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General Information: NMR spectra were taken with Agilent, Varian Mercury, or 

Bruker 400 MHz NMR spectrometer (400 MHz for 1H NMR; 100 MHz for 13C NMR; 

376 MHz for 19F NMR). All 1H NMR experiments were measured in CDCl3 with 

tetramethylsilane (0 ppm) as the internal standard; 13C NMR experiments were 

measured in relative to the signal of CDCl3 (77.0 ppm); 19F NMR experiments were 

measured in CDCl3 with CFCl3 (0 ppm) as the internal standard. THF was dried over 

sodium wire and distilled freshly before use. Petroleum ether (b.p. 60-90 oC) was 

purchased from Shanghai Titan Scientific Co. Ltd. Other commercially available 

chemicals were purchased and used without additional purification unless noted 

otherwise. Room temperature in laboratory was in the range of 20 to 26 oC. 
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Figure S1. The photo of the apparatus for preparation of 1,2,3-butatrienes. 
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1. Preparation of 4-alken-2-ynyl carbonates. 

2-Methylhex-5-en-3-yn-2-yl acetate 1a’ was prepared according to the literature.1 

 

(1) Preparation of methyl 2-methylhex-5-en-3-yn-2-yl carbonate 1a (lican-02-123) 

 

Typical Procedure I: To an oven-dried Schlenk tube with a 

polytetrafluoroethylene plug were added 2-methylhex-5-en-3-yn-2-ol (1.7312 g, 15.7 

mmol) and freshly distilled THF (40 mL) under argon atmosphere. After cooling to 

-78 °C via a dry ice-acetone bath, nBuLi (2.5 M in hexane, 7.1 mL, 17.8 mmol) was 

added dropwise over 5 min. The resulting mixture was stirred for 25 min at room 

temperature and subsequently cooled to -78 °C via a dry ice-acetone bath, which was 

followed by the dropwise addition of methyl chloroformate (3.7 mL, d = 1.223, 4.525 

g, 48 mmol) over 10 min. The resulting mixture was stirred for 6 h, during which time 

it was gradually warmed up to room temperature. After the reaction was complete as 

monitored by TLC (eluent: petroleum ether / ethyl acetate = 8:1), it was quenched 

with an aqueous solution of NH4Cl and extracted with ethyl acetate (40 mL × 3). The 

combined organic extract was washed with brine (50 mL × 3), dried over anhydrous 

Na2SO4, and filtrated. After removal of the solvent under vacuum, the residue was 

purified by flash chromatography on silica gel to afford 1a (1.4283 g, 54%) [eluent: 

petroleum ether / ethyl acetate = 60:1 (1200+20 mL)] as a yellow oil: 1H NMR (400 

MHz, CDCl3): δ = 5.82 (dd, J1 = 17.8 Hz, J2 = 11.0 Hz, 1 H, =CH), 5.66 (dd, J1 = 17.6 

Hz, J2 = 2.0 Hz, 1 H, one proton of =CH2), 5.50 (dd, J1 = 11.2 Hz, J2 = 2.0 Hz, 1 H, 

one proton of =CH2), 3.77 (s, 3 H, OCH3), 1.72 (s, 6 H, 2 × CH3); 13C NMR (100 

MHz, CDCl3): δ = 153.4, 127.6, 116.4, 89.8, 83.0, 74.4, 54.2, 28.7; IR (neat): ν = 

2992, 2953, 1751, 1441, 1256, 1133, 940 cm-1; MS (70 eV, EI) m/z (%): 168 (M+, 

22.0), 93 (100); HRMS (EI) Calcd. for C9H12O3 [M+]: 168.0781, found 168.0777. 
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(2) Preparation of methyl 1,1-pentamethylenepent-4-en-2-ynyl carbonate 1b 

(lican-02-075) 

 

Following Typical Procedure I, the reaction of 

1,1-pentamethylenepent-4-en-2-yn-1-ol (1.5760 g, 10 mmol), nBuLi (2.5 M in hexane, 

4.4 mL, 11 mmol), methyl chloroformate (2.4 mL, d = 1.223, 2.9352 g, 31 mmol), and 

THF (20 mL) for 15.4 h afforded 1b (1.9795 g, 91%) via column chromatography on 

silica gel [petroleum ether / ethyl acetate = 60:1 (1200+20 mL)] as a yellow oil: 1H 

NMR (400 MHz, CDCl3): δ = 5.85 (dd, J1 = 17.6 Hz, J2 = 11.2 Hz, 1 H, =CH), 5.66 

(dd, J1 = 17.6 Hz, J2 = 2.4 Hz, 1 H, one proton of =CH2), 5.50 (dd, J1 = 11.0 Hz, J2 = 

2.4 Hz, 1 H, one proton of =CH2), 3.77 (s, 3 H, OCH3), 2.22-2.11 (m, 2 H), 1.94-1.82 

(m, 2 H), 1.73-1.47 (m, 5 H), 1.40-1.28 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ = 

153.1, 127.3, 116.5, 88.7, 85.0, 77.8, 54.0, 36.7, 24.9, 22.5; IR (neat): ν = 2936, 2860, 

1749, 1441, 1270, 1235, 1183, 1015 cm-1; MS (70 eV, EI) m/z (%): 208 (M+, 94.4), 91 

(100); HRMS (EI) Calcd. for C12H16O3 [M+]: 208.1099, found 208.1101. 

 

(3) Preparation of methyl 1,1-(3,3-dimethylpentamethylene)pent-4-en-2-ynyl 

carbonate 1c (lican-04-078) 

 

Following Typical Procedure I, the reaction of 

1,1-(3,3-dimethylpentamethylene)pent-4-en-2-ynol (1.8351 g, 10 mmol), nBuLi (2.5 

M in hexane, 4.4 mL, 11 mmol), methyl chloroformate (2.4 mL, d = 1.223, 2.9352 g, 

31 mmol), and THF (30 mL) for 11.25 h afforded 1c (1.9504 g, 83%) via column 

chromatography on silica gel [petroleum ether / ethyl ether = 30:1 (900+30 mL)] as a 

light green oil: 1H NMR (400 MHz, CDCl3): δ = 5.85 (dd, J1 = 17.6 Hz, J2 = 11.2 Hz, 
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1 H, =CH), 5.66 (dd, J1 = 17.2 Hz, J2 = 1.6 Hz, 1 H, one proton of =CH2), 5.50 (dd, J1 

= 11.2 Hz, J2 = 2 Hz, 1 H, one proton of =CH2), 3.77 (s, 3 H, OCH3), 2.19-1.95 (m, 4 

H, 2 × CH2), 1.52-1.34 (m, 4 H, 2 × CH2), 1.02-0.84 (m, 6 H, 2 × CH3); 13C NMR 

(100 MHz, CDCl3): δ = 153.3, 127.5, 116.5, 88.7, 84.7, 77.9, 54.2, 35.1, 32.8, 29.2, 

28.8 (br), 27.1 (br); IR (neat): ν = 2952, 2915, 2867, 1752, 1440, 1286, 1445, 1205, 

1170, 1127 cm-1; MS (ESI) m/z 259 [M+Na]+; HRMS (ESI) Calcd for C14H20O3Na 

[M+Na]+: 259.1305, Found: 259.1304. 

 

(4) Preparation of methyl 1,1-hexamethylenepent-4-en-2-ynyl carbonate 1d 

(zzn-1-010) 

 

Following Typical Procedure I, the reaction of 

1,1-hexamethylene-pent-4-en-1-yn-1-ol (1.8030 g, 11 mmol), nBuLi (2.5 M in hexane, 

5 mL, 12.5 mmol), methyl chloroformate (2.8 mL, d = 1.223, 3.4244 g, 36 mmol), 

and THF (60 mL) at -78 oC to r.t. for 22 h afforded 1d (1.2499 g, 49%, 97% purity) 

via column chromatography on silica gel [First round: petroleum ether / ethyl acetate 

= 15:1 (1800+120 mL)] afforded impure 1d. Second round: petroleum ether / ethyl 

acetate = 60:1 (900+15 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3): δ = 5.84 

(dd, J1 = 17.6 Hz, J2 = 10.8 Hz, 1 H, =CH), 5.64 (dd, J1 = 17.6 Hz, J2 = 2.0 Hz, 1 H, 

one proton of =CH2), 5.48 (dd, J1 = 11.0 Hz, J2 = 1.8 Hz, 1 H, one proton of =CH2), 

3.75 (s, 3 H, OCH3), 2.30-2.25(m, 2 H, CH2), 2.16-2.10 (m, 2 H, CH2), 1.68-1.58 (m, 

8 H, 4 × CH2); 13C NMR (100 MHz, CDCl3): δ = 153.2, 127.2, 116.5, 89.9, 84.2, 81.2, 

54.0, 39.9. 28.1, 21.9; IR (neat): ν = 2931, 2858, 1750, 1601, 1460, 1440, 1287, 1249, 

1188, 1006, 956, 885, 789 cm-1; MS (70 eV, EI) m/z (%): 222 (M+, 32.3), 91 (100); 

HRMS (EI) Calcd. for C13H18O3 [M+]: 222.1256, found 222.1253. 

 

(5) Preparation of compound 1e (zzn-1-017) 
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Following Typical Procedure I, the reaction of S1 (2.4266 g, 12 mmol), nBuLi 

(2.5 M in hexane, 5.6 mL, 14 mmol), methyl chloroformate (3.0 mL, d = 1.223, 

3.6690 g, 38.8 mmol), and THF (60 mL) at -78 oC to r.t. for 16.5 h afforded 1e 

(1.0808 g, 35%) via column chromatography on silica gel [petroleum ether / ethyl 

ether = 60:1 (1800+30 mL)] as a white solid: m.p. 55.1-55.9 oC (hexane); 1H NMR 

(400 MHz, CDCl3): δ = 5.87 (dd, J1 = 17.2 Hz, J2 = 11.2 Hz, 1 H, =CH), 5.66 (dd, J1 

= 17.8 Hz, J2 = 2.2 Hz, 1 H, one proton of =CH2), 5.49 (dd, J1 = 11.2 Hz, J2 = 2.0 Hz, 

1 H, one proton of =CH2), 3.78 (s, 3 H, OCH3), 2.50 (s, 2 H, 2 × CH), 2.24-2.12 (m, 2 

H, CH2), 2.09-1.98 (m, 2 H, CH2), 1.89-1.76 (m, 4 H, 2 × CH2), 1.73 (m, 2 H, CH2) 

1.67-1.58 (m, 2 H, CH2); 13C NMR (100 MHz, CDCl3): δ = 153.2, 127.3, 116.7, 89.3, 

85.9, 82.3, 54.2, 37.3. 36.0, 34.9. 31.8, 26.7, 26.2; IR (neat): ν = 2907, 2858, 1748, 

1601, 1437, 1359, 1252, 1100, 967, 912, 787, 503 cm-1; MS (70 eV, EI) m/z (%): 260 

(M+, 100); Elem. Anal. Calcd. for C16H20O3: C 73.82, H 7.74, found C 74.16, H 7.93. 

