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General remarks: All reactions were performed with dry solvents and reagents that were purified by the
usual methods. Reactions were monitored by thin-layer chromatography carried out on 0.25 mm Merck
silica gel plates (60F-254). Column chromatography was performed with Wakogel® 60N from Wako Pure
Chemical Industries, or NH-silica (Fuji Silysia, DM2035). IR spectra were recorded on a JASCO FT/IR-
230 Fourier transform spectrophotometer. NMR spectra were recorded on JEOL-JMN-ECS-400, -ECZ400,
-ECZ600 and ECA-600 spectrometers operating at 400 and 600 MHz for 'H NMR and at 100 and 150 MHz
for 3C NMR, with calibration using residual undeuterated solvent as an internal reference. Mass spectra

were measured by The Accu TOFLC-plus JMS-T100LP (TOF) for LRMS and HRMS.
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General procedure for Ni(0)-catalyzed [4+2] cycloaddition reaction

A solution of a conjugated allenene-yne 1¢ (18.5 mg, 0.040 mmol) with Ni[P(OPh)s]4 (5.2 mg, 0.004 mmol) in toluene
(0.4 mL, degassed by Freeze-Pump-Thaw method) was heated to 100 °C under an Ar atmosphere. The reaction
mixture was filtered through Celite®, concentrated in vacuo and purified by column chromatography (n-
Hexane/AcOEt = 50/1 to 20/1) to afford 2¢ (17.8 mg, 0.038 mmol, 96%) as colorless solid.

8-(tert-butyl)-4-ethyl-7-phenyl-2-tosyl-1,2,3,7-tetrahydroisoquinoline (2a)

Et 'H NMR (400 MHz, CDCls) 8: 0.99 (t, J = 7.6 Hz, 3H), 1.15 (s, 9H), 2.07 (dq, J = 7.6, 14.8 Hz,

N 1H), 2.19 (dq, J = 7.6, 14.8 Hz, 1H), 2.45 (s, 3H), 3.19 (dd, J = 1.2, 13.6 Hz, 1H), 3.39 (d, J =

Ts o 16.8Hz, 1H), 403 (d,J= 168 Hz, 1H), 434 (brs, 1H), 499 (d,/ = 13.6 Hz, 1H), 5.83 (dd, J =
g 5.2,9.6 Hz, 1H), 6.26 (d,J= 9.6 Hz, 1H), 7.15-7.20 (m, 3H), 7.25-7.29 (m, 2H), 7.37 (d,J = 8.0

Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H); *C NMR (100 MHz, CDCl3) &: 13.3, 21.6, 23.9, 31.3, 36.3,
46.3, 47.3, 48.2, 118.8, 125.6, 126.2, 126.3, 127.8, 127.9, 128.8, 129.7, 129.7, 132.7, 133.1, 141.7, 143.6, 143.8;
HRMS (ESI) m/z caled for C2sH33NiNa; 028" [M+Na]" 470.2130, found 470.2137; IR (ATR) v: 2964, 1490, 1400,
1340, 1235, 1163, 967 cm™; yellow gum (87%, 30.3 mg).

8-(tert-butyl)-4-methyl-7-phenyl-2-tosyl-1,2,3,7-tetrahydroisoquinoline (2b)

Me 'H NMR (400 MHz, CDCls) 8: 1.15 (s, 9H), 1.76 (s, 3H), 2.45 (s, 3H), 3.20 (d, J = 12.4 Hz, 1H),
N 3.36 (d,J=17.6 Hz, 1H), 3.97 (d, J = 17.6 Hz, 1H), 4.34 (br s, 1H), 5.00 (d, J = 12.4 Hz, 1H),
Ts o 5-82(dd,J =5.6,9.6 Hz, 1H), 626 (d. J = 9.6 Hz, H), 7.15-7.20 (m, 3H), 7.26-7.29 (m, 2H),

7.37 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCl;) &: 16.4, 21.5,
31.3,36.3,46.4,47.3,49.9, 119.2, 123.6, 126.2, 126.3, 126.4, 127.8, 127.8, 128.8, 129.7, 132.6,
133.2, 141.5, 143.6, 143.8; HRMS (ESI) m/z calcd for C27H31N1Na;0,S;" [M+Na]" 456.1973, found 456.1983; IR
(ATR) v: 3023, 2956, 1488, 1399, 1337, 1238, 1164, 1026, 662 cm™'; m.p. 79-80 °C; colorless amorphous (43%, 17.5

mg)

By

8-(tert-butyl)-4-isopropyl-7-phenyl-2-tosyl-1,2,3,7-tetrahydroisoquinoline (2c)

iPr 'H NMR (400 MHz, CDCl3) 8: 1.00 (d, J= 12.8 Hz, 3H), 1.02 (d, /= 12.8 Hz, 3H), 1.14 (s, 9H),
N 2.45 (s, 3H), 2.98-3.07 (m, 1H), 3.22 (d, J = 13.2 Hz, 1H), 3.39 (d, J = 17.6 Hz), 4.06 (d, J =
Ts o 17:6 Hz, 1H), 434 (brs, 1H), 4.92 (d, J = 13.2 Hz, 1H), 5.83 (dd, J = 5.6, 9.6 Hz, 1H), 6.35 (d,

J=9.6 Hz, 1H), 7.12-7.19 (m, 3H), 7.25-7.29 (m, 2H), 7.36 (d, J= 8.4 Hz, 2H), 7.75 (d, /= 8.4
Hz, 2H); *C NMR (100 MHz, CDCls) &: 20.3, 21.1, 21.5, 28.5, 31.3, 36.3, 44.4, 46.4, 47.1,
118.6,124.9, 126.3, 126.4, 127.8, 127.9, 128.7, 129.7, 132.8, 133.2, 141.8, 143.6, 143.9; HRMS (ESI) m/z calcd for
C29H3sNiNaj02S1" [M+Na]" 484.2286, found 484.2284; IR (ATR) v: 2963, 1488, 1338, 1243, 1163, 907, 829 cm’!;
m.p. 62-63 °C; colorless solid (96%, 44.4 mg)

Bu

4-isopropyl-7-phenyl-2-tosyl-8-(trimethylsilyl)-1,2,3,7-tetrahydroisoquinoline (2d)

iPr 'H NMR (400 MHz, CDCLs) §: 0.03 (s, 9H), 1.01 (d, J = 6.8 Hz, 3H), 1.03 (d, J = 6.8 Hz, 3H),
N 2.45 (s, 3H), 2.70-3.06 (m, 1H), 3.52-3.60 (m, 2H), 3.99 (d, J = 16.8 Hz, 1H), 4.23 (br s, 1H),
Ts o 431(d,J=13.6 Hz, 1H), 5.86 (dd,J = 4.8,9.6 Hz, 1H), 635 (d, /= 9.6 Hz, 1H), 7.10 (d, J =

7.2 Hz, 2H), 7.17-7.20 (m, 1H), 7.23-7.37 (m, 4H), 7.72 (d, J = 8.0 Hz, 2H); *C NMR (100
MHz, CDCl;) 3: 0.4, 20.2, 20.7, 21.5, 28.2, 44.6, 47.9, 48.6, 118.6, 122.5, 126.4, 127.8, 128.3,
128.6, 129.7, 133.1, 133.2, 134.0, 134.4, 137.2, 143.4, 143.6; HRMS (ESI) m/z calcd for Cr3sH3sNNa;0,S:Si;"
[M+Na]" 500.2056, found 500.2053; IR (ATR) v: 2963, 1597, 1343, 1251, 1164, 1094, 843 cm™; m.p. 59-60 °C;
colorless amorphous (89%, 42.4 mg)

TMS
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8-(tert-butyl)-4-ethyl-7-(4-fluorophenyl)-2-tosyl-1,2,3,7-tetrahydroisoquinoline (2e)

"H NMR (400 MHz, CDCls) §: 1.00 (t,J = 7.2 Hz, 3H), 1.14 (s, 9H), 2.02-2.12 (m, 1H),
2.16-2.25 (m, 1H), 2.45 (s, 3H), 3.15 (d, J = 12.8 Hz, 1H), 3.37 (d, /= 17.2 Hz, 1H), 4.04
(d,J=17.2 Hz, 1H), 4.33 (br s, 1H), 4.98 (d, /= 12.8 Hz, 1H), 5.80 (dd, J = 5.6, 9.6 Hz,
1H), 6.27 (d, J=9.6 Hz, 1H), 6.96 (d, /= 8.8 Hz, 1H), 6.97 (d,J=8.8 Hz, 1H), 7.11 (d, J
=8.8 Hz, 1H), 7.12 (d, /= 8.8 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H);
3C NMR (100 MHz, CDCls) §: 13.3, 21.5, 23.9, 31.3, 36.2, 46.3, 46.4, 48.2, 115.5 (d, J = 21.0 Hz), 119.0, 125.4,
126.3, 127.8, 129.3 (d, J = 7.7 Hz), 129.7, 130.1, 132.5, 133.0, 139.6 (d, J = 2.9 Hz), 141.7, 143.7, 161.4 (d, J =
244.1 Hz); YF NMR (376 MHz, CDCls) &: -116.5; HRMS (ESI) m/z calcd for CasH3FiNiNa;0,S" [M+Na]*
488.2036, found 488.2042; IR (ATR) v: 2965, 1504, 1339, 1220, 1164, 832 cm™'; pale yellow gum (85%, 33.0 mg)

8-(tert-butyl)-7-(4-fluorophenyl)-4-isopropyl-2-tosyl-1,2,3,7-tetrahydroisoquinoline (2f)
iPr "H NMR (400 MHz, CDCls) 8: 0.99 (d, J= 6.8 Hz, 3H), 1.03 (d, J = 6.8 Hz, 3H), 1.14 (s,
N 9H), 2.45 (s, 3H), 3.00-3.07 (m, 1H), 3.17 (d, /= 12.8 Hz, 1H), 3.77 (d, J= 17.2 Hz, 1H),
Ts ‘ 4.08 (d,J=17.2 Hz, 1H), 4.32 (br s, 1H), 4.92 (d, J=12.8 Hz, 1H), 5.80 (dd, /= 5.6, 9.6
‘Bu O Hz, 1H), 6.35 (d, J = 9.6 Hz, 1H), 6.90-7.00 (m, 2H), 7.08-7.17 (m, 2H), 7.37 (d, J= 7.6
F Hz, 2H), 7.75 (d, J = 7.6 Hz, 2H); '*C NMR (100 MHz, CDCl3) §: 20.2, 21.2, 21.5, 28.5,
31.3,36.3,44.4,46.2,46.4, 115.5(J=21.9Hz), 118.7,124.7, 126.5, 127.8, 129.2 (d, /= 7.7 Hz), 129.7, 132.6, 133.0,
133.2,139.6 (d, J = 2.9 Hz), 141.7, 143.6, 161.4 (d, J = 243.1 Hz); "’F NMR (376 MHz, CDCl;) §: -116.6; HRMS
(ESI) m/z calcd for C2oH34F1N1Na; 028" [M+Na]" 502.2192, found 502.2187; IR (ATR) v: 2963, 1503, 1338, 1221,

