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General Information: All reactions were carried out in oven dried Schlenk tubes.
Ni(cod), was purchased from Strem Chemicals and kept in a glove box at -30 °C.
ZnMe, was purchased from J&K Scientific. ZnEt, was purchased from Acros. Zn"Bu,
was purchased from Energy Chemical. DMSO was dried over calcium hydride before
distillation. Toluene was dried over sodium before distillation. Other reagents were

used without further treatment. All the temperatures are referred to the oil baths used.
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1. Preparation of starting materials.

The starting materials were synthesized via Sonogashira reactions of aryl iodides
with corresponding terminal alkynes.' The starting material 1a’ was prepared
according to literature.”

(1) Preparation of 1a (ct-8-127)
MeO,C

MeOZC><i ©/co Me Pd( PEE? (21Cr'$]c§|1%r;‘°'%) MeOZC><i©

MeO,C NEts, rt, 11 h MeO,C —

1.03 equiv 1a, 92%

Typical procedure A: Under Ar atmosphere, to a 50 mL three-neck flask were
added Pd(PPh;),Cl, (0.0697 g, 0.1 mmol), dimethyl
2-(2-butynyl)-2-(2-propynyl)malonate (2.1528 g, 9.7 mmol), methyl 2-iodobenzoate
(2.6412 g, 10 mmol), and 30 mL of NEt; sequentially. After being stirred for 5 min at
room temperature, to this resulting mixture was added Cul (0.0185 g, 0.1 mmol).
After being stirred at room temperature for 11 h, the reaction was complete as
monitored by TLC. The mixture was filtered and eluted with 30 mL of ethyl acetate.
The mixture was concentrated in vacuo. 1a (3.1867 g, 92%) was obtained via column
chromatography on silica gel (eluent: petroleum ether/ ethyl acetate = 7/1) as a solid:
m.p. 42-44 °C (petroleum ether/ethyl acetate); 'H NMR (400 MHz, CDCl3) & 7.88 (d,
J=7.6Hz, 1 H, ArH), 7.49 (d,J=7.6 Hz, 1 H, ArH), 7.42 (t, J = 7.4 Hz, 1 H, ArH),
7.33(t,J=7.4Hz, 1 H, ArH), 3.93 (s, 3 H, OCH3), 3.78 (s, 6 H, OCH3 % 2), 3.27 (s, 2
H, CH,), 3.04 (s, 2 H, CH,), 1.77 (s, 3 H, CH3); >C NMR (100 MHz, CDCl3) § 169.4,
166.6, 134.5, 131.9, 131.4, 130.0, 127.6, 123.4, 89.3, 82.0, 79.1, 73.0, 57.0, 52.9, 52.1,
23.8,23.1, 3.5; MS (ESI) 374 (IM+NH,4]"), 357 ((M+H]"); IR (neat, cm™) 1726, 1595,
1568, 1487, 1435, 1327, 1289, 1256, 1212, 1193, 1136, 1076, 1051; Anal. calcd for
C20H2006 (%): C 67.41, H 5.66; found: C 67.37, H 5.57.

(2) Preparation of 1b (ct-7-67)
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MeO,C

|
— Pd(PPhs3),Cly (1 mol%) — oM
MeO-C 3)2~12 €
ey : . COzMe cul (1 mol%) R MeOzC
MeO,C = MeO,C —

NEts, rt, 15.8 h
OMe 1b, 99%

1.1 equiv

Following  Typical Procedure A, the reaction of dimethyl
2-(2-butynyl)-2-(2-propynyl)malonate ~ (1.8019 g, 81  mmol), methyl
2-iodo-5-methoxybenzoate (2.6179 g, 9.0 mmol), Pd(PPh;),Cl;, (0.0547 g, 0.08 mmol),
Cul (0.0151 g, 0.08 mmol) in 20 mL of NEt; for 15.8 h afforded 1b (3.0940 g, 99%)
via column chromatography on silica gel (eluent: petroleum ether/ ethyl acetate = 5/1)
as a solid: m.p. 74-75 °C (petroleum ether/ethyl acetate); 'H NMR (400 MHz, CDCls)
0740 (d,J=8.4Hz 1 H, ArH), 7.38 (d, J=2.8 Hz, 1 H, ArH), 6.96 (dd, J=8.8,2.8
Hz, 1 H, ArH), 3.93 (s, 3 H, OCH3), 3.83 (s, 3 H, OCHj3), 3.77 (s, 6 H, OCHj3 x 2),
3.25 (s, 2 H, CHy), 3.03 (q, J = 2.4 Hz, 2 H, CH,), 1.77 (t, J = 2.4 Hz, 3 H, CH3); °C
NMR (100 MHz, CDCl3) 6 169.5, 166.5, 158.7, 135.7, 133.1, 118.0, 115.5, 114.5,
87.2,81.8,79.1, 73.0, 57.0, 55.4, 52.9, 52.2, 23.8, 23.0, 3.4; MS (ESI) 409 ([M+Na]"),
404 (IM+NH,]"), 387 (IM+H]"); IR (neat, cm™) 1734, 1701, 1603, 1496, 1431, 1320,
1287, 1217, 1148, 1128, 1079, 1036; Anal. caled for C;1H2,07 (%): C 65.28, H 5.74;
found: C 64.96, H 5.65.

(3) Preparation of 1c (ct-6-47)

MeO,C
|
J— Pd(PPhs),Cl, (1 mol%) &Q
TSN\—+ ©/002Me Cul (1 mol%) TeN
— NEts, rt, 10 h —
1.02 equiv 1c, 96%
Following Typical Procedure A, the reaction of

N-(2-butynyl)-N-(2-propynyl)-p-toluenesulfonamide (2.5412 g, 9.7 mmol), methyl
2-iodobenzoate (2.6068 g, 9.9 mmol), Pd(PPh;),Cl, (0.0712 g, 0.1 mmol), Cul
(0.0194 g, 0.1 mmol) in 20 mL of NEt; for 10 h afforded 1c (3.7065 g, 96%) via
column chromatography on silica gel (eluent: petroleum ether/ ethyl acetate = 7/1 to
petroleum ether/ ethyl acetate/dichloromethane = 5/1/1) as a solid: m.p. 84-85 °C

(petroleum ether/ethyl acetate); '"H NMR (400 MHz, CDCls)  7.89 (d, J = 7.6 Hz, 1
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H, ArH), 7.74 (d, J = 8.4 Hz, 2 H, ArH), 7.41 (t, J= 7.2 Hz, 1 H, ArH), 7.34 (t, J =
74 Hz, 1 H, ArH), 7.24 (d, J = 7.2 Hz, 1 H, ArH), 7.20 (d, J = 8.0 Hz, 2 H, ArH),
4.44 (s, 2 H, NCH,), 4.23 (s, 2 H, NCH,), 3.88 (s, 3 H, OCHj), 2.29 (s, 3 H, CH),
1.67 (s, 3 H, CHs); '>C NMR (100 MHz, CDCL3) § 166.0, 143.5, 135.2, 134.0, 131.6,
131.4, 130.1, 129.2, 127.9, 127.8, 122.6, 86.9, 84.2, 81.7, 71.5, 52.0, 37.2, 36.9, 21.2,
3.3; MS (ESI) (m/z) 396 ((M+H]"); IR (neat, cm™) 1710, 1595, 1486, 1442, 1401,
1336, 1294, 1249, 1189, 1164, 1127, 1089, 1064, 1040; Anal. calcd for CarHyNO4S
(%): C 66.82, H 5.35, N 3.54; found: C 66.33, H 5.26, N 3.46.

(4) Preparation of 1d (ct-6-115)

MeO,C
|
— Pd(PPh3),Cl, (1 mol%) &Q
J . @/COZMG Cul (1 mol%) g
= NEts, rt, 12 h =
1.04 equiv 1d, 88%

Following Typical Procedure A, the reaction of 1-(2-propynyloxy)-2-butyne
(2.2245 g, 20.6 mmol), methyl 2-iodobenzoate (5.1804 g, 19.8 mmol), Pd(PPh;),Cl,
(0.1402 g, 0.2 mmol), Cul (0.0382 g, 0.2 mmol) in 50 mL of NEt; for 12 h afforded
1d (4.4049 g, 88%) via column chromatography on silica gel (eluent: petroleum ether/
ethyl acetate = 10/1) as a solid: m.p. 31-33 °C (petroleum ether/ ethyl acetate); 'H
NMR (400 MHz, CDCl3) 6 7.93 (dd, J=7.8, 1.4 Hz, 1 H, ArH), 7.56 (dd,J=7.6, 1.4
Hz, 1 H, ArH), 7.46 (td, J = 7.6, 1.3 Hz, 1 H, ArH), 7.37 (td, J = 7.6, 1.3 Hz, 1 H,
ArH), 4.53 (s, 2 H, OCH»), 4.34 (q, J = 2.3 Hz, 2 H, OCH,), 3.92 (s, 3 H, OCH3), 1.87
(t, J=2.4 Hz, 3 H, CH3); °C NMR (100 MHz, CDCl3) & 166.3, 134.0, 131.7, 131.5,
130.1, 127.9, 122.8, 89.7, 85.0, 82.9, 74.3, 57.0, 56.9, 52.0, 3.4; MS (ESI) 260
(IM+NH,4]"), 243 (IM+H]"); IR (neat, cm™) 1723, 1594, 1566, 1484, 1437, 1375,
1352, 1297, 1278, 1255, 1195, 1166, 1066; Anal. calcd for C5H;405 (%): C 74.36, H
5.82; found: C 74.02, H 5.78.

(5) Preparation of 1e (ct-6-151)
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MeO,C

d(PPha),Cl, (1 mol%) _
MeO,C 3)2L0 —
e N CO,Me Cul (2 mol%) MeO,C
MeO,C

NEts, rt, 12 h MeO,C —py

1.0 equiv 1e, 68%

Following  Typical Procedure A, the reaction of dimethyl
2-(2-pentynyl)-2-(2-propynyl)malonate (1.0018 g, 4 mmol), methyl 2-iodobenzoate
(1.0536 g, 4 mmol), Pd(PPh3),Cl, (0.0266 g, 0.04 mmol), Cul (0.0154 g, 0.08 mmol)
in 10 mL of NEt; for 12 h afforded 1e (1.0407 g, 68%) via column chromatography
on silica gel (eluent: petroleum ether/ ethyl acetate = 10/1) as an oil: '"H NMR (400
MHz, CDCl3) ¢ 7.88 (dd, J = 8.0, 1.2 Hz, 1 H, ArH), 7.49 (dd, J =7.7, 1.1 Hz, 1 H,
ArH), 7.42 (td, J = 7.6, 1.5 Hz, 1 H, ArH), 7.33 (td, J=7.6, 1.4 Hz, 1 H, ArH), 3.93 (s,
3 H, OCHs), 3.78 (s, 6 H, OCH;3 % 2), 3.28 (s, 2 H, CH»), 3.06 (t, J = 2.4 Hz, 2 H,
CH,), 2.11 (tt, J=17.0, 2.4 Hz, 2 H, CH>), 1.48 (sext, J = 7.2 Hz, 2 H, CH,), 0.95 (t, J
=7.2 Hz, 3 H, CH;); °C NMR (100 MHz, CDCl3) § 169.4, 166.6, 134.4, 131.8, 131.4,
130.0, 127.6, 123.4, 89.3, 83.7, 82.0, 74.1, 57.1, 52.9, 52.1, 23.8, 23.1, 22.1, 20.5,
13.2; MS (ESI) (m/z) 402 ([M+NH4]"), 385 ([M+H]"); IR (neat, cm™) 1734, 1596,
1568, 1485, 1434, 1380, 1328, 1291, 1251, 1201, 1130, 1079, 1052; HRMS calcd for
CHosNOg ([M+NH, ]): 402.1911; found: 402.1912.

(6) Preparation of 1f (ct-6-164, ct-6-169)

MeO,C MeO,C
Pd(PPhs),Cl, (1 molos) L NEt; (1.3 equiv)
MeO,C. ©/CO 2Me cul (1 mol%) MeO,C. = DMAP (10 mol%)  MeO,C =
_DMAP (10 mobo)_
MeO,C NEts, 1t, 35.5 h MeO,C — Ac,0 (1.49 equiv) MeO,C —
1.36 equiv on ELO.12h OAc

1, 67%

Following  Typical Procedure A, the reaction of dimethyl
2-(5-hydroxy-2-pentynyl)-2-(2-propynyl)malonate (3.2090 g, 12.7 mmol), methyl
2-iodobenzoate (4.5219 g, 17.3 mmol), Pd(PPh;),Cl, (0.0896 g, 0.13 mmol), Cul
(0.0238 g, 0.12 mmol) in 30 mL of NEt; for 35.5 h afforded dimethyl
2-(5-hydroxy-2-pentynyl)-2-(3-(2-(methoxycarbonyl)phenyl)-2-propynyl)malonate
(3.7599 g) via column chromatography on silica gel (eluent: petroleum ether/ ethyl
acetate = 2/1) as an oil and used directly in the next step.

To a round bottom flask were added dimethyl
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2-(5-hydroxy-2-pentynyl)-2-(3-(2-(methoxycarbonyl)phenyl)-2-propynyl)malonate
(2.9660 g, 7.7 mmol) prepared above, diethyl ether (20 mL), NEt; (1.4 mL, d = 0.73
g/mL, 1.022 g, 10.0 mmol), DMAP (93.7 mg, 0.77 mmol), and Ac,O (1.1 mL, d =
1.08 g/mL, 1.188 g, 11.5 mmol). After being stirred at room temperature for 2 h, the
reaction was complete as monitored by TLC. The mixture was concentrated in vacuo.
1f (2.9080 g, 67% for two steps) was afforded via column chromatography on silica
gel (eluent: petroleum ether/ ethyl acetate = 2/1) as an oil: '"H NMR (400 MHz, CDCl5)
07.88(d,J=8.0Hz, 1 H, ArH), 749 (d,J=7.6 Hz, 1 H, ArH), 742 (t, J=7.6 Hz, 1
H, ArH), 7.33 (t, J=7.6 Hz, 1 H, ArH), 4.11 (t, J = 6.6 Hz, 2 H, OCH,), 3.92 (s, 3 H,
OCH3;), 3.78 (s, 6 H, OCHj3 x 2), 3.26 (s, 2 H, CH3), 3.06 (s, 2 H, CH,), 2.48 (t, J =
6.4 Hz, 2 H, CH,), 2.08 (s, 3 H, CH3); °C NMR (100 MHz, CDCl3) & 170.8, 169.2,
166.5, 134.4, 131.9, 131.4, 130.0, 127.6, 123.3, 89.2, 82.1, 79.3, 75.9, 62.4, 57.0, 53.0,
52.1,23.8, 23.0, 20.7, 19.1; MS (ESI) (m/z) 451 ([M+Na]"), 429 ([M+H]"); IR (neat,
em™) 1733, 1596, 1568, 1485, 1434, 1386, 1365, 1329, 1292, 1237, 1208, 1130, 1079,
1043; HRMS calced for Co3HogNOg ([M+NH, ' ]): 446.1809; found: 446.1811.