 

(6) Preparation of methyl 2-cyclohexylhex-5-en-3-yn-2-yl carbonate 1f (lican-06-080) 

OH

1f, 71%

Cy

OCO2Me

Cy

nBuLi (1.1 equiv.)

THF, Ar, -78 oC, 30 min

ClCO2Me (3.0 equiv.)

THF, Ar, -78 oC to r.t., 22 h

 

Following Typical Procedure I, the reaction of 2-cyclohexyl-hex-5-en-3-yn-2-ol 

(0.5362 g, 3 mmol), nBuLi (2.5 M in hexane, 1.3 mL, 3.3 mmol), methyl 

chloroformate (0.7 mL, d = 1.223, 856.1 mg, 9 mmol), and THF (20 mL) at -78 oC to 

r.t. for 22 h afforded 1f (0.5065 g, 71%) via column chromatography on silica gel 

[petroleum ether / ethyl ether = 30:1 (600+20 mL)] as a light green oil: 1H NMR (400 

MHz, CDCl3): δ = 5.84 (dd, J1 = 17.8 Hz, J2 = 11.0 Hz, 1 H, =CH), 5.70 (dd, J1 = 17.6 

Hz, J2 = 2.0 Hz, 1 H, one proton of =CH2), 5.49 (dd, J1 = 11.2 Hz, J2 = 2.0 Hz, 1 H, 

one proton of =CH2), 3.75 (s, 3 H, OCH3), 2.04-1.92 (m, 1 H, CH), 1.91-1.75 (m, 4 H), 

1.68 (m, 4 H), 1.34-1.06 (m, 5 H); 13C NMR (100 MHz, CDCl3): δ = 153.4, 127.3, 



S8 
 

116.5, 88.6, 84.7, 80.9, 54.1, 47.1, 27.3, 27.0, 26.10, 26.05, 26.00, 23.2; IR (neat): ν = 

2931, 2855, 1751, 1607, 1440, 1373, 1251, 1215, 1145, 1059, 942 cm-1; MS (ESI) m/z 

259 [M+Na]+; HRMS (ESI) Calcd for C14H20O3Na [M+Na]+: 259.1305, Found: 

259.1304. 

 

(7) Preparation of methyl 3-ethylhept-6-en-4-yn-3-yl carbonate 1g (lican-04-059) 

OH

1g, 57%

Et
Et

OCO2Me

Et
Et

nBuLi (1.1 equiv.)

THF, Ar, -78 oC, 30 min

ClCO2Me (3.1 equiv.)

THF, Ar, -78 oC, 5 min

then -78 oC to r.t., 21.25 h
 

Following Typical Procedure I, the reaction of 3-ethyl-hept-6-en-4-yn-3-ol 

(0.9571 g, 7 mmol), nBuLi (2.5 M in hexane, 3.1 mL, 7.8 mmol), methyl 

chloroformate (1.7 mL, d = 1.223, 2.0791 g, 22 mmol) and THF (30 mL) at -78 oC to 

r.t. for 21.25 h afforded 1g (0.7870 g, 57%) via column chromatography on silica gel 

[petroleum ether / ethyl ether = 30:1 (900+30 mL)] as a colorless oil: 1H NMR (400 

MHz, CDCl3): δ = 5.85 (dd, J1 = 17.2 Hz, J2 = 10.8 Hz, 1 H, =CH), 5.66 (dd, J1 = 

17.6 Hz, J2 = 1.2 Hz, 1 H, one proton of =CH2), 5.50 (dd, J1 = 11.6 Hz, J2 = 2.0 Hz, 1 

H, one proton of =CH2), 3.75 (s, 3 H, OCH3), 2.12-1.89 (m, 4 H, 2 × CH2), 1.00 (t, J = 

7.4 Hz, 6 H, 2 × CH3); 13C NMR (100 MHz, CDCl3): δ = 153.3, 127.4, 116.5, 88.2, 

85.0, 81.9, 54.1, 30.6, 8.2; IR (neat): ν = 2976, 2884, 1752, 1441, 1251, 1212, 952 

cm-1; MS (ESI) m/z 197 [M+H]+; HRMS (ESI) Calcd for C11H17O3 [M+H]+: 

197.1172, Found: 197.1168. 

 

(8) Preparation of compound 1h (lican-04-104) 
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To a three-neck flask were added mestranol (3.0916 g, 10 mmol), Pd(PPh3)2Cl2 

(0.1421 g, 0.2 mmol), CuI (0.0758 g, 0.4 mmol), THF (40 mL), iPr2NH (3.5 mL), and 

vinyl bromide (1 M in THF, 12 mL, 12 mmol) sequentially under Argon atmosphere. 

The resulting mixture was then stirred at room temperature for 20 hours as monitored 

by TLC, quenched with an aqueous solution of NH4Cl (40 mL), and extracted with 

ethyl acetate (40 mL × 3). The combined organic extract was washed with brine (50 

mL × 3), dried over anhydrous Na2SO4, and filtrated. After removal of the solvent 

under vacuum, the residue was purified by flash chromatography on silica gel [eluent: 

petroleum ether / acetone = 8:1 (1200+150 mL)] to afford S2 (3.3093 g, 98%), which 

was used in next step without further characterization. 

Following Typical Procedure I, the reaction of S2 (3.3688 g, 10 mmol), nBuLi 

(2.5 M in hexane, 4.4 mL, 11 mmol), methyl chloroformate (2.4 mL, d = 1.223, 

2.9352 g, 31 mmol), and THF (40 mL) at -78 oC to r.t. for 17.9 h afforded 1h (2.7523 

g, 70%) via column chromatography on silica gel [petroleum ether / ethyl ether = 15:1 

(900+60 mL)] as a white solid: m.p. 106.7-107.7 oC (hexane); 1H NMR (400 MHz, 

CDCl3): δ = 7.21 (d, J = 8.8 Hz, 1 H, ArH), 6.71 (dd, J1 = 8.8 Hz, J2 = 2.8 Hz, 1 H, 

ArH), 6.65 (d, J = 2.8 Hz, 1 H, ArH), 5.87 (dd, J1 = 17.6 Hz, J2 = 11.6 Hz, 1 H, =CH), 

5.67 (dd, J1 = 18.0 Hz, J2 = 2.0 Hz, 1 H, =CH), 5.50 (dd, J1 = 11.0 Hz, J2 = 2.2 Hz, 1 

H, =CH), 3.84-3.70 (m, 6 H, 2 × OCH3), 2.93-2.81 (m, 2 H, CH2), 2.80-2.68 (m, 1 H, 

CH), 2.42-2.31 (m, 1 H, CH), 2.30-2.13 (m, 2 H, CH2), 2.03-1.92 (m, 1 H, CH), 

1.92-1.79 (m, 3 H, CH2 and CH), 1.77-1.66 (m, 1 H, CH), 1.55-1.32 (m, 4 H, 2 × 

CH2), 0.94 (s, 3 H, CH3); 13C NMR (100 MHz, CDCl3): δ = 157.4, 154.2, 137.8, 

132.3, 127.4, 126.3, 116.7, 113.7, 111.4, 88.9, 87.1, 85.8, 55.1, 54.5, 48.4, 48.3, 43.4, 

39.1, 37.3, 33.2, 29.7, 27.2, 26.3, 23.1, 13.4; IR (neat): ν = 2989, 2936, 2867, 2836, 

1755, 1610, 1500, 1441, 1275, 1255, 1235 cm-1; MS (ESI) m/z 395 [M+H]+; Elem. 

Anal. Calcd. for C25H30O4: C 76.11, H 7.67, found C 76.44, H 7.84. 

 

(9) Preparation of diethyl 2-methylhex-5-en-3-yn-2-yl phosphate 1a’’ (lican-08-074) 
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To an oven-dried Schlenk tube with a polytetrafluoroethylene plug were added 

2-methylhex-5-en-3-yn-2-ol (1.1071 g, 10 mmol) and freshly distilled THF (40 mL) 

under argon atmosphere. After cooling to -78 °C via a dry ice-acetone bath, nBuLi 

(2.5 M in hexane, 4.4 mL, 11.0 mmol) was added dropwise over 10 min. The resulting 

mixture was stirred for 60 min at -78 °C with a dry ice-acetone bath, which was 

followed by the addition of diethyl chlorophosphate (3.4552 g, 20 mmol). The 

resulting mixture was stirred for 11 h, during which time it was gradually warmed up 

to room temperature. After the reaction was complete as monitored by TLC (eluent: 

petroleum ether / ethyl acetate = 2:1), it was quenched with an aqueous solution of 

NH4Cl (50 mL) and extracted with ethyl acetate (30 mL × 4). The combined organic 

extract was washed with brine (50 mL × 3), dried over anhydrous Na2SO4, and 

filtrated. After removal of the solvent under vacuum, the residue was purified by flash 

chromatography on silica gel to afford 1a’’ (1.5853 g, 60%, purity = 93%) [eluent: 

petroleum ether / ethyl acetate = 2:1 (800+400 mL)] as a yellow oil: 1H NMR (400 

MHz, CDCl3): δ = 5.83 (dd, J1 = 17.6 Hz, J2 = 10.8 Hz, 1 H, =CH), 5.67 (dd, J1 = 

17.6 Hz, J2 = 2.0 Hz, 1 H, one proton of =CH2), 5.51 (dd, J1 = 11.0 Hz, J2 = 2.2 Hz, 1 

H, one proton of =CH2), 4.17-4.07 (m, 4 H, 2 × OCH2), 1.75 (s, 6 H, 2 × CH3), 

1.38-1.30 (m, 6 H, 2 × CH3); 13C NMR (100 MHz, CDCl3): δ = 127.8, 116.4, 90.4 (d, 

J = 4.6 Hz), 83.4, 74.7 (d, J = 6.9 Hz), 63.5 (d, J = 6.1 Hz), 30.7 (d, J = 4.5 Hz), 16.0 

(d, J = 7.6 Hz); IR (neat): ν = 2987, 1603, 1445, 1389, 1368, 1264, 1166 cm-1; MS 

(ESI) m/z 247.1 [M+H]+; HRMS (ESI) Calcd for C11H20O4P [M+H]+: 247.10937, 

Found: 247.10890. 