1163, 831 cm’'; m.p. 70 °C; colorless amorphous (87%, 74.9 mg)

8-(tert-butyl)-7-(4-methoxyphenyl)-4-methyl-2-tosyl-1,2,3,7-tetrahydroisoquinoline (2g)
Me "H NMR (400 MHz, CDCl3) &: 1.15 (s, 9H), 1.76 (s, 3H), 2.45 (s, 3H), 3.16 (d, J =
N 13.2 Hz, 1H), 3.33 (d, J = 16.4 Hz, 1H), 3.78 (s, 3H), 3.96 (d, /= 16.4 Hz, 1H), 4.28
Ts ‘ (brs, 1H),4.99 (d,J=13.2 Hz, 1H), 5.82 (dd, J=5.6,9.6 Hz, 1H), 6.25 (d, /= 9.6 Hz,
By O 1H), 6.82 (d, J= 8.4 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.74
OMe (d, J= 8.4 Hz, 2H); '*C NMR (100 MHz, CDCl5) §: 16.4,21.5, 31.3, 36.2, 46.3, 49.9,
55.2,114.1, 118.9, 120.1, 125.7, 125.9, 126.2, 127.8, 128.8, 129.7, 129.8, 132.9, 133.0, 135.8, 141.8, 143.6, 158.1;
HRMS (ESI) m/z caled for CogH33NiNa O3S, [M+Na]" 486.2079, found 486.2078; IR (ATR) v: 2957, 1807, 1507,

1339, 1249, 1164, 828 cm’'; pale yellow gummy amorphous (85%, 65.7 mg)

8-(tert-butyl)-4-isopropyl-7-(4-methoxyphenyl)-2-tosyl-1,2,3,7-tetrahydroisoquinoline (2h)
iPr "H NMR (600 MHz, CDCl3) 8: 0.99 (d, J = 6.6 Hz, 3H), 1.03 (d, J = 6.6 Hz, 3H), 1.15
x (s, 9H), 2.46 (s, 3H), 3.00-3.08 (m, 1H), 3.18 (d, J = 13.2 Hz, 1H), 3.37 (d, /=174
Ts ‘ Hz, 1H), 3.78 (s, 3H), 4.06 (d, /= 17.4 Hz, 1H), 4.28 (br s, 1H), 4.92 (d, /= 13.2 Hz,
‘Bu O 1H), 5.82 (dd, J=4.8, 9.6 Hz, 1H), 6.33 (d, /= 9.6 Hz, 1H), 6.82 (d, J = 9.0 Hz, 2H),
OMe 7 06 (d, J=9.0 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H); *C NMR
(150 MHz, CDCls) o: 20.3, 21.2, 21.6, 28.4, 31.3, 36.3, 44.4, 46.1, 46.5, 55.2, 114.1, 118.3, 124.9, 126.1, 127.8,
128.8,129.7,132.6, 133.1,133.2, 135.9, 142.1, 143.6, 158.1; HRMS (ESI) m/z calcd for C30H37NNa;03S; " [M+Na]"
514.2392, found 514.2380; IR (ATR) v: 2961, 1606, 1507, 1464, 1399, 1339, 1249, 1165, 829, 680 cm™'; pale yellow

gum (quant., 20.0 mg)
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8-(tert-butyl)-4-isopropyl-7-phenyl-3,7-dihydro-1H-isochromene (2i)
iPr "H NMR (400 MHz, CDCls) &: 1.04 (d, J = 6.8 Hz, 3H), 1.09 (d, J = 6.8 Hz, 3H), 1.33 (s, 9H),
N 3.00-3.10 (m, 1H), 4.19 (d, /= 13.2 Hz, 1H), 4.28 (br s, 1H), 4.29-4.38 (m, 2H), 5.06 (d, J=13.2
Hz, 1H), 5.83 (dd, J=4.8,9.6 Hz, 1H), 6.41 (d,J= 9.6 Hz, 1H), 7.15-7.30 (m, 5H); 3*C NMR (100
MHz, CDCls) &: 20.3, 21.2, 27.7, 30.9, 31.3, 36.2, 46.9, 65.3, 67.2, 118.4, 123.5, 126.2, 127.7,
128.0, 128.6, 132.1, 135.8, 139.3, 144.3; HRMS (ESI) m/z caled for C»3H3Na O,
[M+MeOH+Na]" 363.2300, found 363.2301; IR (ATR) v: 2961, 1598, 1398, 1364, 1239, 1119, 1017, 732, 701 cm
I; pale yellow 0il (97%, 35.0 mg). This product was purified by using NH silica gel column chromatography because

Ph
Bu

of its unstability for normal silica gel.

General procedure for Ni(II)-catalyzed [2+2] cycloaddition reaction

A solution of conjugated allenene-yne 1a (46.2 mg, 0.100 mmol), NiF,-4H,0 (1.7 mg, 0.010 mmol) in toluene (1.0
mL, degassed by Freeze-Pump-Thaw method) was heated to 150 °C under argon atmosphere. The reaction mixture
was filtered through Celite®, concentrated in vacuo and purified by column chromatography (n-Hexane/AcOEt =

20/1 to 12/1) to afford pure 3a (40.4 mg, 0.088 mmol, 88%) as pale yellow oil.

(E)-8-(tert-butyl)-5-ethyl-7-styryl-3-tosyl-3-azabicyclo[4.2.0]octa-1(8),5-diene (3a)

Et  Ph 'HNMR (400 MHz, CDCl) &: 0.91 (t,./= 7.2 Hz, 3H), 1.05 (s, 9H), 1.90 (q,/ = 7.2 Hz, 2H),
N 2.43 (s, 3H), 3.73 (d, J = 16.4 Hz, 1H), 3.85 (dd, J = 2.0, 9.2 Hz, 1H), 3.89 (d, J = 16.4 Hz,
Ts - 1H), 3.98 (dd, J = 3.2, 16.4 Hz, 1H), 4.26 (dd, J = 2.0, 16.4 Hz, 1H), 5.77 (dd, J = 9.2, 16.0

Hz, 1H), 6.41 (d,J = 16.0 Hz, 1H), 7.20-7.35 (m, 7H), 7.69 (d, J = 8.0 Hz, 2H); 13C NMR (100
MHz, CDCls) 8: 12.5, 21.5,23.3, 28.6, 34.3, 42.5, 46.9, 52.7, 117.2, 126.0, 127.1, 127.6, 128.5, 129.4, 129.9, 131.2,
132.3, 132.7, 135.3, 137.5, 143.2, 153.0; HRMS (ESI) m/z calcd for CosH33N Na;0,S;" [M+Na]* 470.2130, found
470.2127; IR (ATR) v: 2961, 1598, 1342, 1158, 1091, 902, 660 cm’'; yellow oil (88%, 30.7 mg)

(E)-8-(tert-butyl)-5-isopropyl-7-styryl-3-tosyl-3-azabicyclo[4.2.0]octa-1(8),5-diene (3¢)

iPr ___Ph "H NMR (600 MHz, CDCls) &: 0.92 (d, J = 6.6 Hz, 3H), 0.94 (d, J = 6.6 Hz, 3H), 1.05 (s, 9H),
SN 2.15-2.20 (m, 1H), 2.43 (s, 3H), 3.73 (d, /= 16.2 Hz, 1H), 3.86 (d, /= 10.2 Hz, 1H), 3.96 (d,
Ts Bu J=16.2Hz, 1H),3.97 (d,J=16.2 Hz, 1H),4.28 (d, /= 16.2 Hz, 1H), 5.74 (dd, J=10.2, 15.6

Hz, 1H), 6.40 (d, J= 15.6 Hz, 1H), 7.22 (t, J= 7.2 Hz, 1H), 7.27-7.32 (m, 6H), 7.70 (d, J =
7.2 Hz, 2H); *C NMR (150 MHz, CDCl3) 8: 21.4, 21.5, 21.6, 28.6, 30.2, 34.3, 42.6, 45.6, 53.3, 121.7, 126.0, 127.1,
127.7, 128.5, 129.4, 130.1, 131.6, 132.0, 132.4, 135.6, 137.6, 143.2, 153.1; HRMS (ESI) m/z calcd for
C29H3sN NajO2S; " [M+Na]" 484.2286, found 484.2285; IR (ATR) v: 2960, 1448, 1343, 1159, 1092, 966, 814 cm';
pale yellow oil (88%, 40.4 mg)

(E)-8-(tert-butyl)-7-(4-fluorostyryl)-5-isopropyl-3-tosyl-3-azabicyclo[4.2.0] octa-1(8),5-diene (3f)

F 'HNMR (400 MHz, CDCl3) 8: 0.92 (d, J = 8.8 Hz, 3H), 0.94 (d, J= 8.8 Hz, 3H), 1.05 (s,
9H), 2.10-2.22 (m, 1H), 2.42 (s, 3H), 3.72 (d, J = 16.8 Hz, 1H), 3.84 (d, /= 9.6 Hz, 1H),
3.94(d,J=16.8Hz, 1H), 3.95(d,J=16.8 Hz, 1H),4.26 (d,J=16.8 Hz, 1H), 5.67 (dd,
J=9.6,15.6 Hz, 1H), 6.36 (d, J=15.6 Hz, 1H), 6.98 (d, /= 8.8 Hz, 1H), 7.00 (d, J= 8.8
Hz, 1H), 7.21-7.25 (m, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H); '*C NMR