(7) Preparation of 19 (ct-7-87)
EtO,C
|
— Pd(PPh3),Cl, (1 mol%) —
MeOZC><i+ ©/C02Et Cul (1 mol%) MeO,C
MeO,C — NEts, rt, 3 h MeO,C —
1.05 equiv 19, 82%

Following  Typical Procedure A, the reaction of dimethyl
2-(2-butynyl)-2-(2-propynyl)malonate (1.6742 g, 7.5 mmol), ethyl 2-iodobenzoate
(2.2193 g, 7.9 mmol), Pd(PPh;),Cl, (0.0488 g, 0.07 mmol), Cul (0.0135 g, 0.07 mmol)
in 20 mL of NEt; for 3 h afforded 19 (2.2975 g, 82%) via column chromatography on
silica gel (eluent: petroleum ether/ ethyl acetate = 7/1) as an oil: 'H NMR (400 MHz,
CDCls) 6 7.88 (d, J = 8.0 Hz, 1 H, ArH), 7.48 (d, J=7.6 Hz, 1 H, ArH), 7.41 (t, J =
7.4 Hz, 1 H, ArH), 7.33 (t, J = 7.4 Hz, 1 H, ArH), 4.39 (q, J = 7.1 Hz, 2 H, OCH,),
3.78 (s, 6 H, OCHj3 x 2), 3.26 (s, 2 H, CH,), 3.03 (s, 2 H, CH»), 1.76 (s, 3 H, CHj),
1.40 (t, J = 7.2 Hz, 3 H, CH;); °C NMR (100 MHz, CDCls) & 169.4, 166.0, 134.4,
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132.1, 131.3, 129.9, 127.5, 123.2, 89.2, 82.1, 79.1, 72.9, 61.0, 57.0, 52.9, 23.7, 23.1,
14.1, 3.4; MS (ESI) (m/z) 371 ((M+H]"); IR (neat, cm™") 1734, 1596, 1568, 1483,
1437, 1390, 1367, 1328, 1290, 1248, 1203, 1132, 1077, 1050, 1018; HRMS calcd for
Ca1H6NOg ([M+NH,]): 388.1755; found: 388.1756.

(8) Preparation of 1h (ct-7-93)

Pro,C
|
__ . Pd(PPh3),Cl, (1 mol% —
v G § S C©
+
MeO,C~ \_— N MeO,C~ \—=—
1.1 equiv 1h, 74%

Following  Typical Procedure A, the reaction of dimethyl
2-(2-butynyl)-2-(2-propynyl)malonate  (1.5465 g, 7.0 mmol), iso-propyl
2-iodobenzoate (2.2415 g, 7.7 mmol), Pd(PPh;3),Cl, (0.0488 g, 0.07 mmol), Cul
(0.0135 g, 0.07 mmol) in 20 mL of NEt; for 5 h afforded 1h (1.9750 g, 74%) via
column chromatography on silica gel (eluent: petroleum ether/ ethyl acetate = 7/1) as
an oil: '"H NMR (400 MHz, CDCl3) & 7.85 (d, J = 8.0 Hz, 1 H, ArH), 7.46 (d, J=7.6
Hz, 1 H, ArH), 7.40 (t, J = 7.4 Hz, 1 H, ArH), 7.32 (t, J = 7.4 Hz, 1 H, ArH), 5.26
(hept, J=6.2 Hz, 1 H, OCH), 3.78 (s, 6 H, OCHj3 x 2), 3.26 (s, 2 H, CH3), 3.03 (s, 2
H, CH,), 1.76 (s, 3 H, CH3), 1.38 (d, J = 6.4 Hz, 6 H, CH; x 2); °C NMR (100 MHz,
CDCl) 6 169.4, 165.6, 134.3, 132.6, 131.1, 129.8, 127.5, 123.2, 89.1, 82.1, 79.1, 73.0,
68.5, 57.0, 52.9, 23.7, 23.1, 21.7, 3.4; MS (ESI) (m/z) 407 (M+Na]"), 385 ([M+H]");
IR (neat, cm™) 1738, 1596, 1569, 1484, 1436, 1375, 1329, 1289, 1251, 1203, 1139,
1107, 1075, 1054; HRMS caled for CyHxNOg ([M+NH;']): 402.1911; found:
402.1911.

(9) Preparation of 1i (ct-7-95)

| tBquC
— ta..  PA(PPh3),Cl, (1 mol%)
MeO,C : . ©/C02 Bu cul (1 mol%) MeO,C_/—
MGOQC — NEt3, rt, 2 h, M902C —

1.0 equiv then 60 °C, 2h 1i, 79%

Following  Typical Procedure A, the reaction of dimethyl
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2-(2-butynyl)-2-(2-propynyl)malonate ~ (1.7690 g, 8.0 mmol), tert-butyl
2-iodobenzoate (2.4518 g, 8.1 mmol), Pd(PPh;3),Cl, (0.0557 g, 0.08 mmol), Cul
(0.0155 g, 0.08 mmol) in 20 mL of NEt; for 2 h at room temperature and then at 60 °C
for 2 h afforded 1i (2.4991 g, 79%) via column chromatography on silica gel (eluent:
petroleum ether/ ethyl acetate = 7/1) as an oil: '"H NMR (400 MHz, CDCls) & 7.81 (d,
J=8.0Hz, 1 H, ArH), 7.44 (d, J=7.6 Hz, 1 H, ArH), 7.38 (t, J = 7.4 Hz, 1 H, ArH),
7.31(t,J="7.8 Hz, 1 H, ArH), 3.78 (s, 6 H, OCHj; x 2), 3.25 (s, 2 H, CH,), 3.03 (s, 2
H, CH,), 1.76 (s, 3 H, CH3), 1.61 (s, 9 H, CH; x 3); >C NMR (100 MHz, CDCl3) &
169.5, 165.5, 134.4, 133.7, 130.9, 129.8, 127.5, 122.9, 88.7, 82.4, 81.4, 79.1, 73.0,
57.0, 52.9, 28.0, 23.8, 23.1, 3.4; MS (ESI) (m/z) 421 ([M+Na]"); IR (neat, cm™) 1738,
1596, 1568, 1481, 1437, 1392, 1368, 1291, 1250, 1203, 1178, 1131, 1077, 1053;
HRMS calcd for Co3H30NOg ([IM+NH,4]): 416.2068; found: 416.2069.

(10) Preparation of 1j (ct-7-57)

MeO,C

MeO:G Pd(PPhs),Cl, (1 mol%) /S
— 3)2%12 ° —

MeO,C : . |4</is AT MeO,C _
MeOL — = NEt,, rt, 10.5 h MeOC —=
1.04 equiv 1j, 73%

Following  Typical Procedure A, the reaction of dimethyl
2-(2-butynyl)-2-(2-propynyl)malonate ~ (1.5191 g, 6.8 mmol), methyl
3-iodothiophene-2-carboxylate (1.8943 g, 7.1 mmol), Pd(PPh;),Cl, (0.0420 g, 0.06
mmol), Cul (0.0117 g, 0.06 mmol) in 20 mL of NEt; for 10.5 h afforded 1j (1.8066 g,
73%) via column chromatography on silica gel (eluent: petroleum ether/ ethyl acetate
=10/1) as a solid: m.p. 92-93 °C (petroleum ether/ ethyl acetate); '"H NMR (400 MHz,
CDCls) 6 7.41 (d, J=4.0, 1 H, ArH), 7.08-7.04 (m, 1 H, ArH), 3.90 (s, 3 H, OCHs),
3.78 (s, 6 H, OCHj3 x 2), 3.27 (s, 2 H, CH>), 3.05 (s, 2 H, CH»), 1.77 (s, 3 H, CH3);
C NMR (100 MHz, CDCls) & 169.3, 161.6, 133.4, 132.5, 130.2, 126.9, 90.4, 79.1,
77.8,72.9, 56.9, 52.9, 52.0, 23.8, 23.0, 3.4; MS (ESI) 380 ([M+NH,4]"), 363 ([M+H]");
IR (neat, cm™) 1737, 1696, 1522, 1433, 1380, 1325, 1290, 1227, 1211, 1152, 1112,
1083, 1052; Anal. calcd for C;gH;306S (%): C 59.66, H 5.01; found: C 59.30, H 5.00.

S9



2. Ni(cod),-catalyzed reaction of 1 with carbon dioxide and ZnR;

(1) Preparation of (E,Z)-2a (ct-9-142, ct-6-113).

MeO,C,
o i o MeO,C  COMe MeO,C H COMe
_ 1) Ni(cod), (1 mol%) TMSCHN, P eOLG
MeO,C. - + ZnEt CO, balloon (4 equiv) MeO,C z + MeOC Ho o MeS 7
2 0
MeO,C — 1.5 equi DMSO, 90°C,3h  MeOH:Et,0 = 1:4 MeO,C B MeO,C N Et MeO,C N B
z \ (.5eauv) o ey wan 2 2
a
(E.2)-2a, 86% (by NMR)  (E.2)-3a, 6% (by NMR) (2,2)-3a, 3% (by NMR)

789% (solated yield)

Typical procedure I: To a 50 mL flame-dried Schlenk tube was added Ni(cod),
(2.8 mg, 0.01 mmol) inside a glove box. Compound l1a (356.7 mg, 1.0 mmol) and
DMSO (10 mL) were sequentially added under argon outside the glove box. The
Schlenk tube was then frozen with a liquid nitrogen bath. The argon inside the tube
was completely replaced with CO, by using a balloon of CO, (about 1 L). The
Schlenk tube was allowed to stand until the temperature was above 0 °C. Then the
Schlenk tube was placed in an oil bath pre-heated at 90 °C. After completely thawed,
to the mixture was added ZnEt; (1.5 M in toluene, 1.0 mL, 1.5 mmol) with a syringe.
After being vigorously stirred for 3 h, the reaction was complete as monitored by TLC.
HCI (3 M, 10 mL) was added to quench the reaction. The aqueous layer was extracted
with EtOAc (10 mL x 3) and the combined organic layer was washed with brine (10
mL), dried over anhydrous MgSQy, filtered and concentrated in vacuo.

To the crude product were added MeOH (1 mL) and Et,0O (4 mL). To the
resulting mixture was dropwise added TMSCHN, (2.0 M in hexane, 2.0 mL, 4.0
mmol) with a syringe. After being stirred for 1 h at room temperature, the reaction
was complete as monitored by TLC. The reaction mixture was concentrated to afford
a mixture of (E,Z)-2a, (E,Z)-3a, and (Z,Z2)-3a. The NMR yields were determined by
'"H NMR analysis of the crude products using CH,Br, as the internal standard
((E,Z2)-2a (86%), (E,Z)-3a (6%), and (Z,Z2)-3a (3%)). (E,Z)-2a (347.4 mg, 78%) was
obtained via column chromatography on silica gel (eluent: petroleum ether/ethyl
acetate = 5/1) as a white solid: m.p. 106-107 °C (petroleum ether/ethyl acetate); 'H
NMR (400 MHz, CDCl3) & 8.00 (d, J = 8.0 Hz, 1 H, ArH), 7.40 (t, J=7.4 Hz, 1 H,
ArH), 7.31 (t, J = 7.6 Hz, 1 H, ArH), 7.13 (d, J = 7.7 Hz, 1 H, ArH), 3.84 (s, 3 H,
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OCH3), 3.75 (s, 6 H, OCHj3 x 2), 3.62 (s, 3 H, OCH3), 3.56 (d, J = 16.9 Hz, 1 H, one
proton of CH,), 3.46 (d, J = 17.1 Hz, 1 H, one proton of CH,), 3.06 (d, J =15.1 Hz, 1
H, one proton of CH3), 2.93 (d, J = 15.1 Hz, 1 H, one proton of CH,), 1.76-1.65 (m, 1
H, one proton of CHy), 1.51 (s, 3 H, CH3), 1.33-1.22 (m, 1 H, one proton of CHy),
0.17 (t, J = 7.5 Hz, 3 H, CH3); >C NMR (100 MHz, CDCl3) § 172.3, 171.8, 167.7,
167.2, 149.8, 140.9, 138.7, 132.8, 132.1, 130.3, 129.8, 129.6, 128.8, 127.3, 56.0, 52.8,
52.7, 51.8, 51.4, 40.8, 37.0, 27.9, 18.3, 10.6; MS (EI) (m/z) (%) 444 (M", 9.2), 320
(100); IR (neat, cm™) 1729, 1611, 1566, 1483, 1432, 1263, 1210, 1162, 1133, 1078,
1049, 1011; Anal. calcd for C,4H»505 (%): C 64.85, H 6.35; found: C 64.87, H 6.25.

Gram scale preparation of (E,Z)-2a (ct-8-134).

MeO,C,

MeO,C  GO:Me CO,Me
_ 1) Ni(cod); (1 mol%) TMSCHN, 602 MeO,C H 2
MeO,C. = CO, balloon (dequiv) _MeOC MeO,C. Meozc
* ZnEt, DMSO, 90°C, 3 h §
MeO,C = (1.5 equiv) 2) HCI (3 M) MeOH: EtZO 114 MeO,C = MeO,C N Et MeOZC N Et
1a
(E.Z)-2a, 86% (by NMR) (E.2)-3a, 3% (by NMR) (Z,2)-3a, 2% (by NMR)

78% (isolated yield)

To a 100 mL flame-dried Schlenk flask was added Ni(cod), (8.3 mg, 0.03 mmol)
inside a glove box. Compound l1a (1.0687 g, 3.0 mmol) and DMSO (30 mL) were
sequentially added under argon outside the glove box. The Schlenk flask was then
frozen with a liquid nitrogen bath. The argon inside the flask was completely replaced
with CO; by using a balloon of CO, (about 1.5 L). The Schlenk flask was allowed to
stand until the temperature was above 0 °C. Then the Schlenk flask was placed in an
oil bath pre-heated at 90 °C. After completely thawed, to the mixture was added ZnEt,
(1.5 M in toluene, 3.0 mL, 4.5 mmol) with a syringe. After being vigorously stirred
for 3 h, the reaction was complete as monitored by TLC. HCI (3 M, 30 mL) was
added to quench the reaction. The aqueous layer was extracted with EtOAc (10 mL %
5) and the combined organic layer was washed with brine (30 mL), dried over
anhydrous MgSOQy, filtered and concentrated in vacuo.