 

2. Preparation of β-ketocarbonyls. 

β-Ketocarbonyls 2a-2c,2 2d,3 2e,4 2f,5 2g-2m2 were prepared according to 

literatures. 
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(1) Preparation of compound 2q (lican-03-141) 

 

To an oven-dried Schlenk flask (100 mL) with a polytetrafluoroethylene plug 

replaced air with argon for three times at room temperature by vacuum were added 

indomethacin (3.5764 g, 10 mmol), CDI (1.9457 g, 12 mmol), and freshly distilled 

CH2Cl2 (50 mL, 0.2 M). After stirring for 2 h at room temperature, to the resulting 

solution were added MgCl2 (954.4 mg, 10 mmol) and potassium 

3-ethoxy-2-methyl-3-oxopropanoate (2.7309 g, 15 mmol). After stirring for extra 24 h, 

the resulting mixture was filtered through a short column of silica gel (5 cm) eluted 

with ethyl acetate (30 mL) and concentrated. The residue was purified by column 

chromatography on silica gel to afford 2q (1.0380 g, 23%) [eluent: petroleum ether / 

ethyl acetate = 8/1 (800+100 mL)] as a light green solid: m.p. 90.4-91.8 oC (hexane/ 

ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 7.66 (d, J = 8.4 Hz, 2 H, ArH), 7.47 (d, 

J = 8.4 Hz, 2 H, ArH), 6.97-6.79 (m, 2 H, ArH), 6.67 (dd, J1 = 9.0 Hz, J2 = 1.8 Hz, 1 

H, ArH), 4.14 (q, J = 7.1 Hz, 2 H, OCH2), 4.00-3.74 (m, 5 H, CH2 and CH3), 

3.73-3.60 (m, 1 H, CH), 2.34 (s, 3 H, CH3), 1.34 (d, J = 7.2 Hz, 3 H, CH3), 1.24 (t, J = 

7.2 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3): δ 202.6, 170.2, 168.2, 156.0, 139.2, 

136.2, 133.7, 131.1, 130.8, 130.5, 129.0, 114.9, 111.8, 111.6, 101.1, 61.4, 55.6, 55.5, 

51.2, 37.8, 13.9, 13.3, 12.9; IR (neat): ν = 3086, 2993, 2945, 2904, 2834, 1717, 1677, 

1613, 1590, 1477, 1367, 1205, 1180, 1087 cm-1; MS (ESI) m/z 442 [M(35Cl)+H]+; 

Elem. Anal. Calcd. for C24H24ClNO5: C 65.23, H 5.47, found C 65.03, H 5.56. 

(2) Preparation of compound 2t (lican-03-155) 
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To an oven-dried Schlenk flask (100 mL) with a polytetrafluoroethylene plug 

replaced air with argon for three times at room temperature by vacuum were added 

Febuxostat (3.1662 g, 10 mmol), CDI (1.9477 g, 12 mmol), and freshly distilled 

CH2Cl2 (50 mL, 0.2 M). After stirring for 2 h at room temperature, to the resulting 

solution were added MgCl2 (953.4 mg, 10 mmol) and potassium 

3-ethoxy-2-methyl-3-oxopropanoate (2.7338 g, 15 mmol). After stirring for extra 48 h, 

the resulting mixture was filtered through a short column of silica gel (5 cm) eluted 

with ethyl acetate (30 mL) and concentrated. The residue was purified by column 

chromatography on silica gel to afford 2t (0.6372 g, 16%) [eluent: petroleum ether / 

ethyl acetate = 4/1 (800+200 mL)] as a light green solid: m.p. 90.9-92.3 oC (hexane / 

ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 8.20 (d, J = 2.4 Hz, 1 H, ArH), 8.13 

(dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1 H, ArH), 7.03 (d, J = 8.8 Hz, 1 H, ArH), 4.20 (q, J = 

7.1 Hz, 2 H, OCH2), 4.04 (q, J = 7.1 Hz, 1 H, CH), 3.92 (d, J = 6.4 Hz, 2 H, OCH2), 

2.79 (s, 3 H, CH3), 2.27-2.16 (m, 1 H, CH), 1.51 (d, J = 6.8 Hz, 3 H, CH3), 1.25 (t, J = 

7.2 Hz, 3 H, CH3), 1.10 (d, J = 6.8 Hz, 6 H, 2 × CH3),; 13C NMR (100 MHz, CDCl3): 

δ 188.6, 169.8, 167.0, 162.7, 161.7, 132.7, 132.2, 129.2, 125.6, 115.3, 112.7, 103.0, 

75.7, 61.7, 52.8, 28.1, 19.0, 18.5, 14.0, 13.7; IR (neat): ν = 3077, 2959, 2937, 2878, 

2031, 1731, 1665, 1602, 1421, 1368, 1289 cm-1; MS (70 eV, EI) m/z (%): 400 (M+, 

12.30), 243 (100); Elem. Anal. Calcd. for C21H24N2O4S: C 62.98, H 6.04, found C 

62.80, H 5.91. 

 

3. Preparation of 1,2,3-butatrienes 

(1) Preparation of ethyl 2-benzoyl-2-benzyl-7,7-(pentamethylene)hepta-4,5,6-trien- 

oate 3bb (lican-03-060) 

 

Typical Procedure II: To a flame-dried Schlenk tube (25 mL) were added 

Pd(OAc)2 (5.6 mg, 0.025 mmol), DPEphos (16.3 mg, 0.03 mmol), and Cs2CO3 (195.1 
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mg, 0.6 mmol). After the addition, the Schlenk tube was degassed and refilled with Ar 

for three times to ensure the complete exclusion of air. THF (5 mL), 1b (104.4 mg, 0.5 

mmol), 2b (169.2 mg, 0.6 mmol), and THF (5 mL) were sequentially under argon 

atmosphere. After that, the Ar gas line was closed. The resulting mixture was stirred at 

room temperature for 24 h. After completion of the reaction as monitored by TLC, the 

resulting mixture was filtered through a short column of silica gel (3 cm) eluted with 

ethyl acetate (10 mL) and concentrated. The residue was purified by column 

chromatography on silica gel to afford 3bb (169.3 mg, 81%) [eluent: petroleum ether / 

ethyl ether = 100/1 (1500+15 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 

7.87 (d, J = 7.6 Hz, 2 H, ArH), 7.52 (t, J = 7.4 Hz, 1 H, ArH), 7.41 (t, J = 7.8 Hz, 2 H, 

ArH), 7.21-7.13 (m, 3 H, ArH), 7.10-7.02 (m, 2 H, ArH), 5.09 (t, J = 8.0 Hz, 1 H, 

=CH), 4.20-4.01 (m, 2 H, OCH2), 3.48 (s, 2 H, CH2 of Bn), 2.96-2.78 (m, 2 H, CH2), 

2.33-2.16 (m, 4 H, 2 × CH2), 1.69-1.50 (m, 6 H, 3 × CH2), 1.06 (t, J = 7.2 Hz, 3 H, 

CH3); 13C NMR (100 MHz, CDCl3) δ 195.9, 172.2, 162.4, 152.5, 136.1, 135.9, 132.6, 

130.3, 128.44, 128.42, 128.0, 126.8, 124.4, 95.7, 62.5, 61.3, 38.4, 35.5, 34.9, 34.8, 

27.7, 27.6, 25.8, 13.7; IR (neat) v = 2930, 2855, 2064, 1731, 1680, 1598, 1495, 1444, 

1366, 1271, 1236, 1181, 1082, 1045 cm-1; MS (ESI) m/z 415 [M+H]+; HRMS (ESI) 

Calcd for C28H31O3 [M+H]+: 415.2268, Found: 415.2260. 

 

(2) Preparation of ethyl 2-allyl-2-benzoyl-7,7-(pentamethylene)hepta-4,5,6-trienoate 

3bc (lican-03-066) 

THF, r.t., Ar, 24 h

Pd(OAc)2 (5 mol%)
DPEphos (6 mol%)
Cs2CO3 (1.2 equiv.)

3bc1b
0.5 mmol

2c
0.6 mmol

OCO2Me

+
Ph

O

CO2Et
• • CO2Et

COPh
• CO2Et

COPh

+

4bc

75%
3bc/4bc = 98/2  

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (195.7 mg, 0.6 mmol), THF (10 mL), 1b 

(104.7 mg, 0.5 mmol), and 2c (139.9 mg, 0.6 mmol) afforded (3bc + 4bc) (136.8 mg, 

75%, 3bc/4bc = 98/2) via column chromatography on silica gel [eluent: petroleum 

ether / ethyl ether = 100/1 (1500+15 mL)] as a colorless oil: 1H NMR (400 MHz, 
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CDCl3) δ 7.89-7.81 (m, 2 H, ArH), 7.51 (t, J = 7.8 Hz, 1 H, ArH), 7.41 (t, J = 7.8 Hz, 

2 H, ArH), 5.68-5.55 (m, 1 H, =CH), 5.11-4.98 (m, 3 H, CH=CH2), 4.14 (q, J = 7.2 Hz, 

2 H, OCH2), 2.98-2.85 (m, 4 H, 2 × CH2), 2.26-2.12 (m, 4 H, 2 × CH2), 1.66-1.50 (m, 

6 H, 3 × CH2), 1.10 (t, J = 7.0 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 195.9, 

172.3, 162.1, 152.3, 135.9, 132.5, 132.0, 128.35, 128.31, 124.1, 119.4, 95.4, 61.3, 

61.2, 37.1, 35.9, 34.9, 34.7, 27.6, 27.5, 25.8, 13.8; IR (neat) v = 3075, 2980, 2929, 

2855, 2063, 1731, 1681, 1642, 1597, 1443, 1367, 1278, 1245, 1201, 1136 cm-1; MS 

(ESI) m/z 365 [M+H]+; HRMS (ESI) Calcd for C24H29O3 [M+H]+: 329.2111, Found: 

329.2095. 

 

(3) Preparation of ethyl 2-benzoyl-2-(but-2-yn-1-yl)-7,7-(pentamethylene)hepta-4,5,6- 

trienoate 3bd (lican-03-070) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.5 mg, 0.024 mmol), 

DPEphos (16.3 mg, 0.03 mmol), Cs2CO3 (195.1 mg, 0.6 mmol), THF (10 mL), 1b 

(104.4 mg, 0.5 mmol), and 2d (146.1 mg, 0.6 mmol) afforded (3bd + 4bd) (152.2 mg, 

81%, 3bd/4bd = 97/3) via column chromatography on silica gel [eluent: petroleum 

ether / ethyl ether = 100/1 (1000+10 mL)] as a colorless oil: 1H NMR (400 MHz, 

CDCl3) δ 7.86-7.78 (m, 2 H, ArH), 7.55-7.46 (m, 1 H, ArH), 7.44-7.36 (m, 2 H, ArH), 

5.05 (t, J = 8.0 Hz, 1 H, C=CH), 4.16 (q, J = 7.2 Hz, 2 H, OCH2), 3.17-3.02 (m, 2 H, 

CH2), 2.97 (q, J = 2.4 Hz, 2 H, C≡CCH2), 2.27-2.18 (m, 2 H, CH2), 2.17-2.07 (m, 2 H, 

CH2), 1.73 (t, J = 2.4 Hz, 3 H, C≡CCH3), 1.67-1.48 (m, 6 H, 3 × CH2), 1.12 (t, J = 7.2 

Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 195.4, 171.6, 162.1, 152.3, 135.8, 

132.5, 128.4, 128.2, 124.2, 95.2, 79.3, 73.3, 61.6, 61.1, 35.9, 34.9, 34.7, 27.6, 27.5, 

25.8, 23.8, 13.8, 3.4; IR (neat) v = 2928, 2855, 2063, 1733, 1682, 1598, 1580, 1443, 

1366, 1279, 1241, 1189 cm-1; MS (ESI) m/z 377 [M+H]+; HRMS (ESI) Calcd for 
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C25H29O3 [M+H]+: 377.2111, Found: 377.2103. 