(100 MHz, CDCls) 6: 21.4, 21.5, 21.5, 28.6, 30.2, 34.3,42.5, 45.6, 53.1, 115.4 (J=21.0 Hz), 121.7, 1274 (J=17.6

Hz), 127.6, 128.8, 129.4, 131.4 (J = 1.9 Hz), 131.9, 132.4, 133.7 (J= 2.9 Hz), 135.4, 143.1, 153.0; '°F NMR (376

MHz, CDCl;3) 8: -115.1; HRMS (ESI) m/z caled for C2oH34F1NiNa;O2S," [M+Na]" 502.2192, found 502.2205; IR

(ATR) v: 2961, 1461, 1343, 1226, 1159, 1092, 967, 830 cm™'; m.p. 49 °C; colorless amorphous (82%, 26.5 mg)
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(E)-8-(tert-butyl)-5-isopropyl-7-(4-methoxystyryl)-3-tosyl-3-azabicyclo[4.2.0] octa-1(8),5-diene (3h)

OMe 'H NMR (600 MHz, CDCls) §: 0.92 (d, J= 6.6 Hz, 3H), 0.94 (d, J = 6.6 Hz, 3H), 1.04
(s, 9H), 2.14-2.20 (m, 1H), 2.43 (s, 3H), 3.72 (d, /= 16.2 Hz, 1H), 3.81 (s, 3H), 3.84
(dd, /= 3.0, 10.2 Hz, 1H), 3.95 (d, /= 16.2 Hz, 1H), 3.96 (d, J = 16.2 Hz, 1H), 4.27
(d, J=16.2 Hz, 1H), 5.60 (dd, /= 10.2, 16.2 Hz, 1H), 6.34 (d, J= 16.2 Hz, 1H), 6.85
(d,/=8.4Hz, 2H), 7.21 (d,J = 8.4 Hz, 2H), 7.29 (d, /= 8.4 Hz, 2H), 7.70 (d, /= 8.4
Hz, 2H); '*C NMR (150 MHz, CDCl;) 8: 21.4,21.5,21.6, 28.6,30.2, 34.3, 42.6,45.6, 53.4,55.3, 114.0, 121.4, 127.1,
127.7, 129.4, 129.4, 129.5, 130.4, 132.2, 132.2, 135.5, 143.1, 153.3, 158.8; HRMS (ESI) m/z calcd for
C30H37N1Na;05S; " [M+Na]" 514.2392, found 514.2387; IR (ATR) v: 2959, 1511, 1464, 1343, 1250, 1160, 1092,
1032, 814 cm™; m.p. 156-157 °C; colorless solid (70%, 8.8 mg)

(E)-8-(tert-butyl)-S-isopropyl-7-styryl-3-oxabicyclo[4.2.0] octa-1(8),5-diene (3i)

iPr __Ph "H NMR (400 MHz, CDCl3) &: 1.00 (d, J = 9.6 Hz, 3H), 1.03 (d, J = 9.6 Hz, 3H), 1.07 (s, 9H),
X 2.20-2.26 (m, 1H), 4.00-4.10 (m, 2H), 4.14-4.17 (m, 1H), 4.30 (dd, J= 3.2, 15.2 Hz, 1H), 4.41
‘Bu (d, /=152 Hz, 1H), 6.25 (ddd, J= 0.8, 10.0, 15.6 Hz, 1H), 6.53 (d, J=15.6 Hz, 1H), 7.21 (t, J

= 8.0 Hz, 1H), 7.31 (dd, J = 7.6, 8.0 Hz, 2H), 7.37 (d, J = 7.6 Hz, 2H); '*C NMR (100 MHz,
CDCl3) 6:21.6,21.7,28.8,29.7,54.2,62.5,65.9, 125.1, 126.1, 127.0, 128.5, 129.9, 130.6, 132.3, 135.6, 137.7, 151.3;
HRMS (ESI) m/z calcd for Ca3H3:Na;O," [M+MeOH+Na]* 363.2300, found 363.2301; IR (ATR) v: 3025, 2960,
1495, 1361, 1258, 965, 754, 694 cm’"; pale yellow oil (70%, 34.9 mg). This product was purified by using NH silica
gel column chromatography because of its unstability for normal silica gel.

Table S1: Catalyst Screening for [2+2] cycloaddition of 1¢
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TsN

iPr iPr iPr
= catalyst (10 mol%) AN
| + N
TsN
— ,py " toluene (0.1 M, degased) Ph  TsN
o 150 °C, sealed tube t-Bu
20 3c
1c
entry catalyst conditions 2¢ (%) 3c (%)

1 Ni[P(OPh)3l, 15 min, under Ar  quant 0
2 Ni[P(OPh)s], 4.5 h, under O, 0 18
3 Ni[P(OPh),], with PhCO,H (10 mol%) 7 h, under Ar 15 34
4 AcOH 6 h under Ar 0 45
5 NiCl, 6 h under Ar 0 52
6 NiCl,*6H,0 5 h, under Ar 0 45
7 NiBr, 4 h, under Ar 0 49
8 NiF,+4H,0 6 h, under Ar 0 88
9 Ni(acac), 6 h under Ar 0 65
10 Ni(OTf), 5 h under Ar 0 43
11 CuCl 6 h under Ar 0 34
12 AICl, 6 h under Ar 0 24
13 Pd,(dba)s 6 h under Ar 0 64
14 AuUCI(PPhg), 6 h under Ar 0 78

S6

t-Bu

Ph



Substrate synthesis

Synthesisof the conjugated allenene alcohol S6

|
TBSCK1.05eq) K/\R?' (1.0eq) OH CICQ,Me (2.5eq) OCO,Me
K imidazole (1.5eq) K "BulLi(1.05eq) = A~g8  pyridine (3 eq) P R
> > =

H Et,0 (0.5M) TBS THF(0.2M) 8BS DCM (0.4 M)

0°Ctort, 3.5h —78°Ctort, 1h - 0°Ctort,1.5h OTBS
1 ) S2 (2 steps) $4

ref!
R'MgBr (2.0eq) R!
LiCl(6.0eq), CuCN (3. Oeq TBAF(1.5€q) .
THF(0.05M), 0 °C,time TBS j THF O 1 M) H WRS
(2 steps) S6
mseparable

S1 to S2: TBSCI (1.58 g, 10.5 mmol) and imidazole (1.02 g, 15 mmol) were added to a solution of propargyl alcohol
S1(0.56 g, 10 mmol) in Et;O (20 mL) at 0 °C. The reaction mixture was warmed up to room temperature and stirred
for 3.5 h. When the reaction was complete, it was quenched with saturated aqueous solution of NH4Cl and extracted
with Et;0, dried over anhydrous Na;SOs. Then, the solvent was removed under residue pressure. The crude S2 was
used in the next step without further purification.

S2 to S3: "BuLi (6.77 mL, 1.55 M in hexanes, 10.5 mmol) was added to a solution of crude S2 (1.70 g, 10 mmol) in
THF (50 mL) dropwise at -78 °C under argon. After being stirred for 0.5 h at the same temperature, corresponding
aldehyde (10 mmol) was added dropwise, then it was allowed to warm up to room temperature and stirred for 1 h.
When the reaction was complete, it was quenched with saturated aqueous solution of NH4Cl, extracted with THF and
dried over anhydrous Na>SOs. The organic phase was concentrated under reduced pressure and the residue was
purified by column chromatography on silica gel (n-Hexane/AcOEt = 20/1-5/1) to afford corresponding S3 as pale
yellow oil.

S3 to S4: Methyl chloroformate (1.86 g, 20.0 mmol) was added dropwise to a solution of corresponding alcohol S3
(7.98 mmol) and pyridine (1.93 mL, 23.9 mmol) in DCM (20 mL) at 0 °C. The reaction mixture was warmed up to
room temperature and stirred for 1.5 h. It was quenched with saturated aqueous solution of NH4Cl and extracted with
DCM, dried over anhydrous Na;SOs4. Then, the solvent was removed under residue pressure. The crude S4 was used
in the next step without further purification. S5 was sensitive for air and unstable for normal silica gel column
chromatography. It should be used for next step immediately.

S4 to S5t To a stirred suspension of LiCl (2.03 g, 47.9 mmol) and CuCN (2.14 g, 23.9 mmol) in THF (80 mL) at
0 °C was slowly added a solution of R?MgBr (16.0 mmol, 2.0 or 3.0 M in Et,O) under argon. After the mixture was
stirred for 0.5 h, a solution of S4 (7.98 mmol) in THF (80 mL) was added. The reaction mixture was stirred for 1 h
at 0 °C, and then a saturated aqueous solution of NH4Cl was added. The organic layer was extracted with AcOEt,
dried over (Na2SOs), concentrated in vacuo, and purified by flash column chromatography (eluting with n-Hexane),
corresponding S5 was obtained (with inseparable corresponding byproduct S5 frequently).

S5 to S6: Tetrabutylammonium fluoride (4.37 mL, 1.0 M in THF, 4.37 mmol) was added to a solution of S5 (3.64
mmol) in THF (18 mL) dropwise at 0 °C under argon. The reaction mixture was stirred for 1 h at 0 °C, and then a
saturated solution of NH4Cl was added and the reaction was extracted with AcOEt. After drying (Na;SOs),
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concentration, and flash column chromatography (n-Hexane/AcOEt = 15/1-8/1), corresponding S6 was obtained as
pale yellow oil.