To the crude product were added MeOH (3 mL) and Et,O (12 mL). To the
resulting mixture was dropwise added TMSCHN; (2.0 M in hexane, 6.0 mL, 12.0
mmol) with a syringe in 2 min. After being stirred for 1 h at room temperature, the

reaction was complete as monitored by TLC. The reaction mixture was concentrated
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to afford a mixture of (E,Z)-2a, (E,Z)-3a, and (Z,Z)-3a. The NMR yields were
determined by 'H NMR analysis of the crude products using CH,Br, as the internal
standard ((E,Z)-2a (86%), (E,Z2)-3a (3%), and (Z,Z)-3a (2%)). (E,Z)-2a (1.0403 g,
78%) was obtained via column chromatography on silica gel (eluent: petroleum
ether/ethyl acetate = 5/1) as a white solid: '"H NMR (400 MHz, CDCl;) & 7.99 (d, J =
7.5Hz, 1 H, ArH), 7.40 (t, J=7.2 Hz, 1 H, ArH), 7.31 (t, J=7.4 Hz, 1 H, ArH), 7.13
(d,J=7.6 Hz, 1 H, ArH), 3.84 (s, 3 H, OCHs), 3.75 (s, 6 H, OCHj; x 2), 3.62 (s, 3 H,
OCHs), 3.56 (d, J = 17.0 Hz, 1 H, one proton of CH), 3.47 (d, J=17.0 Hz, 1 H, one
proton of CH>), 3.06 (d, J =15.0 Hz, 1 H, one proton of CH;), 2.93 (d, J=15.2 Hz, 1
H, one proton of CHy), 1.76-1.64 (m, 1 H, one proton of CH;), 1.51 (s, 3 H, CHz),
1.33-1.21 (m, 1 H, one proton of CH,), 0.17 (t, J = 7.5 Hz, 3 H, CH3); >C NMR (100
MHz, CDCls) 6 172.3, 171.8, 167.7, 167.2, 149.8, 140.9, 138.6, 132.8, 132.1, 130.3,
129.7, 129.5, 128.8, 127.3, 56.0, 52.8, 52.7, 51.9, 51.4, 40.7, 37.0, 27.8, 18.3, 10.5.

The following compounds were prepared according to Typical Procedure I.

(2) Preparation of (E)-2b (ct-6-111).

Heoas MeO,C  GOzMe MeO,C H CO,Me
— 1) Ni(cod), (1 mol%) TMSCHN, 2 MeO,C
MeO,C 7 + ZnMe. CO, balloon (4 equiv) MeO,C MeO,C . MeOy
£
MeO,C — (Bequy) , H’(\:/'Is(g ,\%0 °C,3h  MeOH: Etzo 14 MeO,C N\ Me MeO,C’ X\ Me MeO,C’
1a
(E)-2b, 67% (by NMR) (E)-3b, 1% (by NMR) (2)-3b, 1% (by NMR)

61% (isolated yield)

The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1a (355.8 mg, 1.0 mmol), ZnMe,
(1.0 M in toluene, 3.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E)-2b, (E)-3b,
and (Z)-3b. The NMR yields were determined by '"H NMR analysis of the crude
products using CH,Br, as the internal standard ((E)-2b (67%), (E)-3b (1%), and
(2)-3b (1%)). (E)-2b (260.5 mg, 61%) was obtained via column chromatography on
silica gel (eluent: petroleum ether/ethyl acetate = 5/1) as an oil: '"H NMR (400 MHz,
CDCl3) 6 7.99 (d, J = 7.7 Hz, 1 H, ArH), 7.39 (t, J = 7.5 Hz, 1 H, ArH), 7.30 (t, J =
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6.9 Hz, 1 H, ArH), 7.12 (d, J = 7.7 Hz, 1 H, ArH), 3.83 (s, 3 H, OCHj3), 3.75 (s, 6 H,
OCH3; % 2), 3.63 (s, 3 H, OCHs), 3.58 (d, J = 17.3 Hz, 1 H, one proton of CH), 3.50
(d, J=17.1 Hz, 1 H, one proton of CH;), 3.06 (d, J = 15.1 Hz, 1 H, one proton of
CH,), 2.95 (d, J = 15.3 Hz, 1 H, one proton of CH,), 1.54 (s, 3 H, CH3), 0.91 (s, 3 H,
CH3); C NMR (100 MHz, CDCls) & 172.4, 171.8, 167.7, 167.4, 150.2, 141.1, 134.3,
132.6, 132.0, 130.3, 130.2, 129.2, 128.8, 127.1, 56.2, 52.9, 52.8, 51.9, 51.5, 40.9, 37.1,
22.4,22.2; MS (EI) (m/z) (%) 430 (M", 15.86), 306 (100); IR (neat, cm™) 1723, 1611,
1433, 1375, 1281, 1267, 1243, 1209, 1121, 1084, 1049; HRMS calcd for Cy3Hy605
(M"): 430.1628; found: 430.1624.

(3) Preparation of (E,Z)-2d (ct-9-107, ct-7-73).

MeO,C.
. MeO,C  GOzMe MeO.C H  COMe
MeO.C — OMe 1) Ni(cod)z (1 mol%) TMSCHN, 2
2 + ZnEt CO, balloon (4 equiv) MeO,C. MeO,C. MeO,C.
MeO,C = DMSO, 90 °C, 3 h
2 (15 equw)z) HCI (3 M) MeOH Etzo 1:4 MeO,C X Et MeO,C X Et MeO,C X Et
1b

(E,Z)-2d, 71% (by NMR) (E,2)-3d, 2% (by NMR) (Z,2)-3d, 4% (by NMR)
64% (isolated yield)

The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1b (386.4 mg, 1.0 mmol), ZnEt,

(1.5 M in toluene, 1.0 mL, 1.5 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN,; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E,Z)-2d,
(E,Z)-3d, and (Z,Z)-3d. The NMR yields were determined by '"H NMR analysis of the
crude products using CH;Br; as the internal standard ((E,Z)-2d (71%), (E,Z)-3d (2%),
and (Z,2)-3d (4%)). (E,Z)-2d (301.4 mg, 64%) was obtained via recrystallization
(petroleum ether/dichloromethane = 5/1) as a white solid: m.p.163-164 °C (petroleum
ether/dichloromethane); "H NMR (400 MHz, CDCls) & 7.52 (s, 1 H, ArH), 7.04 (d, J
=8.6 Hz, 1 H, ArH), 6.95 (d, J=8.6 Hz, 1 H, ArH), 3.84 (s, 6 H, OCH3; x 2), 3.75 (s,
6 H, OCHs x 2), 3.62 (s, 3 H, OCHs), 3.52 (d, J = 17.0 Hz, 1 H, one proton of CHy),
3.44 (d, J=16.7 Hz, 1 H, one proton of CH;), 3.04 (d, J = 15.0 Hz, 1 H, one proton of
CH»), 2.93 (d, J=15.0 Hz, 1 H, one proton of CH;), 1.79-1.67 (m, 1 H, one proton of
CH,), 1.52 (s, 3 H, CH3), 1.34-1.21 (m, 1 H, one proton of CH;), 0.25 (t,J=7.4 Hz, 3
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H, CH;); °C NMR (100 MHz, CDCls) & 172.3, 171.8, 168.0, 167.0, 158.5, 149.3,
138.4, 134.0, 133.2, 130.4, 129.8, 128.4, 118.4, 114.7, 56.0, 55.3, 52.8, 52.7, 51.9,
51.4, 40.8, 36.9, 27.8, 18.2, 10.8; MS (EI) (m/z) (%) 474 (M, 17.68), 350 (100); IR
(neat, cm™) 1719, 1602, 1497, 1431, 1378, 1317, 1292, 1248, 1212, 1178, 1116, 1067,
1031; Anal. calcd for Cy5sH3009 (%): C 63.28, H 6.37; found: C 63.33, H 6.33.

(4) Preparation of (E)-2e (ct-7-69).

MeO,C
. MeO,C  CO;Me H COMe
MeO,C = OMe 1) Ni(cod), (1 mol%) TMSCHN, 2
+ ZnMe, CO, balloon (4 equiv) MeO,C Z . MeO,C. Z
MeO,C = (3 equiv) DMSO, 90°C,3h  MeOH:EL,0 = 1:4 MeO,C o Me OMe MeO,C X Me OMe
b 2) HCI (3 M) t1h
(E)-2e, 69% (by NMR) (2)-3e, 2% (by NMR)

579% (isolated yield)

The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1b (385.7 mg, 1.0 mmol), ZnMe,
(1.0 M 1in toluene, 3.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E)-2e and
(Z)-3e. The NMR yields were determined by '"H NMR analysis of the crude products
using CH;,Br; as the internal standard ((E)-2e (69%) and (2)-3e (2%)). (E)-2e was
obtained via column chromatography on silica gel (eluent: petroleum
ether/dichloromethane/ethyl acetate = 4/2/1) to afford 314.3 mg of impure product,
which was then recrystallized (petroleum ether/dichloromethane = 7/1) to afford
261.9 mg of pure (E)-2e (57%) as a white solid: m.p. 161-162 °C (petroleum
ether/dichloromethane); "H NMR (400 MHz, CDCl3) 6 7.57 (d, J=2.0 Hz, 1 H, ArH),
7.10 (d, J = 8.5 Hz, 1 H, ArH), 7.01 (dd, J = 8.6, 2.2 Hz, 1 H, ArH), 3.91 (s, 3 H,
OCH3), 3.90 (s, 3 H, OCH3), 3.822 (s, 3 H, OCHs), 3.815 (s, 3 H, OCHj3), 3.70 (s, 3 H,
OCH,), 3.62 (d, J = 17.0 Hz, 1 H, one proton of CH), 3.54 (d, J=17.2 Hz, 1 H, one
proton of CH,), 3.11 (d, J = 15.1 Hz, 1 H, one proton of CH>), 3.02 (d, J=15.2 Hz, 1
H, one proton of CHy), 1.63 (s, 3 H, CH3), 1.03 (s, 3 H, CH;); °C NMR (100 MHz,
CDCl) 6 172.3, 171.8, 167.9, 167.1, 158.1, 149.6, 133.9, 133.8, 133.4, 130.3, 130.1,
128.4, 118.3, 114.4, 56.2, 55.2, 52.8, 52.7, 51.9, 51.4, 40.9, 37.0, 22.3, 22.2; MS (EI)
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(m/z) (%) 460 (M, 24.91), 337 (100); IR (neat, cm™) 1721, 1603, 1498, 1431, 1374,
1289, 1252, 1215, 1180, 1122, 1071, 1034; Anal. caled for CasHasOs (%): C 62.60, H
6.13; found: C 62.40, H 6.16.

(5) Preparation of (Z,E)-2f (ct-6-127).

MeO,C MeO,C CO,Me H CO;Me
_ 1) Ni(cod), (1 mol%) TMSCHN, Y Y
TeN - ZnEt CO;, balloon (4 equiv) TsN + TsN
+
N nEb DMSO, 90°C, 3h  MeOH:EL,O = 1:4 N-Et X\ Et
(Bequiv)  2)HCI (3 M) it 1h
1c (Z E)-2f, 42% (by NMR)  (E,E)-3f, 8% (by NMR)

38% (isolated yield)

The reaction of Ni(cod); (2.8 mg, 0.01 mmol), 1c (394.4 mg, 1.0 mmol), ZnEt,
(1.5 M in toluene, 2.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (Z,E)-2f and
(E,E)-3f. The NMR yields were determined by 'H NMR analysis of the crude
products using CH,Br, as the internal standard ((Z,E)-2f (42%) and (E,E)-3f (8%)).
(Z,E)-2f was obtained via column chromatography on silica gel (eluent: petroleum
ether/ethyl acetate = 5/1) to afford 207.6 mg of impure product, which was then
recrystallized from petroleum ether/dichloromethane = 6/1 to afford 182.0 mg of pure
(Z,E)-2f (38%) as a white solid: m.p. 157-158 °C (petroleum ether/dichloromethane);
'H NMR (400 MHz, CDCl3) & 8.02-7.95 (m, 1 H, ArH), 7.75 (d, J = 7.8 Hz, 2 H,
ArH), 7.36-7.25 (m, 4 H, ArH), 6.65-6.57 (m, 1 H, ArH), 4.65 (d, J = 15.0 Hz, 1 H,
one proton of CH3), 4.23 (d, J = 15.0 Hz, 1 H, one proton of CH;), 4.07 (d, J = 12.7
Hz, 1 H, one proton of CH;), 3.93 (d, J = 12.7 Hz, 1 H, one proton of CH), 3.81 (s, 3
H, OCHs), 3.63 (s, 3 H, OCH3), 2.39 (s, 3 H, CH3), 1.64-1.52 (m, 1 H, one proton of
CH,), 1.45 (s, 3 H, CH3), 1.19-1.08 (m, 1 H, one proton of CH;), 0.10 (t, J=7.3 Hz, 3
H, CH;); °C NMR (100 MHz, CDCls) & 167.1, 167.0, 144.4, 143.6, 140.7, 139.6,
133.7, 132.3, 132.1, 130.5, 129.7, 129.65, 129.55, 127.9, 127.6, 126.6, 53.4, 52.0,
51.8, 49.9, 27.8, 21.4, 18.7, 10.1; MS (EI) (m/z) (%) 483 (M", 3.97), 264 (100); IR
(neat, cm™) 1718, 1647, 1612, 1597, 1569, 1488, 1450, 1430, 1339, 1291, 1249, 1217,
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1192, 1156, 1132, 1083, 1040, 1016; Anal. calcd for C;sH20NOgS (%): C 64.58, H
6.04, N 2.90; found: C 64.48, H 6.00, N 2.92.

(6) Preparation of (Z)-2g (ct-6-112).

MeO,C, MeO,C  CO.Me Ho GodMe
o 1) Ni(cod); (1 mol%) TMSCHN, 7z
TSN + ZnM CO;, balloon (4 equiv) TsN ~ ¥ TsN
o nMe DMSO, 90°C, 3h  MeOH:Et,0 = 1:4 N-Me e
— (3 equiv) 2) HCI (3 M) rt, 1h
1c (2)-29, 43% (by NMR) (E)-39, 3% (by NMR)

40% (isolated yield)

The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1c (395.0 mg, 1.0 mmol), ZnMe,
(1.0 M in toluene, 3.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN, (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (Z)-2g and
(E)-3g. The NMR yields were determined by 'H NMR analysis of the crude products
using CH,Br; as the internal standard ((Z)-29 (43%) and (E)-3g (3%)). (£)-29 was
obtained via column chromatography on silica gel (eluent: petroleum ether/ethyl
acetate = 5/1) to afford 201.3 mg of impure product, which was then recrystallized
(petroleum ether/dichloromethane = 4/1) to afford 189.0 mg of pure (Z)-2g (40%) as a
white solid: m.p. 150-151 °C (petroleum ether/dichloromethane); '"H NMR (400 MHz,
CDCls) 6 8.01-7.95 (m, 1 H, ArH), 7.75 (d, J = 8.1 Hz, 2 H, ArH), 7.36-7.28 (m, 4 H,
ArH), 6.71-6.64 (m, 1 H, ArH), 4.65 (d, J = 15.3 Hz, 1 H, one proton of CH3), 4.26 (d,
J=15.2 Hz, 1 H, one proton of CH;), 4.04 (d, J = 12.8 Hz, 1 H, one proton of CHy),
3.96 (d, J = 12.8 Hz, 1 H, one proton of CH;), 3.80 (s, 3 H, OCH3), 3.63 (s, 3 H,
OCH3), 2.40 (s, 3 H, CH3), 1.48 (s, 3 H, CH3), 0.80 (s, 3 H, CH;); >C NMR (100
MHz, CDCls) & 167.1, 167.0, 144.8, 143.7, 139.7, 136.3, 133.4, 132.0, 130.4, 129.7,
129.3, 129.2, 127.59, 127.57, 127.1, 53.5, 52.0, 51.8, 50.0, 22.6, 22.3, 21.4; MS (EI)
(m/z) (%) 469 (M", 12.93), 250 (100); IR (neat, cm™) 1720, 1654, 1612, 1569, 1488,
1448, 1429, 1370, 1339, 1295, 1252, 1219, 1190, 1157, 1131, 1081, 1039, 1006; Anal.
caled for CosHa7NOgS (%): C 63.95, H 5.80, N 2.98; found: C 63.67, H 5.76, N 2.98.
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(7) Preparation of (Z)-2h (ct-6-117).

