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1. General Methods

All reactions were carried out under air. Toluene was prepared by distillation from
sodium using benzophenone as indicator. Unless noted, all commercial reagents were
used without further purification. Reactions were monitored by thin layer
chromatography. Preparation of ynones were using reported method. Purification of
reaction products was carried out by flash chromatography on silica gel (200~300
mesh). 'H NMR spectra were recorded at 400 MHz or 500 MHz, 3C NMR spectra
were recorded at 100 MHz or 125 MHz, and in CDClz (containing 0.03% TMS)
solutions. *H NMR spectra were recorded with tetramethylsilane (6= 0.00 ppm) as
internal reference; **C NMR spectra were recorded with CDCls (6= 77.00 ppm) as
internal reference. High-resolution mass spectra were performed on a mass
spectrometer with a TOF (for El or ESI) or FT-ICR (for MALDI) analyzer.

The crystal preparation and measurement methods of 3a, 3k and 4a as follows:
Place 50 mg of 3a (3k or 4a) in a 50 ml round bottom flask, dissolve 3a (3k or 4a)
with 2 ml of dichloromethane, then add 6 ml of petroleum ether and shake well, and
let it stand still at room temperature until crystals precipitate out. The crystals were
carefully picked out for single crystal X-ray diffraction. Single crystal X-ray
diffraction data was collected in Bruker SMARTAPEX diffractiometers with

molybdenum cathodes.

2. Synthesis of 1.

The intermediates B and C were prepared according to reference 1.

The ortho indole substituted benzoylacetonitrile 1 were synthesized according to
reference 2.

To a solution of "BuLi (1.3 equiv, 0.677 mmol, 270 pL, 2.5 M solution in hexane) in
THF (1.5 M, 0.3 mL) in a two-neck round bottom flask was added dropwise a
solution of acetonitrile (2.0 equiv, 1.04 mmol, 60 pL) in THF (0.8 M, 0.7 mL) at
-78 <C. After being stirred for 1 h, a solution of methyl 2-(1H-indol-1-yl)benzoate C1
(130.9 mg, 0.521 mmol) in THF (3.6 M, 0.2 ml) was added slowly. After 0.5 h, the
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resulting mixture was warmed to -45 <C. After 30 min, cold 2 N HCI was added to the
reaction mixture to neutralize it. The resulting mixture was diluted with EtOAc and
the organic layer was separated. The water layer was extracted with CH.Cl,, washed
with brine, dried over NaxSQO4, and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to give
the 1a (115.3 mg, 85 %) as a yellow oil.

@CN
N

0]

1a

3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile (1a). Yellow oil, purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 85%,
115.3 mg. *H NMR (400 MHz, CDCls) § 7.84 (d, J = 8.0 Hz, 1H), 7.79-7.69 (m, 2H),
7.62-7.56 (m, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.27-7.15 (m, 4H), 6.82 (d, J = 7.6 Hz,
1H), 2.80 (s, 2H). 3C NMR (100 MHz, CDCls) § 190.8, 137.9, 137.1, 134.6, 134.4,
130.8, 128.9, 128.7, 128.5, 128.3, 123.9, 121.8, 121.7, 113.6, 109.9, 105.8, 30.2.
HRMS (ESI) m/z: [M+H]" calcd for C17H13N20 261.1022; found 261.1024.

N

)

1b

3-(2-(1H-indol-1-yl)-5-methylphenyl)-3-oxopropanenitrile  (1b). White solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield:
61%, 87.3 mg, m.p. 144-146 °C. 'H NMR (400 MHz, CDCls) & 7.71 (d, J = 7.2 Hz,
1H), 7.64 (s, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.29-7.11 (m,
4H), 6.79 (d, J = 4.0 Hz, 1H), 2.78 (s, 2H), 2.50 (s, 3H). **C NMR (100 MHz, CDCls)
5 190.9, 139.2, 137.2, 135.4, 135.1, 134.4, 131.1, 128.8, 128.6, 128.3, 123.8, 121.8,
121.6, 113.7, 110.0, 105.5, 30.2, 20.7. HRMS (ESI) m/z: [M+H]" calcd for
Ci1sH15sN2O  275.1179; found 275.1178.

@CN
N

)

1c Br

3-(5-bromo-2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile ~ (1c). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield:
83%, 146.9 mg, m.p. 101-103 °C. *H NMR (400 MHz, CDCl3) & 7.95 (d, J = 1.2 Hz,
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1H), 7.90-7.82 (m, 1H), 7.76-7.67 (m, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.29-7.22 (m,
2H), 7.19-7.10 (m, 2H), 6.83 (d, J = 2.8 Hz, 1H), 2.79 (s, 2H). 3C NMR (100 MHz,
CDCls) § 189.5, 137.3, 136.9, 136.8, 135.7, 133.5, 129.9, 128.9, 128.3, 124.2, 122.4,
121.9, 121.9, 1132, 109.7, 106.3, 30.2. HRMS (ESI) m/z: [M+H]* calcd for
C17H12BrN20 339.0128; found 339.0133.

@CN
N

)

1d Cl

3-(5-chloro-2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile (1d). Yellow oil, purified
by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 78%,
119.6 mg. *H NMR (400 MHz, CDCl3) & 7.81 (s, 1H), 7.76-7.67 (m, 2H), 7.48 (d, J =
8.8 Hz, 1H), 7.29-7.22 (m, 2H), 7.18-7.09 (m, 2H), 6.83 (s, 1H), 2.79 (s, 2H). 3C
NMR (100 MHz, CDCls) & 189.6, 137.0, 136.4, 135.6, 134.9, 134.3, 130.7, 129.8,
128.9, 128.4, 124.2, 122.0, 122.0, 113.2, 109.7, 106.3, 30.2. HRMS (ESI) m/z:
[M+H]* calcd for C17H12CIN2O 295.0633; found 295.0632.
OMe

CN

=

1e

3-(2-(4-methoxy-1H-indol-1-yl)phenyl)-3-oxopropanenitrile  (1e). Yellow oil,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield:
84%, 127.2 mg. *H NMR (400 MHz, CDCls) § 7.84 (d, J = 7.6 Hz, 1H), 7.78-7.69 (m,
1H), 7.63-7.54 (m, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.21-7.13 (m, 1H), 7.09 (s, 1H),
6.91 (s, 1H), 6.75 (d, J = 1.0 Hz, 1H), 6.63 (d, J = 1.0 Hz, 1H), 4.00 (s, 3H), 2.81 (s,
2H). C NMR (100 MHz, CDCls) 6 190.7, 153.9, 138.5, 138.1, 134.6, 134.4, 130.9,
128.8,128.4, 126.9, 125.0, 119.5, 113.6, 103.1, 102.9, 101.2, 55.3, 30.2. HRMS (ESI)
m/z: [M+H]" calcd for C1sH15sN202 291.1128; found 291.1128.

BnO
N

(0]

1f
3-(2-(5-(benzyloxy)-1H-indol-1-yl)phenyl)-3-oxopropanenitrile (1f). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield:
88%, 168.2 mg, m.p. 124-126 °C. *H NMR (400 MHz, CDCls) § 7.82 (d, J = 8.0 Hz,
1H), 7.78-7.70 (m, 1H), 7.60-7.32 (m, 7H), 7.23 (d, J = 1.2 Hz, 1H), 7.17-7.06 (m,
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2H), 7.03-6.93 (m, 1H), 6.72 (d, J = 3.2 Hz, 1H), 6.13 (s, 2H), 2.82 (s, 2H). 3C NMR
(100 MHz, CDCl3) 6 190.9, 154.8, 138.1, 137.5, 134.6, 134.4, 132.4, 130.9, 129.6,
129.1, 128.8, 128.7, 128.2, 128.2, 127.8, 114.8, 113.7, 110.9, 105.6, 104.6, 70.7, 30.3.
HRMS (ESI) m/z: [M+H]" calcd for C24H19N202 367.1441; found 367.1441.

MeO
N

(0]

1g
3-(2-(5-methoxy-1H-indol-1-yl)phenyl)-3-oxopropanenitrile  (1g). Yellow oil,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield:
75%, 113.6 mg. *H NMR (400 MHz, CDCls) § 7.85-7.78 (m, 1H), 7.77-7.69 (m, 1H),
7.61-7.47 (m, 2H), 7.18-7.10 (m, 2H), 7.07 (d, J = 8.8 Hz, 1H), 6.93-6.85 (m, 1H),
6.73 (d, J = 3.2 Hz, 1H), 3.87 (s, 3H), 2.82 (s, 2H). *C NMR (100 MHz, CDCls) &
190.9, 155.6, 138.1, 134.6, 134.4, 132.2, 130.8, 129.6, 129.1, 128.6, 128.1, 114.1,
113.7, 110.8, 105.5, 103.1, 55.6, 30.2. HRMS (ESI) m/z: [M+H]" calcd for
Ci1sH15N202 291.1128; found 291.1131.
Cl

®CN
N

(0]

1h

3-(2-(4-chloro-1H-indol-1-yl)phenyl)-3-oxopropanenitrile (1h). Yellow oil, purified
by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 82%,
125.8 mg. *H NMR (400 MHz, CDCls) § 7.84 (d, J = 7.6 Hz, 1H), 7.80-7.72 (m, 1H),
7.66-7.57 (m, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.28-7.20 (m, 2H), 7.20-7.13 (m, 1H),
7.06 (d, J =8.0 Hz, 1H), 7.06 (d, J = 3.2 Hz, 1H), 2.86 (s, 2H). *C NMR (100 MHz,
CDCl3) 6 190.4, 137.7, 137.4, 134.5, 130.9, 129.2, 129.2, 128.4, 127.7, 127.0, 124.5,
121.4, 113.4, 108.7, 104.2, 30.4. HRMS (ESI) m/z: [M+H]" calcd for C17H12CIN.O
295.0633; found 295.0633.