 

(4) Preparation of tert-butyl 2-acetyl-2-methyl-7,7-(pentamethylene)hept-4,5,6- 

trienoate 3be (lican-03-056) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.5 mg, 0.03 mmol), Cs2CO3 (195.1 mg, 0.6 mmol), THF (10 mL), 1b 

(104.1 mg, 0.5 mmol), and 2e (103.4 mg, 0.6 mmol) afforded 3be (88.0 mg, 58%) via 

column chromatography on silica gel [eluent: petroleum ether / ethyl acetate = 100/1 

(1000+10 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 5.14 (t, J = 8.0 Hz, 1 

H, =CH), 2.72 (dd, J1 = 14.4 Hz, J2 = 8.0 Hz, 1 H, one proton of CH2), 2.61 (dd, J1 = 

14.4 Hz, J2 = 8.0 Hz, 1 H, one proton of CH2), 2.33-2.21 (m, 4 H, 2 × CH2), 2.17 (s, 3 

H, CH3), 1.69-1.54 (m, 6 H, 3 × CH2), 1.46 (s, 9 H, 3 × CH3), 1.36 (s, 3 H, CH3); 13C 

NMR (100 MHz, CDCl3) δ 205.2, 171.3, 161.4, 152.4, 123.6, 96.6, 81.8, 60.5, 38.1, 

34.9, 34.8, 27.7, 27.58, 27.56, 26.1, 25.8, 18.8; IR (neat) v = 2978, 2930, 2856, 2064, 

1710, 1534, 1447, 1392, 1369, 1282, 1248, 1153, 1113 cm-1; MS (ESI) m/z 327 

[M+Na]+; HRMS (ESI) Calcd for C19H28O3Na [M+Na]+: 327.1931, Found: 327.1922. 

 

(5) Preparation of ethyl 5-benzoyl-5-(ethoxycarbonyl)-10,10-(pentamethylene)- 

deca-7,8,9-trienoate 3bf (lican-03-102) 

THF, r.t., Ar, 24 h

Pd(OAc)2 (5 mol%)
DPEphos (6 mol%)
Cs2CO3 (1.2 equiv.)

3bf1b
0.5 mmol

2f
0.6 mmol

OCO2Me

+ • •Ph

O

CO2Et

COPh

CO2Et
CO2Et

EtO2C

4bf

•

COPh

CO2Et

EtO2C

+

57%
3bf/4bf = 97/3  

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.3 mg, 0.03 mmol), Cs2CO3 (195.3 mg, 0.6 mmol), THF (10 mL), 1b 

(104.7 mg, 0.5 mmol), and 2f (184.4 mg, 0.6 mmol) afforded (3bf + 4bf) (126.0 mg, 
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57%, 3bf/4bf = 97/3) via column chromatography on silica gel [eluent: petroleum 

ether / ethyl ether = 15/1 (900+60 mL)] as a yellow oil: 1H NMR (400 MHz, CDCl3) 

δ 7.84 (d, J = 8.4 Hz, 2 H, ArH), 7.51 (t, J = 6.8 Hz, 1 H, ArH), 7.41 (t, J = 7.6 Hz, 2 

H, ArH), 5.04 (t, J = 8.2 Hz, 1 H, =CH), 4.20-3.99 (m, 4 H, 2 × CH2), 3.04-2.87 (m, 2 

H, CH2), 2.30-2.20 (m, 4 H, 2 × CH2), 2.20-2.11 (m, 4 H, 2 × CH2), 1.67-1.52 (m, 7 H, 

3 × CH2 and one proton of CH2), 1.50-1.37 (m, 1 H, one proton of CH2), 1.20 (t, J = 

6.6 Hz, 3 H, CH3), 1.08 (t, J = 6.8 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 

196.3, 172.7, 172.6, 161.9, 152.1, 135.7, 132.5, 128.3, 128.2, 124.1, 95.4, 61.3, 61.0, 

60.1, 35.7, 34.9, 34.7, 34.2, 31.7, 27.6, 27.5, 25.7, 19.0, 14.0, 13.7; IR (neat) v = 2978, 

2932, 2855, 2063, 1730, 1679, 1445, 1256, 1176, 1094, 1023 cm-1; MS (70 eV, EI) 

m/z (%): 438 (M+, 1.16), 105 (100); HRMS (EI) Calcd. for C27H34O5 [M+]: 438.2406, 

found: 438.2408. 

 

(6) Preparation of ethyl (2E)-5-acetyl-5-(tert-butoxycarbonyl)-10,10-(penta- 

methylene)deca-2,7,8,9-tetraenoate 3bg (lican-03-100) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.3 mg, 0.03 mmol), Cs2CO3 (195.7 mg, 0.6 mmol), THF (10 mL), 1b 

(104.3 mg, 0.5 mmol), and 2g (162.9 mg, 0.6 mmol) afforded 3bg (175.4 mg, 87%) 

via column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 25/1 

(1600+64 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.83-6.70 (m, 1 H, 

=CH), 5.89 (d, J = 15.6 Hz, 1 H, =CH), 5.01 (t, J = 8.2 Hz, 1 H, =CH), 4.16 (q, J = 

7.2 Hz, 2 H, OCH2), 2.83 (ddd, J1 = 14.4 Hz, J2 = 7.6 Hz, J2 = 1.2 Hz, 1 H, one proton 

of CH2), 2.77-2.67 (m, 3 H, one proton of CH2 and CH2), 2.34-2.23 (m, 4 H, 2 × CH2), 

2.19 (s, 3 H, CH3), 1.71-1.54 (m, 6 H, 3 × CH2), 1.47 (s, 9 H, 3 × CH3), 1.27 (t, J = 

7.2 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 203.0, 169.5, 165.6, 161.9, 152.2, 

142.8, 125.0, 124.7, 95.0, 82.4, 63.8, 60.0, 34.7, 34.0, 27.6, 27.5, 27.4, 26.3, 25.7, 
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14.0; IR (neat) v = 2978, 2931, 2856, 2062, 1710, 1655, 1442, 1368, 1268, 1145 cm-1; 

MS (70 eV, EI) m/z (%): 402 (M+, 5.99), 43 (100); HRMS (EI) Calcd. for C24H34O5 

[M+]: 402.2406, found: 402.2408. 

 

(7) Preparation of methyl 2-(4-fluorobenzoyl)-2-benzyl-7,7-(pentamethylene)hepta- 

4,5,6-trienoate 3bh (lican-03-146) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.4 mg, 0.025 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (195.7 mg, 0.6 mmol), THF (10 mL), 1b 

(104.7 mg, 0.5 mmol), and 2h (170.9 mg, 0.6 mmol) afforded 3bh (127.2 mg, 61%) 

via column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 60/1 

(1200+20 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.94-7.85 (m, 2 H, 

ArH), 7.26-7.16 (m, 3 H, ArH), 7.14-6.97 (m, 4 H, ArH), 5.06 (t, J = 8.0 Hz, 1 H, 

=CH), 3.64 (s, 3 H, CH3), 3.53-3.37 (m, 2 H, CH2 of Bn), 2.97-2.77 (m, 2 H, CH2), 

2.34-2.16 (m, 4 H, 2 ×CH2), 1.73-1.51 (m, 6 H, 3 × CH2); 13C NMR (100 MHz, 

CDCl3) δ 194.1, 172.7, 165.2 (d, J = 253.8 Hz), 162.5, 152.4, 135.7, 132.4 (d, J = 3.2 

Hz), 131.7 (d, J = 8.9 Hz), 130.2, 128.1, 126.9, 124.8, 115.7 (d, J = 21.8 Hz), 95.3, 

62.5, 52.3, 38.4, 35.4, 34.9, 34.8, 27.7, 27.6, 25.8; 19F NMR (376 MHz, CDCl3) δ 

-105.7; IR (neat) v = 3064, 3030, 2931, 2854, 2063, 1735, 1680, 1597, 1505, 1436, 

1273, 1235, 1200, 1158, 1081 cm-1; MS (DART) m/z 419 [M+H]+; HRMS (DART) 

Calcd for C27H28O3F [M+H]+: 419.2017, Found: 419.2012. 

 

(8) Preparation of ethyl 2-(4-nitrobenzoyl)-2-benzyl-7,7-(pentamethylene)hepta- 

4,5,6-trienoate 3bi (lican-03-075) 
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THF, r.t., Ar, 24 h

Pd(OAc)2 (5 mol%)
DPEphos (6 mol%)
Cs2CO3 (1.2 equiv.)

3bi, 82%1b
0.5 mmol

2i
0.6 mmol

OCO2Me

+

• •O2N

O

CO2Et

Bn
Bn

CO2Et

O

O2N

CCDC = 2108426  

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.2 mg, 0.03 mmol), Cs2CO3 (195.7 mg, 0.6 mmol), THF (10 mL), 1b 

(104.7 mg, 0.5 mmol), and 2i (196.5 mg, 0.6 mmol) afforded 3bi (188.4 mg, 82%) via 

column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 60/1 

(1200+20 mL)] as a green solid: m.p. 81.4-82.9 oC (hexane / chloroform); 1H NMR 

(400 MHz, CDCl3) δ 8.28-8.22 (m, 2 H, ArH), 7.99-7.92 (m, 2 H, ArH), 7.24-7.19 (m, 

3 H, ArH), 7.12-7.03 (m, 2 H, ArH), 5.09 (t, J = 8.0 Hz, 1 H, =CH), 4.22-4.06 (m, 2 H, 

OCH2), 3.51 (d, J = 14.0 Hz, 1 H, one proton of CH2), 3.45 (d, J = 14.0 Hz, 1 H, one 

proton of CH2), 2.88 (d, J = 8.4 Hz, 2 H, CH2), 2.30-2.14 (m, 4 H, 2 × CH2), 

1.69-1.51 (m, 6 H, 3 × CH2), 1.10 (t, J = 7.2 Hz, 3 H, CH3); 13C NMR (100 MHz, 

CDCl3) δ 195.2, 171.4, 162.5, 152.3, 149.6, 141.1, 135.4, 130.2, 129.3, 128.1, 127.0, 

125.2, 123.5, 94.8, 63.0, 61.7, 38.4, 35.4, 34.8, 34.7, 27.6, 27.5, 25.7, 13.6; IR (neat) v 

= 3109, 2979, 2931, 2856, 2064, 1732, 1680, 1516, 1443, 1347, 1180 cm-1; MS (ESI) 

m/z 460 [M+H]+; HRMS (ESI) Calcd for C28H30O5N [M+H]+: 460.2118, Found: 

460.2110. 

Single crystal of 3bi (CCDC number: 2108426) was obtained by slow diffusion 

of hexane (1.0 mL) to a solution of 3bi (30 mg) in chloroform (0.2 mL). 
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(9) Preparation of ethyl 2-(4-nitrobenzoyl)-2-benzyl-7,7-(pentamethylene)hepta-4,5,6- 

trienoate in gram scale 3bi (lican-04-068) 

THF, r.t., Ar, 24 h

Pd(OAc)2 (5 mol%)
DPEphos (6 mol%)
Cs2CO3 (1.2 equiv.)

