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General Information: NMR spectra were taken with Agilent, Varian Mercury, or
Bruker 400 MHz NMR spectrometer (400 MHz for 'H NMR; 100 MHz for 3C NMR,;
376 MHz for '°F NMR). All '"H NMR experiments were measured in CDCl3 with
tetramethylsilane (0 ppm) as the internal standard; '*C NMR experiments were
measured in relative to the signal of CDCls (77.0 ppm); '°F NMR experiments were
measured in CDCI3 with CFCIs (0 ppm) as the internal standard. THF was dried over
sodium wire and distilled freshly before use. Petroleum ether (b.p. 60-90 °C) 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 °C.

S2



R S il e i R o - e L Bt

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

OH nBuLi (1.1 equiv.) CICO,Me (3.0 equiv.) QCOMe
| N\ THF Ar78°C.5min  THF, Ar, -78°C, 10 min | \
. _ (o}
thenr.t., 25 min then-78°Ctort.,6h 1a, 54%

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 x 3), dried over anhydrous
NazSOs4, 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: 'TH NMR (400
MHz, CDCls): 6 = 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 x CHz3); 3C NMR (100
MHz, CDCIl3): 6 = 153.4, 127.6, 116.4, 89.8, 83.0, 74.4, 54.2, 28.7; IR (neat): v =
2992, 2953, 1751, 1441, 1256, 1133, 940 cm™'; MS (70 eV, EI) m/z (%): 168 (M",
22.0), 93 (100); HRMS (EI) Calcd. for CoH1203 [M*]: 168.0781, found 168.0777.
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(2) Preparation of methyl I,]1-pentamethylenepent-4-en-2-ynyl carbonate 1b
(lican-02-075)

OH OCOM
_ nBuLi (1.1 equiv.) CICO,Me (3.1 equiv.) ~2Ve
\ THF, Ar, -78 °C, 10 min THF, Ar, -78 °C, 5 min [ j \
H (o]
then r.t., 30 min then-78 °C tor.t., 154 h 1b, 91%
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: 'H
NMR (400 MHz, CDCIl3): 6 = 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 =CHz2), 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, CDCls): § =
153.1, 127.3, 116.5, 88.7, 85.0, 77.8, 54.0, 36.7, 24.9, 22.5; IR (neat): v = 2936, 2860,
1749, 1441, 1270, 1235, 1183, 1015 cm™; MS (70 eV, EI) m/z (%): 208 (M*, 94.4), 91
(100); HRMS (EI) Calcd. for C12H1603 [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)

o _ nBuLi (1.1 equiv.) CICO,Me (3.1 equiv.) OCO;Me

— . ;707\\

\ THF, Ar, -78 °C, 30 min THF, Ar, -78 °C, 5 min
then-78°Ctor.t., 11.25h
1c, 83%

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 1¢ (1.9504 g, 83%) via column
chromatography on silica gel [petroleum ether / ethyl ether = 30:1 (900+30 mL)] as a
light green oil: "TH NMR (400 MHz, CDCls): 8 = 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 x CH2), 1.52-1.34 (m, 4 H, 2 x CH2), 1.02-0.84 (m, 6 H, 2 x CH3); *C NMR
(100 MHz, CDCl3): 6 = 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): v = 2952, 2915, 2867, 1752, 1440, 1286, 1445, 1205,
1170, 1127 ecm'; MS (ESI) m/z 259 [M+Na]*; HRMS (ESI) Calcd for Ci14H2003Na
[M+Na]": 259.1305, Found: 259.1304.

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

(zzn-1-010)
OH OCOM
_ nBuLi (1.1 equiv.) CICO,Me (3.3 equiv.) e
\ THF, Ar, -78 °C, 7 min THF, Ar, -78 °C, 5 min < f \
then r.t., 30 min then -78 °Ctor.t., 22 h
1d, 49%
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 °C 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: '"H NMR (400 MHz, CDCl3): = 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 =CH3), 5.48 (dd, J1 = 11.0 Hz, J2 = 1.8 Hz, 1 H, one proton of =CH>),
3.75 (s, 3 H, OCH3), 2.30-2.25(m, 2 H, CHz2), 2.16-2.10 (m, 2 H, CH2), 1.68-1.58 (m,
8 H, 4 x CH2); 13C NMR (100 MHz, CDCl3): 6 = 153.2, 127.2, 116.5, 89.9, 84.2, 81.2,
54.0,39.9. 28.1, 21.9; IR (neat): v = 2931, 2858, 1750, 1601, 1460, 1440, 1287, 1249,
1188, 1006, 956, 885, 789 cm’'; MS (70 eV, EI) m/z (%): 222 (M*, 32.3), 91 (100);
HRMS (EI) Calcd. for Ci3HisO3 [M]: 222.1256, found 222.1253.

(5) Preparation of compound 1e (zzn-1-017)
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OH 0OCO,Me

— N nBuLi (1.1 equiv.) CICO,Me (3.2 equiv.) — \
THF, Ar, -78 °C, 5 min THF, Ar, -78 °C, 5 min
then r.t., 30 min then-78°Ctor.t., 16.5 h
S1 1e, 35%

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 °C 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 °C (hexane); "H NMR
(400 MHz, CDClI3): 6 = 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 =CH>), 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 x CH), 2.24-2.12 (m, 2
H, CHz), 2.09-1.98 (m, 2 H, CHz), 1.89-1.76 (m, 4 H, 2 x CH2), 1.73 (m, 2 H, CH>)
1.67-1.58 (m, 2 H, CHz); '3C NMR (100 MHz, CDCl3): § = 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): v = 2907, 2858, 1748,
1601, 1437, 1359, 1252, 1100, 967, 912, 787, 503 cm™'; MS (70 eV, EI) m/z (%): 260
(M", 100); Elem. Anal. Calcd. for CisH2003: 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 nBuLi (1.1 equiv.) CICO,Me (3.0 equiv.) c|3c02|v|e
Cy; N\ THE, Ar,-78°C, 30 min THF, Ar, -78°Ctor.t,, 22 h ?y \
1f, 71%

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 °C 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: "H NMR (400
MHz, CDCls): 6 = 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 =CH>), 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); 3C NMR (100 MHz, CDCls): § = 153.4, 127.3,
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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): v =
2931, 2855, 1751, 1607, 1440, 1373, 1251, 1215, 1145, 1059, 942 cm™'; MS (ESI) m/z
259 [M+Na]"; HRMS (ESI) Calcd for Ci4H2003Na [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 nBuLi (1.1 equiv.) CICO,Me (3.1 equiv.) OCO,Me
Et — > Et/)%\
Et; N\ THE, Ar,-78°C,30min  THF, Ar, -78 °C, 5 min Ei \
o]
then -78 °C tor.t., 21.25 h 19, 57%

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 °C 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: '"H NMR (400
MHz, CDCI3): 8 = 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 x CH2), 1.00 (t, J =
7.4 Hz, 6 H, 2 x CH3); '3C NMR (100 MHz, CDCl3): § = 153.3, 127.4, 116.5, 88.2,
85.0, 81.9, 54.1, 30.6, 8.2; IR (neat): v = 2976, 2884, 1752, 1441, 1251, 1212, 952
cm'; MS (ESI) m/z 197 [M+H]"; HRMS (ESI) Calcd for Ci1Hi7O3 [M+H]":
197.1172, Found: 197.1168.

