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General Methods. Unless otherwise noted, materials obtained from commercial
suppliers were used without further purification. 'H spectra were recorded on 300
MHz or 400 MHz NMR spectrometers. Chemical shifts (in ppm) were referenced to
tetramethylsilane ( & = 0 ppm) in CDCl; as an internal standard. 3C-NMR spectra
were obtained by using the same NMR spectrometers and were calibrated with
CDCI5( 6 = 77.00 ppm). Single crystal X-ray diffraction data was collected on Bruker
SMART diffractometer at 273(2) K with graphite-monochromated Mo-Ka radiation
(AL=0.71073 A).

Experimental procedures and characterization datas of compounds

Typical procedure for the synthesis of indolizinone 3aa-3da.
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To a screw-cap vial containing a stir bar, 1 (0.3 mmol), 2 (0.6 mmol), Cu(OAc), (0.03
mmol) and NEt; (0.6 mmol) were added in 1,4-dioxane (2 mL). The reaction vial was
fitted with a cap. The reaction vial was heated with stirring at 110 °C or 130 °C for
several hours. After cooling down to room temperature and concentrated in vacuum,
the residue was purified by flash chromatography on a short silica gel to provide the

terminal product 3.
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3-phenyl-8a-(pyridin-2-yl)-indolizinone (3aa). 1a (55.2 mg, 0.3 mmol), 2a (61.2 mg,
0.6 mmol), Cu(OAc), (5.5 mg, 0.03 mmol) and NEt; (60.6 mg, 0.6 mmol) were added
in 1,4-dioxane (2 mL). The reaction vial was heated with stirring at 110 °C for 4h. 3aa
(82 mg, 95%, n-hexane/ethyl acetate = 3:1): yellow solid; mp 173-174 °C; IR (KBr) v
3036, 1566,1487, 1389, 1302 cm™!; 'TH NMR (300 MHz, CDCl;) 6 8.60 (d, J=4.3 Hz,



1H), 7.68 (t, J= 4.8 Hz, 3H), 7.58 — 7.46 (m, 4H), 7.19 (dd, /= 7.0, 5.1 Hz, 1H), 6.73
(d, J=7.2 Hz, 1H), 6.45 (d, J = 9.2 Hz, 1H), 6.12 (dd, J = 9.2, 5.5 Hz, 1H), 5.39 —
5.29 (m, 1H), 5.21 (s, 1H); 3C NMR (75 MHz, CDCl3) 6 199.2, 175.2, 158.7, 149.5,
136.8, 131.2, 129.5, 129.1, 128.2, 124.6, 123.5, 122.7, 122.0, 120.2, 108.8, 99.5, 73.8;
HRMS (ESI): Exact mass calcd for C;9H4N,O" [M+Na]* 309.0996, found 309.0998.
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3-(p-tolyl)-8a-(pyridin-2-yl)-indolizinone (3ab). The reaction of Cu(OAc), (5.5 mg,
0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2b (69.6 mg, 0.6
mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 4 h. 3ab (90 mg, 100%, n-
hexane/ethyl acetate = 3:1): yellow solid; mp 185-186 °C; IR (KBr) v 3041, 1675,
1428, 1385, 1300 cm!; 'TH NMR (300 MHz, CDCl3) 6 8.59 (d, J = 4.7 Hz, 1H), 7.66
(td, /=79, 1.7 Hz, 1H), 7.55 (d, J = 8.1 Hz, 2H), 7.49 (d, J= 8.0 Hz, 1H), 7.34 (d, J
= 8.0 Hz, 2H), 7.20 — 7.13 (m, 1H), 6.74 (d, J= 7.3 Hz, 1H), 6.44 (d, /= 9.2 Hz, 1H),
6.10 (dd, J = 9.2, 5.5 Hz, 1H), 5.37 — 5.29 (m, 1H), 5.18 (s, 1H), 2.44 (s, 3H); 13C
NMR (75 MHz, CDCl;) 8 199.1, 175.4, 158.8, 149.5, 141.7, 136.7, 129.7, 128.1,
126.6, 124.7, 123.4, 122.7, 122.1, 120.1, 108.7, 99.2, 73.8, 21.7, HRMS (ESI): Exact
mass calcd for C,0H(N,O* [M+Na]* 323.1152, found 323.1155.
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3-(4-methoxyphenyl)-8a-(pyridin-2-yl)-indolizinone (3ac). The reaction of
Cu(OAc); (5.4 mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol),



