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General information

All the obtained products were characterized by melting points (m.p.), 'H-NMR,
BC-NMR and infrared spectra (IR). Melting points were measured on an
Electrothemal W-X4 microscopy digital melting point apparatus and are uncorrected;
IR spectra were recorded on a FTLA2000 spectrometer; 'H-NMR and *C-NMR
spectra were obtained on Bruker-400 and referenced to CHCI3 (7.26 ppm for 'H, and
77.2 ppm for 3C) or DMSO-ds (2.50 ppm for 'H, and 39.5 ppm for *C). Chemical
shifts were reported in parts per million (ppm, §) downfield from tetramethylsilane.
Proton coupling patterns are described as singlet (s), doublet (d), triplet (t), multiplet
(m); TLC was performed using commercially prepared 100-400 mesh silica gel plates
(GF254), and visualization was effected at 254 nm; Unless otherwise stated, all the
reagents were purchased from commercial sources (J&KChemic, TCI, Fluka, Acros,

SCRC), used without further purification.

Substrates preparation

The preparetion of substrates was similar to the literature reports [].The preparation of
1,8-naphthyridines 2. 2-aminonicotinaldehyde 4 (5 mmol), ketones 5 (5 mmol),
t-BuOK (20 mol %) and ethanol (10 mL) were introduced in a flask (50 mL). Then, it
was stirred at 50 °C under atmosphere for 2 hours. After cooling down to room
temperature, the reaction mixture was concentrated by removing the solvent under

vacuum, and the residue was purified by column chromatography.

Table S1. Synthesis of substrates 1,8-naphthyridines

O
| o t-BuOK R?
X
T e e s
N NH 50 °C, 2h, air N/ N/ R
4 5 1
Entry 5 1
1 R'=4-CF;Ph R*=H 1a
2 R!=Ph R?>=CN 1b

3 R'=4-NO,Ph R*=H 1c



4 R'=4-FPh R’>=H 1d

5 R'=4-CIPh R*=H le
6 R'=4-BrPh R?>=H 1f
7 R'=Ph R’=H 1g
8 R'=2-HOPh R?>=H 1h
9 R'=4-OMePh R*=H 1i
10 R'=Ph R>=Me 1
11 R'=Naphth R’=H 1k
12 R'=H R?>=Ph 11
13 R'= 1-methyl-1H-pyrrole R>=H 1m
14 R'=thiophen-2-yl R?=H 1n
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Typical procedure for the synthesis of product 3aa
Under N2 atmosphere, 2-phenyl-1,8-naphthyridine 1a (0.2 mmol), 2-methylindoline
2a (0.3 mmol), [Cp'IrCl2]2 and t-amyl alcohol (1.0 mL) were introduced in a Schlenk

tube (50 mL), successively. Then, the Schlenk tube was closed and the resulting



mixture was stirred at 110 °C for 16 h. After cooling down to room temperature, the
reaction mixture was concentrated by removing the solvent under vacuum. Finally,
the residue was purified by preparative TLC on silica, eluting with ethyl acetate :

petroleum ether = 1 : 5, to give the desired product 3aa.

Scheme S1. Substrates employed

|/
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Analytic data of the obtained compounds
(1) 2-(2-methyl-1H-indol-3-yl)-7-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydro-
1,8-naphthyridine (3aa)

I H
HN

O LA
N~ N7
(.,
Yellow solid, (48.03 mg, 59% yield), m.p.: 172 - 173 °C; 'H NMR (400 MHz, CDCl3):
6 7.88 (d, J= 8.1 Hz, 2H), 7.83 (s, 1H), 7.53 (d, J= 7.9 Hz, 1H), 7.49 (d, J= 8.1 Hz,
2H), 7.17 (d, J = 7.5 Hz, 1H), 7.07 (d, J = 6.8 Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 6.91 -

6.85 (m, 2H), 5.15 (s, 1H), 4.70 (dd, J = 10.6, 2.6 Hz, 1H), 2.88 - 2.76 (m, 1H), 2.74 -



2. 66 (m, 1H), 2.34 - 2.20 (m, 1H), 2.18 (d, J = 9.5 Hz, 3H), 1.94 - 1.85 (m, 1H). 13C
NMR (101 MHz, CDCI3) & 156.65 (s), 152.26 (s), 143.30 (s), 136.97 (s), 135.40 (s),
131.85 (s), 12991 (q, J = 32.2 Hz), 126.88 (s), 125.85 (s), 125.42 (q, J = 3.6 Hz),
123.14 (s), 121.24 (s), 119.44 (s), 119.25 (s), 115.99 (s), 112.47 (s), 110.54 (s), 110.08
(s).IR (KBr): 3428, 2358, 1609, 1460, 1166, 1120, 1069, 1011, 811, 744 cm’!. HRMS
(ESI): Calcd. for C24H21F3N3 [M+H]": 408.1682; found: 408.1685.