(8) Preparation of compound 1h (lican-04-104)

Pd(PPh3),Cl, (2 mol%)
Cul (4 mol%)
Vinyl bromide (1.2 equiv)
HNiPr,, THF, r.t., 20 h

Mestranol

nBuLi (1.1 equiv.) CICO,Me (3.0 equiv.)

THF, Ar, -78 °C, 25 min THF, Ar, -78 °C, 5 min
then -78°Ctor.t.,17.9h
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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), Cul (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 x 3). The combined organic extract was washed with brine (50
mL X 3), dried over anhydrous NaxSOs4, 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 °C 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 °C (hexane); "H NMR (400 MHz,
CDCl): 6 =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 x OCH3), 2.93-2.81 (m, 2 H, CH>), 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, CHz and CH), 1.77-1.66 (m, 1 H, CH), 1.55-1.32 (m, 4 H, 2 x
CHz), 0.94 (s, 3 H, CH3); 3C NMR (100 MHz, CDClz): § = 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): v = 2989, 2936, 2867, 2836,
1755, 1610, 1500, 1441, 1275, 1255, 1235 cm’'; MS (ESI) m/z 395 [M+H]"; Elem.
Anal. Calcd. for C25sH3004: 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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Il
CI—IID—OEt 2 equiv.

C|>H nBuLi (1.1 equiv.) OFEt C|>P(O)(0Et)z
| \ THF, Ar, -78 °C, (10+60) min -78°Ctor.t., 11 h | \
10 mmol 1a", 60%

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 x 4). The combined organic
extract was washed with brine (50 mL X 3), dried over anhydrous Na>SOs, 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: "H NMR (400
MHz, CDCI3): & = 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 x OCH2), 1.75 (s, 6 H, 2 x CHz),
1.38-1.30 (m, 6 H, 2 x CH3); 3C NMR (100 MHz, CDCls): § = 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): v = 2987, 1603, 1445, 1389, 1368, 1264, 1166 cm™'; MS
(ESI) m/z 247.1 [M+H]"; HRMS (ESI) Calcd for Ci11H2004P [M+H]": 247.10937,
Found: 247.10890.

2. Preparation of B-ketocarbonyls.
B-Ketocarbonyls 2a-2¢,> 2d,’ 2e* 2f° 2g-2m’ were prepared according to

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

Cl OMe CO,Et Cl OMe
Me—< (1.5 equiv.)
CO,K _ N o
N~ CO,oH MgCl, (1.0 equiv.), = CO,Et
° CDI (1.2 equiv.) °
© DCM, r.t., 24+2 h e Me
Indomethacin 2q, 23%

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 MgClz (9544 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 °C (hexane/
ethyl acetate); '"H NMR (400 MHz, CDCl3): & 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, OCH>), 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); 3C NMR (100 MHz, CDCI3): § 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): v = 3086, 2993, 2945, 2904, 2834, 1717, 1677,
1613, 1590, 1477, 1367, 1205, 1180, 1087 cm’'; MS (ESI) m/z 442 [M(**C1)+H]";
Elem. Anal. Calcd. for C24H24CINOs: C 65.23, H 5.47, found C 65.03, H 5.56.

(2) Preparation of compound 2t (lican-03-155)

CO,Et (0]
>_\ s COH Me—<CO ) (1.5 equiv.) > S CO,Et
o \ I 2 0 S Me
N Me ; N M
NC MgCl, (1.0 equiv.), NC €
CDI (1.2 equiv.)
Febuxostat DCM, r.t., 48+2 h 2t, 16%
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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
CH:Cl2 (50 mL, 0.2 M). After stirring for 2 h at room temperature, to the resulting
solution were added MgCl> (9534 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 °C (hexane /
ethyl acetate); '"H NMR (400 MHz, CDCl3): & 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, OCH>),
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 x CH3),; 3C NMR (100 MHz, CDCl3):
o 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): v = 3077, 2959, 2937, 2878,
2031, 1731, 1665, 1602, 1421, 1368, 1289 cm™'; MS (70 eV, EI) m/z (%): 400 (M",
12.30), 243 (100); Elem. Anal. Calcd. for C21H24N204S: 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)
Pd(OAc), (5 mol%)

OCO;Me o DPEphos (6 mol%) COPh
= + CO,Et Cs,CO;5 (1.2 equiv.) ﬁBn
(= oy e
Bn THF, r.t., Ar, 24 h
1b 2b 3bb, 81%
0.5 mmol 0.6 mmol

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: '"H NMR (400 MHz, CDCls) &
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, CHz of Bn), 2.96-2.78 (m, 2 H, CH>),
2.33-2.16 (m, 4 H, 2 x CH2), 1.69-1.50 (m, 6 H, 3 x CH2), 1.06 (t, J = 7.2 Hz, 3 H,
CH3); 3C NMR (100 MHz, CDCl3) 8 195.9, 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™; MS (ESI) m/z 415 [M+H]"; HRMS (ESI)
Calcd for C28H3103 [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)

Pd(OAc), (5 mol%) = \
0OCO,Me o DPEphos (6 mol%) CoPh
{ }‘——\: + CO,Et Cs,CO3 (1.2 equiv.) COPh
N\ ph)KE/ <:>:.:.i COEt  + <:>:, CO,Et
P S
4bc

THF, r.t.,, Ar, 24 h

1b 2c 3bc

0.5 mmol 0.6 mmol
75%

3bc/dbc = 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 2¢ (139.9 mg, 0.6 mmol) afforded (3bc + 4bc¢) (136.8 mg,
75%, 3bc/4be = 98/2) via column chromatography on silica gel [eluent: petroleum

ether / ethyl ether = 100/1 (1500+15 mL)] as a colorless oil: 'TH NMR (400 MHz,
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CDCl3) § 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=CH>), 4.14 (q, J = 7.2 Hz,
2 H, OCHy), 2.98-2.85 (m, 4 H, 2 x CHb), 2.26-2.12 (m, 4 H, 2 x CHa), 1.66-1.50 (m,
6 H, 3 x CH2), 1.10 (t, J = 7.0 Hz, 3 H, CH3); 1*C NMR (100 MHz, CDCl3) § 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™'; MS
(ESI) m/z 365 [M+H]"; HRMS (ESI) Calcd for C24H2003 [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)

AN

)
0CO,Me o} DPEphos (6 mol%) — COPh
O—?\ * o CO,Et Cs,CO03 (1.2 equiv.) COPh C;%coza
O:.:.f COEt

THF, r.t., Ar, 24 h
X

Pd(OAC), (5 mol%

1b 2d 3bd 4bd

81%
3bd/4bd = 97/3

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: 'TH NMR (400 MHz,
CDCIl3) 6 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=28.0 Hz, 1 H, C=CH), 4.16 (q, J = 7.2 Hz, 2 H, OCH>), 3.17-3.02 (m, 2 H,
CH2),2.97 (q,J=2.4 Hz, 2 H, C=CCH>»), 2.27-2.18 (m, 2 H, CH>), 2.17-2.07 (m, 2 H,
CH), 1.73 (t, J=2.4 Hz, 3 H, C=CCH3), 1.67-1.48 (m, 6 H, 3 x CH2), 1.12 (t,J=7.2
Hz, 3 H, CHs); 3C NMR (100 MHz, CDCls) & 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™'; MS (ESI) m/z 377 [M+H]"; HRMS (ESI) Calcd for
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CasH2003 [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)