2¢ (79.2 mg, 0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 24 h. 3ac
(81 mg, 85%, n-hexane/ethyl acetate = 3:1): yellow solid; mp 175-176 °C; IR (KBr) v
3023, 1675, 1496, 1388, 1256 cm!; "H NMR (300 MHz, CDCl;) 6 8.58 (d, J=4.1 Hz,
1H), 7.70 — 7.54 (m, 3H), 7.48 (d, J= 8.0 Hz, 1H), 7.17 (dd, J = 6.7, 5.0 Hz, 1H), 7.04
(d, J = 8.8 Hz, 2H), 6.77 (d, J = 7.2 Hz, 1H), 6.44 (d, J = 9.2 Hz, 1H), 6.10 (dd, J =
9.2, 5.4 Hz, 1H), 5.39 — 5.27 (m, 1H), 5.16 (s, 1H), 3.88 (s, 3H); 3C NMR (75 MHz,
CDClI3) 6 199.0, 175.1, 161.93, 158.9, 149.5, 136.7, 129.9, 124.8, 123.4, 122.6, 122.2,
121.7, 120.2, 114.5, 108.7, 98.9, 73.8, 55.5.; HRMS (ESI): Exact mass calcd for
CyH¢N,O" [M+Na]* 339.1101, found 339.1104.
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3-(4-nitrophenyl)-8a-(pyridin-2-yl)-indolizinone (3ad). The reaction of Cu(OAc),
(5.5 mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2d (88.2
mg, 0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 24 h. 3ad (77.5 mg,
78%, n-hexane/ethyl acetate = 3:1): red solid; mp 206-207 °C; IR (KBr) v 3104, 1683,
1521, 1349, 1289 cm’!; 'TH NMR (300 MHz, CDCls) 6 8.57 (d, J=4.3 Hz, 1H), 8.47 —
8.35 (m, 2H), 7.89 (d, J = 8.7 Hz, 2H), 7.69 (dd, J= 7.7, 1.4 Hz, 1H), 7.53 (d, /= 8.0
Hz, 1H), 7.26 (s, 1H), 7.22 (dd, J= 7.0, 5.3 Hz, 1H), 6.59 (d, /= 7.2 Hz, 1H), 6.42 (d,
J=9.2Hz, 1H), 6.15 (dd, J=9.2, 5.5 Hz, 1H), 5.44 — 5.33 (m, 1H), 5.27 (s, 1H); 13C
NMR (75 MHz, CDCl;) ¢ 199.1, 172.3, 158.3, 149.3, 137.0, 135.7, 129.4, 124.3,
123.9, 123.8, 123.0, 121.7, 120. 9, 109.4, 100.6, 73.9.; HRMS (ESI): Exact mass
calcd for C19H3N305* [M+Na]* 354.0842, found 354.0849.
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3-(4-chlorophenyl)-8a-(pyridin-2-yl)-indolizinone (3ae). The reaction of Cu(OAc),
(5.5 mg, 0.03 mmol), NEt3 (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2e (81.9 mg,
0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 24 h. 3ae (89 mg, 93%, n-
hexane/ethyl acetate = 3:1): yellow solid; mp 179-180 °C; IR (KBr) v 3051, 1682,
1483, 1380, 1297 cm’!; 'TH NMR (300 MHz, CDCls) 6 8.58 (d, J=4.1 Hz, 1H), 7.74 —
7.56 (m, 3H), 7.56 — 7.44 (m, 3H), 7.19 (dd, J = 6.6, 5.0 Hz, 1H), 6.66 (d, /= 7.2 Hz,
1H), 6.42 (d, J=9.2 Hz, 1H), 6.12 (dd, J=9.2, 5.5 Hz, 1H), 5.41 — 5.30 (m, 1H), 5.19
(s, 1H); BC NMR (75 MHz, CDCl5) 6 199.1, 173.9, 158.5, 149.4, 137.4, 136.9, 129.6,
129.4, 127.9, 124.3, 123.6, 122.8, 121.9, 120.5, 109.0, 99.6, 73.8.; HRMS (ESI):

Exact mass calcd for C9H;3CIN,O* [M+Na]" 343.0605, found 343.0609.
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3-(3-chlorophenyl)-8a-(pyridin-2-yl)-indolizinone (3af). The reaction of Cu(OAc),
(5.5 mg, 0.03 mmol), NEt3 (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2f (81.9 mg,
0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 4 h. 3af (89 mg, 93%, n-
hexane/ethyl acetate = 3:1): yellow solid; mp 152-153 °C; IR (KBr) v 3049, 1691,
1539, 1430, 1375 cm!; 'TH NMR (300 MHz, CDCls) 6 8.59 (d, J=4.2 Hz, 1H), 7.74 —
7.62 (m, 2H), 7.61 — 7.42 (m, 4H), 7.20 (dd, J = 6.8, 5.1 Hz, 1H), 6.67 (d, /= 7.2 Hz,
1H), 6.43 (d, J=9.2 Hz, 1H), 6.13 (dd, /=9.2, 5.4 Hz, 1H), 5.43 — 5.31 (m, 1H), 5.21
(s, 1H); 3C NMR (75 MHz, CDCl;) 8 190.2, 173.5, 158.5,149.5, 136.9, 135.2, 131.2,
130.4, 128.2, 126.4, 124.3, 123.6, 122.8, 121.9, 120.5, 109.1, 88.8, 73.8.; HRMS
(ESI): Exact mass calcd for C,9H;3CIN,O" [M+Na]* 343.0605, found 343.0609.
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3-(2-chlorophenyl)-8a-(pyridin-2-yl)-indolizinone (3ag). The reaction of Cu(OAc),
(5.5 mg, 0.03 mmol), NEt3 (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2g (81.9 mg,
0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 4 h. 3ag (92 mg, 96%, n-
hexane/ethyl acetate = 3:1): yellow solid; mp 163-164 °C; IR (KBr) v 3053, 1683,
1,566, 1391, 1301 cm™'; 'TH NMR (300 MHz, CDCls) 6 8.63 (d, J = 4.4 Hz, 1H), 7.67
(td, J=17.7, 1.7 Hz, 1H), 7.60 — 7.51 (m, 3H), 7.45 (dtd, J = 14.4, 7.3, 1.7 Hz, 2H),
7.19 (ddd, J=17.2,4.8, 1.0 Hz, 1H), 6.48 (d, /=9.2 Hz, 1H), 6.30 (d, /= 7.2 Hz, 1H),
6.11 (dd, J = 9.2, 5.5 Hz, 1H), 5.35 (t, J = 6.1 Hz, 1H), 5.19 (s, 1H); 3C NMR (75
MHz, CDCl;) & 199.3, 171.9, 158.3, 149.7, 136.7, 132.5, 131.9, 130.7, 130.4, 128.8,
127.3, 124.2, 123.4, 122.7, 122.5, 119.9, 109.4, 100.5, 73.4.; HRMS (ESI): Exact
mass calcd for C;9H3CIN,O" [M+Na]* 343.0604, found 343.0609.
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3-(4-bromophenyl)-8a-(pyridin-2-yl)-indolizinone (3ah). The reaction of Cu(OAc),
(5.5 mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2h (108.6
mg, 0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 24 h. 3ah (100 mg,
91%, n-hexane/ethyl acetate = 3:1): yellow solid; mp 205-206 °C; IR (KBr) v 3086,
1680, 1480, 1430, 1291 cm!; "H NMR (300 MHz, CDCl3) 6 8.57 (d, J= 4.2 Hz, 1H),
7.67 (dd, J=10.9, 5.0 Hz, 3H), 7.52 (dd, J = 15.4, 8.2 Hz, 3H), 7.19 (dd, /= 6.9, 5.4
Hz, 1H), 6.65 (d, J = 7.2 Hz, 1H), 6.42 (d, J=9.2 Hz, 1H), 6.12 (dd, J=9.2, 5.5 Hz,
1H), 5.40 — 5.29 (m, 1H), 5.19 (s, 1H); *C NMR (75 MHz, CDCl;) 8 199.1, 173.9,