Cl
N

()

1i
3-(2-(5-chloro-1H-indol-1-yl)phenyl)-3-oxopropanenitrile (1i). Yellow oil, purified
by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 80%,
123.9 mg. *H NMR (400 MHz, CDCls) § 7.83 (d, J = 7.6 Hz, 1H), 7.80-7.74 (m, 1H),
7.70 (s, 1H), 7.66-7.58 (m, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.27-7.16 (m, 2H), 7.10 (d,
J=8.8 Hz, 1H), 6.76 (d, J = 3.2 Hz, 1H), 2.84 (s, 2H). 13C NMR (100 MHz, CDCl3) &
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190.6, 137.4, 135.5, 134.6, 134.5, 130.9, 130.0, 129.9, 129.1, 128.3, 127.5, 124.3,
121.3, 113.4, 111.1, 105.3, 30.4. HRMS (ESI) m/z: [M+H]" calcd for C17H12CIN2O
295.0633; found 295.0635.

Lo
o] N

o

1j

3-(2-(6-chloro-1H-indol-1-yl)phenyl)-3-oxopropanenitrile (1j). Yellow oil, purified
by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 85%,
130.8 mg. *H NMR (400 MHz, CDCls) & 7.84 (d, J = 8.0 Hz, 1H), 7.80-7.73 (m, 1H),
7.66-7.58 (m, 2H), 7.51 (d, J = 8.0 Hz, 1H), 7.22-7.11 (m, 3H), 6.78 (d, J = 3.2 Hz,
1H), 2.88 (d, J = 14.4 Hz, 2H). 3C NMR (100 MHz, CDCls) & 190.3, 137.4, 137.2,
134.6, 134.5, 130.9, 129.9, 129.4, 129.2, 128.4, 127.3, 122.8, 122.5, 113.4, 110.0,
105.7, 30.4. HRMS (ESI) m/z: [M+H]* calcd for Ci7H12CIN2O 295.0633; found
295.0636.

@\/\gCN
N

)

1k

3-(2-(3-methyl-1H-indol-1-yl)phenyl)-3-oxopropanenitrile (1k). Yellow oil, purified
by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 65%,
93.0 mg. *H NMR (400 MHz, CDCls) § 7.81 (d, J = 8.0 Hz, 1H), 7.76-7.63 (m, 2H),
7.59-7.44 (m, 2H), 7.29-7.19 (m, 2H), 7.19-7.10 (m, 1H), 6.97 (s, 1H), 2.85 (s, 2H),
2.41 (s, 3H). *C NMR (100 MHz, CDCls3) § 191.0, 138.3, 137.3, 134.5, 134.3, 130.8,
129.6, 128.3, 128.1, 126.0, 123.9, 121.1, 120.0, 115.5, 113.7, 109.8, 30.3, 9.2. HRMS
(ESI) m/z: [M+H]* calcd for C1gH15N20 275.1179; found 275.1179.

2. Synthesis of 3.

0]
CN
©\/\> N Ph)\ Ph
X
N Znl, (5 mol %) 2a Ph
o) N Ph
Tol, 80 °C, air, 2 h Cs,CO3, DMSO, 80 °C, air, 6 h O 7
o
OH
1a 3a

In a schlenk tube, 3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1a (0.2 mmol,
52.1 mg), Znl> (0.01 mmol, 3.2 mg) and toluene (0.2 mL) were stirred at 80 <C (oil
bath) under air . After 2 h, then 1,3-diphenylprop-2-yn-1-one 2a (0.2 mmol, 41.2 mg),
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Cs2C0Oz3 (0.4 mmol, 130.3 mg) and DMSO (2.0 mL) were added. After the completion
of the addition, the reaction mixture was allowed to react at 80 <C for 6 h. Then, the
reaction mixture was cooled to room temperature and was treated with H2O, then
extracted with EA and dried over anhydrous Na>SOs, After removal of the EA, the
residue was purified by chromatography on basic silica gel (PE: EA = 10: 1) to afford
3a (yellow solid, 72.2 mg, 77%).

(5Z,7E)-6-benzoyl-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2-a]indole
-8-carbonitrile (3a). Yellow solid, obtained in 8 h and purified by chromatography on
silica gel (petroleum ether/ethyl acetate = 10:1); yield: 77%, 72.2 mg, m.p. 246-248
°C. 'H NMR (400 MHz, CDCls) § 17.67 (s, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.42 (d, J =
8.0 Hz, 1H), 7.37-7.19 (m, 7H), 7.16-7.03 (m, 7H), 6.98 (d, J = 7.6 Hz, 1H),
6.87-6.79 (m, 1H), 5.84 (dd, J = 11.2, 9.2 Hz, 1H), 3.82 (dd, J = 15.2, 11.2 Hz, 1H),
3.46 (dd, J = 15.2, 9.2 Hz, 1H). **C NMR (100 MHz, CDCl3) & 185.4, 181.7, 153.4,
139.4, 132.0, 130.2, 129.2, 124.9, 124.8, 124.3, 123.6, 123.2, 122.2, 122.0, 121.3,
121.2,120.9, 120.8, 118.2, 116.0, 115.5, 113.3, 110.3, 106.3, 104.8, 102.3, 57.5, 28.2.
HRMS (ESI) m/z: [M+H]* calcd for Ca2H23N20, 467.1754; found 467.1755.

(5Z,7E)-6-benzoyl-5-hydroxy-3-methyl-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2
-a]indole-8-carbonitrile (3b). Brown solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 83%, 79.5
mg, m.p. 234-236 °C. *H NMR (400 MHz, CDCls) § 17.70 (s, 1H), 7.38 (d, J = 8.4
Hz, 1H), 7.30-7.02 (m, 14H), 6.92 (d, J = 8.0 Hz, 1H), 6.84-6.76 (m, 1H), 5.79 (dd, J1
=J>=10.0 Hz, 1H), 3.79 (dd, J1 = J> = 13.2 Hz, 1H), 3.43 (dd, J = 15.6, 8.8 Hz, 1H),
2.32 (s, 3H). *3C NMR (100 MHz, CDCls) & 192.5, 188.8, 160.3, 146.6, 137.3, 136.4,
136.3, 132.7, 132.7, 131.8, 131.1, 130.6, 130.1, 129.1, 128.3, 128.2, 127.9, 127.8,
125.2, 122.5, 120.0, 117.4, 113.3, 111.9, 109.0, 64.5, 35.2, 20.3. HRMS (ESI) m/z:
[M+H]" calcd for Ca3H2sN202 481.1911; found 481.1915.
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(5Z,7E)-6-benzoyl-3-bromo-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2
-aJindole-8-carbonitrile (3c). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 66%, 71.8
mg, m.p. 236-238 °C. *H NMR (400 MHz, CDCl3) & 17.70 (s, 1H), 7.54 (s, 1H),
7.46-7.34 (m, 2H), 7.32-7.04 (m, 12H), 6.94 (d, J = 8.0 Hz, 1H), 6.88-6.80 (m, 1H),
5.79 (dd, J1 = J> = 9.6 Hz, 1H), 3.82 (dd, J = 15.6, 10.8 Hz, 1H), 3.46 (dd, J. = 15.2,
9.2 Hz, 1H). C NMR (100 MHz, CDCls) § 190.9, 188.6, 160.3, 145.8, 138.2, 136.9,
135.8, 134.7, 133.0, 132.9, 132.1, 130.4, 129.2, 129.1, 128.4, 128.3, 128.0, 127.9,
125.4, 123.9, 120.8, 117.2, 115.1, 113.1, 111.5, 109.3, 64.5, 35.2. HRMS (ESI) m/z:
[M+H]" calcd for C32H22BrN202 545.0859; found 545.0857.

(5Z,7E)-6-benzoyl-3-chloro-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2
-aJindole-8-carbonitrile (3d). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 54%, 54.4
mg, m.p. 238-240 °C. *H NMR (400 MHz, CDCls3) § 17.57 (s, 1H), 7.45 (d, J = 8.8 Hz,
1H), 7.40 (d, J = 1.2 Hz, 1H), 7.33-7.18 (m, 7H), 7.18-7.03 (m, 6H), 6.94 (d, J = 8.4
Hz, 1H), 6.88-6.81 (m, 1H), 5.81 (dd, J1 = J» = 10.0 Hz, 1H), 3.82 (dd, J = 15.2, 10.8
Hz, 1H), 3.47 (dd, J = 15.2, 8.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) & 191.0, 188.6,
160.3, 146.0, 137.8, 136.9, 135.8, 132.5, 132.1, 131.8, 130.4, 130.2, 129.2, 129.1,
128.4, 128.4, 128.0, 127.9, 127.9, 125.4, 123.7, 120.8, 117.2, 113.1, 111.5, 109.3,
64.6, 35.2. HRMS (ESI) m/z: [M+H]" calcd for Cs2H22CIN2O. 501.1364; found
501.1365.
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(5Z,7E)-6-benzoyl-5-hydroxy-10-methoxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[
1,2-a]indole-8-carbonitrile (3e). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield: 61%, 60.1
mg, m.p. 250-252 °C. 'H NMR (400 MHz, CDCls) & 17.63 (s, 1H), 7.49 (d, J = 8.4
Hz, 1H), 7.40 (d, J = 7.6 Hz, 1H), 7.36-7.24 (m, 4H), 7.24-7.17 (m, 2H), 7.16-7.97 (m,
7H), 6.63 (d, J = 8.4 Hz, 1H), 6.42 (d, J = 8.4 Hz, 1H), 5.85 (dd, J; = J» = 10.0 Hz,
1H), 3.87 (s, 1H), 3.67 (dd, J = 15.2, 10.4 Hz, 1H), 3.51 (dd, J = 15.6, 9.6 Hz, 1H).
13C NMR (100 MHz, CDCl3) & 192.4, 188.7, 160.2, 156.8, 147.7, 139.2, 137.2, 136.2,
131.9, 131.7, 131.2, 130.5, 130.1, 129.1, 129.0, 128.3, 128.2, 127.9, 122.9, 122.5,
117.3, 115.8, 113.3, 111.9, 103.2, 103.1, 64.9, 55.3, 32.2. HRMS (ESI) m/z: [M+H]*
calcd for C33H2sN203 497.1860; found 497.1870.