(2) 7-(2-methyl-1H-indol-3-yl)-2-phenyl-5,6,7,8-tetrahydro-1,8-naphthyridine-3-car-
bonitrile (3ba)

Yellow solid, (51.69 mg, 71% yield), m.p.: 204 - 205 °C; 'H NMR (400 MHz,
CDCl): & 7.99 (s, 1H), 7.90 - 7.80 (m, 2H), 7.57 (d, J = 7.7 Hz, 1H), 7.50 (s, 1H),
7.48 - 7.40 (m, 3H), 7.28 (d, J= 8.0 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 7.07 - 6.09 (m,
1H), 5.77 (s, 1H), 4.92 (dd, J = 10.5, 3.3 Hz, 1H), 3.00 - 2.81 (m, 2H), 2.39 (s, 3H),
2.38 - 2.28 (m, 1H), 2.15 - 2.08 (m, 1H). 3C NMR (101 MHz, CDCIs): § 139.89,
135.32, 131.95, 129.61, 128.58, 128.44, 126.45, 121.51, 119.70, 118.81, 111.26,
110.58, 94.17, 49.72, 27.70, 26.29, 12.06. IR (KBr): 3056, 2924, 2356, 2212, 1702,
1602, 1508, 1434, 922, 742, 698 cm™!. HRMS (ESI): Calcd. for C24H21N4 [M+H]" :
365.1761; found: 365.1759.

(3) 2-(2-methyl-1H-indol-3-yl)-7-(4-nitrophenyl)-1,2,3,4-tetrahydro-1,8-naphthyrid-
ine (3ca)

N
| H
HN

O LA
N
O NO,
Yellow solid, (44.54 mg, 58% yield), m.p.: 180 - 181 °C; 'H NMR (400 MHz,
CDCIl3): 6 8.19 (d, J=9.6 Hz, 2H), 8.07 (d, J = 8.8 Hz, 2H), 7.96 (s, 1H), 7.67 (d, J =
8.0 Hz, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.14 (t, J = 7.6 Hz,
1H), 7.07 — 7.03 (m, 2H), 5.45 (s, 1H), 4.80 (dd, J=10.8, 3.2 Hz, 1H), 3.02 — 2.86 (m,
2H), 2.46 — 2.41 (m, 1H), 2.38 (s, 3H), 2.10 - 2.07 (m, 1H). 3*C NMR (101 MHz,
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CDCl) o: 156.72, 150.95, 147.39, 145.91, 136.81, 135.34, 131.77, 127.04, 126.82,
123.69, 121.25, 119.41, 119.15, 116.80, 112.37, 110.52, 110.37, 49.44, 28.37, 26.91,
11.97. IR (KBr): 3120, 2358, 1667, 1653, 1531, 1371, 1266, 825, 764cm™. HRMS
(ESI): Calcd. for C23H21N4O2 [M+H]": 385.1659; found: 385.1622.

(4) 7-(4-fluorophenyl)-2-(2-methyl-1H-indol-3-yl)-1,2,3,4-tetrahydro-1,8-naphthyrid-
ne (3da)

Yellow solid, (31.42 mg, 44% yield), m.p.: 123 - 124 °C; "H NMR (400 MHz, CDCI3):
0 7.88 - 7.74 (m, 3H), 7.56 (d, J=7.8 Hz, 1H), 7.18 (d, /= 7.4 Hz, 1H), 7.10 (s, 1H),
7.01 - 6.88 (m, 4H), 6.83 (d, J= 7.4 Hz, 1H), 5.03 (s, 1H), 4.74 (dd, J = 10.6, 2.8 Hz,
1H), 2.89 - 2.79 (m, 1H), 2.72 (d, J = 16.2 Hz, 1H), 2.32 - 2.27 (m, 1H), 2.23 (s, 3H),
1.93 (d, J = 9.9 Hz, 1H). 1*C NMR (101 MHz, CDCl3) § 163.09 (d, J = 247.0 Hz),
156.43 (s), 152.92 (s), 136.97 (s), 136.06 (s), 135.35 (s), 131.76 (s), 128.37 (d, J = 8.1
Hz), 126.92 (s), 121.22 (s), 119.42 (s), 119.29 (s), 115.32 (d, J = 21.4 Hz), 114.73 (s),
112.60 (s), 110.46 (s), 109.39 (s), 49.52 (s), 28.62 (s), 26.79 (s), 12.03 (s). IR (KBr):
3060, 1698, 1591, 1520, 1459, 1230, 807, 742, 674 cm'. HRMS (ESI): Calcd. for
C23H21FNs [M+H]": 358.1714; found: 358.1719.