M
"o MeO,C  CO;Me H CO,Me
/_Q 1)Nilcod); (1 mol%) ~ TMSCHN,
o i 7 %
o + ZnMe, CO, balloog (4 equiv) g " g
—= (3 equiv) DMSO, 90°C,3h  MeOH:Et,0 = 1:4 M M
1 2) HCI (3 M) 1 h

(2)-2h, 59% (by NMR)  (E)-3h, 1% (by NMR)
57% (isolated yield)

The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1d (242.6 mg, 1.0 mmol), ZnMe,
(1.0 M 1in toluene, 3.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (Z)-2h and
(E)-3h. The NMR yields were determined by 'H NMR analysis of the crude products
using CH,Br; as the internal standard ((Z)-2h (59%) and (E)-3h (1%)). (Z)-2h (180.3
mg, 57%) was obtained via column chromatography on silica gel (eluent: petroleum
ether/ethyl acetate = 10/1) as an oil: 'H NMR (400 MHz, CDCl3) & 8.03 (d, J = 7.9 Hz,
1 H, ArH), 7.44 (t,J=7.6 Hz, 1 H, ArH), 7.35 (t, J=7.6 Hz, 1 H, ArH), 7.21 (d, J =
7.7 Hz, 1 H, ArH), 4.91 (d, J = 15.5 Hz, 1 H, one proton of CH,), 4.87 (d, J = 14.8 Hz,
1 H, one proton of CH,), 4.56 (d, J = 10.8 Hz, 1 H, one proton of CH,), 4.40 (d, J =
10.8 Hz, 1 H, one proton of CH,), 3.84 (s, 3 H, OCH3), 3.62 (s, 3 H, OCHj3), 1.57 (s, 3
H, CH3), 0.93 (s, 3 H, CH3); °C NMR (100 MHz, CDCls) & 167.3, 167.2, 149.5,
140.3, 134.8, 132.2, 132.1, 130.4, 130.0, 129.6, 127.3, 126.9, 72.7, 69.4, 51.9, 51.6,
22.8,22.5; MS (EI) (m/z) (%) 316 (M, 33.28), 224 (100); IR (neat, cm™) 1712, 1654,
1601, 1571, 1434, 1375, 1289, 1256, 1216, 1128, 1084, 1059, 1019; HRMS calcd for
CisH2005 (M "): 316.1311; found: 316.1313.

(8) Preparation of (E,E)-2i (ct-9-127, ct-8-86).

C 1) Ni(cod) (1 mol%) Me0G GOl codte P
_ i(cod)z (1 mol% TMSCHN, _
MeOC, /~— - CO; balloon (equiv)  MeOC/~7 , o Ho |, MeOC ~7
_ 2 DMSO, 90 °C, 3 h ; =1 MeO,C N Et MeO,C B
MeOC M—=="Pr  (15equi) 3)Hci(3 M) MO R 1 MeoC AN ’ " ’
s P

1e

n "Pr "pPr
EEr2i 68"{/0 (by NIR) (E,E)-3i, 2% (by NMR) (Z.E)-3i, 4% (by NMR)
64% (isolated yield)

The reaction of Ni(cod); (2.8 mg, 0.01 mmol), 1e (384.3 mg, 1.0 mmol), ZnEt,

(1.5 M in toluene, 1.0 mL, 1.5 mmol), and carbon dioxide (about 1 L) in 10 mL of

S17



DMSO afforded the crude product.

The crude product was then reacted with TMSCHN, (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E,E)-2i,
(E,E)-3i, and (Z,E)-3i. The NMR yields were determined by 'H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,E)-2i (68%), (E,E)-3i (2%),
and (Z,E)-3i (4%)). (E,E)-2i (303.0 mg, 64%) was obtained via column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 10/1) as an oil:
'H NMR (400 MHz, CDCls) 8 7.99 (d, J=7.5 Hz, 1 H, ArH), 7.37 (t, J=7.0 Hz, 1 H,
ArH), 7.31 (t, J=7.3 Hz, 1 H, ArH), 7.13 (d, J = 7.4 Hz, 1 H, ArH), 3.84 (s, 3 H,
OCH3), 3.74 (s, 6 H, OCH3 % 2), 3.62 (s, 3 H, OCH3), 3.52 (s, 2 H, CH»), 3.12 (d, J =
14.7 Hz, 1 H, one proton of CH;), 2.92 (d, J = 14.9 Hz, 1 H, one proton of CH,),
2.00-1.71 (m, 3 H, CH; + one proton of CH,), 1.28-1.08 (m, 3 H, CH, + one proton of
CH,), 0.77 (t, J = 7.2 Hz, 3 H, CH3), 0.26 (t, J = 7.5 Hz, 3 H, CH3); ?C NMR (100
MHz, CDCls) 6 172.2, 171.6, 167.5, 167.0, 150.2, 142.7, 140.7, 132.8, 131.9, 130.2,
129.9, 129.3, 128.6, 127.2, 55.8, 52.7, 52.6, 51.7, 51.3, 40.1, 36.6, 33.7, 25.6, 20.8,
14.0, 10.9; MS (EI) (m/z) (%) 472 (M", 32.00), 443 (100); IR (neat, cm™") 2955, 2873,
1719, 1601, 1434, 1374, 1243, 1205, 1171, 1129, 1081, 1045, 1009; HRMS calcd for
Ca6H3,05 (M"): 472.2097; found: 472.2100.

(9) Preparation of (E,E)-2j (ct-6-155).

MeO,C, MeO,C GO Me COMe
o 1) Ni(cod); (1 mol%) TMSCHN, MeO,C H 2
MeO,C. — 2o CO;, balloon (4 equiv) €07 7 R MeO,C Z>H R MeO,C. z
+ ZnMe, DMSO, 90 °C, 3h  MeOH:Et,0 = 1:4 MeO,C N Me N
MeO,C =-"Pr  (3equiv) 2)HCI(3M) win 2 ] MeO,C X Me MeO,C Me
1e Pr npr Pr
(E,E)-2j, 74% (by NMR) (E,E)-3j, 2% (by NMR) (Z,E)-3j, 1% (by NMR)

56% (solated yield)
The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1e (384.9 mg, 1.0 mmol), ZnMe,
(1.0 M in toluene, 3.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.
The crude product was then reacted with TMSCHN, (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,0 afforded a mixture of (E,E)-2j,
(E,E)-3j, and (Z,E)-3j. The NMR yields were determined by '"H NMR analysis of the
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crude products using CH;Br; as the internal standard ((E,E)-2j (74%), (E,E)-3j (2%),
and (Z,E)-3] (1%)). (E,E)-2] (304.2 mg, 66%) was obtained via column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 5/1) as an oil:
"H NMR (400 MHz, CDCl3) 8 7.99 (d, J=7.5 Hz, | H, ArH), 7.37 (t, J=7.2 Hz, 1 H,
ArH), 7.30 (t, J = 7.1 Hz, 1 H, ArH), 7.13 (d, J = 7.5 Hz, 1 H, ArH), 3.84 (s, 3 H,
OCH3), 3.75 (s, 6 H, OCH3 % 2), 3.63 (s, 3 H, OCH3), 3.54 (s, 2 H, CH»), 3.12 (d, J =
15.3 Hz, 1 H, one proton of CH;), 2.94 (d, J = 15.0 Hz, 1 H, one proton of CH,),
2.02-1.91 (m, 1 H, one proton of CH;), 1.86-1.74 (m, 1 H, one proton of CHy),
1.24-1.06 (m, 2 H, CH,), 0.91 (s, 3 H, CH3), 0.75 (t, J = 7.3 Hz, 3 H, CH3); °C NMR
(100 MHz, CDCls) & 172.4, 171.8, 167.6, 167.3, 150.5, 141.1, 138.3, 132.8, 132.0,
130.5, 130.2, 129.1, 128.9, 127.1, 56.0, 52.85, 52.75, 51.9, 51.5, 40.5, 38.3, 36.7, 20.6,
20.4, 14.0; MS (EI) (m/z) (%) 458 (M, 8.14), 334 (100); IR (neat, cm™) 2954, 1718,
1599, 1434, 1377, 1249, 1207, 1173, 1130, 1081, 1052, 1021; HRMS calcd for
Ca5H3005 (M"): 458.1941; found: 458.1944.

(10) Preparation of (E,E)-2K (ct-6-172).

MeO,C MeO,c CO,Me
. 2 CO,Me

_ 1) Ni(cod), (1 mol%) TMSCHN, MeO,C. y MeO,C H 2
MeO,C. — p— CO; balloon (4 equiv) MeO,C Ay MeO,C. y
Me0,C" \— 2 DMSO,90°C,3h MeOHELO =14 MeOL "\ BN + +

’ T\ oMW 2 HCI M) m1h Me0,C” N Et Me0,C” X E
c ]
1 AcO
AcO AcO
(E,E)-2k, 65% (by NMR) (E.E)-3k, 4% (by NMR) (Z,E)-3k, 2% (by NMR)

53% (fsolated yield)

The reaction of Ni(cod); (2.8 mg, 0.01 mmol), 1f (427.8 mg, 1.0 mmol), ZnEt,
(1.5 M in toluene, 2.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN, (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E,E)-2k,
(E,E)-3k, and (Z,E)-3k. The NMR yields were determined by 'H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,E)-2k (65%), (E,E)-3k (4%),
and (Z,E)-3k (2%)). (E,E)-2k (288.7 mg, purity of 94%, 53%) was obtained via
column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 5/1) as

an oil: '"H NMR (400 MHz, CDCl3) & 8.00 (d, J = 7.4 Hz, 1 H, ArH), 7.40-7.28 (m, 2
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H, ArH), 7.10 (d, J= 7.4 Hz, 1 H, ArH), 3.88-3.79 (m, 5 H, OCH3 + OCH,), 3.75 (s, 6
H, OCHj; x 2), 3.63 (s, 3 H, OCHj3), 3.56 (d, J = 17.4 Hz, 1 H, one proton of CHy),
3.48 (d, J=17.3 Hz, 1 H, one proton of CH), 3.15 (d, J=15.1 Hz, 1 H, one proton of
CH,), 2.95 (d, J = 14.9 Hz, 1 H, one proton of CH,), 2.41-2.31 (m, 1 H, one proton of
CHy), 2.26-2.17 (m, 1 H, one proton of CH;), 2.02 (s, 3 H, CH3), 1.84-1.72 (m, 1 H,
one proton of CH;), 1.31-1.20 (m, 1 H, one proton of CH,), 0.26 (t, J = 7.5 Hz, 3 H,
CH3); C NMR (100 MHz, CDCls) & 172.1, 171.6, 170.7, 167.4, 167.1, 149.4, 140.5,
137.6, 132.8, 132.6, 132.0, 130.3, 129.54, 129.46, 127.6, 62.3, 55.9, 52.9, 52.8, 51.9,
51.5, 40.0, 36.8, 30.8, 26.1, 20.8, 10.9; MS (EI) (m/z) (%) 516 (M", 10.61), 332 (100);
IR (neat, cm™) 2954, 1718, 1602, 1570, 1434, 1384, 1365, 1239, 1205, 1170, 1132,
1080, 1044; HRMS calcd for C27H32010(M"): 516.1995; found: 519.1990.

(11) Preparation of (E,E)-2l (ct-6-173).

MeO,C MeO,C  GO:Me

1) Ni(cod) (1 mol%) TMSCHN L CoMe

= €O, bal 2 equiv)  MeOsC 7 MeO,C
MeO,C. — , balloon (4 equiv) P eoc /

_ + ZnMe, DMSO, 90°C,3h  MeOH:Et,0 = 1:4 MeO,C o Me? . MeOC o, 2
MeO,C — (3 equiv) 2) HCI (3 M) 1h MeO,C “ e MeOsC <

OAc
u AcO
AcO
(E,E)-2I, 59% (by NMR)  (E,E)-3I, 2% (by NMR) (Z,E)-31, 2% (by NMR)

51% (isolated yield)

The reaction of Ni(cod); (2.8 mg, 0.01 mmol), 1f (428.4 mg, 1.0 mmol), ZnMe,
(1.0 M 1in toluene, 3.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN,; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,0O afforded a mixture of (E,E)-2I,
(E,E)-3l, and (Z,E)-3l. The NMR yields were determined by 'H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,E)-2l (59%), (E,E)-3I (2%),
and (Z,E)-3l (2%)). (E,E)-2l (257.1 mg, 51%) was obtained via column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 5/1) as an oil:
'H NMR (400 MHz, CDCl3) & 8.00 (d, J = 7.7 Hz, 1 H, ArH), 7.39-7.28 (m, 2 H,
ArH), 7.09 (d,J=7.4 Hz, 1 H, ArH), 3.96-3.79 (m, 5 H, OCH; + OCH»), 3.75 (s, 6 H,
OCHj; x 2), 3.63 (s, 3 H, OCH3), 3.59 (d, J = 17.4 Hz, 1 H, one proton of CH,), 3.50
(d, J =17.4 Hz, 1 H, one proton of CH,), 3.13 (d, J = 15.3 Hz, 1 H, one proton of
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CHy), 2.98 (d, J=15.4 Hz, 1 H, one proton of CH3), 2.43-2.32 (m, 1 H, one proton of
CH,), 2.19-2.09 (m, 1 H, one proton of CH,), 2.02 (s, 3 H, CHj3), 0.96 (s, 3 H, CH3);
BC NMR (100 MHz, CDCl3) & 172.2, 171.6, 170.7, 167.4, 167.2, 149.6, 140.7, 133.2,
133.1, 132.5, 131.9, 130.3, 129.8, 129.1, 127.4, 62.2, 56.1, 52.9, 52.8, 51.9, 51.5, 40.4,
36.8, 35.3, 20.8, 20.7; MS (EI) (m/z) (%) 502 (M, 10.78), 319 (100); IR (neat, cm™)
2954, 1718, 1600, 1570, 1434, 1382, 1243, 1206, 1131, 1080, 1045; HRMS calcd for
Ca6H30010 (M"): 502.1839; found: 502.1836.