158.5, 149.4, 136.9, 132.4, 129.7, 128.4, 125.7, 124.3, 123.6, 122.8, 121.9, 120.5,
109.0, 99.6, 73.8.; HRMS (ESI): Exact mass calcd for C;oH;3BrN,O* [M+Na]*
387.0097, found 387.0104.
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3-(pyridin-4-yl)-8a-(pyridin-2-yl)-indolizinone (3ai). The reaction of Cu(OAc), (5.5
mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2i (61.8 mg, 0.6
mmol), in 1,4-dioxane (2 mL) were stirred at 130 °C for 24 h. 3ai (56 mg, 64%, n-
hexane/ethyl acetate = 1:2): yellow solid; mp 230-231 °C; IR (KBr) v 3050, 1686,
1487, 1390, 1303 cm!; 'TH NMR (400 MHz, CDCl3) 6 8.83 (d, J = 5.7 Hz, 2H), 8.57
(d, J=4.1 Hz, 1H), 7.69 (td, J = 7.9, 1.6 Hz, 1H), 7.60 — 7.54 (m, 2H), 7.51 (d, J =
8.0 Hz, 1H), 7.21 (dd, J = 6.9, 5.3 Hz, 1H), 6.61 (d, /= 7.2 Hz, 1H), 6.42 (d, J=9.2
Hz, 1H), 6.13 (dd, J = 9.2, 5.5 Hz, 1H), 5.39 (t, J = 6.3 Hz, 1H), 5.26 (s, 1H); 1°C
NMR (75 MHz, CDCl;) ¢ 199.2, 172.0, 158.2, 150.8, 149.4, 137.2, 137.0, 123.9,
123.7, 122.9, 122.26, 121.8, 120.7, 109.4, 100.2, 73.8.; HRMS (ESI): Exact mass
calcd for C1gH;3N;O* [M+Na]*" 310.0949, found 310.0951.
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3-(pyridin-3-yl)-8a-(pyridin-2-yl)-indolizinone (3aj). The reaction of Cu(OAc), (5.5
mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2j (61.8 mg, 0.6
mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 72 h. 3aj (68 mg, 79%, n-
hexane/ethyl acetate = 1:2): yellow solid; mp 160-161 °C; IR (KBr) v 3047, 1681,
1570, 1426, 1301 cm!; 'TH NMR (300 MHz, CDCls) & 8.93 (s, 1H), 8.78 (d, J = 3.7
Hz, 1H), 8.56 (d, /= 4.7 Hz, 1H), 8.06 — 7.93 (m, 1H), 7.67 (td, J = 7.8, 1.7 Hz, 1H),



7.48 (dd, J=17.9, 4.1 Hz, 2H), 7.23 — 7.14 (m, 1H), 6.63 (t,J=5.7 Hz, 1H), 6.42 (d, J
=9.2 Hz, 1H), 6.13 (dd, J=9.2, 5.3 Hz, 1H), 5.45 - 5.32 (m, 1H), 5.25 (d, /= 4.5 Hz,
1H); BC NMR (75 MHz, CDCl3) 6 199.1, 171.6, 158.3, 152.1, 149.4, 148.8, 136.9,
135.7, 125.8, 124.0, 123.7, 122.9, 121.9, 120.7, 109.4, 100.2, 73.8.; HRMS (ESI):
Exact mass calcd for CigH3N;0" [M+Na]* 310.0948, found 310.0951.