(E)-6-( (tert—butyldlmethylsﬂyl)oxy) -1-phenylhex-1-en-4-yn-3-ol (S3a)
"H NMR (400MHz, CDCI3) &: 0.08 (d, J = 3.6 Hz, 6H), 0.90 (s, 9H), 1.05 (t, J = 7.6 Hz, 3H),
Ph 2.09 (ddt, J=2.38, 7.6, 14.4 Hz, 2H), 4.91 (d, J = 2.8 Hz, 2H), 6.08 (dtt, J = 2.8, 2.8, 10.0 Hz,
1H), 6.48 (d, J= 16.0 Hz, 1H), 6.61 (dd, J = 10.0, 16.0 Hz, 1H), 7.18-7.38 (m, 5H); '*C NMR
(100 MHz, CDCls) d: -5.3, 12.1, 18.3, 22.2, 25.9, 64.2, 96.8, 125.6, 126.1, 127.1, 128.5, 129.8,

137.4,204.8; ; HRMS (ESI) m/z calcd for C1sH25Na;02S1;" [M+Na]" 325.1600, found 325.1605; IR (ATR) v: 3339,
3028, 2119, 1254, 964, 834, 692 cm’'; yellow oil (53% for 2 steps)

(E)-6-((tert-butyldimethylsilyl)oxy)-1-(4-methoxyphenyl)hex-1-en-4-yn-3-ol (S3b)
"H NMR (400 MHz, CDCl3) &: 0.14 (s, 6H), 0.92 (s, 9H), 1.92 (dd, J = 2.4, 6.0 Hz,

P 1H), 3.81 (s, 3H), 4.41 (d, J = 2.4 Hz, 2H), 5.07 (dd, J = 6.0, 6.0 Hz, 1H), 6.16 (dd, J
Z e~ 6:0.16.0 Hz 1H), 6.71 (4, J = 16.0 Hz, 1H), 6.86 (d,J = 8.8 Hz, 2H), 7.34 (d, J =
TBS ® 8.8 Hz, 2H); *C NMR (100 MHz, CDCl3) &: -5.2, 182, 25.8, 51.7, 55.2, 63.0, 83.8,

84.9, 113.9, 125.7, 127.9, 128.7, 131.4, 159.5; HRMS (ESI) m/z calcd for C19H2sNa;O3Si;" [M+Na]* 355.1705,
found 355.1715; IR (ATR) v: 3257, 2117, 1652, 1463, 1250, 1174, 1081, 965, 834 cm™'; yellow gum (24% for 2 steps
from S1)

(E)-6-((tert-butyldimethylsilyl)oxy)-1-(4-fluorophenyl)hex-1-en-4-yn-3-ol (S3c)
"H NMR (400 MHz, CDCl3) &: 0.14 (s, 6H), 0.92 (s, 9H), 1.97 (d, J = 5.6 Hz, 1H), 4,41

_ % (t,J = 1.6 Hz, 2H), 5.05-5.11 (m, 1H), 6.21 (dd, J= 10.0, 16.0 Hz, 1H), 6.74 (d, J = 16.0
£ Hz, 1H),7.01 (d,J=8.0 Hz, 1H), 7.03 (d, /= 8.0 Hz, 1H), 7.36 (d, ./ = 8.0 Hz, 1H), 7.38
TBS (d, J= 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) §: -5.2, 18.3,25.8, 51.7, 62.8, 83.6, 85.2,

115.5 (d, J=21.0 Hz), 127.7, 128.3 (d, J = 7.6 Hz), 130.6, 132.2 (d, J = 2.8 Hz), 162.5 (d, J = 245.0 Hz); "’F NMR
(376 MHz, CDCl;) 8: -113.5; HRMS (ESI) m/z calcd for C1sH25F1Na;O,Si;" [M+Na]" 343.1506, found 343.1492;
IR (ATR) v: 3370, 1509, 1255, 1231, 1158, 1084, 968, 835 cm™'; yellow oil (78% for 2steps from S1)

7-((tert-butyldimethylsilyl)oxy)-2-methylhept-2-en-5-yn-4-ol (S3d)
OH Me "H NMR (400 MHz, CDCl5) 8: 0.12 (s, 6H), 0.91 (s, 9H), 1.72 (d, J = 1.6 Hz, 3H), 1.73 (bd, J
Z~Me = 1.6Hz 1H), 1.75(d,J=1.6 Hz, 3H), 4.35(d,J= 1.6 Hz, 2H), 5.10 (ddd, /= 8.4,2.4, 1.6 Hz
1H), 5.36 (ddd, J= 8.4, 1.6, 1.6 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H); '3*C NMR (100 MHz, CDCl5)
TBS §:-5.2, 18.0, 18.2, 25.5, 25.7, 51.7, 59.0, 83.0, 85.3, 124.6, 136.6; HRMS (ESI) m/z caled for
C14H26Na 0,811 [M+Na]* 277.1600, found 277.1593; IR (ATR) v: 3357, 2120, 1254, 998, 833, 664 cm™; yellow oil
(75% for 2 steps)

=

(E)-tert-butyldimethyl((2-methyl-6-phenylhexa-2,3,5-trien-1-yl)oxy)silane (S5a)
'"H NMR (400MHz, CDCl;) &: 0.08 (s, 3H), 0.09 (s, 3H), 0.91 (s, 9H), 3.81 (s, 3H), 4.15 (d, J =
ﬁ'_ 2.4 Hz, 2H), 5.92-5.98 (m, 1H), 6.40-6.50 (m, 2H), 6.84 (d, /= 9.2 Hz, 2H), 7.28-7.31 (m, 3H);
B A\L BC NMR (100 MHz, CDCl3) &: -5.2,-5.1, 15.5, 18.3,25.9, 65.1, 95.0, 101.4, 125.5, 126.1, 127.2,
128.5, 130.0, 137.4, 205.2; HRMS (ESI) m/z caled for C1oH2sNa;O;Si;" [M+Na]" 323.1807,
found 323.1811; IR (ATR) v: 2856, 1947, 1462, 1254, 1072, 963, 836, 690 cm'; pale yellow oil (51% for 2 steps )

(E)-tert-butyl((2-ethyl-6-phenylhexa-2,3,5-trien-1-yl)oxy)dimethylsilane (S5b)
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'"H NMR (400MHz, CDCls) &: 0.07 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.05 (t,J = 7.6 Hz, 3H),
(5/&._ 2.09 (ddt,J=2.8,7.6, 14.4 Hz, 2H), 4.91 (d, /= 2.8 Hz, 2H), 6.08 (dtt, /= 2.8, 2.8, 10.0 Hz, 1H),
B A\L 6.48 (d, J = 16.0 Hz, 1H), 6.61 (dd, J = 10.0, 16.0 Hz, 1H), 7.18-7.38 (m, 5H); '3*C NMR (100
MHz, CDCls) 8: -5.3, 12.1, 18.3, 22.2, 25.9, 64.2, 96.8, 125.6, 126.1, 127.1, 128.5, 129.8, 137 .4,

204.8; IR (ATR) v: 2929, 2856, 1942, 1254, 1073, 837, 744 cm™'; pale yellow oil (98% for 2 steps from S3a)

(E)-tert-butyl((2-isopropyl-6-phenylhexa-2,3,5-trien-1-yl)oxy)dimethylsilane (S5¢)
iPr "H NMR (400MHz, CDCl;) &: 0.07 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.06 (d, J = 6.8 Hz, 3H),
g):'_ 1.08 (d, J= 6.8 Hz, 3H), 2.32-2.39 (m, 1H), 4.23 (d, J = 2.4 Hz, 2H), 6.07-6.12 (m, 1H), 6.48 (d,
B ﬂL J=16.0 Hz, 1H), 6.59 (dd, /J=10.4, 16.0 Hz, 1H), 7.20 (t,/=7.2 Hz, 1H), 7.30 (dd, /= 6.8, 7.2
Hz, 2H), 7.37 (d, J = 6.8 Hz, 2H); '*C NMR (100 MHz, CDCl;) &: -5.2, 12.4, 21.7, 22.0, 25.9,
27.9, 63.1,97.4,113.0, 125.9, 126.1, 127.1, 128.5, 129.7, 137.5, 204.4; pale yellow oil (76% for 2 steps from S3a,
806.6 mg)

(E)-tert-butyl((6-(4-methoxyphenyl)-2-methylhexa-2,3,5-trien-1-yl)oxy)dimethylsilane (S5d)
"H NMR (400 MHz, CDCl3) &: 0.08 (s, 3H), 0.09 (s, 3H), 0.90 (s, 9H), 1.76 (d, J = 2.8
g):'— Hz, 3H), 3.80 (s, 3H), 4.15 (d, /= 2.8 Hz, 2H), 5.93-5.99 (m, 1H), 6.40-6.50 (m, 2H),
TBS | 6.84 (d, J= 8.8 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H); *C NMR (100 MHz, CDCl5) 5: -5.2,
15.6,18.4,25.9,55.2,65.2,95.0,101.3, 114.0, 123.3, 127.3, 129.5, 130.3, 158.9, 204.8;
e

HRMS (ESI) m/z calcd for C4oHgoNa;O4Siz" [2M+Na]* 683.3928, found 683.3913; IR
(ATR) v: 2927, 1946, 1606, 1510, 1389, 1173, 834, 775 cm’"; pale yellow oil (76% for 2 steps from S3b)

(E)-tert-butyl((2-ethyl-6-(4-methoxyphenyl)hexa-2,3,5-trien-1-yl)oxy)dimethylsilane (SSe)
"H NMR (400 MHz, CDCls) §: 0.07 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.04 (t, J=7.6
(B/):‘— Hz, 3H), 2.07-2.10 (m, 2H), 3.80 (s, 3H), 4.19 (d, J = 2.4 Hz, 2H), 6.05-6.07 (m, 1H),
TBS | 6.41-6.51 (m, 2H), 6.84 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H); '*C NMR (100
MHz, CDCL) 6:-5.2,12.1, 18.4,22.2,25.9, 55.2, 64.4,96.9, 108.1, 114.0, 123.5, 127.3,
® 1293, 130.3, 158.9, 204.4; HRMS (ESI) m/z caled for C42HesNa OsSir" [2M+Na]*

711.4241, found 711.4219; IR (ATR) v: 2928, 1943, 1606, 1510, 1389, 1173, 834, 775 cm’'; pale yellow oil (85% for
2 steps from S3b)

(E)-tert-butyl((2-isopropyl-6-(4-methoxyphenyl)hexa-2,3,5-trien-1-yl)oxy)dimethylsilane (S45)
iPr "H NMR (400 MHz, CDCl3) &: 0.07 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.06 (d, J = 6.8
((J: Hz, 3H), 1.08 (d, J = 6.8 Hz, 3H), 2.30-2.38 (m, 1H), 3.81 (s, 3H), 4.23 (d, /= 2.4 Hz,
TBS 2H), 6.05-6.09 (m, 1H), 6.40-6.50 (m, 2H), 6.84 (d, /= 8.4 Hz, 2H), 7.31 (d, /= 8.4 Hz,
2H); 3C NMR (100 MHz, CDCl3) &: -5.3, 18.3, 21.7, 22.0, 25.9, 27.9, 55.2, 63.1, 97.4,
Me 112.8, 114.0, 123.6, 127.2, 129.2, 130.3, 158.9, 203.9; HRMS (ESI) m/z calcd for