Pd(OAc); (5 mol%)
OCO,Me o DPEphos (6 mol%) COMe

= \ + CO,tBu Cs,CO;3 (1.2 equiv.) /—éMe
<:>:.=._ CO2tBu
THF, r.t.,, Ar, 24 h

1b 2e 3be, 58%
0.5 mmol 0.6 mmol

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: '"H NMR (400 MHz, CDCI3) § 5.14 (t, J=8.0 Hz, 1
H, =CH), 2.72 (dd, Ji1 = 14.4 Hz, J = 8.0 Hz, 1 H, one proton of CH2), 2.61 (dd, Ji =
14.4 Hz, J> = 8.0 Hz, 1 H, one proton of CH2), 2.33-2.21 (m, 4 H, 2 x CH2), 2.17 (s, 3
H, CH3), 1.69-1.54 (m, 6 H, 3 x CH2), 1.46 (s, 9 H, 3 x CH3), 1.36 (s, 3 H, CH3); 13C
NMR (100 MHz, CDCls) 6 205.2, 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’!; MS (ESI) m/z 327
[M+Na]"; HRMS (ESI) Calcd for C19H2803Na [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)

Pd(OAc), (5 mol%) EtO,C

OCO,Me o DPEphos (6 mol%) E10,C
— + CO,Et Cs,CO;3 (1.2 equiv.) —.— + COPh
N\ Ph
CO,Et <:>: COyEt
CO,Et THF, r.t.,, Ar, 24 h COPh __
1b 2f 3bf 4bf

0.5 mmol 0.6 mmol 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: "TH NMR (400 MHz, CDCl3)
07.84 (d, J=8.4Hz, 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 x CH2), 3.04-2.87 (m, 2
H, CH2), 2.30-2.20 (m, 4 H, 2 x CH2), 2.20-2.11 (m, 4 H, 2 x CH2), 1.67-1.52 (m, 7 H,
3 x 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, CHs), 1.08 (t, J = 6.8 Hz, 3 H, CH3); 3C NMR (100 MHz, CDCl3) &
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™'; MS (70 eV, EI)
m/z (%): 438 (M", 1.16), 105 (100); HRMS (EI) Calcd. for C27H310s [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)
o Pd(OAC), (5 mol%) EtOC
OCO,Me 5 DPEphos (6 mol%) -
= + COtBu Cs,CO5 (1.2 equiv.)
N\ P COMe
COEt  THF,rt,Ar,24h <:>:':'— CO,tBu

1b 2g 3bg, 87%
0.5 mmol 0.6 mmol

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: '"H NMR (400 MHz, CDCl3) § 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, Ji1 = 14.4 Hz, J. = 7.6 Hz, J = 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 x CH>),
2.19 (s, 3 H, CH3), 1.71-1.54 (m, 6 H, 3 x CH2), 1.47 (s, 9 H, 3 x CH3), 1.27 (t, J =
7.2 Hz, 3 H, CH3); ¥C NMR (100 MHz, CDCIs) & 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’';
MS (70 eV, EI) m/z (%): 402 (M*, 5.99), 43 (100); HRMS (EI) Calcd. for C24H340s
[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)

0 Pd(OAc); (5 mol%)
©COMe CO,Me  DPEphos (6 mol%)
— + Cs,CO3 (1.2 equiv.)
A Bn == 0
F THF, r.t., Ar, 24 h CO,Me
1b 2h Bn
0.5 mmol 0.6 mmol 3bh, 61%

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: "TH NMR (400 MHz, CDCl3) § 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, CH>),
2.34-2.16 (m, 4 H, 2 xCH2), 1.73-1.51 (m, 6 H, 3 x CHz); 3C NMR (100 MHz,
CDCI3) 6 194.1, 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; '°F NMR (376 MHz, CDCls) §
-105.7; IR (neat) v = 3064, 3030, 2931, 2854, 2063, 1735, 1680, 1597, 1505, 1436,
1273, 1235, 1200, 1158, 1081 cm’'; MS (DART) m/z 419 [M+H]"; HRMS (DART)
Calcd for C27H2803F [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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O,N

o) Pd(OAc), (5 mol%)

OCOilvle CO,Et DPEphos (6 mol%)
— \ + Cs,CO3 (1.2 equiv.) (0]
B
O,N n <:>:.=._ Bn COEL

THF, r.t., Ar, 24 h

1b 2i 3bi, 82%
0.5 mmol 0.6 mmol
g <.
.“j:'f'\-~ ’Hht“
.‘_ﬁ:’\*g

| S e £
'g.-" " i-s\r,h\r
s.\v S S

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 °C (hexane / chloroform); "TH NMR
(400 MHz, CDCls) 6 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,
OCH>»), 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 CHz), 2.88 (d, J = 8.4 Hz, 2 H, CH»), 2.30-2.14 (m, 4 H, 2 x CH>),
1.69-1.51 (m, 6 H, 3 x CH2), 1.10 (t, J = 7.2 Hz, 3 H, CH3); 13C NMR (100 MHz,
CDCIs) 6 195.2, 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™'; MS (ESI)
m/z 460 [M+H]"; HRMS (ESI) Caled for C2sH300sN [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)

10 Pd(OAc), (5 mol%)

OCOiMe CO,Et DPEphos (6 mol‘_’/o)
=\ + Cs,CO03 (1.2 equiv.) o)
Bn
on <:>: CO,Et

THF, r.t., Ar, 24 h e Bn
1b 2i 3bi,
3 mmol 3.6 mmol 1.1246 g, 82%

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: 'TH NMR (400 MHz, CDCls) & 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, CH>), 2.27-2.12 (m, 4 H, 2 x CH2), 1.69-1.50 (m, 6 H, 3 x CH>), 1.09 (t,
J =7.0 Hz, 3 H, CH3); 13C NMR (100 MHz, CDCl3) & 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)

FsC
1) Pd(OAc), (5 mol%)

OCOiMe CO,E DPEphos (6 mol%) o
=\ + Cs,CO3 (1.2 equiv.) CO,Et
L "
F3C

3 THF, r.t., Ar, 24 h

1b 2j 3bj, 75%
0.5 mmol 0.6 mmol

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: 'H NMR (400 MHz, CDClI3) § 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 CH>), 3.44 (d, J = 14.4 Hz, 1 H, one proton of CH2), 2.99-2.78 (m,
2 H, CHz), 2.36-2.09 (m, 4 H, 2 x CHz), 1.71-1.54 (m, 6 H, 3 x CH2), 1.08 (t, J =7.2
Hz, 3 H, CH3); BC NMR (100 MHz, CDCl3) § 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; F NMR (376 MHz, CDCl3) & -63.6; IR (neat) v = 3064, 3031, 2933, 2855,
2064, 1735, 1687, 1496, 1440, 1325, 1168, 1129, 1068 cm’'; MS (ESI) m/z 505
[M+Na]; HRMS (ESI) Calcd for C2H2003F3Na [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)

o Pd(OAc), (5 mol%) 2
OCO,Me DPEphos (6 mol%) = o
=\ * ¢S COEt  (s,c0s (1.2 equiv.) <:>:'='_
\ CO,Et
S Bn
THF, rt., Ar, 24 h Bn
1b 2k 3bk, 50%
0.5 mmol 0.6 mmol

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: 'H NMR (400 MHz, CDCl3) 6 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, CHz), 2.36-2.19 (m, 4 H, 2 x CH>),
1.73-1.50 (m, 6 H, 3 x CHa), 1.11 (t, J = 7.2 Hz, 3 H, CH3); 13C NMR (100 MHz,

CDCl3) 6 188.8, 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 (ncat)
v = 3086, 3029, 2930, 2854, 2064, 1729, 1658, 1441, 1411, 1353, 1274, 1242, 1200,
1181, 1082 cm’'; MS (70 eV, EI) m/z (%): 420 (M", 2.00), 111 (100); HRMS (EI)
Caled. for C26Has03S [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)