BnO

3f

(5Z,7E)-6-benzoyl-11-(benzyloxy)-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azoci

no[1,2-a]indole-8-carbonitrile (3f). Brown solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield: 76%, 87.0
mg, m.p. 208-210 °C. 'H NMR (400 MHz, CDCl3) 5 17.68 (s, 1H), 7.48-7.35 (m, 6H),
7.34-7.24 (m, 5H), 7.22-7.16 (m, 2H), 7.14-7.00 (m, 6H), 6.95-6.82 (m, 2H), 6.70 (d,
J = 7.6 Hz, 1H), 5.79 (dd, J1 = J2 = 10.0 Hz, 1H), 5.03 (s, 1H), 3.80 (dd, J = 15.6,
10.8 Hz, 1H), 3.41 (dd, J = 16.0, 9.2 Hz, 1H). 3C NMR (100 MHz, CDCl3) § 192.5,
188.6, 160.4, 153.5, 140.4, 139.7, 137.5, 137.2, 136.2, 131.9, 131.7, 131.1, 130.6,
130.5, 130.1, 129.0, 128.8, 128.3, 128.2, 128.1, 127.9, 127.6, 122.5, 122.0, 117.4,
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113.6, 113.3, 113.2, 111.8, 109.6, 70.8, 64.5, 35.4. HRMS (ESI) m/z: [M+H]" calcd
for CagH29N203 573.2173; found 573.2173.

MeO

(5Z,7E)-6-benzoyl-5-hydroxy-11-methoxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[
1,2-a]indole-8-carbonitrile (3g). Brown solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield: 60%, 59.7
mg, m.p. 218-220 °C. 'H NMR (400 MHz, CDCls) § 17.67 (s, 1H), 7.47 (d, J = 8.0
Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.35-7.18 (m, 6H), 7.17-6.98 (m, 6H), 6.90 (d, J =
8.8 Hz, 1H), 6.86 (s, 1H), 6.72-6.55 (m, 1H), 5.82 (dd, J = 10.8, 9.2 Hz, 1H),
3.85-3.75 (m, 1H), 3.79 (s, 3H), 3.44 (dd, J = 15.6, 8.8 Hz, 1H). *3C NMR (100 MHz,
CDCl3) 6 192.6, 188.6, 160.4, 154.4, 140.1, 139.8, 137.2, 136.2, 131.9, 131.8, 131.1,
130.7, 130.1, 129.1, 128.3, 128.2, 128.0, 122.5, 122.0, 117.4, 113.3, 112.2, 112.1,
111.9, 109.7, 64.5, 55.9, 35.5. HRMS (ESI) m/z: [M+H]" calcd for Cs3H2sN203
497.1860; found 497.1858.

3h
(5Z,7E)-6-benzoyl-10-chloro-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,

2-a]indole-8-carbonitrile (3h). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 64%, 63.6
mg, m.p. 258-260 °C. 'H NMR (400 MHz, CDCl3) & 17.67 (s, 1H), 7.48-7.40 (m, 2H),
7.37-7.19 (m, 6H), 7.16-6.98 (m, 7H), 6.90-6.73 (M, 2H), 5.86 (dd, J1 = J» = 10.4 Hz,
1H), 3.78 (dd, J = 16.0, 10.8 Hz, 1H), 3.58 (dd, J = 16.0, 9.2 Hz, 1H). 3C NMR (100
MHz, CDCl3) 6 192.1, 189.0, 160.8, 147.6, 138.6, 137.0, 136.1, 132.0, 131.8, 131.4,
131.2, 130.6, 130.3, 129.3, 129.0, 128.4, 128.3, 127.9, 127.6, 123.6, 122.3, 120.3,
117.2, 113.2, 111.2, 107.5, 64.3, 34.4. HRMS (ESI) m/z: [M+H]* calcd for
Cz2H22CIN20O2 501.1364; found 501.1365.
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(5Z,7E)-6-benzoyl-11-chloro-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,

2-a]indole-8-carbonitrile (3i). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 71%, 70.9
mg, m.p. 235-237 °C. *H NMR (400 MHz, CDCls) & 17.68 (s, 1H), 7.48-7.38 (m, 2H),
7.37-7.24 (m, 4H), 7.23-7.16 (m, 3H), 7.14-6.98 (m, 7H), 6.86 (d, J = 8.0 Hz, 1H),
5.82 (dd, J1 = J» = 10.0 Hz, 1H), 3.79 (dd, J = 14.8, 11.6 Hz, 1H), 3.43 (dd, J = 16.0,
9.2 Hz, 1H). C NMR (100 MHz, CDCls) § 192.2, 188.9, 160.7, 145.0, 138.7, 137.1,
136.1, 132.0, 131.9, 131.4, 131.1, 130.6, 130.3, 129.0, 128.3, 128.2, 127.9, 127.6,
125.4, 124.7, 123.4, 122.1, 117.2, 113.2, 111.3, 110.0, 64.6, 34.9. HRMS (ESI) m/z:
[M+H]" calcd for C32H22CIN20O2 501.1364; found 501.1365.

(5Z,7E)-6-benzoyl-12-chloro-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,
2-a]indole-8-carbonitrile (3j). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 53%, 53.4
mg, m.p. 242-244 °C. *H NMR (400 MHz, CDCls) § 17.67 (s, 1H), 7.48-7.36 (m, 3H),
7.33-7.24 (m, 3H), 7.23-7.17 (m, 2H), 7.16-7.03 (m, 7H), 6.93 (s, 1H), 6.78 (d, J =
8.0 Hz, 1H), 5.86 (dd, J = 11.2, 9.6 Hz, 1H), 3.75 (dd, J = 15.2, 10.8 Hz, 1H), 3.42
(dd, J = 15.2, 8.8 Hz, 1H). *C NMR (100 MHz, CDCls) § 192.0, 189.0, 160.7, 147.6,
138.2, 137.1, 136.1, 133.6, 132.0, 132.0, 131.4, 130.7, 130.3, 129.0, 128.4, 128.3,
127.9, 127.7, 125.8, 123.7, 122.4, 120.0, 117.2, 113.1, 111.2, 109.5, 65.1, 34.6.
HRMS (ESI) m/z: [M+H]" calcd for C32H22CIN202 501.1364; found 501.1364.

(5Z,7E,8aR,9R)-6-benzoyl-5-hydroxy-9-methyl-7-phenyl-8a,9-dihydrobenzo[7,8]azo
cino[1,2-a]indole-8-carbonitrile (3k). Yellow solid, obtained in 10 h and purified by
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chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 70%, 67.0
mg, m.p. 244-246 °C. 'H NMR (400 MHz, CDCls) § 17.61 (s, 1H), 7.49 (d, J = 8.4
Hz, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.38-7.17 (m, 8H), 7.15-7.02 (m, 7H), 6.97 (d, J =
7.6 Hz, 1H), 6.92-6.82 (m, 1H), 5.38 (d, J = 11.2 Hz, 1H), 4.20-4.00 (m, 1H), 1.64 (d,
J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCls) & 191.5, 189.3, 161.8, 146.2, 138.9,
137.4, 136.6, 133.8, 131.8, 131.1, 130.8, 130.2, 129.0, 128.3, 128.2, 128.0, 127.7,
123.6, 123.2, 122.9, 120.4, 117.3, 113.5, 111.1, 108.8, 73.0, 41.9, 16.2. HRMS (ESI)
m/z: [M+H]" calcd for C33H25N202 481.1911; found 481.1910.

(5Z,7E)-5-hydroxy-7-phenyl-6-(3,4,5-trimethoxybenzoyl)-8a,9-dihydrobenzo[7,8]az
ocino[1,2-a]indole-8-carbonitrile (3n). Brown solid, obtained in 12 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 3:1); yield: 66%, 72.9
mg, m.p. 184-186 °C. 'H NMR (400 MHz, CDCls) § 17.55 (s, 1H), 7.50 (d, J = 8.4
Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.39-7.32 (m, 1H), 7.23-7.06 (m, 8H), 6.97 (d, J =
8.4 Hz, 1H), 6.86-6.78 (m, 1H), 6.54 (s, 1H), 5.90 (dd, J = 11.2, 8.8 Hz, 1H), 3.90
-3.80 (m, 1H), 3.80 (s, 3H), 3.78 (s, 6H), 3.36 (dd, J = 15.2, 8.8 Hz, 1H). °C NMR
(100 MHz, CDCl3) 6 190.7, 189.1, 161.1, 153.0, 146.3, 141.4, 139.2, 137.2, 131.9,
131.6, 131.0, 130.8, 130.3, 128.9, 128.4, 127.9, 125.2, 123.1, 122.5, 120.4, 117.2,
113.1, 111.1, 109.4, 105.6, 64.8, 60.8, 56.0, 35.2. HRMS (ESI) m/z: [M+H]" calcd for
CasH20N205 557.2071; found 557.2070.