3bi,
1.1246 g, 82%

1b
3 mmol

2i
3.6 mmol

OCO2Me

+

• •O2N

O

CO2Et

Bn
Bn

CO2Et

O

O2N

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (34.1 mg, 0.15 mmol), 

DPEphos (98.0 mg, 0.18 mmol), Cs2CO3 (1.1688 g, 3.6 mmol), THF (60 mL), 1b 

(626.4 mg, 3 mmol), and 2i (1.1788 g, 3.6 mmol) afforded 3bi (1.1246 mg, 82%) via 

column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 20/1 

(1000+50 mL)] as a green oil: 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.4 Hz, 2 H, 

ArH), 7.94 (m, J = 8.8 Hz, 2 H, ArH), 7.23-7.20 (m, 3 H, ArH), 7.10-7.05 (m, 2 H, 

ArH), 5.09 (t, J = 7.8 Hz, 1 H, =CH), 4.21-4.05 (m, 2 H, OCH2), 3.51 (d, J = 14.0 Hz, 

1 H, one proton of CH2), 3.45 (d, J = 14.0 Hz, 1 H, one proton of CH2), 2.88 (d, J = 

8.0 Hz, 2 H, CH2), 2.27-2.12 (m, 4 H, 2 × CH2), 1.69-1.50 (m, 6 H, 3 × CH2), 1.09 (t, 

J = 7.0 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 195.1, 171.4, 162.4, 152.2, 

149.5, 140.9, 135.3, 130.1, 129.2, 128.1, 126.9, 125.2, 123.5, 94.7, 62.9, 61.7, 38.2, 

35.3, 34.70, 34.65, 27.6, 27.5, 25.6, 13.6. 

 

(10) Preparation of ethyl 2-(4-(trifluoromethyl)benzoyl)-2-benzyl-7,7-(penta- 

methylene)hepta-4,5,6-trienoate 3bj (lican-03-128) 

THF, r.t., Ar, 24 h

Pd(OAc)2 (5 mol%)
DPEphos (6 mol%)
Cs2CO3 (1.2 equiv.)

3bj, 75%1b
0.5 mmol

2j
0.6 mmol

OCO2Me

+
• •

F3C

O

CO2Et

Bn Bn
CO2Et

O

F3C

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.8 mg, 0.026 mmol), 

DPEphos (16.6 mg, 0.03 mmol), Cs2CO3 (195.4 mg, 0.6 mmol), THF (10 mL), 1b 

(104.6 mg, 0.5 mmol), and 2j (211.0 mg, 0.6 mmol) afforded 3bj (181.8 mg, 75%) via 
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column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 60/1 

(900+15 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.0 Hz, 2 

H, ArH), 7.69 (d, J = 8.4 Hz, 2 H, ArH), 7.25-7.15 (m, 3 H, ArH), 7.12-6.98 (m, 2 H, 

ArH), 5.08 (t, J = 8.2 Hz, 1 H, =CH), 4.22-4.02 (m, 2 H, OCH2), 3.50 (d, J = 14.0 Hz, 

1 H, one proton of CH2), 3.44 (d, J = 14.4 Hz, 1 H, one proton of CH2), 2.99-2.78 (m, 

2 H, CH2), 2.36-2.09 (m, 4 H, 2 × CH2), 1.71-1.54 (m, 6 H, 3 × CH2), 1.08 (t, J = 7.2 

Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 195.6, 171.9, 162.6, 152.4, 139.2, 

135.7, 133.9 (q, J = 32.4 Hz), 130.3, 128.8, 128.2, 127.1, 125.5 (q, J = 3.6 Hz), 125.2, 

123.5 (q, J = 271.2 Hz), 95.1, 62.9, 61.7, 38.4, 35.5, 34.92, 34.86, 27.7, 27.6, 25.9, 

13.7; 19F NMR (376 MHz, CDCl3) δ -63.6; IR (neat) v = 3064, 3031, 2933, 2855, 

2064, 1735, 1687, 1496, 1440, 1325, 1168, 1129, 1068 cm-1; MS (ESI) m/z 505 

[M+Na]+; HRMS (ESI) Calcd for C29H29O3F3Na [M+Na]+: 505.1961, Found: 

505.1961. 

 

(11) Preparation of ethyl 2-((thien-2-yl)carbonyl)-2-benzyl-7,7-(pentamethylene)- 

hepta-4,5,6-trienoate 3bk (lican-03-105) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.0 mg, 0.03 mmol), Cs2CO3 (195.9 mg, 0.6 mmol), THF (10 mL), 1b 

(104.4 mg, 0.5 mmol), and 2k (173.5 mg, 0.6 mmol) afforded 3bk (105.9 mg, 50%) 

via column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 50/1 

(1000+20 mL)] as a light green oil: 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 4.0 Hz, 

1 H, ArH), 7.62 (d, J = 5.2 Hz, 1 H, ArH), 7.24-7.15 (m, 3 H, ArH), 7.12-7.02 (m, 3 H, 

ArH), 5.11 (t, J = 8.2 Hz, 1 H, =CH), 4.25-4.01 (m, 2 H, CH2), 3.47 (dd, J1 = 18.8 Hz, 

J2 = 4.8 Hz, 2 H, CH2), 2.96-2.77 (m, 2 H, CH2), 2.36-2.19 (m, 4 H, 2 × CH2), 

1.73-1.50 (m, 6 H, 3 × CH2), 1.11 (t, J = 7.2 Hz, 3 H, CH3); 13C NMR (100 MHz, 

CDCl3) δ 188.8, 172.0, 162.5, 152.5, 142.9, 135.7, 133.7, 131.2, 130.2, 128.1, 128.0, 
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126.8, 124.6, 95.6, 62.8, 61.5, 38.2, 35.3, 34.9, 34.8, 27.7, 27.6, 25.8, 13.7; IR (neat) 

v = 3086, 3029, 2930, 2854, 2064, 1729, 1658, 1441, 1411, 1353, 1274, 1242, 1200, 

1181, 1082 cm-1; MS (70 eV, EI) m/z (%): 420 (M+, 2.00), 111 (100); HRMS (EI) 

Calcd. for C26H28O3S [M+]: 420.1759, found: 420.1761. 

 

(12) Preparation of ethyl 2-(2-(para-phenylphenyl-4-yl)acetyl)-2-methyl-7,7-(penta- 

methylene)hepta-4,5,6-trienoate 3bl (lican-03-143) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.4 mg, 0.024 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (195.7 mg, 0.6 mmol), THF (10 mL), 1b 

(104.5 mg, 0.5 mmol), and 2l (177.6 mg, 0.6 mmol) afforded (3bl + 4bl) (116.3 mg, 

54%, 3bl/4bl = 96/4) via column chromatography on silica gel [eluent: petroleum 

ether / ethyl ether = 50/1 (1000+20 mL)] as a colorless oil: 1H NMR (400 MHz, 

CDCl3) δ 7.60-7.49 (m, 4 H, ArH), 7.40 (t, J = 7.6 Hz, 2 H, ArH), 7.31 (t, J = 7.4 Hz, 

1 H, ArH), 7.23 (d, J = 7.6 Hz, 2 H, ArH), 5.17 (t, J = 8.0 Hz, 1 H, =CH), 4.25-4.07 

(m, 2 H, OCH2), 3.83 (s, 2 H, CH2), 2.89-2.67 (m, 2 H, CH2), 2.32-2.21 (m, 4 H, 2 × 

CH2), 1.69-1.52 (m, 6 H, 3 × CH2), 1.49 (s, 3 H, CH3), 1.23 (t, J = 7.0 Hz, 3 H, CH3); 

13C NMR (100 MHz, CDCl3) δ 204.2, 172.2, 161.6, 152.3, 140.7, 139.7, 132.9, 129.9, 

128.6, 127.1, 127.0, 126.9, 124.1, 96.2, 61.4, 60.0, 44.7, 38.2, 34.9, 34.8, 27.6, 27.5, 

25.8, 19.0, 13.9; IR (neat) v = 3029, 2981, 2930, 2854, 2062, 1713, 1487, 1446, 1377, 

1229, 1191, 1103, 1024 cm-1; MS (DART) m/z 429 [M+H]+; HRMS (DART) Calcd 

for C29H33O3 [M+H]+: 429.2424, Found: 429.2419. 

 

(13) Preparation of ethyl 2-benzyl-2-(cyclohexanecarbonyl)- 7,7-(pentamethylene)- 

hepta-4,5,6-trienoate 3bm (lican-03-109) 
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Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.1 mg, 0.03 mmol), Cs2CO3 (196.0 mg, 0.6 mmol), THF (10 mL), 1b 

(104.7 mg, 0.5 mmol), and 2m (196.5 mg, 0.6 mmol) afforded 3bm (157.4 mg, 75%) 

via column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 50/1 

(1000+20 mL)] as a white solid: m.p. 103.2-104.6 oC (hexane); 1H NMR (400 MHz, 

CDCl3) δ 7.28-7.16 (m, 3 H, ArH), 7.15-7.05 (m, 2 H, ArH), 5.05 (t, J = 7.4 Hz, 1 H, 

=CH), 4.28-4.02 (m, 2 H, OCH2), 3.29 (d, J = 14.0 Hz, 1 H, one proton of CH2), 3.22 

(d, J = 14.4 Hz, 1 H, one proton of CH2), 2.88-2.66 (m, 2 H, CH2), 2.65-2.51 (m, 1 H, 

CH), 2.42-2.21 (m, 4 H, 2 × CH2), 1.82-1.56 (m, 11 H), 1.53-1.33 (m, 2 H), 1.32-1.12 

(m, 6 H); 13C NMR (100 MHz, CDCl3) δ 209.5, 171.2, 162.0, 152.6, 136.5, 130.0, 

128.0, 126.6, 124.5, 96.1, 65.0, 61.2, 48.0, 36.6, 34.8, 34.7, 33.4, 30.2, 29.8, 27.7, 

27.6, 25.8, 25.5, 25.4, 13.9; IR (neat) v = 3062, 3027, 2934, 2852, 2066, 1739, 1700, 

1447, 1369, 1259, 1181 cm-1; MS (70 eV, EI) m/z (%): 420 (M+, 5.18), 83 (100); 

Elem. Anal. Calcd. for C28H36O3: C 79.96, H, 8.63, found C 79.47, H, 8.76. 

