7.21 (d, J = 8.4 Hz, 1H), 4.95 (s, 1H), 4.84 (s, 1H), 3.45 (s, 

2H), 3.18 - 3.12 (m, 2H), 2.53 (t, J = 8.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 162.2, 

148.0, 148.0, 141.1, 139.1, 138.8, 136.3, 129.5, 129.4, 128.9, 128.8, 127.6, 127.1, 127.1, 

126.8, 125.8, 121.34, 112.0, 43.0, 37.4, 35.2. HRMS (ESI) calcd for [M+H]+ C26H24N
+, m/z: 

350.1903, found: 350.1903. FT-IR (ATR): 2924, 1604, 1437, 1373, 1117, 891, 825, 759 cm-

1. 
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2-(3-(4-fluorobenzyl)but-3-en-1-yl)quinoline (7) 

According to the general procedure, 7 was 

obtained as a yellow liquid (41 mg, 57% yield). 

1H NMR (400 MHz, CDCl3) δ 8.03 (t, J = 7.7 Hz, 

2H), 7.77 (dd, J = 8.2, 1.5 Hz, 1H), 7.70 - 7.64 (m, 

1H), 7.52 - 7.46 (m, 1H), 7.23 (d, J = 8.5 Hz, 1H), 

7.18 - 7.11 (m, 2H), 7.01 - 6.91 (m, 2H), 4.92 (d, J = 1.7 Hz, 1H), 4.77 (d, J = 1.8 Hz, 1H), 

3.38 (s, 2H), 3.16 - 3.10 (m, 2H), 2.49 (t, J = 8.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 

162.4 (d, JC-F = 67.5 Hz), 160.3, 148.0 (d, JC-F = 7.1 Hz), 136.3, 135.2, 135.1, 130.4 (d, JC-F 

= 10.1 Hz), 129.5, 128.8, 127.5, 126.8, 125.8, 121.3, 115.1 (d, JC-F = 8.0 Hz), 111.9, 42.5, 

37.3, 35.1. 19F NMR (376 MHz, CDCl3) δ -117.4. HRMS (ESI) calcd for [M+H]+ 

C20H19FN+, m/z: 292.1496, found: 292.1491. FT-IR (ATR): 2918, 1602, 1503, 1430, 1219, 

820, 757 cm-1. 

 

2-(3-(3-fluorobenzyl)but-3-en-1-yl)quinoline (8) 

According to the general procedure, 8 was 

obtained as a yellow liquid (43 mg, 74% yield). 

1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.4 

Hz, 2H), 7.78 (dd, J = 8.2, 1.5 Hz, 1H), 7.73 - 7.67 

(m, 1H), 7.53 - 7.46 (m, 1H), 7.26 - 7.19 (m, 2H), 

6.97 (d, J = 7.6 Hz, 1H), 6.93 - 6.85 (m, 2H), 4.95 (d, J = 1.6 Hz, 1H), 4.81 (d, J = 1.7 Hz, 

1H), 3.41 (s, 2H), 3.19 - 3.12 (m, 2H), 2.51 (t, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) 

δ 165.4, 161.8 (d, JC-F = 24.6 Hz), 147.9, 146.8, 142.2 (d, JC-F = 7.3 Hz), 136.3, 129.7 (d, JC-

F = 8.3 Hz), 129.4, 128.9, 127.5, 126.8, 125.8, 124.8 (d, JC-F = 2.8 Hz), 121.3, 115.8 (d, JC-F 

= 21.2 Hz), 113.1 (d, JC-F = 21.2 Hz), 112.3, 43.0 (d, JC-F = 1.8 Hz), 37.3, 35.1. 19F NMR 

(376 MHz, CDCl3) δ -113.8. HRMS (ESI) calcd for [M+H]+ C20H19FN+, m/z: 292.1496, 

found: 292.1492. FT-IR (ATR): 2919, 1604, 1498, 1437, 1265, 821, 737 cm-1. 
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2-(3-(3-methylbenzyl)but-3-en-1-yl)quinoline (9) 

According to the general procedure, 9 was 

obtained as a yellow liquid (24 mg, 42% yield). 

1H NMR (400 MHz, CDCl3) δ 8.05 - 8.00 (m, 

2H), 7.74 (dd, J = 8.1, 1.5 Hz, 1H), 7.69 - 7.64 

(m, 1H), 7.49 - 7.44 (m, 1H), 7.21 (d, J = 8.5 Hz, 

1H), 7.18 - 7.14 (m, 1H), 7.00 (d, J = 5.8 Hz, 3H), 4.91 (dd, J = 3.2, 1.6 Hz, 1H), 4.80 (dd, 

J = 2.6, 1.3 Hz, 1H), 3.38 (s, 2H), 3.17 - 3.09 (m, 2H), 2.50 (t, J = 6.0 Hz, 2H), 2.31 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 162.9, 148.1, 147.9, 134.0, 137.9, 136.2, 129.8, 129.40, 

128.8, 128.2, 127.5, 126.9, 126.8, 126.1, 125.8, 121.0, 111.7, 43.3, 37.4, 35.2, 21.4. HRMS 

(ESI) calcd for [M+H]+ C21H22N
+, m/z: 288.1747, found: 288.1742. FT-IR (ATR): 2915, 

1602, 1499, 1431, 1310, 890, 821, 749 cm-1. 

 

2-(3-(2-methylbenzyl)but-3-en-1-yl)quinoline (10) 

According to the general procedure, 10 was 

obtained as a yellow liquid (33 mg, 57% yield). 1H 

NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.5, 2.8 

Hz, 2H), 7.75 (dd, J = 8.1, 1.6 Hz, 1H), 7.69 - 7.65 

(m, 1H), 7.49 - 7.44 (m, 1H), 7.26 (d, J = 8.5 Hz, 

1H), 7.12 (s, 4H), 4.90 (dd, J = 2.6, 1.3 Hz, 1H), 4.53 (d, J = 1.9 Hz, 1H), 3.40 (d, J = 1.3 

Hz, 2H), 3.20 - 3.14 (m, 2H), 2.61 - 2.55 (m, 2H), 2.24 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ 162.2, 148.0, 147.1, 137.7, 136.9, 136.3, 130.2, 130.1, 129.4, 128.9, 127.5, 126.8, 126.4, 

125.9, 125.8, 121.3, 111.3, 40.6, 38.1, 36.1, 19.4. HRMS (ESI) calcd for [M+H]+ C21H22N
+, 

m/z: 288.1747, found: 288.1746. FT-IR (ATR): 2923, 1600, 1446, 1330, 1165, 1124, 824, 

754, 704 cm-1. 