(12) Preparation of (E,Z)-2n (ct-9-73, ct-7-88).

F0 MeO,C  COEt EtO,C H  COEt
. C 1)Nicod)z (1 mol%)  TMSCHN, P eo.G.
MeO,C, = e CO, balloon (4 equiv) MeO,C, 7z +  MeOC H o, Meo;
+ ZnEt, DMSO, 90°C, 3 h N MeO,C N Et
= / : : MeOH:Et,0 = 1:4  MeO,C N Et MeO,C Et 2
MeO,C’ = (1.5 equiv)  2) HCI (3 M) © Han 2
19 (E,2)-2n, 77% (by NMR) (E.2)-3n, 5% (by NMR) (Z.2)-3n, 4% (by NMR)

677% (isoated yield)

The reaction of Ni(cod); (2.8 mg, 0.01 mmol), 1g (370.0 mg, 1.0 mmol), ZnEt,
(1.5 M in toluene, 1.0 mL, 1.5 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,0O afforded a mixture of (E,Z)-2n,
(E,Z)-3n, and (Z,Z)-3n. The NMR vyields were determined by '"H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,Z)-2n (77%), (E.Z)-3n (5%),
and (Z,2)-3n (4%)). (E,Z)-2n was obtained via column chromatography on silica gel
(eluent: petroleum ether/ethyl acetate = 5/1) to afford 347.0 mg of impure product,
which was then recrystallized (petroleum ether/dichloromethane = 20/1) to afford
307.3 mg of pure (E,Z)-2n (67%) as a white solid: m.p. 101-102 °C (petroleum
ether/dichloromethane); "H NMR (400 MHz, CDCl5) ¢ 8.01 (d, J= 7.7 Hz, 1 H, ArH),
7.39 (t,J=7.6 Hz, 1 H, ArH), 7.30 (t, J=7.4 Hz, 1 H, ArH), 7.12 (d,J=7.5 Hz, 1 H,
ArH), 4.39-4.22 (m, 2 H, OCHy), 3.74 (s, 6 H, OCHj3 % 2), 3.61 (s, 3 H, OCHs), 3.57
(d, J =17.2 Hz, 1 H, one proton of CH,), 3.46 (d, J = 17.2 Hz, 1 H, one proton of
CH,), 3.06 (d, J = 15.2 Hz, 1 H, one proton of CH;), 2.93 (d, J = 15.0 Hz, 1 H, one
proton of CH>), 1.79-1.65 (m, 1 H, one proton of CH;), 1.51 (s, 3 H, CH3), 1.33 (t, J =
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7.2 Hz, 3 H, CH3), 1.37-1.23 (m, 1 H, one proton of CH>), 0.19 (t, J = 7.4 Hz, 3 H,
CH;); °C NMR (100 MHz, CDCl;) 8 172.2, 171.7, 167.6, 166.6, 149.6, 140.8, 138.5,
132.7, 131.9, 130.2, 129.8, 129.7, 128.8, 127.2, 60.8, 55.9, 52.7, 52.6, 51.3, 40.6, 36.9,
27.7, 18.2, 14.0, 10.5; MS (EI) (m/z) 458 (%) (M", 8.63), 320 (100); IR (neat, cm™)
2953, 1730, 1712, 1605, 1569, 1484, 1436, 1386, 1368, 1286, 1256, 1207, 1170, 1138,
1119, 1098, 1075, 1051, 1003; Anal. calcd for C,5H300g (%): C 65.49, H 6.60; found:
C 65.47, H 6.63.

(13) Preparation of (E,Z)-20 (ct-9-74, ct-7-94).

'PrO,C, MeO,C  COPr Pro,C H COPr
1) Ni(cod), (1 mol%) TMSCHN,
MeO,C, = CO, balloon (4 equiv) MeO.C. 7 . MeoC ZH o MeOC 7
MeO” * ZnEt  DMSO,90°C,3h MeOHELO =14 MeOC -\ Ef MeO,C NN\ Et MeO,C” N\ E
2 = (1.5 equiv) 2) HCI (3 M) t 1h
1h (E,2)-20, 78% (by NMR) (E,2)-30, 6% (by NMR) (Z.2)-30, 3% (by NMR)

74% (isolated yield)

The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1h (384.9 mg, 1.0 mmol), ZnEt,
(1.5 M in toluene, 1.0 mL, 1.5 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,0O afforded a mixture of (E,Z)-20,
(E,Z)-30, and (Z,Z)-30. The NMR yields were determined by 'H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,Z)-20 (78%), (E,Z)-30 (6%),
and (Z,2)-30 (3%)). (E,2)-20 (351.7 mg, 74%) was obtained via column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 7/1) as an oil:
'H NMR (400 MHz, CDCls) & 8.01 (d, J=7.4 Hz, 1 H, ArH), 7.38 (t, J=7.2 Hz, 1 H,
ArH), 7.30 (t, J=7.9 Hz, 1 H, ArH), 7.09 (d, J=7.5 Hz, 1 H, ArH), 5.17 (heptet, J =
6.3 Hz, 1 H, OCH), 3.75 (s, 6 H, OCHj; x 2), 3.63-3.53 (m, 4 H, OCHj3 + one proton of
CH,), 3.47 (d, J = 17.1 Hz, 1 H, one proton of CH,), 3.06 (d, J = 14.9 Hz, 1 H, one
proton of CH,), 2.91 (d, J = 14.9 Hz, 1 H, one proton of CH;), 1.80-1.70 (m, 1 H, one
proton of CHy), 1.50 (s, 3 H, CH3), 1.35-1.21 (m, 7 H, CH; x 2 + one proton of CH),
0.19 (t, J = 7.5 Hz, 3 H, CH3); °C NMR (100 MHz, CDCls) § 172.3, 171.8, 167.6,
166.2, 149.6, 140.8, 138.6, 132.7, 131.9, 130.3, 130.2, 129.8, 129.0, 127.2, 68.5, 56.0,
52.8,52.7, 51.4, 40.6, 37.1, 27.7, 21.7, 18.2, 10.7; MS (EI) (m/z) (%) 472 (M", 7.09),
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320 (100); IR (neat, cm™) 1714, 1603, 1435, 1375, 1340, 1271, 1210, 1153, 1130,
1106, 1078, 1060, 1011; HRMS calcd for CogH3,05 (M'): 472.2097; found: 472.2090.

(14) Preparation of (E,Z)-2q (ct-9-75, ct-8-85).
Lo co;B CO,'Bu
e 1)Nicod), (1 mol%)  TMSCHN, MeO,C - 2B 'BuOZC H  COZ
MeO,C =S - CO, balloon (4 equiv) MeO,C., MeO,C. MeOZC
+
MeO,C" \—= (15eam) 2negn " MeoH [E40 =14 MO ATNAH Me0,C” N Et Meozc N\ B
1i

(E,2)-2q, 78% (by NMR) (E,2)-3q, 6% (by NMR) (Z.2)-3q, 3% (by NMR)
64% (isolated yield)

The reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1i (398.9 mg, 1.0 mmol), ZnEt,
(1.5 M in toluene, 1.0 mL, 1.5 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN, (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,0 afforded a mixture of (E,Z)-2q,
(E,Z)-3q, and (Z,Z)-39. The NMR vyields were determined by 'H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,Z)-2q (78%), (E,Z)-3q (6%),
and (Z,2)-3q (3%)). (E,Z)-2q was obtained via column chromatography on silica gel
(eluent: petroleum ether/ethyl acetate = 10/1) to afford 352.4 mg of impure product,
which was then recrystallized (petroleum ether (1.5 mL)) to afford 313.2 mg of pure
(E,Z)-2q (64%) as a white solid: m.p. 83-85 °C (petroleum ether/ethyl acetate); 'H
NMR (400 MHz, CDCls) 6 7.97 (d, J = 7.2 Hz, 1 H, ArH), 7.35 (t, J = 7.0 Hz, 1 H,
ArH), 7.28 (t, J = 7.6 Hz, 1 H, ArH), 7.08 (d, J = 7.4 Hz, 1 H, ArH), 3.743 (s, 3 H,
OCH3), 3.740 (s, 3 H, OCH3), 3.61 (s, 3 H, OCH3), 3.58 (d, J = 19.1 Hz, 1 H, one
proton of CH>), 3.49 (d, J =17.3 Hz, 1 H, one proton of CH,), 3.07 (d, J = 14.9 Hz, 1
H, one proton of CHy), 2.92 (d, J = 15.1 Hz, 1 H, one proton of CHy), 1.86-1.76 (m, 1
H, one proton of CHy), 1.53 (s, 9 H, CH3 x 3), 1.51 (s, 3 H, CH3), 1.35-1.22 (m, 1 H,
one proton of CHy), 0.22 (t, J = 7.5 Hz, 3 H, CH;); °C NMR (100 MHz, CDCl3) &
172.3, 171.8, 167.5, 165.9, 149.5, 140.5, 138.6, 132.5, 131.5, 131.4, 130.3, 129.9,
129.1, 127.1, 81.4, 56.0, 52.7, 52.6, 51.4, 40.6, 37.1, 27.8, 27.5, 18.2, 10.7; MS (EI)
(m/z) (%) 486 (M, 34.67), 401 (100); IR (neat, cm™) 2966, 1746, 1711, 1603, 1437,
1393, 1370, 1292, 1244, 1209, 1169, 1125, 1074, 1059; Anal. calcd for Cy7H3405 (%):
C 66.65, H 7.04; found: C 66.89, H 7.08.
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(15) Preparation of (E)-2t (ct-7-59).

MeOQ MeO,C  CO,Me

__ /s 1) Ni(cod), (1mol%)  TMSCHN, y MeO2C GO:Me
MeO,C. - &, Znle CO; balloon (4 equiv) MeOZC Z S MeO,C MeO,C. R
— "2 DMSO, 90°C, 3 h MeO,C \ Me  *
MeO,C — Geauv) 5 hasa MeOHnEtf?‘ 1:4 B MeO,C S Me MeO,C M
1j
(E)-2t, 64% (by NMR) (B)-3t, 1% (by NMR) (2)-3t, 1% (by NMR)

60% (isolated yield)

The reaction of Ni(cod); (2.8 mg, 0.01 mmol), 1j (361.6 mg, 1.0 mmol), ZnMe,
(1.0 M in toluene, 3.0 mL, 3.0 mmol), and carbon dioxide (about 1 L) in 10 mL of
DMSO afforded the crude product.

The crude product was then reacted with TMSCHN, (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E)-2t, (E)-3t,
and (Z)-3t. The NMR yields were determined by 'H NMR analysis of the crude
products using CH,Br; as the internal standard ((E)-2t (64%), (E)-3t (1%), and (Z)-3t
(1%)). (E)-2t (259.6 mg, 60%) was obtained via column chromatography on silica gel
(eluent: petroleum ether/ethyl acetate = 5/1) as an oil: 'H NMR (400 MHz, CDCls) &
7.36 (d,J=5.1 Hz, 1 H, ArH), 6.80 (d, J = 5.0 Hz, 1 H, ArH), 3.82 (s, 3 H, OCH3),
3.74 (s, 6 H, OCH; x 2), 3.68 (s, 3 H, OCH3), 3.46 (s, 2 H, CH»), 2.99 (bs, 2 H, CH»),
1.61 (s, 3 H, CH3), 1.01 (s, 3 H, CH3); >C NMR (100 MHz, CDCl3) 6 171.7, 167.4,
162.2, 151.8, 145.5, 135.8, 131.6, 130.2, 129.2, 128.2, 123.1, 56.0, 52.7, 51.8, 51.5,
40.8, 36.8, 22.2, 22.1; MS (EI) (m/z) (%) 436 (M", 20.96), 313 (100); IR (neat, cm™)
2949, 1734, 1707, 1643, 1600, 1520, 1437, 1408, 1388, 1273, 1248, 1223, 1160, 1111,
1084, 1051; HRMS calcd for C2H2405S (M"): 436.1192; found: 436.1196.

3. Ni(cod),-catalyzed reaction of 1 with carbon dioxide and ZnEt, —preparation
of the acids.
(1) Preparation of (Z,E)-4s (ct-6-139).

MeO,C HO,C CO,Me

1) Ni(cod); (1 mol%) MeO,C H  COMe
= CO, balloon 7z Z>H z
Q + ZnE,  pms0,90°C,3h AL gt + g + q
— (3 equiv) 2)HCI (3 M) X Et X Et

1d
(Z,E)-4s, 61% (by NMR)  (ZE)-3s, 1% (by NMR)  (E.E)-3s, 3% (by NMR)
52% (isolated yield)