 

(14) Preparation of 3-(methoxycarbonyl)-3-(5,5-(pentamethylene)penta-2,3,4-trienyl) 

tetrahydro-4H-pyran-4-one 3bn (lican-03-090) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.3 mg, 0.03 mmol), Cs2CO3 (195.7 mg, 0.6 mmol), THF (10 mL), 1b 

(104.1 mg, 0.5 mmol), and 2n (95.4 mg, 0.6 mmol) afforded 3bn (119.4 mg, 82%) via 

column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 9/1 

(900+100 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 5.21 (t, J = 7.8 Hz, 1 
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H, =CH), 4.53 (d, J = 11.6 Hz, 1 H, one proton of CH2), 4.23-4.11 (m, 1 H, one proton 

of CH2), 3.82-3.69 (m, 4 H, CH3 and one proton of CH2), 3.59 (d, J = 12.0 Hz, 1 H, 

one proton of CH2), 2.88-2.76 (m, 1 H, one proton of CH2), 2.71-2.62 (m, 1 H, one 

proton of CH2), 2.58-2.43 (m, 2 H, 2 × one proton of CH2), 2.32-2.20 (m, 4 H, 2 

×CH2), 1.73-1.51 (m, 6 H, 3 × CH2); 13C NMR (100 MHz, CDCl3) δ 202.9, 170.4, 

161.3, 152.0, 124.1, 95.7, 73.7, 68.4, 62.9, 52.5, 41.3, 34.9, 34.7, 33.7, 27.5, 27.4, 

25.7; IR (neat) v = 2928, 2853, 2061, 1714, 1435, 1312, 1206, 1092, 975 cm-1; MS 

(ESI) m/z 291 [M+H]+; HRMS (ESI) Calcd for C17H23O4 [M+H]+: 291.1591, Found: 

291.1583. 

 

(15) Preparation of 3-acetyl-3-(5,5-(pentamethylene)penta-2,3,4-trienyl)dihydrofuran- 

2(3H)-one 3bo (lican-03-054) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.5 mg, 0.024 mmol), 

DPEphos (16.2 mg, 0.03 mmol), Cs2CO3 (195.5 mg, 0.6 mmol), THF (10 mL), 1b 

(104.4 mg, 0.5 mmol), and 2o (76.7 mg, 0.6 mmol) afforded 3bo (96.3 mg, 74%) via 

column chromatography on silica gel [eluent: petroleum ether / ethyl acetate = 50/1 

(1000+20 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 5.12 (t, J = 7.2 Hz, 1 

H, =CH), 4.33 (td, J1 = 8.8 Hz, J2 = 3.2 Hz, 1 H, one proton of OCH2), 4.28-4.18 (m, 

1 H, OCH one proton of OCH2), 3.05-2.91 (m, 2 H, 2 × one proton of CH2), 2.72 (dd, 

J1 = 16 Hz, J2 = 6.6 Hz, 1 H, one proton of CH2) 2.36 (s, 3 H, CH3), 2.33-2.24 (m, 4 H, 

2 × CH2), 2.24-2.15 (m, 1 H, one proton of CH2), 1.71-1.54 (m, 6 H, 3 × CH2); 13C 

NMR (100 MHz, CDCl3) δ 202.0, 274.8, 161.6, 152.4, 125.7, 94.6, 66.5, 61.1, 37.4, 

34.7, 34.3, 29.2, 27.5, 27.4, 25.7; IR (neat) v = 2961, 2928, 2855, 1746, 1711, 1441, 

1327, 1246, 1140, 935 cm-1; MS (ESI) m/z 283 [M+Na]+; HRMS (ESI) Calcd for 

C16H20O3Na [M+Na]+: 283.1305, Found: 283.1295. 
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(16) Preparation of 2-(methoxycarbonyl)-2-(5,5-(pentamethylene)penta-2,3,4-trienyl) 

cyclohexan-1-one 3bp (lican-03-055) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.5 mg, 0.03 mmol), Cs2CO3 (196.1 mg, 0.6 mmol), THF (10 mL), 1b 

(104.6 mg, 0.5 mmol), and 2p (93.9 mg, 0.6 mmol) afforded 3bp (103.8 mg, 72%) via 

column chromatography on silica gel [eluent: petroleum ether / ethyl acetate = 40/1 

(800+20 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 5.21 (t, J = 8.2 Hz, 1 

H, =CH), 3.72 (s, 3 H, CH3), 2.70 (dd, J1 = 14.0 Hz, J2 = 8.0 Hz, 1 H, one proton of 

CH2), 2.57-2.48 (m, 2 H, CH2), 2.48-2.40 (m, 2 H, CH2), 2.31-2.21 (m, 4 H, 2 × CH2), 

2.05-1.95 (m, 1 H, one proton of CH2), 1.82-1.71 (m, 1 H, one proton of CH2), 

1.71-1.53 (m, 9 H); 13C NMR (100 MHz, CDCl3) δ 207.2, 171.8, 161.1, 152.2, 123.2, 

97.0, 61.6, 52.2, 40.8, 37.9, 35.4, 35.0, 34.7, 27.6, 27.5, 27.3, 25.8, 22.2; IR (neat) v = 

2934, 2857, 1743, 1712, 1441, 1375, 1246, 1121, 935 cm-1; MS (ESI) m/z 289 

[M+H]+; HRMS (ESI) Calcd for C18H25O3 [M+H]+: 289.1798, Found: 289.1789. 

 

(17) Preparation of compound ethyl 2-(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl- 

1H-indol-3-yl)acetyl)-2-methyl-7,7-(pentamethylene)hepta-4,5,6-trienoate 3bq  

(lican-03-147) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (195.4 mg, 0.6 mmol), THF (10 mL), 1b 

(104.4 mg, 0.5 mmol), and 2q (265.7 mg, 0.6 mmol) afforded 3bq (172.5 mg, 60%) 
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via column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 8/1 

(800+100 mL)] as a green oil: 1H NMR (400 MHz, CDCl3) δ 7.74-7.61 (m, 2 H, ArH), 

7.51-7.43 (m, 2 H, ArH), 6.90 (d, J = 9.2 Hz, 1 H, ArH), 6.80 (d, J = 2.4 Hz, 1 H, 

ArH), 6.64 (dd, J1 = 9.0 Hz, J2 = 2.6 Hz, 1 H, ArH), 5.19 (t, J = 7.8 Hz, 1 H, =CH), 

4.20 (q, J = 7.1 Hz, 2 H, OCH2), 3.88 (d, J = 1.2 Hz, 2 H, CH2), 3.81 (s, 3 H, CH3), 

2.86 (d, J = 8.0 Hz, 2 H, CH2), 2.38-2.13 (m, 7 H, 2 × CH2 and CH3), 1.67-1.56 (m, 9 

H, 3 × CH2 and CH3), 1.28 (t, J = 7.2 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 

203.1, 172.3, 168.0, 161.6, 155.8, 152.3, 138.9, 135.9, 133.9, 131.0, 130.8, 130.7, 

128.9, 124.5, 114.7, 112.3, 111.0, 101.5, 96.0, 61.5, 59.6, 55.5, 38.3, 34.78, 34.76, 

34.4, 27.5, 27.4, 25.7, 19.4, 13.9, 13.4; IR (neat) v = 2975, 2931, 2855, 2835, 2065, 

1746, 1710, 1670, 1608, 1475, 1458, 1361, 1326, 1227, 1149, 1106, 1031 cm-1; MS 

(ESI) m/z 574 [M(35Cl)+H]+; HRMS (ESI) Calcd for C34H37O5N35Cl [M+H]+: 

574.2355, Found: 574.2345. 

 

(18) Preparation of ethyl 2-(ethoxycarbonyl)-7,7-(pentamethylene)hepta-4,5,6- 

trienoate 3br (lican-04-031) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (195.2 mg, 0.6 mmol), THF (10 mL), 1b 

(104.3 mg, 0.5 mmol), and 2r (96.0 mg, 0.6 mmol) afforded 3br (65.5 mg, 45%) via 

column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 10/1 

(400+40 mL)] as a yellow oil: 1H NMR (400 MHz, CDCl3) δ 5.31 (t, J = 6.6 Hz, 1 H, 

=CH), 4.28-4.13 (m, 4 H, 2 × OCH2), 3.61 (t, J = 7.4 Hz, 1 H, CH), 2.78 (t, J = 7.0 Hz, 

2 H, CH2), 2.35-2.21 (m, 4 H, 2 × CH2), 1.69-1.52 (m, 6 H, 3 × CH2), 1.27 (t, J = 7.0 

Hz, 6 H, 2 × CH3); 13C NMR (100 MHz, CDCl3) δ 168.9, 159.2, 153.4, 123.2, 98.2, 

61.3, 51.2, 34.8, 34.6, 31.1, 27.6, 27.5, 25.8, 14.0; IR (neat) v = 2974, 2928, 2854, 

2063, 1735, 1707, 1607, 1462, 1367, 1252, 1149 cm-1; MS (ESI) m/z 315 [M+Na]+; 
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HRMS (ESI) Calcd for C17H24O4Na [M+Na]+: 315.1567, Found: 315.1565. 

 

(19) Preparation of 6,6-bis(phenylsulfonyl)-1,1-(pentamethylene)hexa-1,2,3-triene 

3bs (lican-05-013) 

THF, r.t., Ar, 36 h

Pd(OAc)2 (5 mol%)
DPEphos (6 mol%)
Cs2CO3 (1.2 equiv.)

3bs, 55%1b
0.5 mmol

2s
0.6 mmol

OCO2Me

+ • •

SO2Ph

SO2Ph

SO2Ph

SO2Ph

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.8 mg, 0.026 mmol), 

DPEphos (16.7 mg, 0.03 mmol), Cs2CO3 (196.1 mg, 0.6 mmol), THF (10 mL), 1b 

(104.6 mg, 0.5 mmol), and 2s (177.4 mg, 0.6 mmol) afforded 3bs (124.1 mg, 55%, 

95% purity) via column chromatography on silica gel [eluent: petroleum ether / ethyl 

acetate = 9/1 (900+100 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.96 (d, 

J = 8.0 Hz, 4 H, ArH), 7.68 (t, J = 7.4 Hz, 2 H, ArH), 7.56 (t, J = 7.6 Hz, 4 H, ArH), 

5.24 (t, J = 6.6 Hz, 1 H, =CH), 4.78 (t, J = 6.0 Hz, 1 H, CH), 3.04 (t, J = 6.2 Hz, 2 H, 

CH2), 2.37-2.14 (m, 4 H, 2 × CH2), 1.79-1.51 (m, 6 H, 3 × CH2); 13C NMR (100 MHz, 

CDCl3) δ 159.4, 153.4, 137.9, 134.5, 129.5, 129.0, 124.9, 95.8, 82.6, 35.2, 34.6, 28.1, 

27.6, 27.4, 25.7; IR (neat) v = 3066, 2931, 2855, 2256, 2063, 1584, 1447, 1329, 1151, 

1078 cm-1; MS (DART) m/z 429 [M+H]+; HRMS (DART) Calcd for C23H25O4S2 

[M+H]+: 429.1189, Found: 429.1179. 