 

2-(3-(2-fluorobenzyl)but-3-en-1-yl)quinoline (11) 

According to the general procedure, 11 was 

obtained as a yellow liquid (49 mg, 84% yield). 

1H NMR (400 MHz, CDCl3) δ 7.99 (dd, J = 8.5, 

2.0 Hz, 2H), 7.70 (dd, J = 8.2, 1.4 Hz, 1H), 7.66 

- 7.57 (m, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.19 (d, 
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J = 2.1 Hz, 1H), 7.17 - 7.06 (m, 2H), 7.02 - 6.89 (m, 2H), 4.84 (s, 1H), 4.66 (s, 1H), 3.38 (s, 

2H), 3.14 - 3.06 (m, 2H), 2.48 (t, J = 8.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 162.4 (d, 

JC-F = 34.6 Hz), 160.0, 148.3, 146.8, 136.3, 131.3 (d, JC-F = 4.7 Hz), 129.4, 128.8, 128.0 (d, 

JC-F = 8.1 Hz), 127.5, 126.8, 126.5 (d, JC-F = 14.8 Hz), 125.8, 124.0 (d, JC-F = 3.6 Hz), 121.4, 

115.3 (d, JC-F = 22.5 Hz), 111.8, 37.4, 35.7 (d, JC-F = 2.9 Hz), 35.6. 19F NMR (376 MHz, 

CDCl3) δ -118.2. HRMS (ESI) calcd for [M+H]+ C20H19FN+, m/z: 292.1496, found: 

292.1491. FT-IR (ATR): 2920, 1599, 1493, 1438, 1226, 895, 823, 751 cm-1. 

 

2-(3-(3,5-dimethylbenzyl)but-3-en-1-yl)quinoline (12) 

According to the general procedure, 12 was 

obtained as a yellow liquid (39 mg, 64% yield). 

1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.4 

Hz, 2H), 7.78 - 7.73 (m, 1H), 7.69 - 7.64 (m, 1H), 

7.49 - 7.45 (m, 1H), 7.23 (d, J = 8.8 Hz, 1H), 7.06 

- 7.02 (m, 1H), 6.97 - 6.91 (m, 2H), 4.90 (s, 1H), 4.80 (s, 1H), 3.35 (s, 2H), 3.17 - 3.09 (m, 

2H), 2.50 (t, J = 8.0 Hz, 2H), 2.22 (s, 6H). 13C NMR (400 MHz, CDCl3) δ 162.3, 148.3, 

147.9, 137.0, 136.4, 136.2, 134.2, 130.3, 129.6, 129.4, 128.8, 127.5, 126.8, 126.4, 125.7, 

121.4, 111.5, 42.9, 37.4, 35.2, 19.8, 19.4. HRMS (ESI) calcd for [M+H]+ C22H24N
+, m/z: 

302.1903, found: 302.1902. FT-IR (ATR): 2956, 1599, 1434, 1362, 1248, 886, 821, 751 cm-

1. 

 

2-(3-(2,4,6-trimethylbenzyl)but-3-en-1-yl)quinoline (13) 

According to the general procedure, 13 was 

obtained as a yellow liquid (58 mg, 92% yield). 

1H NMR (400 MHz, CDCl3) δ 7.96 (dd, J = 8.4, 

5.1 Hz, 2H), 7.66 (dd, J = 8.0, 1.5 Hz, 1H), 7.60 

- 7.55 (m, 1H), 7.40 - 7.34 (m, 1H), 7.22 (d, J = 

8.4 Hz, 1H), 6.73 (s, 2H), 4.67 (dd, J = 3.0, 1.5 Hz, 1H), 4.13 (dd, J = 3.8, 1.9 Hz, 1H), 3.24 

(d, J = 1.9 Hz, 2H), 3.18 - 3.11 (m, 2H), 2.61 - 2.54 (m, 2H), 2.15 (s, 3H), 2.09 (s, 6H). 13C 

NMR (400 MHz, CDCl3) δ 162.2, 148.0, 146.1, 137.0, 136.3, 135.3, 133.3, 129.5, 128.9, 

128.7, 127.6, 126.8, 125.8, 121.3, 109.4, 37.8, 37.2, 35.8, 20.9, 19.8. HRMS (ESI) calcd for 
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[M+H]+ C23H26N
+, m/z: 316.2060, found: 316.2055. FT-IR (ATR): 2915, 1602, 1502, 1429, 

1309, 894, 825, 759 cm-1. 

 

2-(3-(3,5-di-tert-butylbenzyl)but-3-en-1-yl)quinoline (14) 

According to the general procedure, 14 was 

obtained as a yellow liquid (39 mg, 51% yield). 

1H NMR (400 MHz, CDCl3) δ 8.05 - 7.99 (m, 

2H), 7.74 (dd, J = 8.2, 1.4 Hz, 1H), 7.68 - 7.64 

(m, 1H), 7.48 - 7.43 (m, 1H), 7.27 (t, J = 1.9 Hz, 

1H), 7.20 (d, J = 8.4 Hz, 1H), 7.05 (d, J = 1.9 Hz, 2H), 4.91 (d, J = 1.6 Hz, 1H), 4.81 (d, J = 

2.0 Hz, 1H), 3.42 (s, 2H), 3.17 - 3.10 (m, 2H), 2.56 - 2.50 (m, 2H), 1.31 (s, 18H). 13C NMR 

(101 MHz, CDCl3) δ 162.4, 150.6, 148.4, 148.0, 138.6, 136.2, 129.4, 128.9, 127.5, 126.8, 

125.7, 123.3, 121.3, 120.0, 111.7, 43.8, 37.6, 35.4, 34.8, 31.6. HRMS (ESI) calcd for 

[M+H]+ C28H36N
+, m/z: 386.2842, found: 386.2839. FT-IR (ATR): 2923, 2253, 1643, 1600, 

1445, 1377, 1038, 893, 823, 751 cm-1. 