(5Z,7E)-5-hydroxy-6-(4-methoxybenzoyl)-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[
1,2-a]indole-8-carbonitrile (30). Yellow solid, obtained in 12 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield: 62%, 61.6
mg, m.p. 216-218 °C. 'H NMR (400 MHz, CDCls) § 17.94 (s, 1H), 7.49 (d, J = 8.4
Hz, 1H), 7.45-7.38 (m, 3H), 7.38-7.29 (m, 1H), 7.28-7.19 (m, 3H), 7.18-7.03 (m, 5H),
6.97 (d, J = 7.6 Hz, 1H), 6.86-6.78 (m, 1H), 6.72 (d, J = 8.4 Hz, 1H), 5.82 (dd, J1 = J»
=10.0 Hz, 1H), 3.85-3.77 (m, 1H), 3.75 (s, 3H), 3.43 (dd, J = 15.6, 9.2 Hz, 1H). 13C
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NMR (100 MHz, CDCl3) 6 192.1, 187.3, 163.0, 160.9, 146.3, 139.0, 137.1, 131.6,
130.7, 130.6, 130.3, 129.2, 129.0, 128.3, 128.3, 127.8, 125.2, 123.0, 122.2, 120.2,
117.5, 113.7, 112.4, 111.5, 109.4, 64.6, 55.3, 35.2. HRMS (ESI) m/z: [M+H]" calcd
for Ca3H25N203 497.1860; found 497.1859.

(5Z,7E)-5-hydroxy-6-(4-methylbenzoyl)-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,

2-a]indole-8-carbonitrile (3p). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 79%, 75.6
mg, m.p. 228-230 °C. 'H NMR (400 MHz, CDCls) § 17.78 (s, 1H), 7.49 (d, J = 8.0
Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.37-7.29 (m, 1H), 7.28-7.13 (m, 5H), 7.13-7.03 (m,
5H), 7.03-6.93 (m, 3H), 6.86-6.76 (m, 1H), 5.76 (dd, J1 = J> = 10.0 Hz, 1H), 3.81 (dd,
J =15.2, 10.8 Hz, 1H), 3.43 (dd, J = 15.6, 9.2 Hz, 1H), 2.25 (s, 3H). 3C NMR (100
MHz, CDCls) 6 192.2, 188.4, 160.7, 146.3, 142.9, 139.0, 137.2, 133.3, 131.6, 131.5,
130.6, 130.2, 129.2, 129.0, 129.0, 128.2, 128.1, 127.7, 125.2, 123.0, 122.3, 120.3,
117.4, 112.9, 111.6, 109.3, 64.5, 35.2, 21.2. HRMS (ESI) m/z: [M+H]" calcd for
Ca3H2sN202 481.1911; found 481.1910.

(5Z,7E)-6-(4-chlorobenzoyl)-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[ 1,

2-a]indole-8-carbonitrile (3q). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 75%, 74.4
mg, m.p. 202-204 °C. 'H NMR (400 MHz, CDCls) § 17.64 (s, 1H), 7.51 (d, J = 8.4
Hz, 1H), 7.43-7.33 (m, 2H), 7.28-7.07 (m, 12H), 6.97 (d, J = 8.0 Hz, 1H), 6.89-6.79
(m, 1H), 5.81 (dd, J1 = J> = 10.0 Hz, 1H), 3.82 (dd, J = 14.4, 12.0 Hz, 1H), 3.36 (dd, J
=15.2, 9.2 Hz, 1H). °C NMR (100 MHz, CDCls) § 192.7, 187.2, 159.9, 146.3, 139.0,
138.3, 137.0, 134.5, 131.9, 131.2, 130.6, 130.5, 129.4, 129.1, 129.0, 128.7, 128.4,
127.8,125.2, 123.1, 1225, 120.4, 117.2, 113.2, 112.1, 109.3, 64.5, 35.3. HRMS (ESI)
m/z: [M+H]" calcd for C32H22CIN202 501.1364; found 501.1364.
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(5Z,7E)-6-(4-fluorobenzoyl)-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,
2-a]indole-8-carbonitrile (3r). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 51%, 49.6
mg, m.p. 238-240 °C. *H NMR (400 MHz, CDCls) § 17.70 (s, 1H), 7.51 (d, J = 8.4
Hz, 1H), 7.44-7.30 (m, 4H), 7.28-7.22 (m, 1H), 7.21-7.03 (m, 7H), 7.01-6.80 (m, 4H),
5.82 (dd, J1 = J» = 10.0 Hz, 1H), 3.82 (dd, J = 15.6, 11.2 Hz, 1H), 3.45 (dd, J = 15.6,
9.2 Hz, 1H). *°C NMR (100 MHz, CDCls) § 192.5, 187.3, 164.9 (J = 127.2 Hz), 160.2,
146.3, 139.1, 137.1, 132.4 (J = 3.3 Hz), 131.8, 130.9 (J = 57.8 Hz), 130.6, 130.6,
130.4, 129.1, 129.0, 128.4, 127.8, 125.2, 123.1, 122.5, 120.4, 117.3, 115.7, 115.5,
1125 (J = 51.7 Hz), 109.3, 64.5, 35.3. HRMS (ESI) m/z: [M+H]" calcd for
Ca2H22FN20> 485.1660; found 485.1657.

(5Z,7E)-6-(1-naphthoyl)-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2-a]i
ndole-8-carbonitrile (3s). Brown solid, obtained in 12 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 58%, 59.4
mg, m.p. 184-186 °C. *H NMR (400 MHz, CDCls) § 17.54 (s, 1H), 7.78-7.66 (m, 2H),
7.61-7.34 (m, 6H), 7.25 (d, J = 7.6 Hz, 1H), 7.19-7.05 (m, 3H), 7.01-6.74 (m, 6H),
6.58 (d, J = 7.6 Hz, 1H), 5.84 (dd, J1 = J» = 10.0 Hz, 1H), 3.73 (dd, J = 15.2, 10.8 Hz,
1H), 3.45 (dd, J = 15.6, 9.2 Hz, 1H). 3C NMR (100 MHz, CDCls) & 192.2, 190.6,
159.7, 146.5, 138.6, 137.4, 134.0, 133.1, 131.7, 131.2, 131.0, 130.7, 129.4, 129.3,
129.0, 128.5, 128.0, 127.9, 126.9, 126.6, 126.0, 125.2, 124.6, 1245, 123.0, 122.8,
120.3, 117.0, 115.6, 111.6, 108.8, 64.0, 35.3. HRMS (ESI) m/z: [M+H]" calcd for

CasH2sN202 517.1911; found 517.1910.
CN

3t
(5Z,7E)-6-(2-naphthoyl)-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2-a]i
ndole-8-carbonitrile (3t). Brown solid, obtained in 12 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 59%, 60.7
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mg, m.p. 232-234 °C. 'H NMR (400 MHz, CDClz) & 17.82 (s, 1H), 7.83 (s, 1H),
7.79-7.70 (m, 2H), 7.65 (d, J = 8.8 Hz, 1H), 7.58-7.47 (m, 3H), 7.46-7.30 (m, 3H),
7.25 (d, J = 6.8 Hz, 1H), 7.19-7.04 (m, 4H), 7.03-6.89 (m, 4H), 6.87-6.78 (m, 1H),
5.90 (dd, J; = J> = 10.0 Hz, 1H), 3.87 (dd, J = 15.2, 10.8 Hz, 1H), 3.50 (dd, J = 15.2,
9.2 Hz, 1H). 3C NMR (100 MHz, CDCls) § 192.6, 188.2, 160.6, 146.3, 139.0, 137.2,
134.6, 133.3, 132.0, 131.7, 131.4, 130.6, 130.2, 129.7, 129.2, 129.1, 128.9, 128.5,
128.3, 128.1, 127.9, 127.8, 127.1, 125.2, 123.9, 123.0, 122.4, 120.3, 117.4, 113.4,
111.8, 109.3, 64.6, 35.3. HRMS (ESI) m/z: [M+H]" calcd for C3sH2sN20, 517.1911;
found 517.1914.

3u

(5Z,7E)-6-benzoyl-7-butyl-5-hydroxy-8a,9-dihydrobenzo[7,8]azocino[1,2-a]indole-8
-carbonitrile (3u). Yellow solid, obtained in 8 h and purified by chromatography on
silica gel (petroleum ether/ethyl acetate = 20:1); yield: 53%, 47.6 mg, m.p. 250-252
°C. 'H NMR (400 MHz, CDCl3) & 18.16 (s, 1H), 7.59-7.52 (m, 2H), 7.48-7.37 (m,
4H), 7.33 (d, J = 7.6 Hz, 1H), 7.28-7.23 (m, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.12-6.99
(m, 2H), 6.94 (d, J = 8.0 Hz, 1H), 6.84-6.77 (m, 1H), 5.63 (dd, J = 11.6, 8.8 Hz, 1H),
3.74 (dd, J = 15.2, 11.2 Hz, 1H), 3.29 (dd, J = 15.2, 8.8 Hz, 1H), 0,92 (s, 9H). 13C
NMR (100 MHz, CDCls) 6 204.2, 189.2, 160.1, 146.2, 139.5, 138.0, 131.4, 131.1,
131.0, 130.0, 129.5, 129.4, 129.0, 127.8, 125.2, 123.1, 121.9, 120.4, 117.4, 112.2,
111.7, 110.2, 65.2, 42.8, 34.9, 27.1. HRMS (ESI) m/z: [M+H]" calcd for C3oH27N20:
447.2067; found 447.2068.