C22H34Na102811 [M+Na]" 381.2226, found 381.2231; IR (ATR) v: 2956, 2928, 2856, 1939, 1510, 1362, 1251, 959,
835, 671 cm™'; pale yellow oil (34% for 2 steps from S3b)

(E)-tert-butyl((2-ethyl-6-(4-fluorophenyl)hexa-2,3,5-trien-1-yl)oxy)dimethylsilane (SS5g)
"H NMR (400 MHz, CDCl;) 8: 0.08 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.05 (t, J = 7.6 Hz,

g&-— 3H), 2.05-2.14 (m, 2H), 4.19 (d, J = 2.4 Hz, 2H), 6.02-6.08 (m, 1H), 6.44 (d, J = 15.6 Hz,
TBS | 1H), 6.52 (dd, J= 9.6, 15.6 Hz, 1H), 6.97-7.02 (m, 2H), 7.31-7.36 (m, 2H); 3C NMR (100
MHz, CDCL3) 8: -5.3, 12.1, 18.3,22.2, 25.9, 64.2, 96.7, 108.3, 115.4 (d, J= 22.0 Hz), 125.5,
127.5 (d,J=7.7 Hz), 128.5, 133.6 (d, /= 2.8 Hz), 162.0 (d, J = 245.4 Hz), 204.8; 1°F NMR
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(376 MHz, CDCl3) 8: -114.8; HRMS (ESI) m/z caled for C4oHssF2Na;O2Six" [2M+Na]* 687.3841, found 687.3849;
IR (ATR) v: 2957, 2929, 1943, 1601, 1508, 1229, 1157, 836 cm'; colorless oil (71% for 2 steps from S3¢)

(E)-tert-butyl((6-(4-fluorophenyl)-2-isopropylhexa-2,3,5-trien-1-yl)oxy)dimethylsilane (S5h)
iPr "H NMR (400 MHz, CDCls) 3: 0.07 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.06 (d, J = 6.8 Hz,
g):'— 3H), 1.08 (d, /= 6.8 Hz, 3H), 2.33-2.37 (m, 1H), 4.23 (d, J = 2.4 Hz, 2H), 6.05-6.10 (m,
TBS | 1H), 6.44 (d, J = 15.6 Hz, 1H), 6.50 (dd, J = 9.2, 15.6 Hz, 1H), 6.96-7.02 (m, 2H), 7.30-
7.35 (m, 2H);"*C NMR (100 MHz, CDCl3) §: -5.3, 18.3,21.7, 22.0, 25.9, 27.9, 63.0, 97.2,
F 113.0, 115.4 (d, J=21.1 Hz), 125,6 (d, /= 1.9 Hz), 127.5 (d, /= 7.7 Hz), 128.4, 133.7 (d,
J =29 Hz), 162.5 (d, J = 245.3 Hz), 204.4; '°F NMR (376 MHz, CDCl3) &: -114.9; HRMS (ESI) m/z calcd for

Cs2HeFaNa 0,81, [2M+Na]* 715.4154, found 715.4129; IR (ATR) v: 2958, 2928, 1942, 1602, 1230, 1157, 837 cm’
I: colorless oil (63% for 2 steps from S3c)

tert-butyl((2-ethyl-6-methylhepta-2,3,5-trien-1-yl)oxy)dimethylsilane (S5i)
Et "H NMR (400 MHz, CDCl5) &: 0.06 (s, 3H), 0.07 (s, 3H), 0.90 (s, 9H), 1.01 (t, J = 7.2 Hz, 3H),
ﬁ._ 2.05(dq,J=7.2,3.2Hz, 3H), 4.15 (d, J= 2.0 Hz, 2H), 5.61 (dt, /= 11.2, 2.0 Hz 1H), 6.03-6.09
TBS I\D\Me (m, 1H); '*C NMR (100 MHz, CDCl3) &: -5.3, -5.2, 12.2, 18.0, 18.4, 22.2, 25.9, 26.0, 64.6, 92.5,
107.1, 120.3, 133.4, 203.3; HRMS (ESI) m/z calcd for C16H310:Si;" [M+H]" 267.2144, found
267.2149; IR (ATR) v: 2958, 2928, 1650, 1253, 940, 835, 665 cm™; colorless oil (66% for 2 steps from S3d)

(E)-2-methyl-6-phenylhexa-2,3,5-trien-1-o0l (S6a)
Me "H NMR (400 MHz, CDCl3) &: 1.52 (bs, 1 H), 1.79 (d, J = 2.8 Hz, 3H), 4.05-4.13 (m, 2H), 6.11-
(JJ/&'— 6.15 (m, 1H), 6.51 (d, J=16.0 Hz, 1H), 6.6 (dd, /= 10.0, 16.0 Hz, 1H), 7.21 (t,J= 7.6 Hz, 1H),
H A\EPh 7.30(dd, J=17.6, 7.6 Hz, 2H), 7.37 (d, J= 7.6 Hz, 2H); *C NMR (100 MHz, CDCl3) §: 15.6, 63.8,
97.0,102.2,125.0,126.2,127.4,128.5,130.7, 137.1, 203.8; HRMS (ESI) m/z calcd for C13H;50;"
[M+H]" 187.1123, found 187.1124; IR (ATR) v: 3332, 1945, 1446, 1263, 1009, 961, 744, 690 cm™'; pale yellow oil
(82%)

(E)-2-ethyl-6-phenylhexa-2,3,5-trien-1-o0l (S6b)
Et "H NMR (400 MHz, CDCl3) §: 1.07 (t, J = 7.2 Hz, 3H), 1.50 (t, J = 5.2 Hz, 1 H), 2.09 (m, 2H),
g&'— 4.11 (dd, J=2.8, 12.8 Hz, 1H), 4.15 (dd, J = 2.8, 12.8 Hz, 1H), 6.23 (dtt, J = 2.8, 2.8, 10.0 Hz,
H A\EPh 1H), 6.53 (d,J=15.6 Hz, 1H), 6.61 (dd, J=10.0, 15.6 Hz, 1H), 7.21 (t,J= 8.0 Hz, 1H), 7.31 (dd,
J=8.0, 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H); '*C NMR (100 MHz, CDCl) &: 12.0, 22.5, 62.9,
98.7, 109.1, 125.2, 126.1, 127.3, 128.5, 130.5, 137.1, 203.4; HRMS (ESI) m/z calcd for C2sH3:Na 02" [2M+Na]”
423.2300, found 423.2307; IR (ATR) v: 3320, 2964, 1942, 1451, 1013, 961, 746 cm™’; colorless oil (99%)

(E)-2-isopropyl-6-phenylhexa-2,3,5-trien-1-ol (S6c)
iPr "H NMR (400 MHz, CDCl3) &: 1.09 (d, J = 6.8 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H), 1.47 (brt, J =
g&'— 6.0 Hz, 1H), 2.25-2.36 (m, 1H), 4.13-4.18 (m, 2H), 6.22-6.27 (m, 1H), 6.53 (d, J= 15.6 Hz, 1H),
H A\EPh 6.60 (dd, J=9.6, 15.6 Hz, 1H), 7.21 (t, /= 7.2 Hz, 1H), 7.30 (dd, /= 7.2, 8.0 Hz, 2H), 7.38 (d, J
=8.0 Hz, 2H); *C NMR (100 MHz, CDCl3) 8: -3.6,21.7,21.9, 25.6,28.7,61.7,99.6, 114.1, 125.3,
126.2, 127.3, 128.5, 130.6, 137.2, 202.6; HRMS (ESI) m/z caled for C3H37Na;O," [2M+Na]” 451.2613, found
451.2602; IR (ATR) v: 3346, 2960, 1938, 1496, 1383, 1012, 959, 746, 656 cm™* m.p. 51-52 °C; colorless solid (66%)
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(E)-6-(4-methoxyphenyl)-2-methylhexa-2,3,5-trien-1-ol (S6d)
"H NMR (400 MHz, CDCls) 8: 1.52 (bt,J = 4.0 Hz, 1H), 1.78 (d, J= 2.8 Hz, 3H), 3.81
g):'— (s, 3H), 4.06-4.12 (m, 2H), 6.09-6.17 (m, 1H), 6.42-6.50 (m, 2H), 6.85 (d, /= 9.2 Hz,
H | 2H), 7.32 (d, J = 9.2 Hz, 2H); “C NMR (100 MHz, CDCl3) &: 15.6, 55.2, 63.8, 97.2,
102.1, 113.9, 122.8, 127.3, 120.0, 130.3, 159.0, 203.2; HRMS (ESI) m/z calcd for
e

CasH3NajO4" [2M+Na]™ 450.1807, found 450.1803; IR (ATR) v: 3347, 2913, 1944,
1604, 1510, 1463, 1246, 803 cm™'; yellow gum (95%)

(E)-2-ethyl-6-(4-methoxyphenyl)hexa-2,3,5-trien-1-ol (S6e)
"H NMR (400 MHz, CDCl3) 8: 1.07 (t, J = 7.6 Hz, 3H), 1.52 (bs, 1H), 2.05-2.14 (m,
g&'— 2H), 3.81 (s, 3H), 4.08-4.15 (m, 2H), 6.19-6.26 (m, 1H), 6.43-6.56 (m, 2H), 6.85 (d,J =
H | 8.8 Hz, 2H), 7.32 (d, J = 8.8 Hz, 2H); '*C NMR (100 MHz, CDCl;) &: 12.1, 22.5, 55.2,
63.0, 99.1, 109.1, 114.0, 123.0, 127.3, 130.0, 130.1, 159.0, 202.8; HRMS (ESI) nvz

calcd for C30H36Na;O4" [2M+Na]™ 483.2511, found 483.2491; IR (ATR) v: 3335, 2963,
1940, 1739, 1604, 1510, 1456, 1248, 962, 804 cm™'; yellow gum (95%)