3-(pyridin-2-yl)-8a-(pyridin-2-yl)-indolizinone (3ak). The reaction of Cu(OAc),
(5.5 mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2k (61.8
mg, 0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 130 °C for 18 h. 3ak (53 mg,
61%, n-hexane/ethyl acetate = 1:2): yellow solid; mp 155-156 °C; IR (KBr) v 3095,
1682, 1537, 1392, 1285 cm’!; 'TH NMR (300 MHz, CDCl3) 6 8.83 (d, J= 4.6 Hz, 1H),
8.62 (d, J=4.2 Hz, 1H), 7.88 (td, J = 7.8, 1.6 Hz, 1H), 7.77 (d, J = 7.8 Hz, 1H), 7.65
(td, J=7.8, 1.7 Hz, 1H), 7.55 (t, J = 8.3 Hz, 2H), 7.45 (dd, J = 6.5, 5.0 Hz, 1H), 7.17
(dd, J=6.5,5.0 Hz, 1H), 6.51 (d, /=9.2 Hz, 1H), 6.11 (dd, J=9.2, 5.4 Hz, 1H), 5.44
(s, 1H), 5.42 — 5.34 (m, 1H); 3C NMR (75 MHz, CDCls) 8 199.4, 171.5, 158.5, 149.8,
149.7, 149.1, 137.3, 136.8, 126.1, 125.4, 125.2, 123.5, 122.7, 122.5, 119.9, 109.2,
99.5, 74.2.; HRMS (ESI): Exact mass calcd for CgH;3N;0" [M+Na]* 310.0947,

found 310.0951.
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3-(naphthalen-2-yl)-8a-(pyridin-2-yl)-indolizinone (3al). The reaction of Cu(OAc),
(5.5 mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 21 (91.2 mg,



0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 130 °C for 5 h. 3al (100 mg, 100%,
n-hexane/ethyl acetate = 3:1): yellow solid; mp 186-187 °C; IR (KBr) v 3050, 1675,
1531, 1391, 1296 cm!; 'TH NMR (400 MHz, CDCl3) 6 8.64 (d, J = 4.0 Hz, 1H), 8.19
(s, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.98 — 7.89 (m, 2H), 7.76 — 7.65 (m, 2H), 7.65 —
7.53 (m, 3H), 7.21 (dd, J = 6.7, 5.3 Hz, 1H), 6.81 (d, /= 7.2 Hz, 1H), 6.47 (d,J=9.2
Hz, 1H), 6.14 (dd, J = 9.2, 5.5 Hz, 1H), 5.36 (t, J = 6.3 Hz, 1H), 5.32 (s, 1H); 13C
NMR (75 MHz, CDCl;3) 6 199.3, 175.4, 158.8, 149.5, 136.8, 134.4, 132.9, 128.9,
128.66, 128.5, 127.9, 127.9, 127.2, 126.8, 124.8, 124.7, 123.5, 122.7, 122.1, 120.3,
108.8, 99.8, 73.9.; HRMS (ESI): Exact mass calcd for C,3H;sN,O* [M+Na]* 359.1150,

found 359.1155.
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3-([1,1'-biphenyl]-4-yl)-8a-(pyridin-2-yl)-indolizinone (3am). The reaction of

3am

Cu(OAc); (5.5 mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2mg, 0.3 mmol),
2m (106.8 mg, 0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 130 °C for 1 h. 3am
(100 mg, 92%, n-hexane/ethyl acetate = 3:1): yellow solid; mp 177-178 °C; IR (KBr)
v 3049, 1677, 1568, 1427, 1298 cm!; 'TH NMR (300 MHz, CDCI3) 3 8.61 (d, J =4.0
Hz, 1H), 7.76 (d, J = 2.8 Hz, 4H), 7.72 — 7.61 (m, 3H), 7.55 — 7.38 (m, 4H), 7.23 —
7.15 (m, 1H), 6.81 (d, J = 7.3 Hz, 1H), 6.47 (d, ] = 9.2 Hz, 1H), 6.13 (dd,J =9.2,5.4
Hz, 1H), 5.38 (dd, ] = 9.3, 3.4 Hz, 1H), 5.26 (s, 1H); 13C NMR (75 MHz, CDCI3) 6
199.16, 174.94, 158.72, 149.49, 144.16, 139.86, 136.83, 129.05, 128.73, 128.26,
128.21, 127.71, 127.20, 124.70, 123.50, 122.73, 122.08, 120.29, 108.84, 99.48,
73.87.; HRMS (ESI): Exact mass calcd for C,sH;gN,O" [M+Na]* 385.1306, found
385.1311.
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3-cyclohexyl-8a-(pyridin-2-yl)-indolizinone (3an). The reaction of Cu(OAc), (5.5
mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 1a (55.2 mg, 0.3 mmol), 2n (64.8 mg, 0.6
mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 1 h. 3an (79 mg, 90%, n-
hexane/ethyl acetate = 2:1): yellow solid; mp 134-135 °C; IR (KBr) v 3045, 1671,
1521, 1442, 1317 em’!; '"H NMR (300 MHz, CDCI3) 6 8.54 (d, J = 4.6 Hz, 1H), 7.61
(t, J=7.7Hz, 1H), 7.34 (d, ] = 7.9 Hz, 1H), 7.21 — 7.09 (m, 1H), 6.67 (d, J = 7.1 Hz,
1H), 6.41 (d, J =9.1 Hz, 1H), 6.07 (dd, J =9.2, 5.2 Hz, 1H), 5.50 — 5.31 (m, 1H), 4.93
(s, 1H), 2.67-2.63 (m, 1H), 2.31 — 1.15 (m, 10H); 3C NMR (75 MHz, CDCl;) &
199.3, 182.6, 158.5, 149.3, 136.6, 123.4, 123.0, 122.5, 119.9, 109.3, 95.4, 72.9, 36.4,
31.5,30.7,26.1, 25.9, 25.8.; HRMS (ESI): Exact mass calcd for C,9Hy)N,O" [M+Na]*
315.1464, found 315.1468.
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3-phenethyl-8a-(pyridin-2-yl)-indolizinone (3a0). The reaction of Cu(OAc), (5.5mg,
0.03 mmol), NEt; (60.6mg, 0.6 mmol), 1a (55.2mg, 0.3 mmol), 20 (78mg, 0.6 mmol),
in 1,4-dioxane (2 mL) were stirred at 110 °C for 1 h. 3ao (88 mg, 94%, n-hexane/ethyl
acetate = 2:1): yellow solid; mp 157-158 °C; IR (KBr) v 3043, 1683, 1565, 1443,
1312 cm!; '"H NMR (300 MHz, CDCls) 6 8.55 (d, J=4.1 Hz, 1H), 7.62 (t, J="7.1 Hz,
1H), 7.31 (dd, J=9.0, 5.6 Hz, 3H), 7.23 (dd, /= 8.3, 4.2 Hz, 2H), 7.19 — 7.12 (m, 1H),
6.60 (d, J=7.1 Hz, 1H), 6.39 (d, J=9.2 Hz, 1H), 6.09 (dd, /= 9.2, 5.4 Hz, 1H), 5.43
—5.36 (m, 1H), 4.98 (s, 1H), 3.13 — 2.83 (m, 4H); *C NMR (75 MHz, CDCl;) §
199.3, 177.0, 158.4, 149.3, 139.7, 136.7, 128.7, 128.4, 126.7, 123.6, 123.0, 122.8,