Typical procedure Il: To a 50 mL flame-dried Schlenk tube was added

Ni(cod); (2.8 mg, 0.01 mmol) inside a glove box. Compound 1d (242.2 mg, 1.0 mmol)
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and DMSO (10 mL) were sequentially added under argon outside the glove box. The
Schlenk tube was then frozen with a liquid nitrogen bath. The argon inside the tube
was completely replaced with CO, by using a balloon of CO, (about 1 L). The
Schlenk tube was allowed to stand until the temperature was above 0 °C. Then the
Schlenk tube was placed in an oil bath pre-heated at 90 °C. After completely thawed,
to the mixture was added ZnEt, (1.5 M in toluene, 2.0 mL, 3.0 mmol) with a syringe.
After being vigorously stirred for 3 h, the reaction was complete as monitored by TLC.
HCI1 (3 M, 10 mL) was added to quench the reaction. The aqueous layer was extracted
with EtOAc (10 mL x 3) and the combined organic layer was washed with brine (10
mL), dried over anhydrous MgSOQ,, filtered and concentrated in vacuo to afford a
mixture of (Z,E)-4s, (Z,E)-3s, and (E,E)-3s. The NMR yields were determined by 'H
NMR analysis of the crude products using CH,Br; as the internal standard ((Z,E)-4s
(61%), (Z,E)-3s (1%), and (E,E)-3s (3%)). (Z,E)-4s was obtained via column
chromatography on silica gel (eluent: petroleum ether/acetone = 5/1) to afford 208.5
mg of impure product, which was then recrystallized (petroleum
ether/dichloromethane = 7/1) to afford 165.1 mg of pure (Z,E)-4s (52%) as a solid:
m.p. 153-155 °C (petroleum ether/dichloromethane); '"H NMR (400 MHz, CDCl3) &
11.59 (bs, 1 H, CO,H), 8.05 (d, J=7.6 Hz, 1 H, ArH), 7.43 (t, J=7.2 Hz, 1 H, ArH),
7.35(,J=7.5Hz, 1 H, ArH), 7.18 (d,J= 7.4 Hz, 1 H, ArH), 4.92 (d, J=14.6 Hz, 1
H, one proton of CH,), 4.77 (d, J = 14.5 Hz, 1 H, one proton of CH,), 4.54 (d, J =
10.6 Hz, 1 H, one proton of CH>), 4.37 (d, J =10.8 Hz, 1 H, one proton of CHy), 3.86
(s, 3 H, OCH3), 1.76-1.64 (m, 1 H, one proton of CH,), 1.53 (s, 3 H, CHs), 1.37-1.25
(m, 1 H, one proton of CH,), 0.20 (t, J = 7.4 Hz, 3 H, CH3); '"H NMR (400 MHz,
DMSO-dg) 6 12.37 (s, 1 H, CO,H), 7.93 (d, J = 7.7 Hz, 1 H, ArH), 7.49 (t,J = 7.4 Hz,
1 H, ArH), 7.40 (t, J=7.5 Hz, 1 H, ArH), 7.19 (d,J=7.7 Hz, 1 H, ArH), 4.74 (d,J =
14.2 Hz, 1 H, one proton of CH,), 4.58 (d, J = 14.3 Hz, 1 H, one proton of CH,), 4.44
(d, J=11.0 Hz, 1 H, one proton of CH;), 4.32 (d, J = 10.5 Hz, 1 H, one proton of
CH,), 3.76 (s, 3 H, OCH3), 1.69-1.58 (m, 1 H, one proton of CHy), 1.50 (s, 3 H, CH,),
1.42-1.32 (m, 1 H, one proton of CH,), 0.08 (t, J = 7.4 Hz, 3 H, CH3); >C NMR (100

MHz, CDCls) 6 172.3, 167.2, 150.8, 140.4, 140.0, 132.6, 132.4, 130.6, 130.0, 129.5,
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127.9, 127.0, 72.5, 69.2, 52.1, 28.3, 19.1, 10.2; MS (EI) (m/z) (%) 316 (M, 14.18),
255 (100); IR (neat, cm™) 3500-2000, 1712, 1675, 1603, 1573, 1482, 1454, 1434,
1409, 1265, 1190, 1136, 1087, 1049; Anal. caled for C;sH200s (%): C 68.34, H 6.37,
found: C 68.59, H 6.15.

(2) Preparation of (E,Z)-4a (ct-8-101).

MeO,C,

HO,C  COMe CO,M
_ 1) Nitcod), (1 mol%) 2 MeO,C H 2Me
MeO,C = _COpballoon ~ MeOC MeO,C. Meo2
MeO,C’ — + ZnEt, DMSO, 90 °C, 40 min MeO,C' X _FEt
’ ; (3equiv)  2) HCI (3 M) e MeO,C N Et MeOQC 5
a
(E,Z)-4a, 83% (by NMR) (E,2)-3a, 3% (by NMR) (Z,2)-3a, 1% (by NMR)

74% (isolated yield)

Following Typical procedure I, the reaction of Ni(cod), (0.8 mg, 0.003 mmol),
la (107.5 mg, 0.3 mmol), ZnEt; (1.5 M in toluene, 0.6 mL, 0.9 mmol) and carbon
dioxide (about 1 L) in 3 mL of DMSO for 40 min afforded a mixture of (E,Z)-4a,
(E,Z)-3a, and (Z,Z)-3a. The NMR yields were determined by 'H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,Z)-4a (83%), (E,Z)-3a (3%),
and (Z,2)-3a (1%)). (E,2)-4a (110.4 mg, purity of 87%, 74%) was obtained via
column chromatography on silica gel (eluent: dichloromethane/methanol = 40/1) as
an oil: '"H NMR (400 MHz, CDCl3) § 11.87 (bs, 1 H, CO,H), 8.02 (d, J=7.5 Hz, 1 H,
ArH), 7.39 (t, J="7.1 Hz, 1 H, ArH), 7.31 (t, J=7.5 Hz, 1 H, ArH), 7.12 (d, J = 7.7
Hz, 1 H, ArH), 3.86 (s, 3 H, OCH3), 3.76 (s, 3 H, OCH3), 3.74 (s, 3 H, OCH3), 3.64 (d,
J=17.6 Hz, 1 H, one proton of CH;), 3.44 (d, J = 17.3 Hz, 1 H, one proton of CH,),
3.06 (d, J=14.9 Hz, 1 H, one proton of CH,), 2.91 (d, J =15.1 Hz, 1 H, one proton of
CH;), 1.75-1.65 (m, 1 H, one proton of CH;), 1.51 (s, 3 H, CH3), 1.36-1.24 (m, 1 H,
one proton of CHy), 0.16 (t, J = 7.4 Hz, 3 H, CH;); "H NMR (400 MHz, DMSO-dg) &
12.23 (s, 1 H, CO,H), 7.89 (d, J=7.7 Hz, 1 H, ArH), 7.46 (t, J = 7.6 Hz, 1 H, ArH),
7.36 (t,J=7.6 Hz, 1 H, ArH), 7.09 (d, J = 7.5 Hz, 1 H, ArH), 3.76 (s, 3 H, OCH3),
3.69 (s, 6 H, OCH3 x 2), 3.48 (d, J = 17.0 Hz, 1 H, one proton of CH>), 3.18 (d, J =
17.0 Hz, 1 H, one proton of CH,), 2.96 (d, J = 15.7 Hz, 1 H, one proton of CH;), 2.89
(d, J=15.2 Hz, 1 H, one proton of CH;), 1.67-1.55 (m, 1 H, one proton of CHy), 1.46
(s, 3 H, CH3), 1.41-1.31 (m, 1 H, one proton of CHy), 0.04 (t, J = 7.4 Hz, 3 H, CHj3);
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13C NMR (100 MHz, CDCl3) § 172.9, 172.3, 171.8, 167.2, 151.8, 140.6, 139.5, 132.8,
132.2, 130.4, 129.9, 129.7, 128.4, 127.5, 56.0, 52.9, 52.8, 52.0, 40.9, 37.0, 27.9, 18.4,
10.6; MS (EI) (m/z) (%) 430 (M, 10.68), 369 (100); IR (neat, cm™") 3500-2300, 1718,
1680, 1596, 1483, 1434, 1375, 1256, 1199, 1171, 1137, 1082, 1049; HRMS calcd for
Ca3Ha605 (MY): 430.1628; found: 430.1623.

4. Ni(cod),-catalyzed reaction of 1a with carbon dioxide and Zn"Bu,.

(1) preparation of (E,Z)-2c (ct-7-55).

Me0C, MeO,C  CO:Me
2

. 1) Ni(cod), (1 mol%) TMSCHN g MeO,C H COxMe
MeO,C. —  z0Bu, gﬁ)’lzslc))algaggc = (4 equiv) " OZC s , MeOC T . MeO,C z

= . i g MeOH:Et,0 = 1:4 Me u
MeO,C = (3equiv) 2) HCI (3 M) "y 12 h 2 MeO,C X Bu MeO,C X BU

1a
(E.2)-2c, 74% (by NMR)  (E.2)-3c, 4% (by NMR) (Z,2)-3¢, 3% (by NMR)

60% (isolated yiel)

Typical procedure IllI: To a 50 mL flame-dried Schlenk tube was added
Ni(cod), (2.8 mg, 0.01 mmol) inside a glove box. Compound la (356.8 mg, 1.0
mmol), DMSO (10 mL) and Zn"Bu, (1.0 M in hexane, 3.0 mL, 3.0 mmol) were
sequentially added under argon outside the glove box. The hexane was then removed
by applying a vaccum for 2 min. A balloon of CO, (about 1 L) was then placed on the
tube with a needle to fulfill the tube with CO,. Toluene (3 mL) was added to the tube
with a syringe. Then the Schlenk tube was placed in an oil bath pre-heated at 90 °C.
After being vigorously stirred for 3 h, the reaction was complete as monitored by TLC.
HCI (3 M, 10 mL) was added to quench the reaction. The aqueous layer was extracted
with EtOAc (10 mL x 3) and the combined organic layer was washed with brine (10
mL), dried over anhydrous MgSQy, filtered and concentrated in vacuo.

To the crude product were added MeOH (1 mL) and Et,0O (4 mL). To the
resulting mixture was dropwise added TMSCHN, (2.0 M in hexane, 2.0 mL, 4.0
mmol) with a syringe. After being stirred for 1 h at room temperature, the reaction
was complete as monitored by TLC. The reaction mixture was concentrated to afford
a mixture of (E,Z)-2c, (E,Z)-3c, and (Z,Z)-3c. The NMR yields were determined by 'H
NMR analysis of the crude products using CH,Br; as the internal standard ((E,Z)-2c
(74%), (E,Z)-3c (4%), and (Z,2)-3c (3%)). (E,Z)-2c was obtained via column
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chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 6/1) to afford
340.8 mg of impure product, which was then recrystallized (petroleum
ether/dichloromethane = 20/1) to afford 281.5 mg of pure (E,Z)-2c (60%) as a white
solid: m.p. 122-123 °C (petroleum ether/dichloromethane); '"H NMR (400 MHz,
CDCl) 6 8.01 (d, J=7.7 Hz, 1 H, ArH), 7.40 (t, J= 7.4 Hz, 1 H, ArH), 7.31 (t, J =
7.4 Hz, 1 H, ArH), 7.12 (d, J = 7.7 Hz, 1 H, ArH), 3.83 (s, 3 H, OCH3), 3.75 (s, 6 H,
OCHj; x 2), 3.62 (s, 3 H, OCH3), 3.57 (d, J = 17.1 Hz, 1 H, one proton of CH,), 3.49
(d, J =17.1 Hz, 1 H, one proton of CH,), 3.07 (d, J = 14.9 Hz, 1 H, one proton of
CHy), 2.92 (d, J=15.1 Hz, 1 H, one proton of CH;), 1.78-1.67 (m, 1 H, one proton of
CH,), 1.50 (s, 3 H, CH3), 1.04-0.78 (m, 4 H, CH; x 2), 0.68 (t, J = 6.9 Hz, 3 H, CH3),
0.46-0.35 (m, 1 H, one proton of CH,); *C NMR (100 MHz, CDCl;) & 172.3, 171.7,
167.6, 167.1, 149.8, 141.0, 137.7, 132.7, 132.0, 130.3, 130.2, 129.2, 128.7, 127.2,
56.0,52.8,52.7,51.8,51.4,40.7,37.0, 34.7, 28.4, 22.3, 18.7, 13.6; MS (EI) (m/z) (%)
472 (M", 13.37), 415 (100); IR (neat, cm™") 2958, 2927, 1729, 1711, 1603, 1434, 1380,
1280, 1248, 1210, 1172, 1150, 1125, 1107, 1085, 1051; Anal. calcd for CycH3,05 (%):
C 66.09, H 6.83; found: C 65.87, H 6.75.

(2) preparation of (E,E)-2m (ct-7-74).

MeO,C, MeO,C  CO;Me

_ 1) Ni(cod)z (1 mol%) TMSCHN, MeO,C 2 MeO,C H GOMe
MeO,C. — A— CO, balloon (4 equiv) . MeO,C. A u MeO,C y
MeO,C” \ = 2 DMSO,90°C,3h MeOH:Et,0 =14 MeOC NSB * *
2 - oA (3 equiv) 2) HCI (3 M) t1h MeO,C X_"Bu MeO,C’ X /BU
c ]
1 AcO
AcO AcO
(E,E)-2m, 44% (by NMR) (E,E)-3m, 2% (by NMR) (Z,E)-3m, 3% (by NMR)

36% (solated yield)

Following Typical procedure 111, the reaction of Ni(cod), (2.8 mg, 0.01 mmol),
1f (427.3 mg, 1.0 mmol), Zn"Bu, (1.0 M in hexane, 3.0 mL, 3.0 mmol), and carbon
dioxide (about 1 L) in 10 mL of DMSO and 3 mL of toluene afforded the crude
product.

The crude product was then reacted with TMSCHN,; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E,E)-2m,
(E,E)-3m, and (Z,E)-3m. The NMR yields were determined by '"H NMR analysis of

the crude products using CH,Br; as the internal standard ((E.E)-2m (44%), (E,E)-3m
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(2%), and (Z,E)-3m (3%)). (E,E)-2m (195.2 mg, 36%) was obtained via column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 5/1) as an oil:
'H NMR (400 MHz, CDCl3) & 8.01 (dd, J=7.5, 1.8 Hz, 1 H, ArH), 7.39-7.30 (m, 2 H,
ArH), 7.09 (dd, J = 7.4, 1.6 Hz, 1 H, ArH), 3.83 (s, 3 H, OCH3), 3.85-3.76 (m, 2 H,
OCHa,), 3.749 (s, 3 H, OCH3), 3.745 (s, 3 H, OCHs), 3.62 (s, 3 H, OCH3), 3.57 (d, J =
17.6 Hz, 1 H, one proton of CH,), 3.50 (d, J = 17.3 Hz, 1 H, one proton of CH,), 3.16
(d, J=14.9 Hz, 1 H, one proton of CH;), 2.93 (d, J = 14.9 Hz, 1 H, one proton of
CH,), 2.44-2.34 (m, 1 H, one proton of CH;), 2.23-2.14 (m, 1 H, one proton of CH,),
2.02 (s, 3 H, CH3), 1.81-1.72 (m, 1 H, one proton of CH;), 1.05-0.81 (m, 4 H, CH, x
2), 0.69 (t, J = 7.0 Hz, 3 H, CH3), 0.57-0.46 (m, 1 H, one proton of CH,); BC NMR
(100 MHz, CDCls) & 172.2, 171.7, 170.8, 167.4, 167.1, 149.5, 140.6, 136.7, 133.2,
132.6, 132.0, 130.4, 129.6, 129.2, 127.6, 62.5, 56.1, 52.9, 52.8, 51.9, 51.6, 40.0, 37.0,
32.9, 31.1, 28.8, 22.3, 20.9, 13.7; MS (EI) (m/z) (%) 544 (M, 24.01), 457 (100); IR
(neat, cm™) 1720, 1601, 1570, 1434, 1373, 1239, 1171, 1127, 1082, 1044; HRMS
calcd for Co9H36010 (M+): 544.2308; found: 544.2314.

(3) preparation of (E,Z)-2p (ct-9-84).