 

2-(3-(3,5-dimethoxybenzyl)but-3-en-1-yl)quinoline (15) 

According to the general procedure, 15 was 

obtained as a yellow liquid (48 mg, 72% yield). 

1H NMR (400 MHz, CDCl3) δ 8.02 (dd, J = 8.6, 

2.8 Hz, 2H), 7.75 (dd, J = 8.2, 1.5 Hz, 1H), 7.68 

- 7.64 (m, 1H), 7.48 - 7.44 (m, 1H), 7.22 (d, J = 

8.4 Hz, 1H), 6.36 (d, J = 2.3 Hz, 2H), 6.31 (t, J = 2.3 Hz, 1H), 4.93 (d, J = 1.2 Hz, 1H), 4.84 

(d, J = 1.6 Hz, 1H), 3.75 (s, 6H), 3.35 (s, 2H), 3.16 - 3.08 (m, 2H), 2.51 (t, J = 8.0 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 162.2, 160.8, 147.9, 147.6, 142.0, 136.2, 129.4, 128.8, 127.5, 

126.8, 125.8, 121.3, 112.0, 107.1, 98.2, 55.3, 43.6, 37.4, 35.1. HRMS (ESI) calcd for 

[M+H]+ C22H24NO2
+, m/z: 334.1802, found: 334.1799. FT-IR (ATR): 2929, 1595, 1459, 

1200, 1149, 1061, 825, 753 cm-1. 

 

2-(3-((2,2-difluorobenzo[d][1,3]dioxol-5-yl)methyl)but-3-en-1-yl)quinoline (16) 
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According to the general procedure, 16 was 

obtained as a yellow liquid (40 mg, 57% yield). 

1H NMR (400 MHz, CDCl3) δ 8.03 (t, J = 7.4 

Hz, 2H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.70 - 

7.66 (m, 1H), 7.48 (m, 1H), 7.23 (d, J = 8.4 Hz, 

1H), 6.94 - 6.85 (m, 3H), 4.95 (d, J = 1.6 Hz, 

1H), 4.79 (d, J = 1.6 Hz, 1H), 3.37 (s, 2H), 3.15 - 3.09 (m, 2H), 2.49 (t, J = 8.0 Hz, 2H). 13C 

NMR (101 MHz, CDCl3) δ 161.9, 147.9, 147.5, 143.0 (d, JC-F = 165.8Hz), 136.3, 135.7, 

134.2, 131.7, 129.5, 128.8, 127.5, 126.8, 125.8, 123.9, 121.3, 112.4, 110.1, 109.0, 43.0, 37.2, 

34.9. 19F NMR (376 MHz, CDCl3) δ - 50.0. HRMS (ESI) calcd for [M+H]+ C21H18F2NO2
+, 

m/z: 354.1300, found: 354.1302. FT-IR (ATR): 2919, 1605, 1496, 1440, 1228, 1140, 896, 

820, 754 cm-1. 

 

2-(3-(naphthalen-1-ylmethyl)but-3-en-1-yl)quinoline (17) 

According to the general procedure, 17 was 

obtained as a yellow liquid (36 mg, 56% yield). 

1H NMR (400 MHz, CDCl3)  δ 8.05 (d, J = 8.5 

Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.96 - 7.92 (m, 

1H), 7.83 - 7.79 (m, 1H), 7.74 - 7.69 (m, 2H), 

7.68 - 7.64 (m, 1H), 7.46 - 7.39 (m, 3H), 7.39 - 7.35 (m, 1H), 7.33 (dd, J = 7.0, 1.4 Hz, 1H), 

7.20 (d, J = 8.3 Hz, 1H), 4.93 (s, 1H), 4.60 (s, 1H), 3.85 (s, 2H), 3.22 - 3.18 (m, 2H), 2.62 (t, 

J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 162.1, 148.0, 147.5, 136.3, 135.6, 133.9, 

132.5, 129.5, 128.9, 128.6, 127.6, 127.5, 127.1, 126.8, 125.8, 125.8, 125.6, 125.5, 124.5, 

121.4, 112.2, 40.3, 37.6, 36.1. HRMS (ESI) calcd for [M+H]+ C24H22N
+, m/z: 324.1747, 

found: 324.1745. FT-IR (ATR): 2920, 1600, 1501, 1429, 1146, 1011, 892, 820, 734 cm-1. 

 

2-(3-(naphthalen-2-ylmethyl)but-3-en-1-yl)quinoline (18) 

According to the general procedure, 18 was 

obtained as a yellow liquid (28 mg, 44% yield). 

1H NMR (400 MHz, CDCl3) δ 8.03 - 7.96 (m, 

2H), 7.80 - 7.77 (m, 1H), 7.76 - 7.71 (m, 3H), 

7.67 - 7.63 (m, 1H), 7.62 (d, J = 1.7 Hz, 1H), 7.47 
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- 7.40 (m, 3H), 7.33 (dd, J = 8.4, 1.8 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 4.97 (d, J = 1.6 Hz, 

1H), 4.87 - 4.83 (m, 1H), 3.57 (s, 2H), 3.18 - 3.12 (m, 2H), 2.56 - 2.50 (t, J = 8.4 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 162.1, 147.9, 147.9, 137.1, 136.3, 133.6, 132.2, 129.4, 128.8, 

127.9, 127.7, 127.7, 127.6, 127.5, 127.4, 126.8, 125.9, 125.8, 125.3, 121.3, 112.1, 43.5, 37.4, 

35.3. HRMS (ESI) calcd for [M+H]+ C24H22N
+, m/z: 324.1747, found: 324.1751. FT-IR 

(ATR): 2914, 1599, 1503, 1430, 1310, 893, 778 cm-1. 

 

2-(3-((ferrocenyl)methyl)but-3-en-1-yl)quinoline (19) 

According to the general procedure, 19 was 

obtained as a yellow liquid (46 mg, 60% yield). 