122.6, 120.4, 109.6, 97.6, 73.1, 32.8, 29.2.; HRMS (ESI): Exact mass calcd for
C,1H1gN,O" [M+Na]* 337.1307, found 337.1311.
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3-hexyl-8a-(pyridin-2-yl)-indolizinone (3ap). The reaction of Cu(OAc), (5.5mg,
0.03 mmol), NEt; (60.6mg, 0.6 mmol), 1a (55.2mg, 0.3 mmol), 2p (66.0mg, 0.6
mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 1 h. 3ap (70 mg, 80%, n-
hexane/ethyl acetate = 2:1): yellow solid; mp 93-94 °C; IR (KBr) v 3045, 1676, 1562,
1445, 1292 cm™!'; 'H NMR (400 MHz, CDCls) & 8.58 (s, 1H), 7.70 (s, 1H), 7.45 (s,
1H), 7.22 (s, 1H), 6.71 (s, 1H), 6.38 (d, /=9.1 Hz, 1H), 6.11 (dd, J=9.0, 5.5 Hz, 1H),
5.44 (t,J= 6.1 Hz, 1H), 4.97 (s, 1H), 2.81 — 2.53 (m, 2H), 1.89 — 0.75 (m, 13H).; 3C
NMR (75 MHz, CDCl;) 6 199.3, 178.2, 158.5, 149.3, 136.6, 123.5, 123.1, 122.8,
122.6, 120.3, 109.3, 97.5, 73.1, 31.45, 29.0, 27.4, 26.7, 22.5, 14.0.; HRMS (ESI):
Exact mass calcd for C9H»,N,O" [M+Na]* 317.1621, found 317.1624.

| X

N/O
7

3ba
s N/

3-methyl-8a-(4-methylpyridin-2-yl)-2-phenyl-indolizinone (3ba). The reaction of
Cu(OAc), (3.7mg, 0.02 mmol), NEt; (40.4mg, 0.4 mmol), 1b' (42.4mg, 0.2 mmol),
2a (40.8mg, 0.4 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 1 h. 3ba (48
mg, 77%, n-hexane/ethyl acetate = 3:1): yellow solid; mp 181-182 °C; IR (KBr) v
3054, 1680, 1540, 1376, 1287 cm!; '"H NMR (300 MHz, CDCls) 6 8.43 (d, J = 4.9 Hz,
1H), 7.73 — 7.62 (m, 2H), 7.59 — 7.49 (m, 3H), 7.31 (s, 1H), 6.99 (d, J = 4.6 Hz, 1H),
6.70 (d, J= 7.2 Hz, 1H), 6.12 (d, J = 1.1 Hz, 1H), 5.21 (s, 1H), 5.20 (s, 1H), 2.35 (s,
3H), 1.84 (s, 3H); *C NMR (75 MHz, CDCl3) & 199.9, 175.0, 158.9, 149.0, 147.9,



132.1, 131.1, 129.7, 129.0, 128.2, 124.1, 123.7, 121.3, 117.1, 112.4, 99.9, 74.1, 21.3,
20.7.; HRMS (ESI): Exact mass calcd for C;H;oN,O" [M+H]* 315.1489, found