Ph
Ph Pd(OAc), (5 mol%)
OCOMe o] DPEphos (6 mol%) Ph
— \ + CO,Et  Cs,COj3 (1.2 equiv.) o
COEt *
Me THF, rt., Ar, 24 h == Me .
1b 21

0.5 mmol 0.6 mmol 3bl 4bl

54%
3bl/abl = 96/4

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 21 (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: "TH NMR (400 MHz,
CDCIl3) 6 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 x
CH), 1.69-1.52 (m, 6 H, 3 x CH2), 1.49 (s, 3 H, CH3), 1.23 (t, J = 7.0 Hz, 3 H, CH3);
13C NMR (100 MHz, CDCl3) 6 204.2, 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’'; MS (DART) m/z 429 [M+H]"; HRMS (DART) Calcd
for C20H3303 [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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Pd(OAc); (5 mol%)

OCO,Me 0 DPEphos (6 mol%)
— + CO,Et  Cs,CO3 (1.2 equiv.)
A\ == o
THF, r.t., Ar, 24 h CO,Et
Bn
1o 2m 3bm, 75%
0.5 mmol 0.6 mmol

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 °C (hexane); 'H NMR (400 MHz,
CDCl3) 6 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, OCH>), 3.29 (d, J = 14.0 Hz, 1 H, one proton of CH>), 3.22
(d, J=14.4 Hz, 1 H, one proton of CH>), 2.88-2.66 (m, 2 H, CH2), 2.65-2.51 (m, 1 H,
CH), 2.42-2.21 (m, 4 H, 2 x CH2), 1.82-1.56 (m, 11 H), 1.53-1.33 (m, 2 H), 1.32-1.12
(m, 6 H); C NMR (100 MHz, CDCI3) & 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™; MS (70 eV, EI) m/z (%): 420 (M', 5.18), 83 (100);
Elem. Anal. Calcd. for C2sH3603: 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)

o Pd(OAc), (5 mol%) (0]
OCOyMe COM DPEphos (6 mol%) MeO,C
— + 2\e Cs,CO3 (1.2 equiv.)
\ (= o
o THF, rt., Ar, 24 h
1b 2n 3bn, 82%

0.5 mmol 0.6 mmol

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: 'H NMR (400 MHz, CDC13) 6 5.21 (t,J=7.8 Hz, 1
522



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 CHz), 2.88-2.76 (m, 1 H, one proton of CH2), 2.71-2.62 (m, 1 H, one
proton of CHz), 2.58-2.43 (m, 2 H, 2 % one proton of CH2), 2.32-2.20 (m, 4 H, 2
xCHz), 1.73-1.51 (m, 6 H, 3 x CHz); ¥C NMR (100 MHz, CDCI3) § 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’!; MS
(ESI) m/z 291 [M+H]"; HRMS (ESI) Calcd for C17H2304 [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)
Pd(OAC), (5 mol%) o
OCO,Me o o DPEphos (6 mol%) Q
O%\\ + )%O Cs,CO3 (1.2 equiv.)
*=*=— COM
THF, r.t., Ar, 24 h <:>: ©

1b 20 3bo, 74%
0.5 mmol 0.6 mmol

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 20 (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: 'TH NMR (400 MHz, CDCI3) § 5.12 (t, J=7.2 Hz, 1
H, =CH), 4.33 (td, J1 = 8.8 Hz, J> = 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 X one proton of CH2), 2.72 (dd,
Ji1 =16 Hz, J = 6.6 Hz, 1 H, one proton of CH2) 2.36 (s, 3 H, CH3), 2.33-2.24 (m, 4 H,
2 x CH2), 2.24-2.15 (m, 1 H, one proton of CH2), 1.71-1.54 (m, 6 H, 3 x CH2); 13C
NMR (100 MHz, CDCls) & 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’'; MS (ESI) m/z 283 [M+Na]"; HRMS (ESI) Calcd for
C16H2003Na [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)
Pd(OAc), (5 mol%) o)

OCOz_Me Q COMe DPEphos (6 mol%) MeO,C
OT\\ " 2 Cs,COs (1.2 equiv.) <:>:

THF, r.t., Ar,24 h

1b 2p 3bp, 72%
0.5 mmol 0.6 mmol

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: 'TH NMR (400 MHz, CDCl3) 4 5.21 (t,J = 8.2 Hz, 1

H, =CH), 3.72 (s, 3 H, CH3), 2.70 (dd, Ji1 = 14.0 Hz, J> = 8.0 Hz, 1 H, one proton of
CH>), 2.57-2.48 (m, 2 H, CH>), 2.48-2.40 (m, 2 H, CH2), 2.31-2.21 (m, 4 H, 2 x CH>),
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); 3C NMR (100 MHz, CDCl3) 6 207.2, 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™'; MS (ESI) m/z 289
[M+H]"; HRMS (ESI) Calcd for Ci1sH2503 [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)

MeO
cl O

Me Pd(OAc), (5 mol%)

Qo0Me N (0] DPEphos (6 mol%)
O‘—:—\\ + \ CO,Et  Cs2CO; (1.2 equiv.) <:>: Me

(e}
Me THF, r.t, Ar,24 h COzEt
MeO
s 2d 3bq, 60%
0.5 mmol 0.6 mmol

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: '"H NMR (400 MHz, CDCl3) § 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, OCH>), 3.88 (d, J = 1.2 Hz, 2 H, CH>»), 3.81 (s, 3 H, CH3),
2.86 (d, J=8.0 Hz, 2 H, CH>), 2.38-2.13 (m, 7 H, 2 x CH2 and CH3), 1.67-1.56 (m, 9
H, 3 x CHz and CH3), 1.28 (t, J = 7.2 Hz, 3 H, CH3); 3C NMR (100 MHz, CDCl3) §
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,
344,275,274, 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’!; MS
(ESI) m/z 574 [M(**Cl)+H]"; HRMS (ESI) Calcd for C3sH370sN*Cl [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)
Pd(OAc); (5 mol%)

OCO,Me CO,Et DPEphos (6 mol%) CO,Et
— . Cs,CO; (1.2 equiv.) J—<
N\ = CO,Et + unknown product
CO.Et THF, rt, Ar, 24 h
1b 2r 3br, 45%

0.5 mmol 0.6 mmol

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: '"H NMR (400 MHz, CDCl3) & 5.31 (t,J = 6.6 Hz, 1 H,
=CH), 4.28-4.13 (m, 4 H, 2 x OCH»), 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 x CHz), 1.69-1.52 (m, 6 H, 3 x CH2), 1.27 (t, J=7.0
Hz, 6 H, 2 x CH3); '3C NMR (100 MHz, CDCl3) & 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’'; MS (ESI) m/z 315 [M+Na];
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HRMS (ESI) Caled for C17H2404Na [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)

Pd(OACc), (5 mol%)

0
OCO,Me SO,Ph DPEphos (6 moI.A)) SO,Ph
— ¥ < Cs,CO3 (1.2 equiv.) . I<
N\ ~( )=-==" sO,Ph
SOzPh THF, r.t., Ar, 36 h
1b 2s 3bs, 55%
0.5 mmol 0.6 mmol