OMe

(5Z,7E)-6-benzoyl-5-hydroxy-7-(3,4,5-trimethoxyphenyl)-8a,9-dihydrobenzo[7,8]az

ocino[1,2-a]indole-8-carbonitrile (3v). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 3:1); yield: 71%, 79.1
mg, m.p. 212-214 °C. *H NMR (400 MHz, CDCls3) § 17.60 (s, 1H), 7.52 (d, J = 8.8
Hz, 1H), 7.38-7.22 (m, 8H), 7.14-7.03 (m, 2H), 6.97 (d, J = 8.0 Hz, 1H), 6.88-6.78 (m,
1H), 6.32 (s, 1H), 5.83 (dd, J = 11.6, 8.8 Hz, 1H), 3.81 (dd, J = 15.2, 11.2 Hz, 1H),
3.71 (s, 3H), 3.70 (s, 6H), 3.46 (dd, J = 15.2, 8.8 Hz, 1H). **C NMR (100 MHz,
CDCIs) 6 191.7, 189.2, 160.2, 152.8, 146.3, 139.8, 139.2, 136.4, 132.5, 131.9, 131.8,
131.2, 130.2, 129.1, 128.3, 127.9, 127.8, 125.2, 123.0, 122.7, 120.4, 117.5, 113.2,
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111.3, 109.3, 106.7, 64.5, 60.7, 56.0, 35.2. HRMS (ESI) m/z: [M+H]" calcd for
CssH20N205 557.2071; found 557.2071.

(5Z,7E)-6-benzoyl-5-hydroxy-7-(4-methoxyphenyl)-8a,9-dihydrobenzo[7,8]azocino[
1,2-a]indole-8-carbonitrile (3w). Brown solid, obtained in 12 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1); yield: 63%, 62.6
mg, m.p. 234-236 °C. 'H NMR (400 MHz, CDCls) § 17.70 (s, 1H), 7.50 (d, J = 8.4
Hz, 1H), 7.41-7.28 (m, 5H), 7.27-7.18 (m, 3H), 7.17-7.03 (m, 4H), 6.97 (d, J = 8.0 Hz,
1H), 6.86-6.78 (m, 1H), 6.59 (d, J = 8.4 Hz, 1H), 5.82 (dd, J1 = J> = 10.0 Hz, 1H),
3.81 (dd, J = 15.2, 10.8 Hz, 1H), 3.66 (s, 3H), 3.44 (dd, J = 15.2, 9.2 Hz, 1H). ¥C
NMR (100 MHz, CDCls) 6 192.2, 188.7, 161,2, 160.0, 146.4, 139.2, 136.2, 132.0,
131.7, 131.4, 130.7, 130.4, 129.6, 129.3, 128.3, 128.0, 127.8, 125.2, 123.0, 122.4,
120.3, 117.9, 113.6, 113.1, 109.8, 109.3, 64.6, 55.1, 35.3. HRMS (ESI) m/z: [M+H]*
calcd for Ca3H2sN203 497.1860; found 497.1859.

(5Z,7E)-6-benzoyl-5-hydroxy-7-(p-tolyl)-8a,9-dihydrobenzo[7,8]azocino[1,2-a]indol
e-8-carbonitrile (3x). Yellow solid, obtained in 12 h and purified by chromatography
on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 75%, 71.8 mg, m.p.
250-252 °C. *H NMR (400 MHz, CDCls) & 17.69 (s, 1H), 7.49 (d, J = 8.4 Hz, 1H),
7.39 (d, J = 7.6 Hz, 1H), 7.37-7.27 (m, 4H), 7.26-7.18 (m, 3H), 7.14-7.01 (m, 4H),
6.97 (d, J = 8.0 Hz, 1H), 6.91-6.77 (m, 3H), 5.82 (dd, J = 11.6, 9.2 Hz, 1H), 3.81 (dd,
J =15.6, 11.2 Hz, 1H), 3.44 (dd, J = 15.6, 9.2 Hz, 1H), 2.16 (s, 3H). 3C NMR (100
MHz, CDCls) 6 192.3, 188.6, 160.4, 146.4, 140.7, 139.1, 136.2, 134.3, 132.0, 131.7,
131.4, 130.5, 129.2, 129.0, 128.3, 128.0, 127.8, 125.2, 123.0, 122.4, 120.3, 117.6,
113.1, 111.0, 109.3, 64.5, 35.2, 20.9. HRMS (ESI) m/z: [M+H]" calcd for CasH2sN202
481.1911; found 481.1913.
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(5Z,7E)-6-benzoyl-7-(3-chlorophenyl)-5-hydroxy-8a,9-dihydrobenzo[7,8]azocino[ 1,

2-a]indole-8-carbonitrile (3y). Brown solid, obtained in 8 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 80%, 80.1
mg, m.p. 230-232 °C. *H NMR (400 MHz, CDCls) § 17.61 (s, 1H), 7.51 (d, J = 8.0
Hz, 1H), 7.45-7.30 (m, 3H), 7.27-7.20 (m, 5H), 7.15-6.93 (m, 7H), 6.88-6.78 (m, 1H),
5.81 (dd, J = 10.8, 9.2 Hz, 1H), 3.80 (dd, J = 15.2, 11.2 Hz, 1H), 3.46 (dd, J = 15.2,
9.2 Hz, 1H). °C NMR (100 MHz, CDCls) § 192.6, 188.6, 158.8, 146.3, 139.1, 138.9,
136.1, 134.2, 132.0, 131.9, 131.2, 130.6, 130.0, 129.5, 129.0, 128.9, 128.5, 127.9,
127.2, 125.3, 123.2, 122.6, 120.5, 116.8, 113.1, 113.0, 109.3, 64.3, 35.2. HRMS (ESI)
m/z: [M+H]" calcd for C32H22CIN20, 501.1364; found 501.1366.

(5Z,7E)-6-benzoyl-7-(4-chlorophenyl)-5-hydroxy-8a,9-dihydrobenzo[7,8]azocino[ 1,
2-a]indole-8-carbonitrile (3z). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 53%, 53.1
mg, m.p. 215-217 °C. 'H NMR (400 MHz, CDCls) § 17.66 (s, 1H), 7.51 (d, J = 8.0
Hz, 1H), 7.40-7.22 (m, 8H), 7.13-7.01 (m, 6H), 6.97 (d, J = 7.6 Hz, 1H), 6.88-6.77 (m,
1H), 5.81 (dd, J = 10.8, 9.2 Hz, 1H), 3.80 (dd, J = 15.2, 10.8 Hz, 1H), 3.46 (dd, J =
15.6, 9.2 Hz, 1H). 3C NMR (100 MHz, CDCls) & 192.7, 188.4, 159.1, 146.3, 139.0,
136.3, 136.0, 135.7, 132.2, 131.9, 131.2, 130.5, 130.2, 129.1, 128.5, 128.5, 127.9,
127.9, 125.2, 123.1, 122.5, 120.4, 117.1, 112.9, 112.4, 109.3, 64.4, 35.2. HRMS (ESI)
m/z: [M+H]" calcd for C32H22CIN202 501.1364; found 501.1354.

3za

(5Z,7E)-6-benzoyl-7-(4-cyanophenyl)-5-hydroxy-8a,9-dihydrobenzo[7,8]azocino[1,2
-a]indole-8-carbonitrile (3za). Brown solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 4:1); yield: 53%, 52.4
mg, m.p. 186-188 °C. 'H NMR (400 MHz, CDCls) § 17.60 (s, 1H), 7.52 (d, J = 8.4
Hz, 1H), 7.44-7.30 (m, 5H), 7.28-7.17 (m, 7H), 7.14-7.07 (m, 2H), 6.98 (d, J = 8.0 Hz,
1H), 6.89-6.80 (m, 1H), 5.83 (dd, J1 = J> = 10.0 Hz, 1H), 3.80 (dd, J = 15.2, 11.2 Hz,
1H), 3.49 (dd, J = 15.2, 8.8 Hz, 1H). 3C NMR (100 MHz, CDCls) & 193.3, 188.1,
158.3, 146.1, 141.7, 138.8, 135.9, 132.3, 132.1, 131.9, 131.1, 130.5, 129.5, 128.9,
128.6, 127.9, 125.3, 123.2, 122.6, 120.6, 118.1, 116.5, 114.5, 113.3, 112.7, 109.3, 64.2,
35.2. HRMS (ESI) m/z: [M+H]" calcd for Cs3H22N302 492.1707; found 492.1707.
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3zb

(5Z,72)-6-benzoyl-5-hydroxy-7-(thiophen-2-yl)-8a,9-dihydrobenzo[7,8]azocino[1,2-

alindole-8-carbonitrile (3zb). Yellow solid, obtained in 10 h and purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 10:1); yield: 76%, 71.6
mg, m.p. 248-250 °C. *H NMR (400 MHz, CDCls) & 17.77 (s, 1H), 7.53-7.38 (m, 4H),
7.36-7.17 (m, H), 7.12-7.00 (m, 2H), 6.96 (d, J = 8.0 Hz, 1H), 6.86-6.72 (m, 1H), 5.80
(dd, J =10.4, 9.6 Hz, 1H), 3.82 (dd, J = 15.6, 11.2 Hz, 1H), 3.43 (dd, J = 15.6, 9.2 Hz,
1H). 3C NMR (100 MHz, CDCls) & 192.7, 187.9, 151.5, 146.3, 141.0, 139.1, 136.0,
132.2, 131.7, 131.3, 130.7, 130.4, 130.3, 129.2, 128.4, 128.2, 128.1, 127.8, 125.2,
123.1,122.4,120.3, 117.8, 113.1, 109.5, 107.7, 64.6, 35.2. HRMS (ESI) m/z: [M+H]*
calcd for C3oH2:N20,S 473.1318; found 473.13109.