315.1492.
| X
N Z0
=z
3bc
s N
/O

3-(4-methoxyphenyl)-8a-methyl-5-(4-methylpyridin-2-yl)-indolizinone (3bc). The
reaction of Cu(OAc), (2.7mg, 0.015 mmol), NEt; (30.3mg, 0.3 mmol), 1b' (31.8mg,
0.15 mmol), 2¢ (39.6mg, 0.3 mmol), in 1,4-dioxane (1.5 mL) were stirred at 110 °C
for 24 h. 3bec (35 mg, 68%, n-hexane/ethyl acetate = 2:1): yellow solid; mp 215-216
°C; IR (KBr) v 3050, 1679, 1608, 1380, 1256 cm’'; 'H NMR (400 MHz, CDCl3) &
8.42 (d, J = 4.8 Hz, 1H), 7.63 (d, J = 8.4 Hz, 2H), 7.30 (s, 1H), 7.03 (d, J = 8.7 Hz,
2H), 6.98 (d, J = 4.4 Hz, 1H), 6.74 (d, J= 7.2 Hz, 1H), 6.11 (s, 1H), 5.21 (d,J=7.3
Hz, 1H), 5.17 (s, 1H), 3.88 (s, 3H), 2.34 (s, 3H), 1.83 (s, 3H); 13C NMR (75 MHz,
CDCl;) 6 199.8, 175.0, 161.9, 159.2, 149.1, 131.9, 129.9, 124.3, 123.6, 121.8, 121.3,
117.3, 114.4, 112.3, 99.2, 74.2, 55.5, 21.3, 20.7.; HRMS (ESI): Exact mass calcd for
CnHyN,O,F [M+H]* 345.1593, found 345.1598.

| X

N._“o

%
s N/

&

6-methyl-8a-(4-methylpyridin-2-yl)-3-(naphthalen-2-yl)-indolizinone (3bl). The

3bl

reaction of Cu(OAc); (2.7mg, 0.015 mmol), NEt; (30.3mg, 0.3 mmol), 1b! (31.8mg,
0.15 mmol), 21 (45.6mg, 0.3 mmol), in 1,4-dioxane (1.5 mL) were stirred at 110 °C
for 24 h. 3bl (45 mg, 82%, n-hexane/ethyl acetate = 3:1): yellow solid; mp 217-218



°C; IR (KBr) v 3054, 1679, 1536, 1392, 1340 cm’'; 'H NMR (400 MHz, CDCl3) &
8.64 (d, J = 4.0 Hz, 1H), 8.19 (s, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.98 — 7.89 (m, 2H),
7.76 — 7.65 (m, 2H), 7.65 — 7.53 (m, 3H), 7.21 (dd, J = 6.7, 5.3 Hz, 1H), 6.81 (d, J =
7.2 Hz, 1H), 6.47 (d, J = 9.2 Hz, 1H), 6.14 (dd, J = 9.2, 5.5 Hz, 1H), 5.36 (t, J = 6.3
Hz, 1H), 5.32 (s, 1H).; 13C NMR (75 MHz, CDCl;) 6 200.0, 175.2, 159.1, 149.1,
148.3, 134.3, 132.9, 132.1, 128.9, 128.7, 128.5, 127.9, 127.8, 127.1, 127.0, 124.8,
124.2, 123.7, 121.4, 117.2, 112.4, 100.2, 74.3, 21.3, 20.7.; HRMS (ESI): Exact mass
calcd for CpsH, N,O* [M+H]" 365.1645, found 365.1648.

| X

N/O
7

3bn
s N/

3-cyclohexyl-6-methyl-8a-(4-methylpyridin-2-yl)-indolizinone (3bn). The reaction
of Cu(OAc), (2.7mg, 0.015 mmol), NEt; (30.3mg, 0.3 mmol), 1b! (31.8mg, 0.15
mmol), 2n (32.4mg, 0.3 mmol), in 1,4-dioxane (1.5 mL) were stirred at 110 °C for 1 h.
3bn (51 mg, 80%, n-hexane/ethyl acetate = 2:1): yellow solid; mp 207-208 °C; IR
(KBr) v 3043, 1676, 1525, 1442, 1358 cm™!'; 'TH NMR (400 MHz, CDCl;) & 8.36 (d, J
=49 Hz, 1H), 7.17 (s, 1H), 6.94 (d, J= 4.0 Hz, 1H), 6.64 (d, /= 7.0 Hz, 1H), 6.09 (s,
1H), 5.28 (d, J = 7.2 Hz, 1H), 4.93 (s, 1H), 2.65 — 2.61 (m, 1H), 2.31 (s, 3H), 2.20 —
1.27 (m, 10H), 1.81 (s, 3H); *C NMR (75 MHz, CDCl;) 4 200.1, 182.3, 158.8, 148.9,
147.6, 131. 9, 123.4, 122.5, 121.0, 118.2, 112.9, 95.7, 73.4, 36.4, 31.5, 30.8, 26.1,
25.9, 25.8, 21.3, 20.6.; HRMS (ESI): Exact mass calcd for C,;;H,sN,O" [M+H]*
321.1958, found 321.1961.
F Fo
4

3ca
s N/

3-phenyl-8a-(trifluoromethyl)-indolizinone (3ca). The reaction of Cu(OAc); (5.5mg,