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: 'TH NMR (400 MHz, CDCl3) & 7.96 (d,
J=28.0 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,
CH>), 2.37-2.14 (m, 4 H, 2 x CH2), 1.79-1.51 (m, 6 H, 3 x CHz); *C NMR (100 MHz,
CDCI3) 6 159.4, 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’'; MS (DART) m/z 429 [M+H]"; HRMS (DART) Calcd for C23H2504S:2
[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)

Pd(OAC), (5 mol%)

OCCEIIe 0 ot DPEphos (6 mol%) COPh PhOC Me
v\ * Ph)K( 2 Cs,C0s (12equiv) (Me ﬁMe Ve CO,Et
Me " = CO,Et + /E
e THF, r.t., Ar, 24 h Mé M _
1a 2a 3aa 4aa
0.5 mmol 0.6 mmol 7%

3aa/d4aa = 96/4

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: 'TH NMR (400
MHz, CDCI3) 6 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, OCH>), 2.89
(d, J=8.0 Hz, 2 H, CH2), 1.92-1.78 (m, 6 H, 2 x CH3), 1.59 (s, 3 H, CH3), 1.07 (t, J =
7.2 Hz, 3 H, CH3); ¥C NMR (100 MHz, CDCIs) & 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™'; MS (ESI) m/z 299 [M+H]*; HRMS (ESI) Calcd for C1oH2303
[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)

Pd(OAc), (5 mol%)

OCO,Me ] DPEphos (6 mol%) COPh
= + CO,Et Cs,CO3 (1.2 equiv.) ﬁBn
ﬁ—\ Ph)H/ ><:>:.=._ CO,Et
Bn THF, rt., Ar, 24 h
1c 2b 3chb, 76%
0.5 mmol 0.6 mmol

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), 1¢
(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: "TH NMR (400 MHz, CDC13) & 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,
OCH>), 3.49 (s, 2 H, CH2 of Bn), 2.97-2.79 (m, 2 H, CH2), 2.37-2.19 (m, 4 H, 2 x
CH2), 1.49-1.37 (m, 4 H, 2 x CH2), 1.05 (t, J = 7.0 Hz, 3 H, CH3), 0.97 (s, 6 H, 2 x
CH3); 3C NMR (100 MHz, CDCl3) 6 195.8, 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’'; MS (EST) m/z 443 [M+H]"; HRMS (ESI) Calcd for C30H3505
[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)
Pd(OAC), (5 mol%)

OCO,Me o DPEphos (6 mol%) COPh
Tz + CO,Et Cs,CO5 (1.2 equiv.) ﬁBn
N\ Ph)J\/ Oz.:._ CO,Et
Bn THF, rt., Ar, 24 h
1d 2b 3db, 60%
0.5 mmol 0.6 mmol

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: '"H NMR (400 MHz, CDCl3) & 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, OCH>),
3.48 (s, 2 H, CH2 of Bn), 2.97-2.79 (m, 2 H, CH>), 2.50-2.33 (m, 4 H, 2 x CH2),
1.73-1.61 (m, 4 H, 2 x CH2), 1.60-1.48 (m, 4 H, 2 x CH2), 1.06 (t, J = 7.0 Hz, 3 H,
CH3); 3C NMR (100 MHz, CDCI3) 6 196.0, 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™'; MS (ESI) m/z 451 [M+Na]"; HRMS (ESI) Calcd for
C20H3303 [M+H]": 429.2424, Found: 429.2415.

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

Pd(OAc), (5 mol%)

0CO,Me 0 DPEphos (6 mol%) CO,Et EtO,C COPh
= COEt  Cs,COj; (1.2 equiv.) /—<-coph + Me
— \ + Ph 2 3 \+- . o T—e— Me o
Me THF, 50 °C, Ar, 42 h
1e 2a 3ea dea
0.5 mmol 0.6 mmol

74%
3ea/dea = 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: 'H NMR (400 MHz,
CDCI3) 6 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, OCH>), 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, CH>),
1.94-1.79 (m, 10 H, 5 x CH2), 1.60 (s, 3 H, CH3), 1.08 (t, J = 7.2 Hz, 3 H, CHzs); 13C
NMR (100 MHz, CDCIs) & 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!; MS
(DART) m/z 391 [M+H]"; HRMS (DART) Calcd for C26H3103 [M+H]": 391.2268,
Found: 391.2264.

The following signals are discernible for 4ea: 'H NMR (400 MHz, CDCls) &
7.93 (d,J=7.6 Hz, 2 H, ArH), 6.30 (dd, J1 = 17.0 Hz, J. = 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)

Pd(OAc), (5 mol%)
OCO,Me 0 DPEphos (6 mol%) COPh

= A + Ph&cozEt Cs,CO; (1.2 equiv.) s_éBn
Bn o—e— CO,Et
THF, r.t., Ar,24 h
1f 2b 3fb
0.5 mmol 0.6 mmol 73%, ZE =11

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 '*C NMR
analysis) via column chromatography on silica gel [eluent: petroleum ether / ethyl
ether = 60/1 (900+15 mL)] as a colorless oil: 'TH NMR (400 MHz, CDCl3) &

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,
OCHz), 3.55-3.38 (m, 2 H, CH2 of Bn), 3.03-2.78 (m, 2 H, CHz), 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™'; MS (ESI) m/z 443 [M+H]"; Elem.
Anal. Calcd. for C30H3403: C 81.41, H 7.74, found C 81.76, H 7.76.

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

IR o)
S CO,Et
Me *x.. Et
NC N
3gt Et

B\ 0smmel Pd(OAc), (5 mol%)
DPEphos (6 mol%)
+ Cs,CO3 (1.2 equiv.)
¥
CO,Et THF, rt, Ar, 33 h o
o~ )] S S com
\ Me
N Me 0 Q ‘ e .;/
NC \ e \ .
2t NG
0.6 mmol L agt B

84%
3gt/agt = 99/1

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: '"H NMR (400 MHz,
CDCI3) 6 8.19(d, J=2.0Hz, 1 H, ArH), 8.11 (dd, J1=8.8 Hz, J2=2.4 Hz, 1 H, ArH),
7.07 (d,J=9.2Hz, 1 H, ArH), 5.12 (t, J=8.0 Hz, 1 H,=CH), 4.23 (q,J=7.1 Hz, 2 H,
OCH>), 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 x CH2), 1.61 (s, 3 H, CH3), 2.44 (t, J = 7.0 Hz,
3 H, CHs), 1.10 (d, J = 6.4 Hz, 6 H, 2 x CH3), 1.05 (t, J = 7.2 Hz, 3 H, CH3), 0.98 (t, J
= 7.4 Hz, 3 H, CH3); ¥C NMR (100 MHz, CDCl3) & 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™!;
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MS (ESI) m/z 521 [M+H]"; HRMS (ESI) Calcd for C30H3704N2S [M+H]": 521.2469,
Found: 521.2464.

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

MeQOCO2Me

L —
N\
’ Pd(OAc); (5 mol%)
OG H 1h DPEphos (6 mol%)
MeO 0.5 mmol Cs,CO3 (1.2 equiv.)
+

THF, 50 °C, Ar, 48 h

CO,Et
Bn
CO,Et

2u
0.6 mmol

(]
3hu/4hu = 97/3

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 3*C NMR analysis and r.I. of the product was determined via the
"H 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 °C (hexane / ethyl
ether); '"H NMR (400 MHz, CDCl3) 8 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 x CHz2), 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, CHz 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 x CH3), 1.00-0.87 (m, 3 H, CH3); IR (neat) v
= 2927, 2066, 1728, 1611, 1575, 1497, 1437, 1278, 1197, 1176 cm’'; MS (ESI) m/z
569 [M+H]"; Elem. Anal. Calcd. for C37H44Os: C 78.14, H 7.80, found C 77.89, H
7.80.