(E)-2-isopropyl-6-(4-methoxyphenyl)hexa-2,3,5-trien-1-ol (S6f)
iPr "H NMR (400 MHz, CDCls) &: 1.08 (d, J = 6.4 Hz, 3H), 1.12 (d, J= 6.4 Hz, 3H), 1.46
ﬁ._ (t, J=6.0 Hz, 1H), 2.25-2.36 (m, 1H), 3.81 (s, 3H), 4.10-4.21 (m, 2H), 6.22-6.26 (m,
H | 1H), 6.42-6.51 (m, 2H), 6.85 (d, J = 8.8 Hz, 2H), 7.32 (d, J = 8.8 Hz, 2H); *C NMR
o (100 MHz, CDCl3) &: 21.7,21.0,28.7,55.2,61.7,99.8, 113.8, 113.9, 123.0, 127.3, 130.0,
Me

130.1, 159.0, 202.1; HRMS (ESI) m/z caled for CsHyoNajO4* [2M+Na]* 511.2824,
found 511.2837; IR (ATR) v: 3397, 2960, 1938, 1511, 1383, 1250, 1174, 1032, 963, 803 cm’; yellow oil (90%)

(E)-2-ethyl-6-(4-ﬂu0r0phenyl)hexa-2,3,S-trien-l-ol (Seg)
"H NMR (400 MHz, CDCls) §: 1.07 (t, J = 7.6 Hz, 3H), 1.49-1.53 (m, 1H), 2.05-2.13 (m,
((J: 2H), 4.07-4.17 (m, 2H), 6.17-6.23 (m, 1H), 6.46-6.56 (m, 2H), 6.97-7.02 (m, 2H), 7.32-
7.37 (m, 2H); 3C NMR (100 MHz, CDCl3) §: 12.0, 22.5, 62.9, 98.6, 109.2, 115.4 (d, J =
21.9 Hz), 125.0,127.6 (d,J= 7.7 Hz), 129.2, 133.3 (d, J=2.9 Hz), 162.0 (d, J = 246.0 Hz),
203.4; "F NMR (376 MHz, CDCls) &: -114.4; HRMS (ESI) m/z calcd for C14H15F1N61101+

[M+Na]" 241.1005, found 241.1006; IR (ATR) v: 3330, 2966, 1941, 1600, 1508, 1456, 962, 805 cm’'; yellow oil
(31%)

(E)-6-(4-fluorophenyl)-2-isopropylhexa-2,3,5-trien-1-ol (S6h)
iPr "H NMR (400 MHz, CDCl3) &: 1.09 (d, J = 6.4 Hz, 3H), 1.10 (d, J = 6.4 Hz, 3H), 1.46 (t,J
((J: =6.0 Hz, 1H), 2.25-2.34 (m, 1H), 4.11-4.22 (m, 2H), 6.19-6.25 (m, 1H), 6.46-6.55 (m, 2H),
6.97-7.02 (m, 2H), 7.32-7.36 (m, 2H); *C NMR (100 MHz, CDCl3) &: 21.5, 21.8, 28.4,
61.5,98.9, 113.8, 115.3 (d, /= 21.9 Hz), 125.0, 127.5 (d, J = 8.6 Hz), 129.0, 133.3, 161.9
(d, J = 245.9 Hz), 202.9; "’F NMR (376 MHz, CDCl5) §: -114.4; HRMS (ESI) m/z calcd

for C15H17F1Na101 [M+Na]" 255.1161, found 255.1154; IR (ATR) v: 3353, 2962, 1939, 1601, 1508, 1228, 962, 803
cm™ m.p. 53 °C; pale red solid (quant)

2-ethyl-6-methylhepta-2,3,5-trien-1-ol (S6i)
Et "H NMR (400 MHz, CDCl3) &: 1.04 (t, J = 7.6 Hz, 3H), 1.45 (t, J = 6.0 Hz, 1H), 1.75 (s, 3H),
j\ 1.78 (s, 3H), 2.00-2.06 (m, 2H), 4.01-4.11 (m, 2H), 5.61 -5.65 (m, 1H), 6.21-6.27 (m, 1H); '*C
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NMR (100 MHz, CDCls) 6: 18.0, 22.6, 25.6, 25.9, 63.0, 95.0, 108.2, 120.0, 134.5, 201.6; HRMS (ESI) m/z calcd for
C1oH170:" [M+H]" 153.1279, found 153.1247; IR (ATR) v: 3341, 2965, 1943, 1376, 1010, 821 cm™; colorless oil
(84%)

Synthesis of 1
TsHN
R ——=—R3 (1.3 eq) R2
o PPh; (2 eq), DMEAD (2 eq) KJ:._
|
OH w THF (0.1 M) TsN j
R3 0°Ctort, 1h = R R
S6 1

General procedure of the Mitsunobu reaction

To a solution of S6 (1.40 mmol), PPh; (477.3 mg, 1.820 mmol), S7 (1.540 mmol) in THF (7.0 mL) was added bis(2-
methoxyethyl) azodicarboxylate (426.2 mg, 1.820 mmol) at 0 °C. The reaction mixture was warmed up to room
temperature and stirred for 1 h. When the reaction was completed, it was quenched by H,O and the aqueous layer
was extracted with AcOEt then dried over anhydrous Na;SO4. The organic phase was concentrated under reduced
pressure and the residue was purified by column chromatography on silica gel (n-Hexane/AcOEt = 50/1-20/1) to
afford 1.

(E)-N-(4,4-dimethylpent-2-yn-1-yl)-N-(2-ethyl-6-phenylhexa-2,3,5-trien-1-yl)-4-methylbenzenesulfonamide
(12)

TsHN
;tBu Et
PPh,, DMEAD .
(g ﬁL THF TsN A\E

= 1Bu Ph
S6b  general Mitsunobu reaction ~ XX:73%

"H NMR (400 MHz, CDCl3) &: 0.89 (s, 9H), 1.06 (t, 3H, J = 7.2 Hz), 2.01-2.08 (m, 2H), 2.40 (s, 3H), 3.82 (dq, 1H,
J=1.6,13.2 Hz), 3.88 (dq, 1H, 1.6, 13.2 Hz), 4.12 (d, 2H, J= 1.6 Hz), 6.05 (dt, 1H, J= 1.6, 9.6 Hz) 6.46 (d, 1H, J
=15.6 Hz), 6.53 (dd, 1H, J= 9.6, 15.6 Hz), 7.20 (t, 1H, J = 6.8 Hz), 7.28 (d, 2H, J = 8.0 Hz), 7.30 (d, 2H, J = 6.8
Hz), 7.36 (d, 2H, J = 6.8Hz), 7.73 (d, 2H, J = 8.0 Hz); '*C NMR (100 MHz, CDCl) &: 12.0, 21.4, 22.7, 27.0, 30.5,
36.1,48.7,70.2,94.9,96.5,102.4, 125.0, 126.1, 127.3,127.7, 128.5, 129.4, 130.4, 136.1, 137.1, 143.2, 206.9; HRMS
(ESI) m/z calcd for CasH33N1Na;02S;" [M+Na]" 470.2130, found 470.2125; IR (ATR) v: 2967, 1944, 1495, 1349,
1162, 961, 750, 673 cm’'; yellow gum (73%)

(E)-N-(4,4-dimethylpent-2-yn-1-yl)-4-methyl-/V-(2-methyl-6-phenylhexa-2,3,5-trien-1-yl)benzenesulfonamide
(1b)

TsHN
—=—Bu Me
PPfh DMEAD R
(E ﬁL THF TsN A\EPh
= Bu

S6a  general Mitsunobu reaction  XX: 16%

'H NMR (400 MHz, CDCls) §: 0.90 (s, 9H), 1.80 (d, J = 2.8 Hz, 3H), 2.40 (s, 3H), 3.79 (dd, J = 2.0, 13.6 Hz, 1H),
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3.85 (dd, J = 2.0, 13.6 Hz, 1H), 4.08-4.18 (m, 2H), 5.92-5.98 (m, 1H), 6.46 (d, J = 16.0 Hz, 1H), 6.53 (dd, J = 9.6,
16.0 Hz, 1H), 7.20 (t, J = 8.0 Hz, 1H), 7.29-7.31 (m, 4H), 7.35 (d, J = 7.2 Hz, 2H), 7.73 (d, J = 8.0 Hz, 2H); °C
NMR (100 MHz, CDCL3) 8: 16.1,21.4,27.0,30.4, 36.0,49.8, 70.2, 94.6,94.8, 95.7, 124.8, 126.1, 127.3, 127.6, 128.5,
129.4, 130.6, 136.1, 137.0, 143.2, 207.4; HRMS (ESI) m/z caled for Co7HsNiNa;02S;* [M+Na]* 456.1973, found
456.1977; IR (ATR) v: 2968, 2240, 1948, 1747, 1496, 1349, 1162, 962, 749 cm’'; yellow gum (16%)

(E)-N-(4,4-dimethylpent-2-yn-1-yl)-V-(2-isopropyl-6-phenylhexa-2,3,5-trien-1-yl)-4-
methylbenzenesulfonamide (1c¢)

TsHN .
iPr =—Bu iPr

PPPb DMEAD R
(g A\L THF TsN A\EPh
= Bu

S6c  general Mitsunobu reaction  XX:69%

'H NMR (400 MHz, CDCls) &: 0.88 (s, 9H), 1.10 (d, J = 6.8 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H), 2.33-2.37 (m, 1H),
3.85 (dd,J = 2.4, 11.6 Hz, 1H), 3.94 (dd, J = 11.6, 2.4 Hz, 1H), 4.07-4.17 (m, 2H), 6.03-6.07 (m, 1H), 6.44-6.54 (m,
2H), 7.20 (t,J = 6.0 Hz, 1H), 7.26-7.36 (m, 6H), 7.73 (d, J= 8.4 Hz, 2H); '*C NMR (100 MHz, CDCl3) §: 21.3, 21.5,
21.7, 26.9, 28.0, 30.4, 36.0, 47.4, 70.1, 94.9, 97.0, 107.0, 125.0, 126.1, 127.2, 127.6, 128.4, 129.4, 130.4, 136.0,
137.1, 143.1, 206.3; HRMS (ESI) m/z caled for C2oH3sNNa;jO,S:" [M+Na]" 484.2286, found 484.2278; IR (ATR)
v: 2964, 1946, 1456, 1350, 1264, 1163, 1092, 960, 814 cm™'; m.p. 103-104 °C; colorless solid (69%)

(E)-N-(2-isopropyl-6-phenylhexa-2,3,5-trien-1-yl)-4-methyl-NV-(3-(trimethylsilyl)prop-2-yn-1-
y)benzenesulfonamide (1d)

n
Pr BuLi (1.0 eq) Pr

fg_ﬁl\ TMSCI (1.2 eq) KJ: ﬂph

TsN Ph THF(02M) TSN
=—H -78°C, 2 h N—=-TMS

1l 1d: 90%

11to 1d: "BuLi (0.25 mL, 1.55 M in hexanes, 0.380 mmol) was added to a solution of xx (154.0 mg, 0.380 mmol) in
THF (1.9 mL) dropwise at -78 °C under argon. After being stirred for 10 minutes at same temperature, trimethylsilyl
chloride (0.06 mL, 0.456 mmol) was added, and stirred for 3 h at -78 °C. When the reaction was complete, it was
quenched with saturated aqueous solution of NH4Cl, extracted with EtoO and dried over anhydrous Na;SO4. The
organic phase was concentrated under reduced pressure and the residue was purified by column chromatography on
silica gel (n-Hexane/AcOEt = 50/1) to afford pure 1d as colorless solid (90%, 163.0 mg).