1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 8.4, 

1.6 Hz, 2H), 7.77 (dd, J = 8.1, 1.5 Hz, 1H), 7.70 

- 7.66 (m, 1H), 7.50 - 7.46 (m, 1H), 7.26 (d, J = 

8.4 Hz, 1H), 4.74 (d, J = 1.6 Hz, 1H), 4.68 (d, J = 1.7 Hz, 1H), 4.18 - 4.12 (m, 1H), 4.09 (s, 

6H), 4.06 (t, J = 1.8 Hz, 2H), 3.16 (s, 2H), 3.12 - 3.02 (m, 2H), 2.51 (t, J = 8.0 Hz, 2H). 13C 

NMR (101 MHz, CDCl3) δ 162.3, 148.9, 147.9, 136.2, 129.4, 128.8, 127.5, 126.8, 125.8, 

121.4, 110.3, 86.3, 69.1, 68.6, 67.5, 37.5, 37.4, 35.6. HRMS (ESI) calcd for [M+H]+ 

C24H24FeN+, m/z: 382.1247, found: 382.1242. FT-IR (ATR): 2918, 1602, 1498, 1432, 892, 

823, 743 cm-1. 

 

2-(3-(thiophen-3-ylmethyl)but-3-en-1-yl)quinoline (20) 

According to the general procedure, 20 was 

obtained as a yellow liquid (38 mg, 68% yield). 

1H NMR (400 MHz, CDCl3) δ 8.07 - 8.03 (m, 

2H), 7.77 (dd, J = 8.1, 1.5 Hz, 1H), 7.71 - 7.66 

(m, 1H), 7.51 - 7.46 (m, 1H), 7.33 (dd, J = 1.9, 

0.9 Hz, 1H), 7.26 (d, J = 8.4 Hz, 1H), 6.30 (dd, J = 3.2, 1.9 Hz, 1H), 6.08 (dd, J = 3.1, 0.9 

Hz, 1H), 4.93 (d, J = 1.8 Hz, 1H), 4.86 (dd, J = 2.2, 1.1 Hz, 1H), 3.44 (s, 2H), 3.16 - 3.09 

(m, 2H), 2.55 (t, 2H). 13C NMR (101 MHz, CDCl3) δ 162.6, 153.5, 147.8, 146.1, 141.4, 

135.8, 129.4, 128.4, 127.5, 126.8, 125.8, 121.3, 112.2, 110.3, 106.5, 37.3, 35.6, 35.3. HRMS 

(ESI) calcd for [M+H]+ C18H18NS+, m/z: 280.1154, found: 280.1156. FT-IR (ATR): 3362, 

2920, 2851, 1718, 1659, 1426, 1263, 734, 704 cm-1. 
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2-(3-(furan-2-ylmethyl)but-3-en-1-yl)quinoline (21) 

According to the general procedure, 21 was 

obtained as a yellow liquid (22 mg, 42% yield). 

1H NMR (400 MHz, CDCl3) δ 8.08 - 8.00 (m, 

2H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.70 - 7.65 

(m, 1H), 7.50 - 7.45 (m, 1H), 7.26 - 7.24 (m, 1H), 

7.23 (t, J = 2.5 Hz, 1H), 6.99 - 6.96 (m, 1H), 6.92 (dd, J = 4.9, 1.3 Hz, 1H), 4.91 (d, J = 1.7 

Hz, 1H), 4.82 (d, J = 1.3 Hz, 1H), 3.43 (s, 2H), 3.18 - 3.07 (m, 2H), 2.53 (t, J = 8.0 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 161.2, 147.9, 147.2, 140.0, 135.9, 129.4, 128.8, 128.7, 127.5, 

126.8, 125.8, 125.3, 121.4, 121.3, 111.5, 37.7, 37.4, 35.3. HRMS (ESI) calcd for [M+H]+ 

C18H18NO+, m/z: 264.1383, found: 264.1380. FT-IR (ATR): 3053, 2922, 1600, 1504, 1427, 

895, 818, 754 cm-1. 

 

2-(3-(pyridin-3-ylmethyl)but-3-en-1-yl)quinoline (22) 

According to the general procedure, 22 was 

obtained as a yellow liquid (27 mg, 49% yield). 

1H NMR (400 MHz, CDCl3) δ 8.50 - 8.40 (m, 

2H), 8.04 (dd, J = 8.5, 5.7 Hz, 2H), 7.76 (dd, J = 

8.1, 1.5 Hz, 1H), 7.70 - 7.65 (m, 1H), 7.52 - 7.44 

(m, 2H), 7.26 - 7.15 (m, 2H), 4.96 (d, J = 1.6 Hz, 1H), 4.77 (d, J = 1.2 Hz, 1H), 3.39 (s, 2H), 

3.18 - 3.09 (m, 2H), 2.51 (t, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 161.8, 150.4, 

147.9, 147.7, 147.0, 136.5, 136.3, 134.9, 129.5, 128.8, 127.5, 126.8, 125.8, 123.3, 121.2, 

112.5, 40.3, 37.2, 35.2. HRMS (ESI) calcd for [M+H]+ C19H19N2
+, m/z: 275.1543, found: 

275.1539. FT-IR (ATR): 3740, 3357, 2921, 2852, 1642, 1424, 748 cm-1. 

 

2-(3-methylenenonyl)quinoline (23) 

According to the general procedure, 23 was 

obtained as a yellow liquid (36 mg, 67% yield). 

1H NMR (400 MHz, CDCl3) δ 8.00 - 7.96 (m, 

2H), 7.69 (dd, J = 8.2, 1.5 Hz, 1H), 7.62 - 7.57 

(m, 1H), 7.43 - 7.37 (m, 1H), 7.23 (d, J = 8.5 Hz, 

1H), 4.72 (d, J = 1.7 Hz, 1H), 4.69 (d, J = 1.7 Hz, 1H), 3.09 - 3.01 (m, 2H), 2.49 - 2.41 (m, 
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2H), 2.05 - 1.98 (m, 2H), 1.41 - 1.34 (m, 2H), 1.24 - 1.18 (m, 6H), 0.83 - 0.77 (m, 3H). 13C 

NMR (101 MHz, CDCl3) δ 162.5, 149.7, 147.9, 136.2, 129.4, 128.8, 127.5, 126.8, 125.7, 

121.4, 108.8, 37.6, 36.4, 35.9, 31.8, 29.1, 27.8, 22.7, 14.1. HRMS (ESI) calcd for [M+H]+ 

C19H26N
+, m/z: 268.2060, found: 268.2061. FT-IR (ATR): 2924, 1602, 1503, 1432, 1114, 

887, 822, 752 cm-1. 