0.03 mmol), NEt; (60.6mg, 0.6 mmol), 1¢ (52.5mg, 0.3 mmol), 2a (61.2mg, 0.6
mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 20 h. 3ca (58 mg, 70%, n-
hexane/ethyl acetate = 12:1): yellow solid; mp 131-132 °C; IR (KBr) v 3120, 1708,
1555, 1374, 1240 cm!; '"H NMR (300 MHz, CDCl;) 8 7.58 — 7.53(m, 5H), 6.57 (dd, J
=17.4,0.7 Hz, 1H), 6.22 (dd, J=9.4, 5.7 Hz, 1H), 5.80 (d, /= 9.4 Hz, 1H), 5.37 (dd, J
= 7.2, 1.0 Hz, 1H), 5.35 (s, 1H); 3C NMR (100 MHz, CDCl;) 6 194.6, 178.5, 131.8,
129.3, 128.6, 127.9, 127.4, 126.1, 122.7 (q, Jc.r = 288.0 Hz, 1C), 113.3, 108.3, 101.8,
101.8, 69.6.; HRMS (ESI): Exact mass calcd for CisH;F;NO" [M+H]" 278.0786,
found 278.0787.

o Fo

¢l [
s N/

&

3-(naphthalen-2-yl)-8a-(trifluoromethyl)-indolizinone (3cl). The reaction of
Cu(OAc); (5.5mg, 0.03 mmol), NEt; (60.6mg, 0.6 mmol), 1¢ (52.5mg, 0.3 mmol), 21
(91.2mg, 0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 36 h. 3¢l (56 mg,
57%, n-hexane/ethyl acetate = 12:1): yellow solid; mp 144-145 °C; IR (KBr) v 3083,
1704, 1550, 1380, 1243 cm!; '"H NMR (300 MHz, CDCl;) 6 8.09 (s, 1H), 8.04 — 7.86
(m, 3H), 7.66 — 7.58 (m, 3H), 6.65 (d, J= 7.5 Hz, 1H), 6.24 (dd, /= 9.4, 5.7 Hz, 1H),
5.83 (d, J = 9.4 Hz, 1H), 5.47 (s, 1H), 5.38 (t, J = 6.6 Hz, 1H); 13C NMR (75 MHz,
CDCl3) 6 194.6, 178.6, 134.6, 132.8, 129.3, 128.7, 128.5, 128.3, 128.0, 127.44,
127.40, 126.3, 125.9, 124.0, 122.8 (q, Jc.r = 288.0 Hz, 1C), 113.4, 108.3, 102.0, 69.6
(q, Je.r = 28.5 Hz, 1C).; HRMS (ESI): Exact mass calcd for C;oH;3sFsNO* [M+H]*
328.0942, found 328.0944.

FFo
7
s N

3cn



3-cyclohexyl-8a-(trifluoromethyl)-indolizinone (3cn). The reaction of Cu(OAc),
(5.5mg, 0.03 mmol), NEt; (60.6mg, 0.6 mmol), 1c (52.5mg, 0.3 mmol), 2n (64.8mg,
0.6 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 96 h. 3¢en (45 mg, 53%,
n-hexane/ethyl acetate = 20:1): yellow solid; mp 98-99 °C; IR (KBr) v 3054, 1693,
1539, 1308, 1127 cm!; 'TH NMR (300 MHz, CDCl3) 6 6.54 (d, J = 7.3 Hz, 1H), 6.22
(dd, /=93, 5.6 Hz, 1H), 5.75 (d, J = 9.3 Hz, 1H), 5.55 — 5.43 (m, 1H), 5.05 (s, 1H),
2.57-2.39 (m, 1H), 2.14 — 1.16 (m, 10H); 3C NMR (75 MHz, CDCl;)  195.0, 185.5,
127.5, 124.2,122.7 (q, Jo.r = 288.0 Hz, 1C), 117.0, 114.1, 109.1, 97.6, 68.3 (q, Jo.r =
28.5 Hz, 1C), 36.3, 31.4, 30.3, 26.0, 25.70, 25.67.; HRMS (ESI): Exact mass calcd for
CsH7FsNO* [M+H]* 284.1257, found 284.1257.

3da [~

3-phenyl-8a-(pyridin-4-yl)-indolizinone (3da). The reaction of Cu(OAc), (5.5mg,
0.03 mmol), NEt; (60.6mg, 0.6 mmol), 1d (55.2mg, 0.3 mmol), 2a (61.2mg, 0.6
mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 63 h. 3da (28 mg, 33%, n-
hexane/ethyl acetate = 3:1): yellow solid; mp 234-235 °C; IR (KBr) v 3093, 1676,
1536, 1484, 1390 cm!; 'TH NMR (300 MHz, CDCls) 6 8.63 (s, 2H), 7.68 — 7.52 (m,
5H), 7.46 (s, 2H), 6.74 (d, /= 7.3 Hz, 1H), 6.31 (d, J=9.2 Hz, 1H), 6.08 (dd, J=9.2,
5.5 Hz, 1H), 5.46 — 5.33 (m, 1H), 5.22 (s, 1H); 13C NMR (75 MHz, CDCl3) 4 198.8,
175.1, 149.8, 149.2, 131.6, 129.3, 129.0, 128.1, 124.4, 123.8, 121.6, 109.6, 99.7,
71.3; HRMS (ESI): Exact mass calcd for C;oH;sN,O* [M+H]" 287.1181, found
287.1179.

Preparation of tertiary propargylic alcohols 4aa and 4ea.

To a stirred solution of terminal alkyne (1.2 equiv) in THF was added n-BuLi (1.1

equiv, 1.6 M solution in hexanes) at -78C. After 5 min, a solution of pyridyl ketone

(1.0 equiv) in THF was slowly added to this mixture at -78°C. After 15 min at -78°C,



the reaction mixture was quenched with saturated NH4CI. The reaction mixture was
diluted with ethyl acetate and washed with aqueous NH4Cl. The organic layer was
dried over MgSQO, and concentrated in vacuo to give a crude mixture, which was
purified by silica gel column chromatography (hexane/ethyl acetate/dichloromethane)

to afford the propargylic alcohol.?