The following signals are discernible for 4hu: 'TH NMR (400 MHz, CDCl3) §
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 =CH>).

(27) Preparation of compound 3hb (lican-04-118)
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MeQCOzMe Pd(OAC), (5 mol%)

“:‘\\ o DPEphos (6 mol%)
CO,Et Cs,CO3 (1.2 equiv.
o + Ph)K( 2 2CO3 ( quiv.)
OG H Bn THF,50 °C, Ar, 48 h
MeO
1h

COPh
CO,Et
Bn
2b 3hb
0.5 mmol 0.6 mmol 75%, d.r.=1.2:1, ZIE=1:1

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/JE = 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 °C (hexane /
ethyl ether); '"H NMR (400 MHz, CDCls. It’s difficult to assign the signals for the Z/E
isomers. 6 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, CH>), 3.84-3.70 (m, 3 H,
CH3), 3.55-3.41 (m, 2 H, CH>), 3.03-2.78 (m, 4 H, 2 x CH»), 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 x 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’'; MS (ESI) m/z 601 [M+H]"; Elem. Anal. Calcd.
for C41H4404: 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)

Pd(OAc), (5 mol% PhOC, Me COPh PhOC, Me
QeoMe i Xal('1tph0): 26 moI°Aj; Me jCOZEt Me / < Me Me, CO,Et
" — + Ph)g/cozEt N " V=== ot pa
€ Me N THF(0.1 M), rt., Ar, 24 h Me Me Mé —
1a 2a 4aa, 20% 3aa 4aa
1 mmol 1.2 mmol

a mixture of 3aa and 4aa, 10%
3aa/4aa = 95/5

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: '"H NMR (400 MHz, CDCI3) 6 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, J. = 10.6 Hz, 1 H, =CH),
5.27 (d, J =17.2 Hz, 1 H, one proton of =CH>), 5.10 (d, J = 10.0 Hz, 1 H, one proton
of =CH>), 4.22-3.98 (m, 2 H, OCH>), 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) & 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'; MS (ESI) m/z 299.2 [M+H]"; HRMS (ESI) Calcd for Ci9H2303
[M+H]": 299.1642, Found: 299.1636.

5. The effect of leaving group

LG o Pd(OAc), (5 moI;%) CO,Et Me,_ COPh
Me#%\ + PhJ\/COZEt Dpephos (6 mol%) e ﬁCOPh Me CO,Et
e A\ Cs%%cgs (1 -21ZQ#IV) >=.=._ Me + >=
Me , L, Me Me —_—
1 2a 3aa 4aa

Recovery Yield of Yield of

Entry LG of 1 (%) 3aa (%) 4aa (%)
1 OCO,Me (1a) / 81 3
28 OAc (1a") 78 8 /
3 OP(O)(OEt), (1a™) 2 1 /

Reaction conditions: 1 (0.2 mmol), 2a (1.2 equiv), Pd(OAc), (5 mol%), Dpephos (6 mol%), and Cs,CO3 (1.2 equiv.)
in THF (2 mL) unless otherwise noted. The yield was determined by "H-NMR analysis with dibromomethane or
CH3NO; as the internal standard, @ a small amount of unknown product was detected.
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SAESI-MS Experiment®
Preparation of the sample for SAESI-MS analysis

Pd(OAc), (5 mol%)

OCO,Me 0 DPEphos (6 mol%)
— CO,Et i
Me/l\‘/leT\\ + Ph)K( 2 CSQCO3 (1 2 GQUIV.)
Me THF, r.t, Ar, 2 h
1a 2a
0.2 mmol 0.24 mmol

To a flame-dried Schlenk tube (10 mL) were added Pd(OAc): (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 uL, 0.5 mmol), 2a (49.4 mg, 46 uL, 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, 3.2x10° 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 (o) 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-pL air-tight syringe with a speed at 5 pL/min to SAESI-MS. The assisted solvent
of anhydrous acetonitrile was injected by another 500-uL air-tight syringe with a
speed at 500 pL/min.

SAESI-MS device
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{h) Assisted solven! ——

Assisted-solvent sprayer

Fi Inlet of 3 mass

_: spectrometer
T b
Sample spraver

Sample sohvent
Figure S1. (a) Photographic image of SAESI apparatus. (b) Schematic representation
of the SAESI. The angle (o) 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
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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 IT 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.

S38



References:

K. Sonogashira, Y. Tohda, N. Hagihara, Tetrahedron Lett. 1975, 16, 4467.

G. Gu, J. Lu, O. Yu, J. Wen, Q. Yin, X. Zhang, Org. Lett. 2018, 20, 1888.

H. Kusama, K. Ishida, H. Funami, N. Iwasawa, Angew. Chem. Int. Ed. 2008, 47, 4903.
T. Osako, D. Panichakul, Y. Uozumi, Org. Lett. 2012, 14, 194.

D. F. Taber, M. Xu, J. C. Hartnett, J. Am. Chem. Soc. 2002, 124, 13121.

J. Zhang, H. Wang, W. Zhu, T. Cai, Y. Guo, Anal. Chem. 2014, 86, 8937.

AN bW N =

S39



TN ODOWWO—MON WO 0 — o
OM—VONMM— O 0 D © ~N o
MVO®ONO©O©O©OWWS N~ N~ o
VLOLOLWVLWVLWLWLWLWLWLWLW ™ - o
6/28
OCO,Me
1a
o
<
n
3(00
D:\nuts\DATA\$lican-02-123-H-pure.fid
Apr 42020
NA = 28
Solvent = CDCI3
F1 = 399.722809 MHz
F2 = 100.519203 MHz
\ Wmm
A C\C;; f/ L A
7 I I 7 7 I I I 7 7 I 7 7 I
8 7 6 5 4 3 0 PPM


lc
图章


153.377

0CO,Me

D:\nuts\DATA\$lican-02-123-C.fid
Apr 42020

NA = 80

Solvent = cdcl3

F1 100.521484 MHz

F2 = 399.722015 MHz

1a

127.556

116.412

89.807

54.175

28.693

S41

I
PPM


lc
图章


Ndd

MTMYZO=
N=C>a 8
Il ||$”0?
= N =)
S8TRLY
aoa 29
ox0 o
o =0 1
£55 T
aww
=
IT
N N
\\Qﬁ -
© (o p
\ﬂ_\
o
—_—
o
2
L [#%]
N
©
I
=
I
I —
©

| /

542

3IN%0D0

S9'S

5.888
5.860
5.844
5.816
5.683
5.677
5.639
5.633
5.514
5.508
5.486
5.480

7N

3.761

2.182
2.152

1.911
1.889
1.864
1.669
1.618

1.609
— 504
1.585
1,519
1.378
1.355
1.345
1.333
1.323

IS

0.000


lc
图章


) — 0 O DT OO — N~ 0 o ©
I3 N 0 N O~ O® [3P) < 0 ©
- 2] < NONMmMO© S N~ 0 <
™ ~ © 0 WN~NIN© < © < N
1O (o] -~ 0 OMMNMNN 0 ™ NN
~ ~ ~

0CO,Me
N\

1b

543

lican-02-075-C

Dec 11 2019

NA =60

Solvent = cdcl3
F1=100.597885 MHz
F2 = 400.030792 MHz

I T
200 150 100 50 0 PPM


lc
图章


VN

ZHIN §98965°00} = ¢4
ZHN 6L2LE0°007 = L4
€10d9 = jusAjoS

8
0202 0€ AON
PY'H-820-10-ueol|

00'}

I

91
SIN°0DO

5.885
5.857
5.841
/ 5.813
ﬁ 5.682
? 5.640
5.635

X 5.515
5510

5.487
5.482

A

3.765

cl'e

2.074
2.065

vey

1.436
1.424

|

0.951

o

Sv'9

0.939

-0.000

S44


lc
图章


00¢

0SL

0oL

0S

WNdd O

14
VN
0202 0€ AON

=24
0-810-70-ueol|

€10d9 = jusAjoS
el

ZHIN 000000°L
ZHIN L2€0€9°00L

- O

> 8

[~

()]

=
=
.
S
-
S45

153.279

127.490

116.529

88.734
84.721

77.865
T 7732
? 77.000

76.686

54.160


lc
图章


?