'PrO,C, MeO,C  COPr Pro.C H CO;Pr
1) Ni(cod)z (1 mol%)  TMSCHN, 2
MeO,C — CO; balloon (4 equiv) MeO,C. MeO,C. MeOZC
* Zn"Buz  DMSO, 90°C,3h MeOH: Et o 1:4  MeO,C N\ /BU B MeO. c X BU
MeO,C — (3equiv) 2)HCI (3 M) 2 2 MeO,C u 2
T (E2)2p,67% (by NMR) (£, 2)-3p, 6% (by NMIR) (2.2-3p, 5% (by NMR)

46% (isolated yield)

Following Typical procedure I, the reaction of Ni(cod), (2.8 mg, 0.01 mmol),
1h (383.7 mg, 1.0 mmol), Zn"Bu, (1.0 M in toluene, 3.0 mL, 3.0 mmol), and carbon
dioxide (about 1 L) in 10 mL of DMSO afforded the crude product.

The crude product was then reacted with TMSCHN,; (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E,Z)-2p,
(E,Z)-3p, and (Z,Z)-3p. The NMR yields were determined by '"H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,Z)-2p (67%), (E.Z)-3p (6%),
and (Z,2)-3p (5%)). (E,Z)-2p was obtained via column chromatography on silica gel
(eluent: petroleum ether/ethyl acetate = 15/1) to afford 330.7 mg of impure product,

which was then recrystallized (petroleum ether (2 mL)) to afford 229.7 mg of pure
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(E,Z)-2p (46%) as a white solid: m.p. 94-96 °C (petroleum ether); '"H NMR (400 MHz,
CDCl) 6 8.02 (dd, J=17.8, 1.2 Hz, 1 H, ArH), 7.38 (td, J = 7.5, 1.4 Hz, 1 H, ArH),
7.30(td,J=7.5,1.4 Hz, 1 H, ArH), 7.10 (dd, J = 7.6, 1.0 Hz, 1 H, ArH), 5.15 (hept, J
= 6.3 Hz, 1 H, OCH), 3.74 (s, 6 H, OCHj3 % 2), 3.61 (s, 3 H, OCH3), 3.59 (d, J =20.6
Hz, 1 H, one proton of CH;), 3.50 (d, J=17.1 Hz, 1 H, one proton of CH5), 3.08 (d, J
= 15.0 Hz, 1 H, one proton of CH>), 2.90 (d, J = 14.9 Hz, 1 H, one proton of CHy),
1.76-1.65 (m, 1 H, one proton of CHy), 1.50 (s, 3 H, CHs3), 1.324 (d, J = 6.3 Hz, 3 H,
CHs), 1.317 (d, J = 6.2 Hz, 3 H, CH3), 1.13-1.03 (m, 1 H, one proton of CH,),
1.00-0.78 (m, 3 H, one proton of CH; + CH,), 0.67 (t, J = 6.9 Hz, 3 H, CHs),
0.32-0.19 (m, 1 H, one proton of CHs); °C NMR (100 MHz, CDCl;) § 172.4, 171.8,
167.6, 166.1, 149.7, 141.1, 137.7, 132.7, 131.9, 130.29, 130.26, 129.9, 128.9, 127.2,
68.6, 56.1, 52.8, 52.7,51.4,40.7, 37.2, 34.8, 28.3, 22.5, 21.8, 21.7, 18.8, 13.8; MS (EI)
(m/z) (%) 500 (M, 26.34), 443 (100); IR (neat, cm™) 1745, 1711, 1604, 1452, 1436,
1382, 1344, 1287, 1272, 1247, 1216, 1171, 1131, 1106, 1086, 1058, 1011; Anal. calcd
for C,3H3605 (%): C 67.18, H 7.25; found: C 67.16, H 7.23.

(4) preparation of (E,Z)-2r (ct-9-85).

BuO,C, ) MeO,C  CO2Bu 1BUOLC H CO,Bu
1) Nilcod), (1 mol%)  TMSCHN, <" oo
MeO,C. = CO, balloon (4 equiv) MeO,C. z . MeOC Ho, MeO; z
* Zn"BU;  DMSO,90°C,3h MeOH:EL,0 =14 MeO,C X /B N
— ’ ’ B =1 MeO,C X_"Bu MeO,C BU
MeO,C = (3equiv) 2)HCI (3 M) Y 2 e0;

i (E.Z)-2r,66% (by NMR)  (E,2)-3r, 7% (by NMR) (Z.2)-3r, 5% (by NMR)
51% (isolated yield)

Following Typical procedure I, the reaction of Ni(cod), (2.8 mg, 0.01 mmol), 1i
(397.6 mg, 1.0 mmol), Zn"Bu, (1.0 M in toluene, 3.0 mL, 3.0 mmol), and carbon
dioxide (about 1 L) in 10 mL of DMSO afforded the crude product.

The crude product was then reacted with TMSCHN, (2.0 M in hexane, 2.0 mL,
4.0 mmol) in 1 mL of MeOH and 4 mL of Et,O afforded a mixture of (E,Z)-2r,
(E,Z)-3r, and (Z,2)-3r. The NMR yields were determined by 'H NMR analysis of the
crude products using CH,Br; as the internal standard ((E,Z2)-2r (66%), (E,Z)-3r (7%),
and (Z,2)-3r (5%)). Column chromatography on silica gel (eluent: petroleum
ether/ethyl acetate = 8/1) afforded 341.0 mg of impure product, which was then

recrystallized (petroleum ether (1 mL) for the first round to afford 212.4 mg of pure
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(E,2)-2r; the mother liquid was concentrated and submitted to the second round
(petroleum ether (4 mL)) to afford 50.0 mg of (E,Z)-2r) as a white solid: total 262.4
mg (51%); m.p. 83-84 °C (petroleum ether); '"H NMR (400 MHz, CDCls) & 7.96 (dd,
J=78,1.0Hz 1 H, ArH), 7.35 (td, J=7.5, 1.3 Hz, 1 H, ArH), 7.28 (td, J = 7.6, 1.2
Hz, 1 H, ArH), 7.09 (d, J = 7.4 Hz, 1 H, ArH), 3.741 (s, 3 H, OCH3), 3.737 (s, 3 H,
OCH»), 3.61 (s, 3 H, OCH3), 3.59 (d, J = 22.4 Hz, 1 H, one proton of CH), 3.50 (d, J
= 17.3 Hz, 1 H, one proton of CH;), 3.09 (d, J = 14.9 Hz, 1 H, one proton of CH,),
2.90 (d, J=15.1 Hz, 1 H, one proton of CH;), 1.76-1.67 (m, 1 H, one proton of CHy),
1.54 (s, 9 H, CH; x 3), 1.51 (s, 3 H, CH3), 1.25-1.15 (m, 1 H, one proton of CH,),
1.02-0.81 (m, 3 H, one proton of CH, + CH,), 0.66 (t, J = 6.9 Hz, 3 H, CH,),
0.18-0.04 (m, 1 H, one proton of CH,); *C NMR (100 MHz, CDCl;) § 172.3, 171.8,
167.5, 165.9, 149.5, 140.7, 137.8, 132.6, 131.5, 131.1, 130.25, 130.17, 129.0, 127.1,
81.3, 56.0, 52.8, 52.6, 51.4, 40.7, 37.2, 34.8, 28.2, 27.8, 22.6, 18.8, 13.8; MS (EI)
(m/z) (%) 514 (M", 14.2), 401 (100); IR (neat, cm™) 1727, 1711, 1640, 1601, 1453,
1436, 1391, 1367, 1290, 1248, 1205, 1168, 1125, 1080, 1156; Anal. calcd for
Ca9H3305 (%): C 67.68, H 7.44; found: C 67.67, H 7.43.

5. Selective removal of tert-butyl group of (E,Z)-2q (ct-7-101).

MeO,C  CO;Bu MeO,C  COzH
MeO,C 7 HCOM  meo,c 7
MeO,C N Et m.2h MeO,C NP
(E.2)-2q (E,2)-5q, 98%

To a 25 mL round bottom flask was added (E,Z)-2q (77.3 mg, 0.16 mmol) and
1.6 mL of HCO,H (98%). After being stirred for 2 h at room temperature, the mixture
was concentrated to afford (E,Z)-5q (67.2 mg, 98%) via column chromatography on
silica gel (eluent: dichloromethane/methanol = 30/1) as an oil: '"H NMR (400 MHz,
CDCls) 6 10.47 (bs, 1 H, CO,H), 8.12 (d,J=7.9 Hz, 1 H, ArH), 7.44 (t,J=7.5 Hz, 1
H, ArH), 7.34 (t, J=7.6 Hz, 1 H, ArH), 7.16 (d, J = 7.7 Hz, 1 H, ArH), 3.76 (s, 3 H,
OCH3), 3.75 (s, 3 H, OCHs), 3.64 (s, 3 H, OCHj3), 3.59 (d, J = 17.1 Hz, 1 H, one
proton of CH,), 3.46 (d, J = 16.8 Hz, 1 H, one proton of CH;), 3.07 (d, J =15.2 Hz, 1
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H, one proton of CH,), 2.94 (d, J = 15.3 Hz, 1 H, one proton of CH,), 1.79-1.67 (m, 1
H, one proton of CHy), 1.52 (s, 3 H, CH3), 1.39-1.27 (m, 1 H, one proton of CHy),
0.18 (t, J = 7.5 Hz, 3 H, CH3); °C NMR (100 MHz, CDCls) § 172.4, 172.1, 171.8,
167.6, 150.2, 141.7, 138.9, 133.2, 132.9, 131.2, 129.8, 128.64, 128.63, 127.5, 56.0,
52.9, 52.8, 51.5, 40.8, 37.0, 27.9, 18.3, 10.5; MS (EI) (m/z) (%) 430 (M", 23.57), 401
(100); IR (neat, cm™) 3262, 2953, 1734, 1711, 1595, 1568, 1484, 1434, 1378, 1247,
1222, 1147, 1109, 1078, 1049, 1009; HRMS calcd for C,3HysOg (M'): 430.1628;
found: 430.1622.

6. Control experiments.

(1) Reaction of 1a’ under the standard conditions (ct-9-136).

MeO,C MeO,C
MeO,C. —= CO,Me 1) Ni(cod), (1 mol%)  TMSCHN, P
+ ZnEt, CO, balloon (4 equiv) MeO,C H , MeOxC ZCo,Me
MeO,C — . 0
(1.5 equiv) DMSO, 90°C, 3h  MeOH:Et,0 = 1:4 MeO,C X CO,Me N
1ar 2)HCI 3 M) it 12 h 2 2 MeO,C H
(ZE)-A, 39% B, 2% (if any)

Following Typical Procedure I, the reaction of Ni(cod), (1.4 mg, 0.005 mmol),
1la’ (178.1 mg, 0.5 mmol), ZnEt; (1.5 M in toluene, 0.5 mL, 0.75 mmol), and carbon
dioxide (about 1 L) in 5 mL of DMSO afforded the crude product.

The crude product was then reacted with TMSCHN; (2.0 M in hexane, 1.0 mL,
2.0 mmol) in 1 mL of MeOH and 4 mL of Et,0 to afford a mixture of (E,Z)-A and B.
The NMR yields were determined by '"H NMR analysis of the crude products using
CH,Br; as the internal standard ((E,Z)-A (44%) and B (2%)). (E,Z)-A* (80.2 mg, 39%)
was obtained via column chromatography on silica gel (eluent: petroleum ether/ethyl
acetate = 10/1) as a white solid: m.p. 126-127 °C (petroleum ether/ethyl acetate)
(reported:® 126-127 °C (petroleum ether/ethyl acetate)); '"H NMR (400 MHz, CDCls)
0 8.01 (d,J=79Hz 2 H, ArH), 7.35 (d, J=7.9 Hz, 2 H, ArH), 6.72 (s, 1 H, CH=),
3.91 (s, 3 H, OCH3), 3.71 (s, 9 H, OCH3 x 3), 3.33 (s, 2 H, CH»), 3.09 (s, 2 H, CHa),
2.00 (s, 3 H, CH;3); *C NMR (100 MHz, CDCl3) § 171.2, 170.9, 166.6, 141.4, 140.8,
138.4, 129.4, 128.8, 128.5, 126.1, 123.1, 57.0, 52.9, 52.0, 51.8, 39.3, 37.9, 18.3; MS

(ED) (m/z) 416 (M", 34.01), 297 (100); IR (neat, cm™) 1743, 1727, 1704, 1637, 1600,
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1560, 1433, 1353, 1300, 1257, 1197, 1136, 1115, 1071, 1053, 1015.

(2) Reaction of 1la without carbon dioxide-quenched with HCI. (ct-9-137)

MeO,C H CO,Me
Ni(cod), (1 mol%) MeO,C
MeO,C — ZnEt, (1.5 equiv)  HCI (3 M) MeO,C ZH N MeO,C 7
MeOZC — DMSO, 40 OC, 5 min MeOzC X _ Ft MeOzC X Ef
1a
(E,2)-3a (Z,Z2)-3a
NMR vyield: 84% 4%

Isolated yield: 87% ((E,Z)-3a/(Z,Z)-3a = 20/1)

To a 25 mL flame-dried Schlenk tube was added Ni(cod), (0.8 mg, 0.003 mmol)
inside a glove box. Compound la (106.5 mg, 0.3 mmol) and DMSO (3 mL) were
sequentially added under argon outside the glove box. Then the Schlenck tube was
placed in an oil bath pre-heated at 40 °C. To the mixture was added ZnEt, (1.5 M in
toluene, 0.3 mL, 0.45 mmol) with a syringe. After being stirred for 5 min, the reaction
was complete as monitored by TLC. HCl (3 M, 5 mL) was added to quench the
reaction. The aqueous layer was extracted with EtOAc (5 mL x 3) and the combined
organic layer was washed with brine (10 mL), dried over anhydrous MgSOQ,, filtered
and concentrated in vacuo to afford a mixture of (E,Z)-3a and (Z,2)-3a. The NMR
yields were determined by '"H NMR analysis of this crude products using CH,Br; as
the internal standard (84% ((E,Z)-3a) and 4% ((Z,2)-3a), respectively). A mixture of
(E,2)-3a and (Z,2)-3a (100.8 mg, 87%, (E,Z)-3a/(Z,Z)-3a = 20/1) was obtained via
column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 10/1) as
an oil.

(E,Z)-3a: "H NMR (400 MHz, CDCl5) & 7.90 (d, J = 7.6 Hz, 1 H, ArH), 7.47 (t, J
=73 Hz, 1 H, ArH), 7.35 (d, J=7.7 Hz, 1 H, ArH), 7.28 (t, J = 7.6 Hz, 1 H, ArH),
7.08 (s, 1 H, CH=), 3.84 (s, 3 H, OCH3), 3.66 (s, 6 H, OCHj3 x 2), 3.06-2.99 (m, 4 H,
CH;x 2),2.43(q,J=7.4Hz, 2 H, CH»), 1.79 (s, 3 H, CH3), 1.14 (t, J= 7.6 Hz, 3 H,
CH3); °C NMR (100 MHz, CDCl3) & 171.8, 167.6, 139.3, 138.7, 135.4, 131.4, 130.9,
130.4, 130.2, 129.1, 126.3, 124.0, 57.3, 52.5, 51.8, 39.4, 38.4, 28.5, 20.6, 12.8;
GC-MS (GC condition: injector: 260 °C; column: DB-5MS column 30 m x 0.25 mm,
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temperature programming: 15 °C/min to 285 °C, 285 °C (15 min); detector: 150 °C)
(70 ev, EI) (m/z) (%) (retention time: 10.9 min): 386 (M", 29.7), 235 (100); HRMS
calcd for CyoHy606 (M+): 386.1729; found: 386.1728.