 

(20) Preparation of ethyl 2-benzoyl-2-benzyl-2,7-dimethylocta-4,5,6-trienoate 3aa 

(lican-06-079) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.2 mg, 0.03 mmol), Cs2CO3 (196.0 mg, 0.6 mmol), THF (10 mL), 1a 
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(84.1 mg, 0.5 mmol), and 2a (123.9 mg, 0.6 mmol) afforded (3aa + 4aa) (120.4 mg, 

77%, 3aa/4aa = 96/4, 96% purity) via column chromatography on silica gel [eluent: 

petroleum ether / ethyl ether = 25/1 (500+20 mL)] as a yellow oil: 1H NMR (400 

MHz, CDCl3) δ 7.84 (d, J = 7.6 Hz, 2 H, ArH), 7.51 (t, J = 7.2 Hz, 1 H, ArH), 7.40 (t, 

J = 7.6 Hz, 2 H, ArH), 5.13 (t, J = 8.0 Hz, 1 H, =CH), 4.20-4.04 (m, 2 H, OCH2), 2.89 

(d, J = 8.0 Hz, 2 H, CH2), 1.92-1.78 (m, 6 H, 2 × CH3), 1.59 (s, 3 H, CH3), 1.07 (t, J = 

7.2 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 196.9, 173.3, 161.2, 154.9, 135.4, 

132.5, 128.34, 128.26, 115.2, 95.9, 61.2, 57.4, 39.7, 24.2, 24.0, 20.8, 13.6; IR (neat) v 

= 2982, 2934, 2908, 2849, 2255, 2063, 1733, 1682, 1598, 1580, 1446, 1376, 1276, 

1236, 1190, 1102 cm-1; MS (ESI) m/z 299 [M+H]+; HRMS (ESI) Calcd for C19H23O3 

[M+H]+: 299.1642, Found: 299.1642. 

 

(21) Preparation of ethyl 2-benzoyl-2-benzyl-7,7-(3,3-dimethylpentamethylene)hepta- 

4,5,6-trienoate 3cb (lican-04-081) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (197.1 mg, 0.6 mmol), THF (10 mL), 1c 

(118.6 mg, 0.5 mmol), and 2b (170.0 mg, 0.6 mmol) afforded 3cb (167.4 mg, 76%) 

via column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 20/1 

(400+20 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.6 Hz, 2 

H, ArH), 7.51 (t, J = 7.2 Hz, 1 H, ArH), 7.41 (t, J = 7.6 Hz, 2 H, ArH), 7.22-7.14 (m, 3 

H, ArH), 7.10-7.01 (m, 2 H, ArH), 5.09 (t, J = 8.2 Hz, 1 H, =CH), 4.21-4.02 (m, 2 H, 

OCH2), 3.49 (s, 2 H, CH2 of Bn), 2.97-2.79 (m, 2 H, CH2), 2.37-2.19 (m, 4 H, 2 × 

CH2), 1.49-1.37 (m, 4 H, 2 × CH2), 1.05 (t, J = 7.0 Hz, 3 H, CH3), 0.97 (s, 6 H, 2 × 

CH3); 13C NMR (100 MHz, CDCl3) δ 195.8, 172.2, 162.4, 152.5, 136.0, 135.8, 132.6, 

130.2, 128.40, 128.36, 127.9, 126.7, 124.0, 95.8, 62.4, 61.3, 39.9, 39.7, 38.3, 35.4, 

30.8, 30.7, 29.9, 27.9, 27.8, 13.6; IR (neat) v = 3063, 2951, 2914, 2063, 1732, 1681, 
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1446, 1270, 1177 cm-1; MS (ESI) m/z 443 [M+H]+; HRMS (ESI) Calcd for C30H35O3 

[M+H]+: 443.2581, Found: 443.2571. 

(22) Preparation of ethyl 2-benzoyl-2-benzyl-7,7-hexamethylenehepta-4,5,6-trienoate 

3db (lican-03-095) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (195.7 mg, 0.6 mmol), THF (10 mL), 1d 

(111.5 mg, 0.5 mmol), and 2b (169.2 mg, 0.6 mmol) afforded 3db (129.4 mg, 60%) 

via column chromatography on silica gel [eluent: petroleum ether / ethyl ether = 100/1 

(1000+10 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 8.28-8.22 (m, 2 H, 

ArH), 7.56-7.48 (m, 1 H, ArH), 7.46-7.37 (m, 2 H, ArH), 7.23-7.14 (m, 3 H, ArH), 

7.10-7.02 (m, 2 H, ArH), 5.04 (t, J = 8.2 Hz, 1 H, =CH), 4.21-4.02 (m, 2 H, OCH2), 

3.48 (s, 2 H, CH2 of Bn), 2.97-2.79 (m, 2 H, CH2), 2.50-2.33 (m, 4 H, 2 × CH2), 

1.73-1.61 (m, 4 H, 2 × CH2), 1.60-1.48 (m, 4 H, 2 × CH2), 1.06 (t, J = 7.0 Hz, 3 H, 

CH3); 13C NMR (100 MHz, CDCl3) δ 196.0, 172.3, 161.7, 154.7, 136.1, 135.9, 132.6, 

130.3, 128.5, 128.4, 128.0, 126.8, 126.4, 95.3, 62.5, 61.4, 38.4, 36.23, 36.15, 35.5, 

29.58, 29.55, 28.0, 27.8, 13.7; IR (neat) v = 3062, 3031, 2925, 2851, 2058, 1732, 

1680, 1445, 1271, 1180 cm-1; MS (ESI) m/z 451 [M+Na]+; HRMS (ESI) Calcd for 

C29H33O3 [M+H]+: 429.2424, Found: 429.2415. 

 

(23) Preparation of compound 3ea (lican-04-115) 

THF, 50 oC, Ar, 42 h

Pd(OAc)2 (5 mol%)
DPEphos (6 mol%)
Cs2CO3 (1.2 equiv.)

3ea1e
0.5 mmol

2a
0.6 mmol

+ Ph

O

CO2Et

Me

OCO2Me

• •

CO2Et

Me
COPh

•

EtO2C
Me

COPh

+

4ea

74%
3ea/4ea = 95/5  

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.5 mg, 0.024 mmol), 
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DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (197.0 mg, 0.6 mmol), THF (10 mL), 1e 

(131.0 mg, 0.5 mmol), and 2a (124.6 mg, 0.6 mmol) afforded (3ea + 4ea) (172.5 mg, 

74%, 3ea/4ea = 95/5,) via column chromatography on silica gel [eluent: petroleum 

ether / ethyl ether = 30/1 (900+30 mL)] as a light yellow oil: 1H NMR (400 MHz, 

CDCl3) δ 7.84 (d, J = 7.6 Hz, 2 H, ArH), 7.51 (t, J = 7.4 Hz, 1 H, ArH), 7.40 (t, J = 

7.6 Hz, 2 H, ArH), 5.14 (t, J = 8.2 Hz, 1 H, =CH), 4.21-4.01 (m, 2 H, OCH2), 2.89 (d, 

J = 7.6 Hz, 2 H, CH2), 2.60 (s, 1 H, CH), 2.52 (s, 1 H, CH), 1.97 (s, 2 H, CH2), 

1.94-1.79 (m, 10 H, 5 × CH2), 1.60 (s, 3 H, CH3), 1.08 (t, J = 7.2 Hz, 3 H, CH3); 13C 

NMR (100 MHz, CDCl3) δ 197.1, 173.5, 162.5, 147.7, 135.5, 132.7, 132.5, 128.4, 

128.3, 95.0, 61.3, 57.6, 39.8, 39.04, 39.00, 38.7, 38.5, 36.8, 27.8, 20.9, 13.7; IR (neat) 

v = 3062, 2926, 2851, 2061, 1731, 1680, 1598, 1581, 1446, 1271, 1179 cm-1; MS 

(DART) m/z 391 [M+H]+; HRMS (DART) Calcd for C26H31O3 [M+H]+: 391.2268, 

Found: 391.2264.  

The following signals are discernible for 4ea: 1H NMR (400 MHz, CDCl3) δ 

7.93 (d, J = 7.6 Hz, 2 H, ArH), 6.30 (dd, J1 = 17.0 Hz, J2 = 10.2 Hz, 1 H, =CH), 5.36 

(d, J = 16.8 Hz, 1 H, one proton of =CH2), 2.42 (s, 1 H, CH), 2.32 (s, 1 H, CH). 

 

(24) Preparation of ethyl 2-benzoyl-2-benzyl-7-cyclohexylocta-4,5,6-trienoate 3fb 

(lican-04-095) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.7 mg, 0.025 mmol), 

DPEphos (16.2 mg, 0.03 mmol), Cs2CO3 (195.1 mg, 0.6 mmol), THF (10 mL), 1f 

(118.9 mg, 0.5 mmol), and 2b (169.0 mg, 0.6 mmol) afforded (Z-3fb + E-3fb) (154.3 

mg, 73%, Z/E = 1:1) (the Z/E ratio of the product was determined via the 13C NMR 

analysis) via column chromatography on silica gel [eluent: petroleum ether / ethyl 

ether = 60/1 (900+15 mL)] as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 

7.97-7.78 (m, 2 H, ArH), 7.58-7.41 (m, 1 H, ArH), 7.46-7.36 (m, 2 H, ArH), 7.23-7.13 
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(m, 3 H, ArH), 7.11-6.99 (m, 2 H, ArH), 5.13-4.97 (m, 1 H, =CH), 4.21-4.01 (m, 2H, 

OCH2), 3.55-3.38 (m, 2 H, CH2 of Bn), 3.03-2.78 (m, 2 H, CH2), 2.04-1.91 (m, 1 H, 

CH), 1.91-1.87 (m, 3 H, CH3), 1.87-1.71 (m, 4 H), 1.70-1.60 (m, 1 H), 1.33-1.09 (m, 

5 H), 1.89-1.01 (m, 3 H, CH3); IR (neat) v = 2925, 2851, 2061, 1732, 1680, 1598, 

1581, 1495, 1446, 1367, 1271, 1236, 1179 cm-1; MS (ESI) m/z 443 [M+H]+; Elem. 

Anal. Calcd. for C30H34O3: C 81.41, H 7.74, found C 81.76, H 7.76. 

 

(25) Preparation of compound 3gt (lican-04-063) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.4 mg, 0.024 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (196.1 mg, 0.6 mmol), THF (10 mL), 1g 

(98.5 mg, 0.5 mmol), and 2t (240.5 mg, 0.6 mmol) afforded (3gt + 4gt) (219.1 mg, 

84%, 3gt/4gt = 99/1) via column chromatography on silica gel [eluent: petroleum 

ether / ethyl ether = 4/1 (600+150 mL)] as a light yellow oil: 1H NMR (400 MHz, 

CDCl3) δ 8.19 (d, J = 2.0 Hz, 1 H, ArH), 8.11 (dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1 H, ArH), 

7.07 (d, J = 9.2 Hz, 1 H, ArH), 5.12 (t, J = 8.0 Hz, 1 H, =CH), 4.23 (q, J = 7.1 Hz, 2 H, 

OCH2), 3.93 (d, J = 6.4 Hz, 2 H, ArOCH2), 2.98-2.84 (m, 2 H, CH2), 2.73 (s, 3 H, 

ArCH3), 2.28-2.06 (m, 5 H, CH and 2 × CH2), 1.61 (s, 3 H, CH3), 2.44 (t, J = 7.0 Hz, 

3 H, CH3), 1.10 (d, J = 6.4 Hz, 6 H, 2 × CH3), 1.05 (t, J = 7.2 Hz, 3 H, CH3), 0.98 (t, J 

= 7.4 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) δ 190.2, 172.2, 165.73, 165.72, 

162.7, 162.3, 152.5, 132.4, 131.8, 128.7, 125.8, 125.2, 115.0, 112.4, 102.6, 94.6, 75.4, 

61.5, 59.6, 39.5, 29.1, 29.0, 27.9, 20.2, 18.7, 18.4, 13.7, 11.8, 11.7; IR (neat) v = 2967, 

2933, 2876, 2254, 2230, 2061, 1733, 1664, 1605, 1509, 1430, 1369, 1279, 1118 cm-1; 
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MS (ESI) m/z 521 [M+H]+; HRMS (ESI) Calcd for C30H37O4N2S [M+H]+: 521.2469, 

Found: 521.2464. 