Ndd
1

00°L

N

Pl

Wf

T
[ T

S46

SIN0D0

= 4
= VN

14
€10d9 ‘IN3IATOS
0coc 9L Inr
H-010-}-uzz

ZHIN 60822/, 66€

7.260

N

5.875
5.848
5.831
5.804
5.670
5.665
5.626
5.621
5.498
5.493
5.470
5.466

@

3.751

2.303
2.284
2.268
2.249
2.160
2.138
2.126
2.102

_— 1685
— —— 1.655

1.644
1.603
1.598
1.583

il

0.000


lc
图章


3.753
0.000

0CO,Me

zzn-1-010-purity-H /
Jun 24 2022

NA = 4

Solvent = cdcl3

F1 = 399.717865 MHz

F2 = 100.517960 MHz 1d

purity = 97%

35.9 mg product with 35 uL dibromomethane

S47

1000.00

465.94
157.35

\‘_m&m.wm

T
10 8 6 4 2 0 PPM


lc
图章


00¢

0SL

(0[0]

0S

MmZoeN
~>0¢ch
o
1 1] < 0 T\
—_ m N 9
Sa5R%
© 8
& 9o
©
©
=
T
N
1563.257
S
-
o O
[l 3
=
)]
/ —F127.230
116.502
—89.915
84.222

~——81.188
77319

::iii:::77000
76.681
—————54.015

39.902

28.109

0

Ndd

—21.920

S48


lc
图章


Ndd

|

%;
Q.
(o]
*‘Rg o
o —° > e}
N
=
(0]
AN fa%)
o AN
w
R
o
\!\)
xB
R
—» s ¥
( \‘

= 4
= VN

14
€10d0 ‘IN3IATOS
0coc seInr
H-,10-}-uzz

ZHIN €0¥71€0°00¥%

5.904
5.876
5.861
5.833
5.683

_ ~ — 5678
TN — 5.639

5.633
5.506
5.501
5.478
5.473

7N

3.780

2.504
2.189
2.157

2.055
% 2.024

1.849
1.814
1785
1733

1.644
1.614

)

)

0.000


lc
图章


0¢c

9l

8IN¢0D0

Ndd

S50

= 4
VN

ZHIN G22¢S09°00L

0202 2z Ainp
D-/10-1-uzz

ycol
€10d9 ‘IN3IATOS

153.236

127.257

116.693

54.223


lc
图章


ZHIN §5896S°00L = ¢4
ZHN 9191€0°00% = L4
€100 = usAj0S

¥ =VN

L20¢ ¢¥0
H-080-90-ued||

960

1y

5.875
5.847
5.830
5.803
5.675

__~ — 5670
T _— 5.631

5626
5.506
5.501
4 5.478

5.473

N

3l
SIN¢000

d

e

|

3.750

OOJE

1.993
1.964
1.886

1.850
= 1.817
1.785

N

ey

J

T 1682
1.305

)

_ 121‘2‘
- = 1215

0

Ndd

1.189
1.160
1.130

p

-0.000

S51


lc
图章


=14
VN

ZHIN 26.0€0°00% = ¢4
ZHIN 68€865°00L
€19PO = JUBA|I0S
09 =
L20Z 20
0-080-90-ued|

00¢

0SL

1
SIN¢000

153.370

(0[0)

127.331

116.518

Ndd

S52


lc
图章


Ndd

1

00t

1

= VN

8
0202 €Z AON
H-650-10-ued||

ZHIN §98965°001 = ¢4
ZHN 6L2L€0°007 = L4
€10d9 = jusAjoS

6

=

3

SIN°OD0

WMW

|

/ 1493
9G¥

S53

1¥/9

5.881
5.854
5.838
5.811
5.679
5.676
5.635
5.632
5.512
5.508
5.484
5.478

A

3.752

2.099
2.081
2.063
e
="~ 2008
1.087
1.969
1.951
1.934
1.916
1.023
1.004
0.986

N\ 7

0.075
-0.000

N


lc
图章


© < o NS OO — N o — o
o [ » NS — O 0 ™ © (<2} 0
@ N < SO0 Mmo© A 0 e @
™ N~ © O — NN © < o 0 o
Ite) N — 0 0 0 M~NMNN [Te) 1)
OCO,Me
| — 3
— 75
lican-04-059-C mﬁmﬁ /
Nov 23 2020
NA = 40
Solvent = cdcl3 ‘_Q
F1 100.598389 MHz

F2 = 400.030792 MHz

silicone
e se

|

fii;i{i;iiii?

, , , , , , , , ,
moo Amo Aoo mo o _u_u_<_



lc
图章

lc
图章


Ndd O

i

MM Z==
N
1 ”5”8?0
2= OFR
=) N
ool 2o =
oi\)OOONO
S o P
5380 i
580
S5
z ™
T
N
N

©

©

\_\

- o o =
©o © =
®

-

w

i-o

©

ﬂ@
©
~

N

o
2
\N
o
\@W
o
&
—_—
TS
o
—_ S
o
o

[ AL A

0oje
b

T

S55

10’4

7.219
7.197

6.724
6.717
6.702
6.695
6.629
6.622
5.910
5.882
5.866
5.838
5.694
5.689
5.650
5.645
5.517
5.512

== 5.490
O 5.484

T

3.774
3.771

2.877
2.840
2.784
2.760
2.747
2.709
2.384
2.342
2.237
2211
2.182
2.145
2.016
2.006
1.983
1.973
1.950
1.940
1.885
1.862
1.845
1.821
1.754
1.725
1.698
1.680
1.525
1.494
1.464
1.449
1.420
1.392
0.937
-0.000


lc
图章


0S1L

0oL

0

Ndd

=24

=14

€10d9 = jusAjoS
¥S0€L = VN
020z %8q 8l
O-¥0L-70-ueol|

ZHIN 000000°L
ZHIN L2€0€9°00L

T T T

S56

O3

157.384
154.221

137.792

132.269

_—127.429
- —126.333

116.698
113.688
111.428

77322

? 77.000
76.686


lc
图章


ol

Ndd

ZHIN G58965°00) = ¢4
ZHIN 9191€0°00% = L4
€10ad = usAj0S

¢l = VN

€¢0c g uer
H-¥.0-80-ueo||

Ile L

SN
SIN

Z(lEIO%)dO

/ i

e

S57

0¥/9

€L/9

5.869
5.841
5.825
5.797
5.696
5.691
5.653
5.647
5.534
5.529
5.506
5.501
4.156
4.142
4.139