 

2-(3-(cyclohexylmethyl)but-3-en-1-yl)quinoline (24) 

According to the general procedure, 24 was 

obtained as a yellow liquid (41 mg, 74% yield). 

1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 8.4, 

2.1 Hz, 2H), 7.77 (dd, J = 8.1, 1.5 Hz, 1H), 7.70 

- 7.65 (m, 1H), 7.50 - 7.45 (m, 1H), 7.30 (d, J = 

8.4 Hz, 1H), 4.83 (dd, J = 3.6, 1.6 Hz, 1H), 4.73 (dd, J = 2.0, 0.8 Hz, 1H), 3.15 - 3.09 (m, 

2H), 2.51 (t, J = 8.2 Hz, 2H), 1.98 (dd, J = 7.2, 0.8 Hz, 2H), 1.72 - 1.65 (m, 4H), 1.51 - 1.42 

(m, 1H), 1.30 - 1.08 (m, 4H), 0.90 - 0.79 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 162.5, 

149.0, 147.3, 136.2, 129.4, 128.8, 127.5, 126.8, 125.7, 121.0, 110.7, 44.8, 37.5, 35.6, 35.6, 

33.4, 26.6, 26.4. HRMS (ESI) calcd for [M+H]+ C20H26N
+, m/z: 280.2060, found: 280.2063. 

FT-IR (ATR): 2918, 1600, 1495, 1447, 1118, 890, 830, 700 cm-1. 

 

2-(3-((tetrahydro-2H-pyran-4-yl)methyl)but-3-en-1-yl)quinoline (25) 

According to the general procedure, 25 was 

obtained as a yellow liquid (45 mg, 80% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.96 (dd, J = 8.4, 2.3 

Hz, 2H), 7.67 (dd, J = 8.2, 1.5 Hz, 1H), 7.61 - 7.56 

(m, 1H), 7.40 - 7.36 (m, 1H), 7.20 (d, J = 8.4 Hz, 

1H), 4.79 (d, J = 1.6 Hz, 1H), 4.67 (d, J = 1.6 Hz, 1H), 3.83 (dd, J = 12.0, 4.0 Hz, 2H), 3.24 

(td, J = 11.8, 2.1 Hz, 2H), 3.07 - 3.00 (m, 2H), 2.44 (t, J = 8.0 Hz, 2H), 1.94 (d, J = 7.2 Hz, 

2H), 1.65 - 1.55 (m, 1H), 1.49 - 1.45 (m, 2H), 1.18 - 1.11 (m, 2H). 13C NMR (101 MHz, 

CDCl3) δ 162.2, 147.9, 146.2, 136.2, 129.4, 128.8, 127.5, 126.8, 125.8, 121.4, 111.4, 68.0, 

44.2, 37.4, 35.5, 33.1, 32.9. HRMS (ESI) calcd for [M+H]+ C19H24NO+, m/z: 282.1852, 

found: 282.1857. FT-IR (ATR): 2922, 1600, 1504, 1428, 894, 819, 752 cm-1. 
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2-(3-methylene-6-phenylhexyl)quinoline (26) 

According to the general procedure, 26 was 

obtained as a yellow liquid (56 mg, 93% yield). 

1H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 12.3, 

8.5 Hz, 2H), 7.74 (dd, J = 8.1, 1.5 Hz, 1H), 7.68 

- 7.63 (m, 1H), 7.48 - 7.43 (m, 1H), 7.26 (dd, J = 

8.4, 6.2 Hz, 3H), 7.19 - 7.13 (m, 3H), 4.84 (d, J = 1.8 Hz, 1H), 4.79 (s, 1H), 3.15 - 3.07 (m, 

2H), 2.61 (t, J = 7.8 Hz, 2H), 2.54 (t, J = 7.8 Hz, 2H), 2.14 (t, J = 7.8 Hz, 2H), 1.84 - 1.75 

(m, 2H). 13C NMR (101 MHz, CDCl3) δ 148.6, 147.6, 142.0, 136.3, 129.4, 128.9, 128.3, 

127.6, 126.8, 125.8, 121.0, 109.7, 37.6, 35.9, 35.9, 35.6, 29.6. HRMS (ESI) calcd for 

[M+H]+ C22H24N
+, m/z: 302.1903, found: 302.1900. FT-IR (ATR): 2928, 1601, 1500, 1434, 

822, 746, 699 cm-1. 

 

2-(6,10-dimethyl-3-methyleneundec-9-en-1-yl)quinoline (27) 

According to the general procedure, 27 was 

obtained as a yellow liquid (40 mg, 62% 

yield). 1H NMR (400 MHz, CDCl3) δ 8.05 

(dd, J = 8.5, 2.9 Hz, 2H), 7.77 (dd, J = 8.1, 

1.5 Hz, 1H), 7.70 - 7.65 (m, 1H), 7.50 - 

7.45 (m, 1H), 7.30 (d, J = 8.4 Hz, 1H), 5.12 - 5.06 (m, 1H), 4.80 (d, J = 1.7 Hz, 1H), 4.77 (d, 

J = 1.7 Hz, 1H), 3.18 - 3.06 (m, 2H), 2.54 (t, J = 8.0 Hz, 2H), 2.14 - 2.05 (m, 2H), 2.02 - 

1.90 (m, 2H), 1.70 - 1.66 (m, 4H), 1.60 (d, J = 1.3 Hz, 3H), 1.52-1.38 (m, 2H), 1.37- 1.25 

(m, 2H), 1.19 - 1.10 (m, 1H), 0.89 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.8, 

149.5, 147.9, 136.2, 131.1, 129.4, 128.9, 127.5, 126.8, 125.7, 124.2, 121.4, 109.1, 37.7, 37.1, 

36.0, 35.1, 33.9, 32.3, 25.8, 25.6, 19.5, 17.7. HRMS (ESI) calcd for [M+H]+ C23H32N
+, m/z: 

322.2529, found: 322.2528. FT-IR (ATR): 2921, 1509, 1418, 1098, 986, 852, 629 cm-1. 