(26) Preparation of compound 3hu (lican-04-156) 

 

Following Typical Procedure II, the reaction of Pd(OAc)2 (5.5 mg, 0.024 mmol), 

DPEphos (16.6 mg, 0.03 mmol), Cs2CO3 (196.9 mg, 0.6 mmol), THF (10 mL), 1h 

(198.1 mg, 0.5 mmol), and 2u (150.7 mg, 0.6 mmol) afforded (3hu + 4hu) (196.5 mg, 

69%, 3hu/4hu = 97/3, Z/E = 1:1 for 3hu) (the Z/E ratio of the product was 

determined via the 13C NMR analysis and r.r. of the product was determined via the 

1H NMR analysis) via column chromatography on silica gel [eluent: petroleum ether / 

ethyl ether = 9/1 (900+100 mL)] as a white solid: m.p. 114.7-115.7 oC (hexane / ethyl 

ether); 1H NMR (400 MHz, CDCl3) δ 7.32-7.09 (m, 6 H, ArH), 6.76-6.66 (m, 1 H, 

ArH), 6.66-6.57 (m, 1 H, ArH), [5.20 (t, J = 7.8 Hz, 0.49 H), 5.12 (t, J = 7.8 Hz, 0.48 

H), 1 H, =CH], 4.30-4.10 (m, 4 H, 2 × CH2), 3.81-3.68 (m, 3 H, CH3), 3.37-3.25 (m, 2 

H, CH2), 2.96-2.80 (m, 2 H, CH2), 2.79-2.61 (m, 3 H, CH2 and CH), 2.59-2.44 (m, 1 

H, CH), 2.43-2.30 (m, 1 H, CH), 2.28-2.16 (m, 1 H, CH), 2.11-1.85 (m, 3 H), 

1.62-1.34 (m, 6 H), 1.30-1.18 (m, 6 H, 2 × CH3), 1.00-0.87 (m, 3 H, CH3); IR (neat) v 

= 2927, 2066, 1728, 1611, 1575, 1497, 1437, 1278, 1197, 1176 cm-1; MS (ESI) m/z 

569 [M+H]+; Elem. Anal. Calcd. for C37H44O5: C 78.14, H 7.80, found C 77.89, H 

7.80.  

The following signals are discernible for 4hu: 1H NMR (400 MHz, CDCl3) δ 

6.15-6.04 (m, 1 H, =CH), 5.38-5.32 (m, 1 H, one proton of =CH2), 5.05-4.98 (m, 1 H, 

one proton of =CH2). 

 

(27) Preparation of compound 3hb (lican-04-118) 
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Following Typical Procedure II, the reaction of Pd(OAc)2 (5.6 mg, 0.025 mmol), 

DPEphos (16.4 mg, 0.03 mmol), Cs2CO3 (198.0 mg, 0.6 mmol), THF (10 mL), 1h 

(197.6 mg, 0.5 mmol), and 2b (169.9 mg, 0.6 mmol) afforded 3hb (224.9 mg, 75%, 

d.r. = 1.2:1, Z/E = 1:1) (the d.r. and Z/E ratio of the product were determined via the 

13C NMR analysis) via column chromatography on silica gel [eluent: petroleum ether 

/ ethyl ether = 20/1 (800+40 mL)] as a white solid: m.p. 104.6-105.6 oC (hexane / 

ethyl ether); 1H NMR (400 MHz, CDCl3. It’s difficult to assign the signals for the Z/E 

isomers. δ 7.95-7.82 (m, 2 H, ArH), 7.60-7.49 (m, 1 H, ArH), 7.48-7.39 (m, 2 H, ArH), 

7.62-7.16 (m, 4 H, ArH), 7.13-7.01 (m, 2 H, ArH), 6.78-6.68 (m, 1 H, ArH), 6.67-6.59 

(m, 1 H, ArH), 5.15-4.99 (m, 1 H, =CH), 4.21-4.03 (m, 2 H, CH2), 3.84-3.70 (m, 3 H, 

CH3), 3.55-3.41 (m, 2 H, CH2), 3.03-2.78 (m, 4 H, 2 × CH2), 2.72-2.57 (m, 1 H, CH), 

2.54-2.40 (m, 1 H, CH), 2.39-2.29 (m, 1 H, CH), 2.28-2.16 (m, 1 H, CH), 2.00-1.81 

(m, 3 H), 1.57-1.32 (m, 6 H), 1.12-1.02 (m, 3 H, CH3), 0.96-0.88 (m, 2 H, 2 × CH), 

0.88-0.81 (m, 1 H, CH); IR (neat) v = 2989, 2935, 2867, 2835, 1755, 1679, 1610, 

1500, 1442, 1275, 1225, 1235 cm-1; MS (ESI) m/z 601 [M+H]+; Elem. Anal. Calcd. 

for C41H44O4: C 81.97, H 7.38, found C 81.86, H 7.39. 

 

 

4. Isolation and confirmation of the regioisomer 4aa via a large scale reaction 

(lican-08-061, lican-08-089) 

 

To a flame-dried Schlenk tube were added Pd(OAc)2 (11.5 mg, 0.05 mmol) and 

Xantphos (34.5 mg, 0.06 mmol). After the addition, the Schlenk tube was degassed 
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and refilled with Ar for three times to ensure the complete exclusion of air. Then THF 

(5 mL), 1a (168.3 mg, 1 mmol), 2a (247.9 mg, 1.2 mmol), and THF (5 mL) were 

sequentially added under argon atmosphere. After that, the Ar gas line was closed. The 

resulting mixture was stirred at room temperature for 24 h, filtered through a short 

column of silica gel (3 cm) eluted with ethyl acetate (25 mL), and concentrated. The 

residue was purified by column chromatography on silica gel to afford pure 4aa (60.9 

mg, 20%) and a mixture of 3aa and 4aa (30.1 mg, 10%, 3aa/4aa = 95/5) [eluent: 

petroleum ether / dichloromethane = 10/1 (1000+100 mL) to petroleum ether / 

dichloromethane = 4/1 (800+200 mL)]. 

4aa: 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 7.2 Hz, 2 H, ArH), 7.54-7.43 (m, 

1 H, ArH), 7.42-7.25 (m, 2 H, ArH), 6.21 (dd, J1 = 16.6 Hz, J2 = 10.6 Hz, 1 H, =CH), 

5.27 (d, J = 17.2 Hz, 1 H, one proton of =CH2), 5.10 (d, J = 10.0 Hz, 1 H, one proton 

of =CH2), 4.22-3.98 (m, 2 H, OCH2), 1.71 (s, 3 H, CH3), 1.63 (s, 3 H, CH3), 1.49 (s, 3 

H, CH3), 1.06 (t, J = 6.6 Hz, 3 H, CH3). 13C NMR (100 MHz, CDCl3) δ 201.3, 196.6, 

172.2, 135.7, 132.2, 132.1, 129.0, 127.9, 115.2, 104.6, 101.0, 61.1, 60.4, 22.5, 19.5, 

19.0, 13.6; IR (neat) v = 3061, 2984, 2940, 2910, 1736, 1688, 1598, 1448, 1377, 1254, 

1227, 1095 cm-1; MS (ESI) m/z 299.2 [M+H]+; HRMS (ESI) Calcd for C19H23O3 

[M+H]+: 299.1642, Found: 299.1636. 

 

5. The effect of leaving group 
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SAESI-MS Experiment6 

Preparation of the sample for SAESI-MS analysis 

 

To a flame-dried Schlenk tube (10 mL) were added Pd(OAc)2 (2.3 mg, 0.01 

mmol), DPEphos (6.5 mg, 0.012 mmol), Cs2CO3 (78.4 mg, 0.24 mmol), THF (1 mL), 

1a (33.8 mg, 34.5 μL, 0.5 mmol), 2a (49.4 mg, 46 μL, 0.24 mmol), and THF (1 mL) 

sequentially under argon atmosphere. After being stirred at room temperature for 2 h, 

the mixture was sealed and submitted to SAESI-MS analysis. 

 

SAESI-MS conditions 

SAESI-MS spectra were recorded on a Thermo TSQ Quantum Access 

triple-quadrupole mass spectrometer (Thermo Fisher Scientific, Waltham, MA) 

equipped with a home-made SAESI ion source in positive mode. The basic SAESI 

conditions were: vacuum, 3.2×10-6 torr; spray voltage, 3600 V; capillary temperature, 

275◦C; sheath gas pressure of two sprayers, 3 arb. units; the collision energy of CID, 

30 eV. Data acquisition and analysis were done with the Xcalibur (version 2.0, 

Thermo Fisher Scientific) software package.  

In solvent-assisted electrospray ionization mass spectrometric experiment, the 

angle (α) between the two sprayers is 45° and the distance (b) between the tip of 

sprayers and the inlet to the mass is 6 mm. The chemical solutions were injected by a 

500-µL air-tight syringe with a speed at 5 µL/min to SAESI-MS. The assisted solvent 

of anhydrous acetonitrile was injected by another 500-µL air-tight syringe with a 

speed at 500 µL/min.  

SAESI-MS device 
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Figure S1. (a) Photographic image of SAESI apparatus. (b) Schematic representation 

of the SAESI. The angle (α) between the two sprayers is 45° and the distance (b) 

between the tip of sprayers and the inlet to the mass is 6 mm. 

 

Mass spectrometric experiment results 

(a) 
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(b) 

 

(c) 
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(d) 

 

(e) 

•
PdLn

OMe

H+

C44H41O2P2Pd

769

Int II

Ln = DPEphos

O

PPh2 PPh2

Pd+•

644

O

PPh2

353

 

(f) 
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(g) 

 

 

Figure S2. (a) SAESI-MS spectrum of the solution. (b) Expanded SAESI-MS 

spectrum, showing the major signal of Int II at m/z 769. (c) Expanded SAESI-MS 

spectrum, showing the major signal of Int III at m/z 943. (d) SAESI- MS/MS 

spectrum of complex ion Int IV at m/z 737. (e) SAESI- MS/MS spectrum of complex 

ion Int II at m/z 769. (f) SAESI- MS/MS spectrum of complex ion Int I at m/z 813. 

(g) SAESI- MS/MS spectrum of complex ion Int III at m/z 943. 
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