3zc

(5Z,7E)-6-benzoyl-7-butyl-5-hydroxy-8a,9-dihydrobenzo[7,8]azocino[1,2-a]indole-8
-carbonitrile (3zc). Yellow solid, obtained in 10 h and purified by chromatography on
silica gel (petroleum ether/ethyl acetate = 20:1); yield: 56%, 50.4 mg, m.p. 75-77 °C.
'H NMR (400 MHz, CDCls) & 17.75 (s, 1H), 7.61-7.53 (m, 3H), 7.50-7.44 (m, 3H),
7.41-7.35 (m, 1H), 7.26-7.17 (m, 2H), 7.12-7.01 (m, 2H), 6.94 (d, J = 8.0 Hz, 1H),
6.86-6.77 (m, 1H), 5.60 (dd, J = 10.8, 9.2 Hz, 1H), 3.70 (dd, J = 15.2, 11.2 Hz, 1H),
3.34 (dd, J = 15.6, 8.8 Hz, 1H), 2.60-2.45 (m, 2H), 1.75-1.65 (m, 1H), 1.28-1.21 (m,
1H), 1.13-1.03 (m, 1H), 0.94-0.84 (m, 1H), 0.78-0.68 (m, 1H), 0.60 (t, J = 6.4 Hz,
3H). 13C NMR (100 MHz, CDCls) & 193.6, 184.4, 163.9, 146.4, 138.4, 135.9, 132.6,
131.9, 131.5, 130.9, 129.1, 129.0, 128.3, 127.7, 125.2, 122.7, 122.6, 120.2, 116.2,
113.6, 111.0, 109.0, 62.6, 37.0, 34.3, 30.5, 21.8, 13.3. HRMS (ESI) m/z: [M+H]"
calcd for C3oH27N202 447.2067; found 447.2067.

4. 1.0 mmol scale reaction.

0]

Cl cl
T ¢ "N
N Znl, (5 mol %) 2a Ph

0]

Tol, 80 °C, air, 2 h Cs,CO3, DMSO, 80 °C, air, 8 h

1i
scale: 1.0 mmol
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In a schlenk tube, 3-(2-(5-chloro-1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1i (1.0
mmol, 294.7 mg), Znl> (0.05 mmol, 16.0 mg) and toluene (1.0 mL) were stirred at
80 <T (oil bath) under air. After 2 h, then 1,3-diphenylprop-2-yn-1-one 2a (1.0 mmol,
206.2 mg), Cs2.CO3 (2.0 mmol, 651.6mg) and DMSO (10.0 mL) were added. After the
completion of the addition, the reaction mixture was allowed to react at 80 <C for 8 h.
Then, the reaction mixture was cooled to room temperature and was treated with H20,
then extracted with EA and dried over anhydrous Na,SO4 After removal of the EA,
the residue was purified by chromatography on basic silica gel (PE: EA = 10: 1) to
afford 3i (yellow solid, 335.7 mg, 67%).

5. Synthesis of 4.

AN CN
N Znl, (5 mol %)

(0]

Tol (0.2 mL), 80 °C, air, 2 h

1a 4a

In a schlenk tube, 3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1a (0.2 mmol,
52.1 mg), Znlz (0.01 mmol, 3.2 mg) and toluene (0.2 mL) were stirred at 80 <T (oil
bath) under air. After the reaction was completed as monitored by thin-layer
chromatography, the reaction mixture was then quenched by water, and the water
layers were extracted with ethyl acetate (10 mL = 3). The combined organic layers
were washed with brine, dried over anhydrous NaSOa, filtered, and concentrated
under reduced pressure. Purification by chromatography on silica gel (petroleum
ether/ethyl acetate = 10/1) afforded desired compound 4a (yellow solid, 51.6 mg,
99%).

4a

(6S,6aR)-5-0x0-5,6,6a,7-tetrahydroindolo[1,2-a]quinoline-6-carbonitrile (4a).
Yellow solid, obtained in 2 h and purified by chromatography on silica gel (petroleum
ether/ethyl acetate = 10:1); yield: 99%, 51.6 mg, m.p. 141-143 °C. '*H NMR (400
MHz, CDCls) 6 8.04 (d, J = 8.4 Hz, 1H), 7.67-7.49 (m, 2H), 7.33-7.15 (m, 3H),
7.13-7.03 (m, 1H), 6.99-6.87 (m, 1H), 4.86-4.70 (m, 1H), 3.98 (d, J = 12.8 Hz, 1H),
3.65 (dd, J = 16.8, 9.6 Hz, 1H), 3.21 (dd, J = 16.8, 4.8 Hz, 1H). **C NMR (100 MHz,
CDCl3) 6 184.1, 145.4, 143.9, 136.5, 129.5, 128.4, 128.3, 126.2, 122.2, 121.7, 121.0,
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119.0, 114.7, 108.7, 62.0, 45.5, 33.1. HRMS (ESI) m/z: [M+Na]* calcd for
C17H12N2NaO 283.0842; found 283.0842.

H coprh

4b

(6S,6aR)-6-benzoyl-6a,7-dihydroindolo[1,2-a]quinolin-5(6H)-one (4b). Yellow solid,
obtained in 2 h and purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 20:1); yield: 93%, 63.2 mg, m.p. 184-186 °C. *H NMR (500 MHz, CDCl3) &
8.05-7.91 (m, 3H), 7.68-7.55 (m, 3H), 7.53-7.45 (m, 2H), 7.36 (d, J = 8.0 Hz, 1H),
7.23-7.12 (m, 2H), 7.02-6.95 (m, 1H), 6.91-6.84 (m, 1H), 5.24-5.10 (m, 1H), 4.86 (d,
J =135 Hz, 1H), 3.58 (dd, J = 16.5, 9.5 Hz, 1H), 2.75 (dd, J = 17.0, 6.5 Hz, 1H). °C
NMR (125 MHz, CDCls) 6 197.0, 190.6, 145.5, 144.3, 137.9, 135.5, 133.7, 129.8,
129.0, 128.9, 128.7, 127.7, 125.7, 122.2, 120.7, 120.5, 117.1, 108.9, 61.7, 59.4, 33.8.
HRMS (ESI) m/z: [M+Na]" calcd for C23sH17NNaO2 362.1151; found 362.1151.

H co,Me

4c

methyl (6R,6aR)-5-0x0-5,6,6a,7-tetrahydroindolo[1,2-a]quinoline-6-carboxylate
(4c). Yellow solid, obtained in 2 h and purified by chromatography on silica gel
(petroleum ether/ethyl acetate = 20:1); yield: 97%, 56.9 mg, m.p. 146-148 °C. H
NMR (400 MHz, CDClz) 6 8.02 (d, J = 7.6 Hz, 1H), 7.60-7.53 (m, 2H), 7.31 (d, J =
8.4 Hz, 1H), 7.23-7.16 (m, 2H), 7.04-6.96 (m, 1H), 6.92-6.85 (m, 1H), 4.93-4.82 (m,
1H), 3.87 (s, 3H), 3.85-3.80 (m, 1H), 3.52 (dd, J = 16.0, 9.2 Hz, 1H), 2.89 (dd, J =
16.0, 6.0 Hz, 1H). 3C NMR (100 MHz, CDCls) § 189.0, 169.1, 145.7, 144.4, 135.8,
129.5, 129.2, 128.0, 125.9, 121.6, 121.0, 120.9, 117.6, 109.0, 61.4, 59.0, 52.4, 33.2.
HRMS (ESI) m/z: [M+H]" calcd for C1sH16NO3294.1125, found 294.1127.

6. Mechanistic Studies
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N\ CN
N Znly (5 mol %)

O Tol (anhydrous), 80 °C, N, 2 h

1a 4a, 99%

In a schlenk tube, 3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1a (0.2 mmol,
52.1 mg), Znl> (0.01 mmol, 3.2 mg) and anhydrous toluene (0.2 mL) were stirred at
80 <C (oil bath) under N». After the reaction was completed as monitored by
thin-layer chromatography, the reaction mixture was then quenched by water, and the
water layers were extracted with ethyl acetate (10 mL > 3). The combined organic
layers were washed with brine, dried over anhydrous Na»SOa, filtered, and
concentrated under reduced pressure. Purification by chromatography on silica gel
(petroleum ether/ethyl acetate = 10/1) afforded desired compound 4a (yellow solid,
51.8 mg, 99%).

33% D—>D/H_ HID=<=—-33%D

o ¢
N o Znl, (5 mol %), D,O (4.0 equiv)

Tol (anhydrous), 80 °C, N5, 2 h

1a 4a-d, 99%

In a schlenk tube, 3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1a (0.2 mmol,
52.1 mg), Znl2 (0.01 mmol, 3.2 mg), D-O (0.8 mmol, 16 mg) and anhydrous toluene
(0.2 mL) were stirred at 80 <C (oil bath) under N.. After the reaction was completed
as monitored by thin-layer chromatography, the reaction mixture was then quenched
by water, and the water layers were extracted with ethyl acetate (10 mL < 3). The
combined organic layers were washed with brine, dried over anhydrous Na>;SOa,
filtered, and concentrated under reduced pressure. Purification by chromatography on
silica gel (petroleum ether/ethyl acetate = 10/1) afforded compound 4a-d (yellow
solid, 51.4 mg, 99%).