 

2-(3-methylene-4-phenylpentyl)quinoline (28) 
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According to the general procedure, 28 was obtained 

as a yellow liquid (35 mg, 61% yield). 1H NMR (400 

MHz, CDCl3) δ 8.01 (d, J = 8.4 Hz, 2H), 7.75 (dd, J 

= 8.1, 1.5 Hz, 1H), 7.69 - 7.63 (m, 1H), 7.50 - 7.44 

(m, 1H), 7.29 - 7.26 (m, 1H), 7.26 - 7.14 (m, 5H), 

5.00 (d, J = 1.2 Hz, 2H), 3.49 (dd, J = 14.0, 7.2 Hz, 1H), 3.14 - 3.01 (m, 2H), 2.50 - 2.33 (m, 

2H), 1.39 (d, J = 7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.3, 152.1, 148.3, 145.2, 

136.2, 129.4, 128.8, 128.3, 127.6, 127.5, 126.7, 126.2, 125.7, 121.3, 109.4, 45.6, 37.6, 34.7, 

20.7. HRMS (ESI) calcd for [M+H]+ C21H22N
+, m/z: 288.1752, found: 288.1754. FT-IR 

(ATR): 2965, 2928, 1599, 1503, 1492, 1451, 898, 823, 751, 700 cm-1. 

 

2-(3-benzhydrylbut-3-en-1-yl)quinoline (29) 

According to the general procedure, 29 was obtained 

as a yellow liquid (45 mg, 65% yield). 1H NMR (400 

MHz, CDCl3) δ 8.03 (d, J = 8.4 Hz, 2H), 7.76 (dd, J = 

8.1, 1.5 Hz, 1H), 7.71 - 7.66 (m, 1H), 7.50 - 7.45 (m, 

1H), 7.30 - 7.23 (m, 5H), 7.22 - 7.20 (m, 1H), 7.19 (d, 

J = 2.5 Hz, 1H), 7.18 - 7.14 (m, 4H), 5.18 (s, 1H), 4.86 

(s, 1H), 4.54 (s, 1H), 3.22 - 3.12 (m, 2H), 2.59 (t, J = 8.0 Hz, 2H). 13C NMR (101 MHz, 

CDCl3) δ 162.0, 150.9, 147.9, 142.3, 136.2, 129.4, 129.4, 128.8, 128.3, 127.5, 126.8, 126.3, 

125.8, 121.3, 114.4, 57.6, 37.7, 35.9. HRMS (ESI) calcd for [M+H]+ C26H24N
+, m/z: 

350.1909, found: 350.1908. FT-IR (ATR): 3057, 3025, 1598, 1497, 1427, 902, 824, 745, 

699 cm-1. 

 

2-(3-cyclohexylbut-3-en-1-yl)quinoline (30) 

According to the general procedure, 30 was obtained as a 

yellow liquid (24 mg, 45% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.06 (t, J = 8.3 Hz, 2H), 7.78 (dd, J = 8.2, 1.5 

Hz, 1H), 7.71 - 7.66 (m, 1H), 7.52 - 7.45 (m, 1H), 7.31 (d, 

J = 8.4 Hz, 1H), 4.82 - 4.74 (m, 2H), 3.17 - 3.05 (m, 2H), 

2.62 - 2.48 (m, 2H), 2.00 - 1.88 (m, 1H), 1.84 - 1.74 (m, 4H), 1.71 - 1.65 (m, 1H), 1.28 - 

1.10 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 162.6, 154.5, 148.2, 136.2, 129.4, 128.8, 
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127.5, 126.8, 125.7, 121.4, 107.3, 44.5, 38.0, 34.8, 32.5, 26.8, 26.4. HRMS (ESI) calcd for 

[M+H]+ C19H24N
+, m/z: 266.1909, found: 266.1908. FT-IR (ATR): 2924, 2852, 1640, 1600, 

1503, 1447, 886, 825, 753 cm-1. 

 

2-(3-(((8S,9S,13R,14S,17S)-3-(benzyloxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-

decahydro-6H-cyclopenta[a]phenanthren-17-yl)methyl)but-3-en-1-yl)quinoline (31) 

According to the general procedure, 31 

was obtained as a white solid (51 mg, 

47% yield). m.p. = 129.0-132.8 oC. 1H 

NMR (400 MHz, CDCl3) δ 8.06 (dd, J 

= 8.5, 2.6 Hz, 2H), 7.77 (dd, J = 8.1, 1.5 

Hz, 1H), 7.71 - 7.65 (m, 1H), 7.50 - 7.45 

(m, 1H), 7.44 - 7.40 (m, 2H), 7.39 - 7.34 (m, 2H), 7.33 - 7.28 (m, 2H), 7.18 (d, J = 8.5 Hz, 

1H), 6.76 (dd, J = 8.6, 2.8 Hz, 1H), 6.71 (d, J = 2.8 Hz, 1H), 5.02 (s, 2H), 5.00 (d, J = 1.6 

Hz, 1H), 4.87 (s, 1H), 3.21 - 3.10 (m, 2H), 2.89 - 2.78 (m, 2H), 2.70 - 2.59 (m, 1H), 2.56 - 

2.46 (m, 1H), 2.30 - 2.16 (m, 3H), 1.97 (dd, J = 8.5, 2.6 Hz, 1H), 1.92 - 1.72 (m, 5H), 1.51 - 

1.43 (m, 2H), 1.40 - 1.35 (m, 2H), 0.91 - 0.84 (m, 1H), 0.62 (s, 3H).13C NMR (101 MHz, 

CDCl3) δ 162.6, 156.7, 148.5, 148.0, 138.1, 137.4, 136.2, 133.2, 129.4, 128.9, 128.6, 127.9, 

127.5, 127.5, 126.8, 126.3, 125.7, 121.5, 114.8, 112.3, 110.3, 70.0, 56.4, 55.4, 43.9, 43.7, 

39.2, 38.9, 38.2, 37.6, 31.6, 29.9, 27.7, 26.8, 26.0, 23.9, 22.7, 14.2, 13.0. HRMS (ESI) calcd 

for [M+H]+ C38H42NO+, m/z: 528.3266, found: 528.3270. FT-IR (ATR): 2921, 2855, 1600, 

1499, 1235, 1048, 888, 827, 734, 695 cm-1. 