4aa | |

3-phenyl-1,1-di(pyridin-2-yl)prop-2-yn-1-ol (4aa).? 132 mg (46%). White solid. mp
90-91°C; IR (KBr) v 3082, 1652, 1538, 1454, 1296 cm’!; 'TH NMR (300 MHz, CDCl;)
§ 8.55 (d, J = 4.2 Hz, 2H), 7.95 (d, J = 8.0 Hz, 2H), 7.73 (td, J = 7.8, 1.7 Hz, 2H),
7.56 —7.43 (m, 2H), 7.32 — 7.26 (m, 3H), 7.22 (dd, J = 6.7, 5.0 Hz, 2H), 6.79 (s, 1H).;
13C NMR (75 MHz, CDCl;) 6 161.0, 148.0, 137.2, 132.0, 128.5, 128.2, 122. 9, 122.5,
121.4,91.1, 85.5, 74.2.

1,3-diphenyl-1-(pyridin-2-yl)prop-2-yn-1-ol (4ea).> 180 mg (63%). White solid. mp
69-70 C; IR (KBr) v 3067, 1679, 1592, 1434, 1268 cm’'; 'TH NMR (400 MHz, CDCls)
0 8.55(d,J=4.7Hz, 1H), 7.77 — 7.60 (m, 3H), 7.51 (dd, J = 12.6, 4.9 Hz, 3H), 7.40 —
7.19 (m, 7H), 6.62 (s, 1H).; 3C NMR (101 MHz, CDCl3) 6 161.2, 146.9, 144.2, 137.6,
131.9, 128.6, 128.3, 128.3, 127.9, 126.5, 122.9, 122.5, 121.8, 91.0, 86.6, 73.6.
Cu(OAc),-Catalyzed Transformation from 4 to 3.

The mixture of Cu(OAc), (5.5 mg, 0.03 mmol), NEt; (60.6 mg, 0.6 mmol), 4aa (85.8
mg, 0.3 mmol), in 1,4-dioxane (2 mL) were stirred at 110 °C for 5 h. Column

chromatography on silica gel (n-hexane/ethyl acetate = 3:1) to afford 86 mg (100%)



3,8a-dipheny-lindolizinone (3ea). The reaction of Cu(OAc); (2.5 mg, 0.0138 mmol),
NEt; (27.8 mg, 0.276 mmol), 4ea (39.3 mg, 0.138 mmol), in 1,4-dioxane (1 mL) were
stirred at 110 °C for 4 h. 3ea (34 mg, 88%, n-hexane/ethyl acetate = 3:1): yellow solid.
mp 125-126 °C; IR (KBr) v 3056, 1683, 1554, 1434, 1291 cm!; 'H NMR (300 MHz,
CDCl5) 6 7.63 (dd, J = 6.8, 3.0 Hz, 2H), 7.58 — 7.49 (m, 5H), 7.39 — 7.28 (m, 3H),
6.69 (dd, J = 7.2, 0.7 Hz, 1H), 6.41 — 6.31 (m, 1H), 6.05 (dd, J = 9.3, 5.4 Hz, 1H),
5.42 —5.32 (m, 1H), 5.20 (s, 1H).; 3C NMR (75 MHz, CDCI3) & 200.8, 174.6, 140.4,
131.2,129.5,129.2, 128.7, 128.1, 127.9, 124.5, 124.2, 122.9, 109.5, 99.5, 72.1.

Reference:

1) Collman, J. P.; Zhong, M.; Wang, Z.; Rapta, M. Org. Lett. 1999, 13, 2122.
2) Cho, H.; Kim, 1. Tetrahedron. 2012, 68, 5464.
3) Yan.B.; Zhou Y. B.; Liu Y. H. J. Org. Chem. 2007, 72, 7783.

Fig.S1. GC-MS analysis of the mixture after the completion of the reaction between
1a and 2a.

C'hrmmmgmm LRI % N A B W-1028 C:\GCMSsolution\Data'2015'201510'20151030-4A.QGD

p.000,000

TIC*1.0

3.0 10.0 20.0 25,0
min

Fig.S2. X-ray crystal structure of 3af



Table.S1. Crystal data and structural refinement for 3af and gem-diol complex.

compound 3af gem-diol complex

empirical formula C19H13C1N20 C34H46CUN4014

M, 320.76 798.29

crystal size [mm?®]  0.31x0.29 x 0.28 0.20x0.14x 0.10

crystal system triclinic monoclinic
space group P-1 C12/c1
a[A] 7.400(3) 21.170(8)
b[A] 10.351(3) 7.831(3)
c[A] 11.137(4) 24.511(9)
o [deg] 63.632(9) 90
B [deg] 84.599(15) 114.363(4)
vy [deg] 80.315(16) 90
V [A3] 753.3(4) 3702(2)
p [g/em?] 1.414 1.432
V4 2 4
T [K] 173(2) 173(2)
R1,wR2 [I>20(])] 0.0613,0.2141 0.0795, 0.1832
R1,wR2 (all data) 0.0633, 0.2158 0.0873,0.1876
1.788 1.213

quality of fit
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