4a-d: 'H NMR (500 MHz, CDCls) & 8.06-8.00 (m, 1H), 7.64-7.58 (m, 1H), 7.55-7.52
(m, 1H), 7.28-7.25 (m, 2H), 7.20-7.16 (m, 1H), 7.09-7.05 (m, 1H), 6.96-6.92 (m, 1H),
4.82-4.71 (m, 1H), 3.95 (d, J = 13.0 Hz, 1H), 3.63 (dd, J = 17.0, 9.5 Hz, 0.67H), 3.19
(dd, J = 17.0, 5.0 Hz, 0.67H).
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f1 (ppm)

N D,0 (4.0 equiv)

1a (undeuterated), 1009
O Tol (anhydrous), 80 °C, N,, 2 b | & (undeuterated), 1007 recovery

1a

In a schlenk tube, 3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1a (0.2 mmol,
52.1 mg), D20 (0.8 mmol, 16 mg) and anhydrous toluene (0.2 mL) were stirred at
80 <C (oil bath) under N2. After 2 h, the reaction mixture was quenched by water, and
the water layers were extracted with ethyl acetate (10 mL % 3). The combined organic
layers were washed with brine, dried over anhydrous NaSOs, filtered, and
concentrated under reduced pressure. Purification by chromatography on silica gel
(petroleum ether/ethyl acetate = 10/1) afforded undeuterated 1a (yellow oil, 52.0 mg,
100%).
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D,0 (4.0 equiv) 4 )
Tol (anhydrous), 80 °C, Ny, 2 h a (undeuterated), 100% recovery

In a schlenk tube,
(6S,6aR)-5-0x0-5,6,6a,7-tetrahydroindolo[1,2-a]quinoline-6-carbonitrile  4a (0.2
mmol, 52.1 mg), D>O (0.8 mmol, 16 mg) and anhydrous toluene (0.2 mL) were
stirred at 80 <T (oil bath) under N2. After 2 h, the reaction mixture was quenched by
water, and the water layers were extracted with ethyl acetate (10 mL > 3). The
combined organic layers were washed with brine, dried over anhydrous Na>SOs,
filtered, and concentrated under reduced pressure. Purification by chromatography on
silica gel (petroleum ether/ethyl acetate = 10/1) afforded undeuterated 4a (yellow
solid, 52.1 mg,100%).

D ¢
N HI (5 mol %)

O To1 80°C, ar, 2 h

H CN
.,,H

O +1a, 94% recovery

1a 4a, 5%

In a schlenk tube, 3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1a (0.2 mmol,
52.1 mg), HI (0.01 mmol) and toluene (0.2 mL) were stirred at 80 <T (oil bath) under
air. After 2 h, the reaction mixture was quenched by water, and the water layers were
extracted with ethyl acetate (10 mL = 3). The combined organic layers were washed
with brine, dried over anhydrous Na.SOs, filtered, and concentrated under reduced
pressure. Purification by chromatography on silica gel (petroleum ether/ethyl acetate
= 10/1) afforded 4a (yellow solid, 2.7 mg, 5%) and 1a (yellow oil, 48.8 mg, 94%).

ShNG i
.,,H
N

o HI(10equiv)
Tol , 80 °C, air, 2 h

1a 4a, 97%

In a schlenk tube, 3-(2-(1H-indol-1-yl)phenyl)-3-oxopropanenitrile 1a (0.2 mmol,
52.1 mg), HI (0.2 mmol) and anhydrous toluene (0.2 mL) were stirred at 80 <T (oil
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bath) under air. After 2 h, the reaction mixture was quenched by water, and the water
layers were extracted with ethyl acetate (10 mL = 3). The combined organic layers
were washed with brine, dried over anhydrous NaSOa, filtered, and concentrated
under reduced pressure. Purification by chromatography on silica gel (petroleum
ether/ethyl acetate = 10/1) afforded compound 4a (yellow solid, 50.4 mg, 97%).

O
)\ Cs,CO; (2.0 equiv)
A op, DMSO (2.0 mL), Tol (0.2 mL)
80 °C, air, 6 h
4a 2a (1.0 equiv) 3a, 75%
In a schlenk tube,

(6S,6aR)-5-0x0-5,6,6a,7-tetrahydroindolo[1,2-a]quinoline-6-carbonitrile  4a (0.2
mmol, 52.1 mg), 1,3-diphenylprop-2-yn-1-one 2a (0.2 mmol, 41.2 mg), Cs.COs (0.4
mmol, 130.3 mg), DMSO (2.0 mL) and toluene (0.2 mL) were stirred at 80 <C (oil
bath) under air. After the reaction was completed as monitored by thin-layer
chromatography, the reaction mixture was then quenched by water, and the water
layers were extracted with ethyl acetate (10 mL = 3). The combined organic layers
were washed with brine, dried over anhydrous Na»>SOs, filtered, and concentrated
under reduced pressure. Purification by chromatography on silica gel (petroleum
ether/ethyl acetate = 10/1) afforded 3a (yellow solid, 70.2 mg, 75%).
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8. Copies of Spectra of New Products
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IH NMR (400 MHz, CDCls)
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0000 —

GE9'L —

6L8'Cc—

€18'€—

CN

MeO

Gcl'9
mmm.wV
9/8°9
Nww.mw/
6689\
506'9 7
€90°L
mwo.ﬁ/
¢m§/
mvr.h/
0SLL— "~
120G/
122G/
8¥G°/
99G"/
98G°L
9127/
[ YAVA
GEL LY
8€L/ 1
ST
8G/L /|
108 LY
08, F
128°L~
vZ8'L

19

78 77 76 75 74 73 72 71

70 6.9 6.8 6.7

f1 (ppm)

e

Fooz

Hoe

40 35 30 25 20 15 1.0 05 0.0

4.5

85 80 75 70 65 6.0 55

9.0

10.0 9.5

1 (ppm)

13C NMR (100 MHz, CDCls)

2 0€ —

629°GG —

6,99/ \
00022 W
8lLe L.

950°€0} \
625°G0L ~
608041\
999°€LL
sevviL/

wﬁ_‘.wmr /
919'8¢1 >
29062t
L/.G6C)
618°0€L
Lveecel
6S€vEL
8.GvEL
601L°8€L \
G8G°GS L

68061 —

CN

2

MeO

9G0°€0L —

626601 —

608°0LL —

999°¢LlL /
SELVLL

871821
919'8¢l
c90'6¢CL x
115°6¢CL 7
618°0€L

zeeL”

6GEVEL \
8.5vel

601'8€L —

19

114 112 110 106 104 102

1 (ppm)

138 136 134 132 130 128

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S31



000°0-—

T4

8G8'C —

Z16'9
026'9 1
90, |
990°L 1
SPLL
€917/
€81°L1
22T LA
0vZ LA
852 L

06%°L 7
0152
865°L
2192
9e9'L
IVE
9977/ 1
G8.°L 1
828/ 1

o9z'2”

=y

19827

IH NMR (400 MHz, CDCls)

Cl

ZL6'9~\
026'9”

9v0°L
wwoN%

mvr.m/
€917,

mwr.hy
(222
ove L~
8ve' L

owN.N\

061" L~
0Ls 2~
8652\
1L9°L—
9e9 2/

A7WAN
99/°1~
68,7
828 L
LY8L

CN

1h

78 77 76 75 74 73 72 71 7.0 6.9

7.9

1 (ppm)

)

F00¢

40 35 30 25 20 15 1.0 05 0.0

4.5

85 80 75 70 65 6.0 55

9.0

10.0 9.5

1 (ppm)

0¥'0€ —

08992 \
000°2L N
0ce'LL

991" v0L
mmw.wo_‘/
wa.m:/
evvich
9€G Vel
vv0° L2l
LeL el
Lyy'8ch
€9l'6clL V
PAVIATAR
088°0€l \
Gesvel
mmm.hmr\

LeL lel

Ly’ 061 —

13C NMR (100 MHz, CDCls)

CN

Cl

eEvvicL —

9€eS' Vel —

vvozzL”
V2L 1z~
LrY'8Zh N
€oL'62t
102621

088°0€)L —

GesveElL —

mum.umrw
LeLLeL

K=
-

134131 130 129 128 127

T
138

f1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S32



IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)

000°0— - e
V6L — -
LN
vev'e
Jope €628 —
zive Lo
e . )
68L°€~ 00t
ala's —==500') | «
8z8'c
958'¢ ©
v18°S r 267715 —
1€8'G
0v8's 860 | © 089°69\
mwm.w 60 00002
\ B 60 6L€0L i
828'9 w = 760, ™ 65¢°coL — 3
9%8'9 = — fees 652201 1
1969 : : 4
60 71810l 718 v0L — —
mwm.ﬂ oL [® S9Z'901 692901 — .
oL Lo o 8ee 0Ll 1
650°L 1 . g :

4] 60 L o W gzeeLl 3
2902 = Yov'GLL ¥
2002 L@ = 0v0°9LL 8ee0LL — —
980°2 | Lo 62Z'8LL gzeell
90121 . Sw.owj/ YOr'GLL
2z 60| o _ Zv6'0ZL\  0v0'9LL
ovL'2] ~ F= 10Z°12L uw mwm.m:/

881/ | oge'kzh I 10802l
L02'L - | veO'TZLE 260zt
92z, AN - — movmmi 1027121
"« 3 = esiezt| oegelel
€52, o2 | o Q sesezt| veozzi| .
0LZ'L NS O ieevzer] sorzzi -
882, O vrvzL] esiezi~
v0€'L . LS N terzhl sssezi
1282 eeL] o T Sm.mmi Leevel
0S¢, ° S sozoel | svivel
69€'L = 120°2€L LL6pZL
80'L | < O L9e6elL ]
82Y'L Tm.o ~ | © 9 ervest’  LozezL
v6v'L ~ ) g0z 0gl ”
SIGL © X SOLl8L™  szozel~
< To.f N |~ S covssL—
et — : ) 60 = L9e'6EL — ‘|m ﬁ
Lo @)
o
-

60 50 40 30 20 10

70

T T
80

132 130 128 126 124 122 120 118 116 114 112 110 108 106 104 102
90

110 100
1 (ppm)
S36

1 (ppm)
140 130 120

T T
160 150

170

180

140
190

200




IH NMR (400 MHz, CDCls)

0000 —

69G°L —

€zeT—
66€°€

rmv.mw
ger'e

omw.m\
ISL°€

06L°€

vege

99/°G

16L'S

nes’/
62297
86,79
1189
6069
626'9
9202
zoLL
rd Wk
svl L
991/ ]
68172
807" L |
8¥Z L
9922
89€°/
68€°L