The following signals are discernible for (Z,Z)-3a: "H NMR (400 MHz, CDCl5) &
7.20 (t, J=7.3 Hz, 1 H, ArH), 6.69 (s, 1 H, CH=), 3.88 (s, 3 H, OCH3), 3.75 (s, 6 H,
OCHj3 x 2), 1.57-1.49 (m, 5 H, CH3+ CH,), 0.34 (t, J = 7.6 Hz, 3 H, CH3); °C NMR
(100 MHz, CDCls) & 172.1, 167.3, 141.1, 138.0, 134.1, 131.8, 130.7, 127.7, 127.5,
126.2, 124.1, 56.3, 52.6, 51.7, 43.3, 37.9, 28.3, 17.8, 10.6; GC-MS (GC condition:
injector: 260 °C; column: DB-5MS column 30 m x 0.25 mm, temperature
programming: 15 °C/min to 285 °C, 285 °C (15 min); detector: 150 °C) (70 ev, EI)
(m/z) (%) (retention time: 10.5 min): 386 (M', 20.38), 235 (100); HRMS calcd for
CaoHy606 (M): 386.1729; found: 386.1725.

IR (for the mixture of (E,Z)-3a and (Z,Z2)-3a) (neat, cm'l) 2955, 1723, 1596, 1567,
1477, 1433, 1290, 1244, 1201, 1165, 1126, 1074.

(3) Reaction of 1a without carbon dioxide-quenched with D,0O. (ct-9-138)

MeO,C D CO;Me
Ni(cod), (1 mol%) MeO,C
MeO,C — ZnEt; (1.5 equiv) D,0 MeO,C ) . MeO,C 72
MeO,C — DMSO, 40 °C, 5 min MeO,C X _FEt MeO,C X Et
1a
(E,2)-3a-D (Z,2)-3a-D
NMR vyield: 84% 4%
Isolated yield: 86% ((E,Z)-3a-D/(Z,Z)-3a-D = 20/1)
D-incorporation: 81% 97%

To a 25 mL flame-dried Schlenk tube was added Ni(cod); (0.8 mg, 0.003 mmol)
inside a glove box. Compound 1a (106.3 mg, 0.3 mmol) and DMSO (3 mL) were
sequentially added under argon outside the glove box. Then the Schlenck tube was
placed in an oil bath pre-heated at 40 °C. To the mixture was added ZnEt; (1.5 M in
toluene, 0.3 mL, 0.45 mmol) with a syringe. After being stirred for 5 min, the reaction
was complete as monitored by TLC. D,O (1.0 mL) was added to quench the reaction
followed by the addition of HC1 (3 M, 5 mL). The aqueous layer was extracted with

EtOAc (5 mL X 3) and the combined organic layer was washed with brine (10 mL),
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dried over anhydrous MgSQ, filtered and concentrated in vacuo to afford a mixture
of (E,Z)-3a-D and (Z,Z)-3a-D. The NMR yields were determined by 'H NMR
analysis of this crude products using CH,Br, as the internal standard (84%
((E,2)-3a-D) and 4% ((Z,2)-3a-D), respectively). A mixture of (E,Z)-3a-D and
(Z,2)-3a-D (99.2 mg, 86%, (E,Z)-3a-D/(Z,2)-3a-D = 20/1, D-incorporation:
(E,Z2)-3a-D 81% and (E,Z)-3a-D 97%) was obtained via column chromatography on
silica gel (eluent: petroleum ether/ethyl acetate = 10/1) as an oil.

(E,Z)-3a-D: 'H NMR (400 MHz, CDCl3) & 7.90 (d, J = 7.7 Hz, 1 H, ArH), 7.47
(t, J=7.6 Hz, 1 H, ArH), 7.36 (d, J = 7.7 Hz, 1 H, ArH), 7.28 (t, J = 7.5 Hz, 1 H,
ArH), 3.84 (s, 3 H, OCH3), 3.66 (s, 6 H, OCH3 x 2), 3.06-3.00 (m, 4 H, CH, x 2), 2.42
(q,J=7.4Hz, 2 H, CH,), 1.79 (s, 3 H, CH3), 1.14 (t, J = 7.6 Hz, 3 H, CH3); °C NMR
(100 MHz, CDCl3) & 171.8, 167.6, 139.2, 138.6, 135.4, 131.4, 130.9, 130.3, 130.2,
129.1, 126.3, 123.6 (t, Jc.o = 24.6 Hz), 57.25, 52.5, 51.8, 39.34, 38.4, 28.4, 20.6, 12.8;
GC-MS (GC condition: injector: 260 °C; column: DB-5MS column 30 m x 0.25 mm,
temperature programming: 15 °C/min to 285 °C, 285 °C (15 min); detector: 150 °C)
(70 ev, EI) (m/z) (%) (retention time: 10.9 min): 387 (M’ (C2,HasDOg), 40.24), 386
(M (C22H,606), 5.81), 236 (100); HRMS calcd for Cy,H,sDOg (M "): 387.1792; found:
387.1790.

The following signals are discernible for (E,Z)-3a: '"H NMR (400 MHz, CDCl;)
§ 7.08 (s, 0.19 H, CH=); *C NMR (100 MHz, CDCls) & 139.3, 138.7, 123.9, 57.23,
39.37.

The following signals are discernible for (Z,2)-3a-D: 'H NMR (400 MHz, CDCl5)
7.23-7.18 (m, 1 H, ArH), 6.70 (s, 0.03 H, CH=), 3.88 (s, 3 H, OCH3), 3.75 (s, 6 H,
OCHj3 x 2), 1.57-1.48 (m, 5 H, CH3+ CH,), 0.35 (t, J = 7.5 Hz, 3 H, CH3); °C NMR
(100 MHz, CDCls) & 172.1, 167.3, 141.0, 137.9, 134.1, 131.8, 130.7, 130.1, 127.7,
127.5, 126.2, 56.3, 52.6, 51.7, 43.2, 37.8, 28.3, 17.8, 10.6; GC-MS (GC condition:
injector: 260 °C; column: DB-5MS column 30 m x 0.25 mm, temperature
programming: 15 °C/min to 285 °C, 285 °C (15 min); detector: 150 °C) (70 ev, EI)
(m/z) (%) (retention time: 10.5 min): 387 (M’ (CxH,sDOg), 32.09), 386 (M"

(C22H605), 3.95), 236 (100); HRMS calcd for CyHosDOg (M'): 387.1792; found:
535



387.1795.
IR (for the mixture of (E,Z)-3a-D and (Z,Z)-3a-D) (neat, cm™) 1731, 1711, 1639,
1595, 1564, 1476, 1433, 1377, 1273, 1243, 1198, 1161, 1112, 1092, 1074.

(4) Monitoring the yields of (E,Z)-3a and (Z,2)-3a vs. time at 40 °C without CO,.

MeO,C, CO,Me
1) Ni(cod), (1 mol%) MeO,C H 2
MeO,C = ZnEt, (1.5 equiv) MeO,C ZH . MeO,C 7
DMSO, 40 °C “
MeO,C — 2) HCI (3 M) MeO,C X_Et MeO,C Et
1a
(E,2)-3a (2.2)-3a

To a 25 mL flame-dried Schlenk tube was added Ni(cod), (0.003 mmol) inside a
glove box. Compound la (0.3 mmol) and DMSO (3 mL) were sequentially added
under argon outside the glove box. Then the Schlenck tube was placed in an oil bath
pre-heated at 40 °C. To the mixture was added ZnEt, (1.5 M in toluene, 0.3 mL, 0.45
mmol) with a syringe. After being stirred for the time specified, HCI (3 M, 5 mL) was
added to quench the reaction. The aqueous layer was extracted with EtOAc (5 mL x 3)
and the combined organic layer was washed with brine (10 mL), dried over anhydrous
MgSO,, filtered and concentrated in vacuo. The yields of (E,Z)-3a, (Z,Z2)-3a, and the
recovery of 1a were determined by 'H NMR analysis of the crude products using
CH;Br; as the internal standard. Samples were taken for analysis at 1 min, 5 min, 10

min, 20 min, 40 min, and 60 min.

Yield of Yield of
Time (min) Recovery of 1a (E,Z2)-3a/(Z,2)-3a

(E,Z2)-3a (Z,2)-3a

1 28 1 58 28.0

5 84 4 0 21.0

10 83 5 0 16.6

20 81 9 0 9.0

40 78 15 0 5.2

60 72 19 0 3.8
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(5) Monitoring the yields of (E,Z)-3a, (Z,Z2)-3a, and (E,Z)-4a vs. time at 40 °C with

COa,.
MeO,C CO,Me
1) Ni(cod), (1 mol%) MeO,C H z HO,C  GOMe
MeO,C. /= ZnEt, (1.5 equiv) MeO,C_ /~7 “H , Me02C 7 , MeO,C 7
CO, balloon
MeO,C = DMZSO 40°C MeO,C X Et MeO,C N E MeO,C X -Et
1a 2) HCI (3 M)
(E,2)-3a (Z2,2)-3a (E,2)-4a

To a 25 mL flame-dried Schlenk tube was added Ni(cod), (0.003 mmol) inside a
glove box. Compound 1a (0.3 mmol) and DMSO (3 mL) were sequentially added
under argon outside the glove box. The Schlenk tube was then frozen with a liquid
nitrogen bath. The argon inside the tube was completely replaced with CO, by using a
balloon of CO, (about 1 L). The Schlenk tube was allowed to stand until the
temperature was above 0 °C. Then the Schlenk tube was placed in an oil bath
pre-heated at 40 °C. After completely thawed, to the mixture was added ZnEt, (1.5 M
in toluene, 0.3 mL, 0.45 mmol) with a syringe. After being stirred for the time
specified, HCI (3 M, 5 mL) was added to quench the reaction. The aqueous layer was
extracted with EtOAc (5 mL x 3) and the combined organic layer was washed with
brine (10 mL), dried over anhydrous MgSO, filtered and concentrated in vacuo. The
yields of (E,Z)-3a, (Z,2)-3a, (E,Z)-4a, and the recovery of 1a were determined by 'H
NMR analysis of the crude products using CH,Br; as the internal standard. Samples

were taken for analysis at 1 min, 5 min, 10 min, 20 min, 40 min, and 60 min.
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Time Yield of Yield of Yield of Recovery of
(E,2)-3a/(Z,2)-3a

(min) (E,2)-3a (2,2)-3a  (E,2)-4a la
1 18 1 0 73 18.0
5 84 2 1 0 42.0
10 84 3 2 0 28.0
20 81 3 5 0 27.0
40 78 3 7 0 26.0
60 77 3 8 0 25.7
(b ] — (E,Z)-3a - (Z,2)-3a

——(E,Z2)-4a —--1la

. e

LA S I S LA SIS LA SR LA SRR S S

0 5 10 15 2Q_.25 3 35, 40 45 50 55 60
QI'|me (Jmln)

L

(6) Monitoring the yields of (E,Z)-3a, (Z,2)-3a, and (E,Z)-4a vs. time at 90 °C with

CO..
MeO,C H COMe CO-Me
B 1) Ni(cod), (1 mol%) ~ Me02C P HOLC 2
MeO,C = ZnEt, (1.5 equiv) MeOzC H, MeO,C Z . MeO,C 7
MeO,C — CO; balloon MeO,C X_Ft MeO,C X _Et MeO,C =
DMSO, 90 °C
1a 2) HCI (3 M)

(E,Z)-3a (Z,2)-3a (E,2)-4a

To a 25 mL flame-dried Schlenk tube was added Ni(cod), (0.003 mmol) inside a
glove box. Compound l1a (0.3 mmol) and DMSO (3 mL) were sequentially added
under argon outside the glove box. The Schlenk tube was then frozen with a liquid
nitrogen bath. The argon inside the tube was completely replaced with CO, by using a
balloon of CO, (about 1 L). The Schlenk tube was allowed to stand until the
temperature was above 0 °C. Then the Schlenk tube was placed in an oil bath

pre-heated at 90 °C. After completely thawed, to the mixture was added ZnEt, (1.5 M
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in toluene, 0.3 mL, 0.45 mmol) with a syringe. After being stirred for the time

specified, HCI (3 M, 5 mL) was added to quench the reaction. The aqueous layer was

extracted with EtOAc (5 mL x 3) and the combined organic layer was washed with

brine (10 mL), dried over anhydrous MgSQy, filtered and concentrated in vacuo. The

yields of (E,Z)-3a, (Z,2)-3a, and (E,Z)-4a were determined by 'H NMR analysis of

the crude products using CH,Br, as the internal standard. Samples were taken for

analysis at 1 min, 5 min, 10 min, 15 min and 20 min.

Time Yield of Yield of Yield of
(E,2)-3al/(Z,2)-3a

(min) (E,2)-3a (Z,2)-3a (E,2)-4a
1 66 22 7 3.0
5 32 16 39 2.0
10 21 10 54 2.1
15 15 7 64 2.1
20 7 4 74 1.8

80
(d)

—=(E,2)-3a

< —(Z,2)-3a
<] —(E,2)-4a
2 —~(E,Z)-3a/
e (2,2)-3a

0 v v v

o

Tirte (min) ™ 2
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CT-8-88-NOESY

Sample Name:
CT-8-88-NOESY
Data Collected on:
OMC-RMR600-vnmr s600

Archive directory:
/home/omc/vnmrays/data

Sample directory: —
CT-8-88B-NOESY_20151214_01

FidFile: NOESY_01 . F1

o T 8 1.

Pulse Sequence: NOESY
Selvent: ecdeld
Data collected on: Deg 14 2015

Temp. 25.0 C / 298.1 K
Operator: ome

A
_
d
|.M
Relax. delay 1.500 sec |
Acqg. time 0.300 sec - | !
Width 6097.6 Hz
2D Width 6097.6 Hz J
8 repetitions

2 x 128 increments i
OBSERVE H1, 599.7754542 MHz — |

DATA PROCESSING T 4
Gauss apodization 0.0BB sec |

Fl DATA PROCESSING
Gauss apodization 0.012 sec !
FT size 4096 x 2048 | 5
Total time 1 hr, 18 min

H CO;Me |
—c_wONO 1
MeO,C_ /~7 ~H , [e0L 4 - T,
MeO,C . Et MeO,C X-E H ] “
8
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1 ; 1 8 7 6 5 4

FPlotname: --Not assigned--
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