 

2-(3-(((1S,3R)-3-methylcyclopentadecyl)methyl)but-3-en-1-yl)quinoline (32) 

According to the general procedure, 32 was 

obtained as a yellow liquid (26 mg, 31% yield, 

d.r. ≈ 1.5:1). 1H NMR (400 MHz, CDCl3) δ 

8.06 (t, J = 9.0 Hz, 2H), 7.78 (dd, J = 8.0, 1.5 

Hz, 1H), 7.71 - 7.66 (m, 1H), 7.48 (t, J = 7.5 

Hz, 1H), 7.32 (dd, J = 8.4, 2.3 Hz, 1H), 4.87 

(dd, J = 7.9, 1.7 Hz, 1H), 4.82 (s, 1H), 3.19 - 3.10 (m, 2H), 2.53 - 2.44 (m, 2H), 2.20 - 2.12 

(m, 1H), 1.58 - 1.48 (m, 2H), 1.39 - 1.24 (m, 25H), 0.84 (dd, J = 6.7, 1.5 Hz, 3H).13C NMR 
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(101 MHz, CDCl3) δ 162.6, 153.2(isomers), 152.4, 147.9, 136.2, 129.4, 128.8, 127.5, 126.8, 

125.7, 121.4, 121.4(isomers), 109.1, 108.4(isomers), 43.9(isomers), 43.5, 42.7(isomers), 

40.0, 37.7(isomers), 37.6, 35.2, 33.6(isomers), 33.2(isomers), 32.7, 32.6, 30.1(isomers), 29.8, 

29.3, 27.5, 27.2(isomers), 27.1, 26.9(isomers), 26.8, 26.7(isomers), 26.7, 26.6(isomers), 26.6, 

26.6, 26.6(isomers), 25.5(isomers), 25.4, 24.8, 23.6, 21.4(isomers), 21.1. HRMS (ESI) calcd 

for [M+H]+ C29H44N
+, m/z: 406.3474, found: 406.3475. FT-IR (ATR): 2923, 2854, 1601, 

1502, 1457, 1312, 967, 887, 824, 750 cm-1. 

 

 2-(3-benzylbut-3-en-1-yl)-6-methylquinoline (33) 

According to the general procedure, 33 was obtained 

as a yellow liquid (32 mg, 56% yield). 1H NMR (400 

MHz, CDCl3) δ 7.93 (dd, J = 11.1, 8.4 Hz, 2H), 7.54 

- 7.48 (m, 2H), 7.31 - 7.26 (m, 2H), 7.22 - 7.17 (m, 

4H), 4.91 (d, J = 1.7 Hz, 1H), 4.79 (d, J = 1.8 Hz, 

1H), 3.41 (s, 2H), 3.14 - 3.08 (m, 2H), 2.51 (s, 3H), 2.48 (t, J = 8.0, 2H). 13C NMR (101 

MHz, CDCl3) δ 161.2, 148.1, 146.5, 139.6, 135.6, 135.5, 131.6, 129.1, 128.5, 128.3, 126.8, 

126.4, 126.1, 121.3, 111.8, 43.3, 37.3, 35.3, 21.5. HRMS (ESI) calcd for [M+H]+ C21H22N
+, 

m/z: 288.1747, found: 288.1742. FT-IR (ATR): 2917, 1597, 1492, 1440, 1315, 890, 824, 

745, 699 cm-1. 

 

2-(3-benzylbut-3-en-1-yl)-6-methoxyquinoline (34) 

According to the general procedure, 34 was 

obtained as a yellow liquid (28 mg, 46% yield). 

1H NMR (400 MHz, CDCl3) δ 7.90 (t, J = 8.1 

Hz, 2H), 7.28 (dd, J = 9.2, 2.8 Hz, 1H), 7.23-

7.19 (m, 2H), 7.15 - 7.10 (m, 4H), 6.97 (d, J = 

2.8 Hz, 1H), 4.84 (d, J = 1.7 Hz, 1H), 4.72 (d, J = 1.8 Hz, 1H), 3.85 (s, 3H), 3.34 (s, 2H), 

3.08 - 3.02 (m, 2H), 2.42 (t, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 159.4, 157.4, 

148.0, 143.5, 139.6, 135.6, 129.8, 129.1, 128.3, 127.7, 126.1, 122.2, 121.5, 111.9, 105.2, 

55.5, 43.3, 36.8, 35.2. HRMS (ESI) calcd for [M+H]+ C21H22NO+, m/z: 304.1696, 

found:304.1694. FT-IR (ATR): 2919, 1608, 1499, 1225, 1102, 869, 825, 738, 698 cm-1. 
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2-(3-benzylbut-3-en-1-yl)-6-fluoroquinoline (35) 

According to the general procedure, 35 was 

obtained as a yellow liquid (33 mg, 57% yield). 1H 

NMR (400 MHz, CDCl3) δ 8.02 (dd, J = 9.3, 5.3 

Hz, 1H), 7.94 (d, J = 8.5 Hz, 1H), 7.38 (td, J = 8.8, 

2.9 Hz, 1H), 7.31 (dd, J = 8.8, 2.8 Hz, 1H), 7.19 (t, 

3H), 7.14 - 7.09 (m, 3H), 4.83 (d, J = 1.8 Hz, 1H), 4.72 (d, J = 1.8 Hz, 1H), 3.34 (s, 2H), 

3.11 - 3.04 (m, 2H), 2.43 (t, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 161.38, 158.9, 

147.8, 144.3, 139.5, 136.1 (d, JC-F = 5.2 Hz), 130.8 (d, JC-F = 9.1 Hz), 129.1, 128.3, 127.3 

(d, JC-F = 10.1 Hz), 126.2, 122.1, 119.8 (d, JC-F = 25.8 Hz), 112.0, 110.5 (d, JC-F = 21.7 Hz), 

43.3, 36.8, 35.0. 19F NMR (376 MHz, CDCl3) δ -114.25. HRMS (ESI) calcd for [M+H]+ 

C20H19FN+, m/z: 292.1496, found: 292.1492. FT-IR (ATR): 2918, 1608, 1498, 1225, 1141, 

871, 829, 739, 699 cm-1. 