669°L1 —

61,9~
86,9 —
L1897

606'9 ~
626'9

9/0°L~\
0L L~
SZL L~
epLL—
991 L~
68,7
80Z°L
8vZT L —
99z'L”

89€°L ~
68€°L

[ G6°0

960

eovi

rco’l

7.25 7.15 7.05 6.95 6.85 6.75
1 (ppm)

7.35

960

G6'0
Wom.o
o'yl
1 co’L

Fv60

10

1"

12

13

14

15

16

17

18

1 (ppm)

13C NMR (100 MHz, CDCls)

Lv€0C —

(4151

99v 79 1

289'9L 1

00022 |

0Z€'LL
1¥0'601 ;
968'LLL
g8zZ'ell
69€°LLL
286°611 |
LvEel |
LS1'SZL ]
98271211
§68'/Z1 ]
¥81'8Z1 ]
662'8Z1 ]
SL0°6Z1 ] #

=

880°0€ 1 ]
£09°0¢ 1 |
960°LEL |
€€8'LEL |
80.7Z€EL Y
8€L°ZEL N
04Z°9EL
Sé.om%
soe /el

ze9'opL —

6L€°091 —

192°88L —
96¥°¢61 —

69€°LLL —
286611 —

Livecel —

LGl'gel —

6827121

mmw.R_/
781821
6628217
GL062L 7
880°0€)
mom.om_w
960°LEL
cegLeL

wohmmr\
8€.°Z€1

0.Z°9€L~\
vvvoeL”
soezeL”

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S37



IH NMR (400 MHz, CDCls)

100°0-—

GG —

oer'e
esr'e
69Y'E
Leve
€81°€ T
Lee

gz8'e

058°€

192G

mmﬁmw
LLe's

8289\
19897
598'97
926'9
9%6'9
202
680°L
S0L 2]
LEL 2]
SyLLT
IR
08L°L]
861°L
6LZ'L
el
6v2'L
09Z'L
08Z'L
Loe'L
8Le’L
9.€2
16€°L
aLy'L
8ey'L
L
LS L

9.G° L1 —

960

00’}

rAX4%

rvo'c

- ¥6°0

6.9

7.0

7.5 7.4

7.6

Foo'L
E 660

ijw S6°0

10

"

12

13

14

15

16

17

18

1 (ppm)

13C NMR (100 MHz, CDCls)

612G —

VG v9 —

18992
00022 W
0ceLL

£9Z°601 |
9.7 LLL |
60L°ELL |
8ZL'GLL
08L°LLL Y
1627021
L68'ETL
1¥€°GZ1
€18°2)
186721
LE8Z L ]
99¢°8Z1
120°6ZL ]
ovz 6zl ]
00¥°0€ 1 |
vzLzel
688°Z€E!
2862€ 1
659 vEL |
geLgelL ]
118°9€L ]
Svz'sel ]
6+8'StL |
S0€°091 -

— e e

e

92¢9'881 ~
¥98°061 7

192601 —

9LV LLL \
60L°€LL /
8CL'GLL ~
08L°LLL /

16.°0CL —

Bw.mﬁ/
LveseL
ﬁwsﬁ/
186221
Lbe8zL
99e'8zZL -
£10'62L 7
ovz 6zl
00¥'0€t
vzLzeL~
G88zEl
2862eL s
659'vEL "
S62°G8L°
118°9€L
svzest’

138 136 134 132 130 128 126 124 122 120 116 114 112 110

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S38



IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)

000°0-—

clLS'L —

zere
>
09v'e
€8ye
L6LE T
618'€

0eg'e

858'¢

66.'G

¥28's

0s8's”
€189
1€8°9 ]
6789
1889
806'9
626'9
196°9 1
9869 |
890°/ 1
180°L ]
G042
YW
6vL°L
Loz
6LL°L
vez'L
V'L
952'L
vee'L
L€€°L
oveL
95¢€°L
LIEL
16€°L
LIl
86v'L
615,

969°L1 —

£86°0
(VR4
0L
<L
o'V
160

- 260

10

12

13

14

15

16

17

18

1 (ppm)

13C NMR (100 MHz, CDCls)

8,2°G€ —

80549 1
£89'9/ |
00022 1
12€22

S2€'601 |

920°ZLL |

090°€4L |
€LY'SIL ]
£69°'GL1 |

GSZ'LLL

L0v°0Z1 |

S5v'zZl |

2L0°€2)

1v2°STL
ove Lzl |

S6£'821 |

600621 1

€LL6Z) 1

82¥°0€! |

LGS 0EL

16S'0E} Y

LY9'0E 1

8Lz LEL

Zv8Lel

omm.mmi

£6e2EL
850°2€)

Bo.mmr\

8627971

651709} ~

LL9°€9) ~

091°99}

——

Le/8l —
Lzscel —

Gce60lL —

9co¢cLlL —
090°€LL —

€Lr'SLL w
£69°5LL,
65T LLL

L0v°0CL —

gsv'ecl ~
cLoect

Lvesel —

ovw.nm;
S6€'8Z1 1\
600621 \°
eLezL”
8ZY 0EL
1G5 0EL
16G°0EL
L¥9'0EL
gLz LEL
zve'Lel
09gZeL
eeezeL
8G0°L€L
1G0°6EL —

112110

140 138 136 134 132 130 128 126 124 122 120118 116

1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S51



IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (400 MHz, CDCls)
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9. X-ray Crystallography of Compounds 3a.

(5Z,7E)-6-benzoyl-5-hydroxy-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2-a]indole-8-carbonitr

ile (3a, mo_d8v18819 0m)

(Ortep ellipsoids are depicted at the 50% level)

3a

Table S1. Crystal data and structure refinement for 3a.

Identification code 3a
Empirical formula Cs2H22N202
Formula weight 466.51
Temperature 296(2) K
Wavelength 0.71073 A
Crystal system Triclinic

Space group P-1

Unit cell dimensions

a = 13.6000(4) A, o= 84.3160(10)°
b =14.2775(3) A, p=67.8310(10)°
¢ = 14.8066(4) A, y = 65.8620(10)°

Volume 2424.52(11) A3
Z 4
Density (calculated) 1.278 Mg/m?3
Absorption coefficient 0.080 mm-!
F(000) 976
Crystal size 0.200 x 0.150 x 0.110 mm3
Theta range for data collection 2.700 to 26.000<
Index ranges -16<=h<=16, -17<=k<=17, -18<=I<=18
Reflections collected 48277
Independent reflections 9493 [R(int) = 0.0465]
Completeness to theta = 26.000° 99.5%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.6484
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 9493 /2 /658
Goodness-of-fit on F2 1.038

Final R indices [I>2sigma(1)]

R1 =0.0456, wR2 = 0.1008

R indices (all data)

R1 =0.0695, wR2 = 0.1164

Extinction coefficient

0.030(2)

Largest diff. peak and hole

0.172 and -0.143 e. A3
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10. X-ray Crystallography of Compounds 3k.

(5Z,7E,8aR,9R)-6-benzoyl-5-hydroxy-9-methyl-7-phenyl-8a,9-dihydrobenzo[7,8]azocino[1,2-a]i
ndole-8-carbonitrile (3k, p-1)
(Ortep ellipsoids are depicted at the 50% level)

Table S1. Crystal data and structure refinement for 3k.

Identification code 3k
Empirical formula CssH30N202
Formula weight 522.62
Temperature 296.15 K
Wavelength 0.71073 A
Crystal system Triclinic

Space group P-1

Unit cell dimensions a=10.7752(14) A, o= 72.994(5)<

b=11.1091(14) A, p=77.380(4)°
¢ =12.6118(16) A, y = 77.170(5)°

Volume 1388.4(3) A3
Z 2
Density (calculated) 1.250 Mg/m?3
Absorption coefficient 0.077 mm-
F(000) 552.0
Theta range for data collection 3.931059.392<
Index ranges -14<=h<=14, -15<=k<=15, -17<=I<=17
Reflections collected 40555
Independent reflections 7749 [Rint = 0.0926, Rsigma = 0.0960]
Data / restraints / parameters 7749 /0/ 363
Goodness-of-fit on F2 1.042

Final R indices [I>2sigma(l)]

R1 =0.0696, wR2 = 0.1668

R indices (all data)

R1 =0.1425, wR2 = 0.1938

Largest diff. peak/hole / e A3

0.42/-0.40
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11. X-ray Crystallography of Compounds 4a.

(6S,6aR)-5-0x0-5,6,6a, 7-tetrahydroindolo[1,2-a]quinoline-6-carbonitrile

mo_d8v181004_0m)

(Ortep ellipsoids are depicted at the 50% level)

H cN

4a

Table S2. Crystal data and structure refinement for 4a.

(4a,

Identification code 4a
Empirical formula C17H12N20
Formula weight 260.29
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Monoclinic

Space group P 21/c

Unit cell dimensions

a=5.6800(3) A o=90°
b = 13.3266(7) A, p=98.232(2)<
c = 17.2554(10) A, y = 90°

Volume 1292.69(12) A3
Z 4
Density (calculated) 1.337 Mg/m?3
Absorption coefficient 0.085 mm-!
F(000) 544
Crystal size 0.200 x 0.180 x 0.130 mm?
Theta range for data collection 3.282t0 25.500<
Index ranges -5<=h<=6, -16<=k<=16, -20<=I<=17
Reflections collected 5954
Independent reflections 2374 [R(int) = 0.0496]
Completeness to theta = 26.000° 98.8 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.4694
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2374 /36 /200
Goodness-of-fit on F2 1.016

Final R indices [I>2sigma(1)]

R1=0.0547, wR2 = 0.1401

R indices (all data)

R1 =0.0683, wR2 = 0.1533

Largest diff. peak and hole

0.171 and -0.139 e.A3
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