"H NMR (400 MHz, CDCl5) &: 0.09 (s, 9H), 1.10 (d, J = 6.8 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H), 2.33-2.38 (m, 1H),
2.40 (s, 3H), 3.86 (dd, J = 2.0, 13.6 Hz, 1H), 3.94 (dd, J= 2.0, 13.6 Hz, 1H), 4.15 (s, 2H), 6.04-6.07 (m, 1H), 6.44-
6.54 (m, 2H), 7.18-7.22 (m, 1H), 7.27-7.31 (m, 4H), 7.36 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H); '*C NMR
(100 MHz, CDClL) 6: -0.5, 21.5,21.5,21.8,28.1,36.6,47.7,91.2,97.2,97.2,107.0, 124.9, 126.2, 127.3, 127.7,128.5,
129.4, 130.5, 135.8, 137.1, 143.3, 206.3; HRMS (ESI) m/z calcd for C2sH3sN1Na102S:Si; " [M+Na]"500.2056, found
500.2057; IR (ATR) v: 2960, 1942, 1449, 1349, 1250, 1161, 961, 814 cm’'; m.p. 120-121 °C; colorless solid (89%,
42.2 mg)

(E)-N-(4,4-dimethylpent-2-yn-1-yl)-N-(2-ethyl-6-(4-fluorophenyl)hexa-2,3,5-trien-1-yl)-4-
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methylbenzenesulfonamide (1e)

Et \. — tBu Et
(&‘_ | PPhs, DMEAD /I:’_ |
OH TsN
THF — 1,
F F
S6g 1e: 11%

general Mitsunobu reaction

'H NMR (400 MHz, CDCL) 8: 0.89 (s, 9H), 1.06 (t, J = 7.2 Hz, 3H), 2.05-2.17 (m, 2H), 2.40 (s, 3H), 3.81 (dd, J =
2.0, 12.8 Hz, 1H), 3.89 (dd, J= 2.0, 12.8 Hz, 1H), 4.09 (d, J = 18.4 Hz, 1H), 4.15 (d,J = 18.4 Hz, 1H), 6.00-6.05 (m,
1H), 6.40-6.48 (m, 2H), 6.96-7.01 (m, 2H), 7.27-7.33 (m, 4H), 7.73 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl;)
§: 12.0, 21.4, 22.8, 27.0, 30.5, 36.1, 48.7, 70.2, 94.9, 96.4, 102.6, 115.4 (d, J = 21.0 Hz), 124.8, 127.6 (d, J = 10.5
Hz), 127.7, 129.2, 129.4, 133.4 (d, J = 2.9 Hz), 136.2, 143.2, 162.1 (d, J = 245.3 Hz), 206.8; '°F NMR (376 MHz,
CDCls) 8: -114.4; HRMS (ESI) m/z caled for CasHzoF1NiNa;0,S," [M+Na]® 488.2036, found 488.2050; IR (ATR)
v: 2968, 1945, 1455, 1349, 1227, 1162, 1093, 963, 810 cm’'; colorless oil (11%)

(E)-N-(4,4-dimethylpent-2-yn-1-yl)- V-(6-(4-fluorophenyl)-2-isopropylhexa-2,3,5-trien-1-yl)-4-
methylbenzenesulfonamide (1f)

Pr TSHN\ — g, Pr
(J:'_ | PPhy, DMEAD /Jz'_ |
o THF TSN
\%fBu
F F
S6h 1f: 79%

general Mitsunobu reaction

'H NMR (400 MHz, CDCl5) &: 0.88 (s, 9H), 1.10 (d, J = 6.4 Hz, 6H), 2.33-2.40 (m, 1H), 2.40 (s, 3H), 3.83 (d, J =
2.0, 13.6 Hz, 1H), 3.94 (d, /= 13.6 Hz, 1H), 4.08 (d, J= 18.4 Hz, 1H), 4.15 (d, /= 18.4 Hz, 1H), 6.01-6.05 (m, 1H),
6.37-6.46 (m, 2H), 6.97 (d, J = 8.4 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 7.27-7.32 (m, 4H), 7.73 (d, J = 7.6 Hz, 2H);
3C NMR (100 MHz, CDCl3) &: 21.4, 21.5, 21.8, 27.0, 28.1, 30.5, 36.1, 47.7, 70.2, 95.0, 96.9, 107.2, 115.4 (d, J =
20.9 Hz), 124.9, 127.6 (d,J= 7.7 Hz), 127.7, 129.1, 129.5, 133.4 (d, J = 2.9 Hz), 136.1, 143.2, 160.1 (d, J = 145.9
Hz), 206.4; YF NMR (376 MHz, CDCl;) &: -114.4; HRMS (ESI) m/z caled for CooH34F1N|Na;0,S;" [M+Na]"
502.2192, found 502.2200; IR (ATR) v: 2966, 1942, 1508, 1350, 1228, 1162, 834 cm™'; m.p. 127 °C; colorless solid
(79%)

(E)-N-(4,4-dimethylpent-2-yn-1-yl)-N-(6-(4-methoxyphenyl)-2-methylhexa-2,3,5-trien-1-yl)-4-

methylbenzenesulfonamide (1g)
TsHN

Me —— 1y Me
(g'_ | PPh,;, DMEAD /g._ |
OH TsN
THF — 1y,
OMe OMe
sed 19: 69%

general Mitsunobu reaction

'H NMR (400 MHz, CDCL) 8: 0.89 (s, 9H), 1.80 (d, J = 2.8 Hz, 3H), 2.41 (s, 3H), 3.77-3.87 (m, 2H), 3.81 (s, 3H),
4.13 (d, J = 2.0 Hz, 2H), 5.91-5.95 (m, 1H), 6.35-6.44 (m, 2H), 6.84 (d, J = 8.8 Hz, 2H), 7.29 (d, J = 8.8 Hz, 1H),

S14



7.30 (d, J = 8.8 Hz, 2H), 7.74 (d, J = 8.8 Hz, 2H); '3C NMR (100 MHz, CDCL3) 5: 16.2, 21.4, 27.0, 30.5, 36.0, 49.9,
55.2,70.2,94.8,95.6,113.9,122.6,127.3,127.6, 127.6, 129.4, 129.9, 130.1, 136.1, 143.2, 159.0, 207.1; HRMS (ESI)
m/z calcd for CosH33N 1 Na;O3S;" [M+Na]* 486.2079, found 486.2081; IR (ATR) v: 2967, 1948, 1455, 1349, 1252,
1162, 1092, 963, 812 cm’; yellow gum (69%)

(E)-N-(4,4-dimethylpent-2-yn-1-yl)-N-(2-isopropyl-6-(4-methoxyphenyl)hexa-2,3,5-trien-1-yl)-4-
methylbenzenesulfonamide (1h)
TsHN

iPr = gy, iPr
= | PPhs, DMEAD = |
OH TsN
THF = 1,
OMe OMe
Sef 1h: 52%

general Mitsunobu reaction

"H NMR (400 MHz, CDCls) &: 0.88 (s, 9H), 1.10 (d, J = 6.4 Hz, 3H), 1.10 (d, J = 6.4 Hz, 3H), 2.31-2.38 (m, 1H),
2.40 (s, 3H), 3.80 (s, 3H), 3.84 (dd, /= 2.0, 13.2 Hz, 1H), 3.94 (dd, J = 2.0, 13.2 Hz, 1H), 4.09 (d J= 18.4 Hz, 1H),
4.15 (d, J = 18.0 Hz, 1H), 6.01-6.04 (m, 1H), 6.33-6.44 (m, 2H), 6.83 (d, J = 8.4 Hz, 2H), 7.27-7.30 (m, 4H), 7.73
(d, J = 8.4 Hz, 2H); '3*C NMR (100 MHz, CDCl3) &: 21.4, 21.5, 21.8, 27.0, 28.1, 30.5, 36.0, 47.5, 55.3, 70.2, 94.9,
97.2,106.9, 113.9, 122.9, 127.3, 127.7, 129.4, 129.9, 130.0, 136.1, 143.2, 159.0, 206.1; HRMS (ESI) m/z calcd for
C30H37N1Na 038" [M+Na]" 514.2392, found 514.2385; IR (ATR) v: 2965, 1940, 1511, 1349, 1252, 1162, 813 cm™;
m.p. 128 °C; colorless solid (52%)

(E)-(5-(((4,4-dimethylpent-2-yn-1-yl)oxy)methyl)-6-methylhepta-1,3,4-trien-1-yl)benzene (1i)
iPr iPr

NaH (2.0 eq) .
= TsO
OH w =t THF(01M) O |
Ph 0°Ct040°C,3h = 1g, "
Sé6¢ S7 (1.1 eq) 1i: 95%

To a solution of S6¢ (107.2 mg, 0.500 mmol) in THF (1.5 mL) at 0 °C was added sodium hydride (2.0 eq) slowly.
The mixture was stirred for 10 minutes at the same temperature, then a solution of S7 (146.5 mg, 0.550 mmol) in
THF (1.0 mL) was added slowly. The reaction mixture was warmed up to 40 °C and stirred for 3 h. When the reaction
was completed, the reaction mixture was cooled down to 0 °C, and quenched by H,O carefully. The aqueous layer
was extracted with AcOEt then dried over anhydrous Na;SO4. The organic phase was concentrated under reduced
pressure, and the residue was purified by column chromatography on silica gel (n-Hexane/AcOEt = 100/1-50/1) to
afford pure 1i as colorless oil (95%, 146.7 mg).