 

2-(3-benzylbut-3-en-1-yl)-1,2,3,4-tetrahydroquinoline (36) 

According to the general procedure, 36 was 

obtained as a yellow liquid (50 mg, 90% yield). 

1H NMR (400 MHz, CDCl3) δ 7.22 - 7.17 (m, 

2H), 7.14 - 7.08 (m, 3H), 6.88 - 6.81 (m, 2H), 6.50 

(m, 1H), 6.32 (dd, J = 7.9, 1.2 Hz, 1H), 4.79 (d, J 

= 3.2 Hz, 1H), 4.72 (d, J = 1.8 Hz, 1H), 3.52 (s, 1H), 3.27 (s, 2H), 3.13 - 3.08 (m, 1H), 2.69 

- 2.56 (m, 2H), 2.01 - 1.94 (m, 2H), 1.83 - 1.76 (m, 1H), 1.56 - 1.50 (m, 2H), 1.50 - 1.43 (m, 

1H). 13C NMR (101 MHz, CDCl3) δ 148.6, 144.7, 140.5, 129.3, 129.1, 128.5, 126.8, 126.5, 

121.9, 117.1, 114.2, 111.7, 51.3, 43.3, 34.5, 31.5, 28.0, 26.3. HRMS (ESI) calcd for [M+H]+ 

C20H24N
+, m/z: 278.1909, found: 278.1907. FT-IR (ATR): 2922, 1713, 1655, 1599, 1500, 

1451, 1427, 1113, 824, 751, 700 cm-1. 

 

2-(3-benzylbut-3-en-1-yl)quinoline 1-oxide (37) 
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According to the general procedure, 37 was 

obtained as a colorless liquid (28 mg, 48% yield). 

1H NMR (400 MHz, CDCl3) δ 8.70 (d, J = 8.7 

Hz, 1H), 7.74 (dd, J = 8.1, 1.4 Hz, 1H), 7.70 - 

7.64 (m, 1H), 7.57 - 7.47 (m, 2H), 7.24 - 7.18 (m, 

2H), 7.17 - 7.08 (m, 4H), 4.85 (d, J = 1.6 Hz, 1H), 4.77 (d, J = 1.8 Hz, 1H), 3.37 (s, 2H), 

3.25 - 3.15 (m, 2H), 2.44 (t, J = 7.7 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 148.6, 147.4, 

141.7, 139.4, 130.3, 129.1, 128.4, 128.0, 127.8, 126.2, 125.1, 121.9, 119.7, 112.2, 43.3, 31.2, 

29.7. HRMS (ESI) calcd for [M+H]+ C20H19NO+, m/z: 290.1545, found: 290.1547. FT-IR 

(ATR): 2921, 1638, 1600, 1502, 1429, 1260, 1022, 891, 820, 752 cm-1. 

 

3-benzyl-1-(quinolin-2-yl)but-3-en-1-yl acetate (38) 

According to the general procedure, 38 was 

obtained as a yellow liquid (28 mg, 42% yield). 

1H NMR (400 MHz, CDCl3) δ 8.14 - 8.08 (m, 

2H), 7.79 (dd, J = 8.1, 1.5 Hz, 1H), 7.73 - 7.68 

(m, 1H), 7.55 - 7.50 (m, 1H), 7.40 (d, J = 8.5 Hz, 

1H), 7.30 - 7.27 (m, 1H), 7.26 - 7.25 (m, 1H),7.21 - 7.16 (m, 3H), 6.18 (t, J = 7.0 Hz, 1H), 

4.92 (dd, J = 2.6, 1.0 Hz, 1H), 4.80 (dd, J = 3.0, 1.4 Hz, 1H), 3.41 (d, J = 4.6 Hz, 2H), 2.72 

(dd, J = 7.1, 1.0 Hz, 2H), 2.13 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 170.4, 159.4, 149.0, 

144.3, 139.2, 136.8, 129.6, 129.4, 129.2, 128.4, 127.5, 126.6, 126.2, 118.6, 115.0, 75.4, 43.0, 

40.8, 21.2. HRMS (ESI) calcd for [M+H]+ C22H22NO+, m/z: 332.1651, found: 332.1651. 

FT-IR (ATR): 2925, 1594, 1493, 1452, 1243, 1112, 894, 758, 733 cm-1. 
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7. Crystal data and structure refinement for 3 

Crystal of 3 was prepared in a mixture solvent system (dichloromethane and hexane), the 

solution was evaporated at 0oC for about two week, sing crystals were formed. 

 

The thermal ellipsoid was drawn at the 50% probability level. 

Crystal data and structure refinement for 3 

CCDC 2539500 

dentification code PHY325 

Empirical formula C20H19N 

Formula weight 273.36 

Temperature/K 223.00 

Crystal system orthorhombic 

Space group P212121 

a/Å 6.0064(2) 

b/Å 10.9329(4) 

c/Å 23.1967(9) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 1523.27(10) 
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Z 4 

ρcalcg/cm3 1.192 

μ/mm-1 0.069 

F(000) 584.0 

Crystal size/mm3 0.5 × 0.4 × 0.2 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.118 to 54.964 

Index ranges -7 ≤ h ≤ 7, -13 ≤ k ≤ 14, -30 ≤ l ≤ 30 

Reflections collected 17746 

Independent reflections 3500 [Rint = 0.0391, Rsigma = 0.0304] 

Data/restraints/parameters 3500/0/190 

Goodness-of-fit on F2 0.978 

Final R indexes [I>=2σ (I)] R1 = 0.0357, wR2 = 0.1180 

Final R indexes [all data] R1 = 0.0420, wR2 = 0.1265 

Largest diff. peak/hole / e Å-3 0.14/-0.12 

Flack parameter -0.7(10) 
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8. 1H, 13C, 19FNMR spectra of new substrates and all products 
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