_ /7 4123
——— 4.105

4.085

W 7l

/

1.749
1.357
1.355
1.339
1.337
1.322
1.320

AN

0.000


lc
图章


lican-08-074-H-purity

Jan 52023

purity = 93%

5.8 mg product with 14 uL dibromomethane
NA = 16

Solvent = CDCI3

F1 = 400.031616 MHz

F2 = 100.596855 MHz

OP(O)(OEt),

we T =\

Me

1a

109.88

108.90

ﬁo.oo

-0.000

S58

,
OPPM


lc
图章


OS‘L

OQZ

ZHIN 000000°L = ¢4
ZHIN G¢¢5s09°00) = L4
€10ad = usAj0S

¥20l = VN

€2¢0c unr 90
O-¥.,0-80-uedl|

lle L

S59

5
= O
® 9
O
e
:
Z 3

127.794

116.417


lc
图章


Ndd

=24
VN

8L =

€10a9 *LN3IATOS
020z bny 6z

H-L¥1-€0-ueo||

ZHIN 000000°L
ZHN 210002007 = L4

Wﬁﬂf
| :

L0¢

3

g6’

]

|

LV

2
=
D
o)
e} —_—
=
(0]
o
5
O
o
N
m
o
w

0o0'e

1

0l€

—or——

9C'e

S60

7.673
7.652
7.478
7.457

6.891
6.868
6.862
6.857
6.682
6.677
6.659
6.655

AN N

4.167
4.150
4.132
4.114
_—— 3935
3.893
3.867
3.815
3.696
3.678
3.660
3.643

NN

2.336

1.345

1.327
— 12

TN 1244
1.226

M

-0.000


lc
图章


OS‘L

OQL

e R

Ndd

oqz

=cd
=
VN

€10a0 = JUBAI0S
zL

0z0zZ Bny 6z

O-1¥1-€0-ueoy|

ZHIN 000000}
ZHIN 12€0€9°001

S61

bz

O3

1300

10

— 202.558

———170.236
— ——168.160

— 156.013

111,574

— 101.058

61390
55.562
—= 55.546

51.173

37.831


lc
图章


Ndd

o
NEAE I
< [=R\]
g ass
~57 Bo
conmnp?
SI\)OOOm
80 1)
o950 II
S o
ke
NI
N
- o
R&c%.—\
N =)
IS)
(@)
=z
; °
i_‘
o
w
N
-
z7 "»
=
@
=
® 0
®)
N
m
~—
N
% o
_ b=
o )
= o
( S
[ \
o
L IS)
LE \b
w
w
L ®
=
w
o
%_
S62

GL9

7

8.206
8.200
8.143
8.137
8.121
8.115

7.045
7.023

N A

4.229
4.211

4.194
— 4176
4.063
4.045
4.027
4.010

3.923
3.907

N

A

2.787
2.265
2.248

Lz
T\ 2108
2.182
2.165

1.523
4 1.506
1.265
1.247
1.229
1.107
1.090

7N

0.000


lc
图章


lic n

ol en

S63


lc
图章


ol

Ndd

- =
NES- 31
T T
w2 98
o © N ¢
SOl QS
ANG °2
R
=<
I T
N N
S S
©
®
—_ s
S - S N
- o
=)
I
—— 5
—_— = ©
©
~
[ ]
L
O
T
_ — ©°
©
o
@) O
N
T
m >
~—
% \!\’
2
-o
[ ©
%R'@
©
—
©
©

6L'9

—

0o'e

S64

7.882
7.863

7.534
7.515
7.497
7.433
7.413
7.394
7.195
7.185
7.179

7.069
7.051
7.046

-

5.110
5.090
5.070

4179
4.161
4.152
4.143
4.134
4.128
4.116
4.110
4.098
4.093
4.084
4.075
4.066
4.048
3.483
2.928
2.909
2.891
2.872
2.852
2.835
2.814
2.277
2.263
2.249
2.234
1.638
1.627
1.593
1.583
1.573
1.077
1.059
1.042
0.000

| T


lc
图章


Ndd 0

oqz

ZHWN Sl0¢cl'66€ = ¢4
ZHW Lg/Zles o0l = L4
€I9PO = JUBA|0S

00l = VN

020z gz unr
pY"0-090-€0-uedl|

qqag

1300
ug
udoo

AU P S

S65

195.943

172.241

162.365

152.537

136.129
f 135.908
/ 132.583
130.278
—_ 128.444

§ 128.420

127.981
126.763
124.415

95.744

—— —61.348


lc
图章


ol

Ndd

mMTmMYnzZes
N=055 5
||||c,,,,,\,z>
28~ RF
7
SO0 Il 20O
: NN O
aNO oo
on g I
RE2
oo
==
T
N N
.
g . |
p g |
o
> |
= O
2 S g °8
— S 2 T;
=3
o
1 +
©
@ i:
N
& L~
o
Sy
N]
|OO
o o
m 3
&
o
s
@
o
>
— B
= o
S
B
o
a
N
=)
L )
o
?/J @
=
D)
©
5 o
—
S66

7.854
7.835
7.832
7.529
7.510
7.492
7.424
7.405
7.385

6.324
6.298
6.281
6.256

5.665
5.646
5.639
5.627
5.620

5.604
= 5.597
5.585
5.579
5.559
5.092
5.080
5.071
5.066
5.041
5.038
5.024
5.003
4.167
4.149
4.131
4.113

2.947
" S
T 2900
2.882
2.241

2.227
— o3

T 2,161

2.145

1.614
— 1.601
1.586
1.576
- 1112
N 1,095
1.077
-0.000

S N

pesilladl

M

~~


lc
图章


O%L

Ndd 0

oqz

ZHIN G1L0¢c.L'66€ = ¢4
ZHIN LeZlesool = L4
€lopo = JUBA|0S

80C¢ = VN

020¢ 9¢ unp
0-990-€0-uedl|

2ay/29¢

2/86

oqg

oqp

20

ydod

13%09
udood

13%

T

S67

195.947

172.304

162.084

152.307

131.962
128.349
128300
T 124.055

- ——119.374

95.396
- 77.320
_77.000
T 76.684

61.328
61.213


lc
图章


ol

Ndd

ZHIN G58965°00) = ¢4
ZHN €0¥1LE0°00F = L4
€10ad = usAj0S

8 =VN

020¢ 6¢ unf
PY'H-0L0-€0-uedl|

W
i

60/C

pqg

13%090

pav/pae
Udoo

+

€/.6

pay

13%090
udoo

9le

S68

7.830
7.812
7.809
7.529
7510
7.492

7.421
T~ 7383

s

5.066
5.046
5.026

4.190
4172
4.154
4.137

3.151
3.130
3.114
3.094

_) " 3073
= 3057
U 3037
2.975
2.969
2.230
2.218
2.203
2172
2136
2.099
2.083
1.736
1.730
1.724
1.605
1,593
1,570
1137
1119
1.101

- 0.000

N

il


lc
图章


=14
VN

020¢ 62 unp

Py 0-0L0-€0-uedl$

€10pO = JUBA|0S
09

ZHIN 26.0€0°00% = ¢4
ZHIN 68€86S°00L

00¢

0SL

w
o
o
FZ 195.358
& 3o
o
N ™3
by 0
I +
[(e)
X
@ 171.602
& . ! 162.137
Q.
| 152.345
kelie!
m =

_—135.848
_—132.536

(0[0)

Ndd

128360
128.247

95.232

- 35.944
34928
- TT——34.694

27.561
§ 27.500
\ 25.797

23.808

_—13.766

3.418

S69


lc
图章


lican-03-056-H

Jun 19 2020

NA = 8

Solvent = CDCI3
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