'H NMR (400 MHz, CDCl3) §: 1.09 (dd, J = 6.4, 6.4 Hz, 6 H), 1.23 (s, 9H), 2.34-2.41 (m, 1H), 4.15 (s, 4H), 6.03-
6.14 (m, 1H), 6.49 (d, J = 15.6 Hz, 1H), 6.59 (dd, J = 10.0, 15.6 Hz, 1 H), 7.20 (t, J= 7.2 Hz, 1H), 7.30 (dd, J = 7.2,
7.6 Hz, 2H), 7.38 (d, J = 7.6 Hz, 2H); '3C NMR (100 MHz, CDCL) 5: 21.6, 21.8, 27.4, 28.3, 30.9, 57.3, 68.8, 74.1,
95.4,96.6,109.1, 125.5, 126.1, 127.2, 128.5, 130.1, 137.3, 205.9; HRMS (ESI) m/z calcd for C2;HsNa;01* [M+Na]"
331.2038, found 331.2036; IR (ATR) v: 2966, 1940, 1451, 1362, 1264, 1082, 960 cm'; colorless oil (95%, 146.7

mg)

(E)-2-isopropyl-6-phenylhexa-2,3,5-trien-1-yl 4,4-dimethylpent-2-ynoate (2j)
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DCC (1.2 eq) Pr

wro o DMAP (0.1 eq) _
+ __
y——"Bu
OH w 3 DCM(0.1M) O | -
Ph 0°C tO rt,1h >T Bu
Séc S8 (1.2 eq) O 25 97%

S8 (70.6 mg, 0.560 mmol) was added to a solution of S6¢ (100.9 mg, 0.467 mmol), N,N'-dicyclohexylcarbodiimide
(115.6 mg, 0.560 mmol) and N,N-dimethyl-4-aminopyridine (5.6 mg, 0.047 eq) in DCM (4.67 mL) at 0 °C under
argon. The reaction mixture was warmed up to room temperature and stirred for 1 h. When the reaction was completed,
crude material was concentrated under reduced pressure and the residue was filtered. The crude material was purified
by column chromatography on silica gel (n-Hexane/AcOEt = 50/1) to afford pure 2j as colorless oil (97%, 146.6 mg).

'H NMR (400 MHz, CDCL3) 8: 1.09 (dd, J = 6.4, 6.4 Hz, 6 H), 1.27 (s, 9H), 2.31-2.38 (m, 1H), 4.69-4.76 (m, 2H),
6.15-6.18 (m, 1H), 6.52 (d, J = 15.6 Hz, 1H), 6.58 (dd, J= 9.2, 15.6 Hz, 1 H), 7.21 (t,J = 7.2 Hz, 1H), 7.31 (dd, J =
7.2, 8.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl) &: 21.5, 21.7, 27.5, 28.6, 29.9, 64.8, 71.5,
97.1,97.9, 124.7, 128.3, 127.4, 128.5, 130.8, 137.2, 153.8, 205.9; HRMS (ESI) m/z caled for C2,HaeNa 05" [M+Na]*
345.1831, found 345.1831; IR (ATR) v: 2967, 1943, 1709, 1383, 1362, 1210, 960, 746 cm'; colorless oil (97%, 146.6

mg)

(E)-N-(but-2-yn-1-yl)-4-methyl-/V-(2-methyl-6-phenylhexa-2,3,5-trien-1-yl)benzenesulfonamide (1k)
TsHN

~ —
Me Me Me
o PPhs, DMEAD KJ:._
|
H w THF TsN ﬂL
© Ph — Ph

——Me
S6a general Mitsunobu reaction  1k: 33%

'H NMR (400 MHz, CDCls) 8: 1.47 (t, J = 2.0 Hz, 3H), 1.79 (d, J = 2.8 Hz, 3H), 2.41 (s, 3H), 3.80 (d, J = 2.0 Hz,
2H), 4.08 (q, J = 2.0 Hz, 2H), 5.94 (dtq, J = 2.0, 2.8, 9.6 Hz, 1H), 6.43-6.56 (m, 2H), 7.19-7.37 (m, 7H), 7.74 (d, J =
8.0 Hz, 2H); 3C NMR (100 MHz, CDCL;) §: 207.2, 143.2, 137.1, 136.0, 130.7, 129.2, 128.5, 127.8, 1274, 126.1,
124.7,96.0, 94.7, 81.7, 71.2, 50.0, 36.2, 21.4, 16.2, 3.1; yellow gum (33%, 55.4 mg)

(E)-N-(2-isopropyl-6-phenylhexa-2,3,5-trien-1-yl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (11)
TsHN

N—"oH
Pr iPr
o PPhs, DMEAD /J:._
H w THF TsN A\E
0 Ph \ Ph

——H
S6¢c  general Mitsunobu reaction  11I: 88%

"H NMR (400 MHz, CDCl5) §: 1.08 (d, J= 6.8 Hz, 3H), 1.10 (d, J = 6.0 Hz, 3H), 1.96 (t,J = 2.4 Hz, 1H), 2.34 (qq,
J=6.0, 6.8 Hz, 1H), 2.41 (s, 3H), 3.87 (dd, /= 2.0, 13.6 Hz, 1H), 3.93 (dd, /= 2.0, 13.6 Hz, 1H), 4.14 (d,J =24
Hz, 2H), 6.04-6.07 (m, 1H), 6.45-6.54 (m, 2H), 7.21 (t,J= 7.2 Hz, 1H), 7.27-7.32 (m, 4H), 7.36 (d, /= 7.2 Hz, 2H),
7.74 (d, J = 8.8 Hz, 2H); '3C NMR (100 MHz, CDCl;) &: 21.5, 21.8, 28.2, 35.7, 47.7,73.9, 76.2, 97.4, 107.3, 124.8,
126.2,127.4, 127.7, 128.6, 129.4, 130.7, 135.8, 137.1, 143.5, 206.2; HRMS (ESI) m/z calcd for C25H27N;Na; 028"
[M+Na]" 428.1660, found 428.1657; IR (ATR) v: 3295, 2961, 1941, 1495, 1349, 1161, 962, 749 cm'; colorless oil
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(88%)

N-(4,4-dimethylpent-2-yn-1-yl)-V-(2-ethyl-6-methylhepta-2,3,5-trien-1-yl)-4-methylbenzenesulfonamide
(1m)

TSHN;?
L PPhs;, DMEAD K&._
] |
H | THF TsN I\D\
o Me Me \%tBu Me
S6i general Mitsunobu reaction 1m:31%

"H NMR (400 MHz, CDCls) 8: 0.92 (s, 9H), 1.03 (t,J = 7.6 Hz, 3H), 1.67 (s, 3H), 1.74 (s, 3H), 2.00-2.10 (m, 2H),
2.40 (s, 3H), 3.76 (dd, J = 12.8, 1.6 Hz, 1H), 3.83 (dd, J = 12.8, 1.6 Hz, 1H), 4.08 (s, 2H), 5.37-5.57 (m, 1H), 6.00-
6.05 (m, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H); '*C NMR (100 MHz, CDCl3) &: 12.3, 18.0, 21.4,
22.7,25.9, 27.0, 30.1, 35.9, 48.9, 70.3, 92.4, 94.6, 101.2, 119.8, 127.7, 129.4, 134.1, 136.2, 143.1, 205.6; HRMS
(ESI) m/z calcd for C24H33N1NajO2S;" [M+Na]" 422.2130, found 422.2101; IR (ATR) v: 2969, 1455, 1351, 1163,
835 cm™; m.p. 73 °C; colorless solid (31%)
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19F

NMR (376 MHz, CDCL3)
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19F NMR (376 MHz, CDCl)

abundance

1.5]

iPr

X
TsN

By

14

1.3

*
S

0.7

ped
=3

[

|56 RAE2] RAARS RARAS A SRH RAB SN FEDLAREN AN RARE RARR] RATEN LREAT)
200.0 180.0 160.0 140.0 120.0 100.0 80.0

X : parts per Million : Fluorinel9

|BIARNRARR] RRILE) T T
400  20.0 0 -20.0 -40.0

|RASARRRRA] BARE] B ST RARLA RARAN JARAARARRN RESATRASAT)
-100.0 -120.0 -140.0 -160.0 -180.0-200.0

T T
-60.0 -80.0

-116.558




] Me
a7 X
] TsN |
] Bu
] OMe
<7
fi,
1 o =
] = [ o
1 i[9
] ] ‘ a ‘
] | o e
] [ [ (e \
] | — - |
| / 1
] | | | f it
8 ] Y J J J A | /|
g ] h ” | : 1 1 I
2 f N | | \
8o ISV A JL . S W
<
T T T T T T T T
10.0 9.0 8.0 7.0 6.0 5.0 2.0 1.0
ARV AN A | A
\
+ 0 ~0 =00 SO == ~ <+ Al vl vt — — — + o ¢
win = o Dl S n ol — o ®© O T W W — = T v o= R R B
DA S®e  aol ©x e S N ARE o=~ b noa A =R
L N L S -] C O v wi o cAenen enenenen i el _— __ ==
X : parts per Million : Proton
I
3
£
- T T T LA T T T T T
70.0 60.0 50.0 400 300 200 10.0 0 -10.0
N - o = S~ o
© o % o o ¢ %o
— Al = & o
i OO O g — = O
Lol B o N ol -
X : parts per Million : Carbonl3




=
[ 2
F_ 0000 Es
F° =100
[ o
[ ES
” o 6LT0T
e F Fs =Zooric
e - F- 18612
N b ES — ottt
i A T60E 1€
” -
[ Fo
Fe -z T _iror
FS ——6toe o —ostor
. [ 7 .
e Fo et _s6lsS
| o
[ Fo
[ =}
Fo e0'e N
Ce =" oLre 2
[ _~tere Aooqt
[ o=t
” e ES HTLL
e =
[ st
o 0s0't ES
EY =lswor g
Fo—~swr -
[ Fo
. g
1670 [ L06't o SISl
= o g 3= n\ SS8HTl
e 8TI9TI
i ES P08'LT1
H 608’ & Lb88TI
) H 818°s - |\ 8TL6TI
L < N a8’ = 