(5) 7-(4-chlorophenyl)-2-(2-methyl-1H-indol-3-yl)-1,2,3,4-tetrahydro-1,8-naphthyrid-
ine (3ea)

O A ke

HN I O cl

Yellow solid, (59.29 mg, 81% yield), m.p: 163 - 164 °C; 'H NMR (400 MHz, CDCl3)
0 7.88 —7.74 (m, 3H), 7.56 (d, /= 7.8 Hz, 1H), 7.18 (d, /= 7.4 Hz, 1H), 7.10 (s, 1H),
7.01 — 6.88 (m, 4H), 6.83 (d, J= 7.4 Hz, 1H), 5.03 (s, 1H), 4.74 (dd, J = 10.6, 2.8 Hz,
1H), 2.89 — 2.79 (m, 1H), 2.72 (d, J = 16.2 Hz, 1H), 2.30 (dd, J = 12.2, 4.5 Hz, 1H),
2.23 (s, 3H), 1.93 (d, J = 9.9 Hz, 1H). *C NMR (101 MHz, CDCls) & 164.32, 161.86,
156.43, 152.92, 136.97, 136.06, 135.35, 131.76, 128.41, 128.33, 126.91, 121.22,
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119.41, 119.29, 115.42, 115.21, 114.73, 112.60, 110.46, 109.38, 49.52, 28.61, 26.79,
12.03. IR (KBr): 3060, 1653, 1459, 1230, 1145, 825, 764 cm™'. HRMS (ESI): Calcd.
for C23H21CIN3 [M+H]": 367.1194 ; found: 367.1190.

(6) 7-(4-bromophenyl)-2-(2-methyl-1H-indol-3-yl)-1,2,3 4-tetrahydro- 1,8-naphthyrid-
ine (3fa)

X

Q I 7
l i
N Br

Yellow solid, (39.20 mg, 47% vyield), m.p.: 164 - 165 °C; 1H NMR (400 MHz,
CDCl): 6 7.78 (d, J = 8.1 Hz, 3H), 7.59 (d, J = 7.6 Hz, 1H), 7.29 — 7.14 (m, 4H), 7.02
(t,J=7.2 Hz, 1H), 6.98 — 6.91 (m, 1H), 6.88 (d, J=7.3 Hz, 1H), 5.05 (s, 1H), 4.78 (d,
J=9.0 Hz, 1H), 2.95 - 2.82 (m, 1H), 2.76 (d, J = 15.8 Hz, 1H), 2.30 (s, 4H), 1.97 (d,
J =10.6 Hz, 1H). *C NMR (101 MHz, CDCls): & 156.43, 152.65, 138.38, 136.87,
135.32, 134.09, 131.66, 128.59, 127.88, 126.90, 121.27, 119.45, 119.30, 115.07,
112.67, 110.39, 109.44, 49.50, 28.58, 26.81, 12.09. IR (KBr): 2926, 2358, 1667, 1602,
1371, 1266, 809, 742 cm’!. HRMS (ESI): Caled. for C23H2iBrN3 [M+H]+: 418.913;
found: 418.0911.

(7) 2-(2-methyl-1H-indol-3-yl)-7-phenyl-1,2,3,4-tetrahydro-1,8-naphthyridine (3ga)

Brown solid, (23.73 mg, 35% yield), m.p.: 138 - 139 °C; H NMR (400 MHz, CDCl3):
§7.83 (d, J=7.4 Hz, 3H), 7.57 (d, J = 7.9 Hz, 1H), 7.32 - 7.27 (m, 2H), 7.22 (dd, J =
10.0, 7.4 Hz, 2H), 7.13 - 7.07 (m, 1H), 6.99 (t,J = 7.1 Hz, 1H), 6.92 (m, J = Hz, 2H),
5.00 (s, 1H), 4.75 (dd, J=10.7, 3.0 Hz, 1H), 2.95 - 2.79 (m, 1H), 2.78 - 2.66 (m, 1H),
2.38 -2.25 (m, 1H), 2.23 (s, 3H), 2.04 - 1.75 (m, 1H). *C NMR (101 MHz, CDCls): &
156.48, 154.06, 140.04, 136.91, 135.35, 131.75, 128.54, 128.23, 126.95, 126.70,
121.20, 119.40, 119.32, 114.75, 112.68, 110.44, 109.81, 49.52, 28.66, 26.84, 12.05.
IR (KBr): 3057, 2924, 1665, 1598, 1455, 1372, 1302, 1117, 750, 695 cm™'. HRMS
(ESI) : Caled. for C23H22N3 [M+H]": 340.1808; found: 340.1813.
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(8) 2-(7-(2-methyl-1H-indol-3-yl)-5,6,7,8-tetrahydro- 1,8-naphthyridin-2-yl)phenol
(3ha)

O LA
< N NHO ®
Yellow solid, (37.63 mg, 53% yield), m.p.: 120 - 121 °C; '"H NMR (400 MHz, DMSO)
0 14.25 (s, 1H), 10.87 (s, 1H), 7.84 (d, /= 7.8 Hz, 1H), 7.47 (d, J= 7.8 Hz, 2H), 7.42
(d, J=17.7 Hz, 1H), 7.29 (d, m, 1H), 7.23 - 7.16 (m, 2H), 7.03 - 6.96 (m, 1H), 6.92 -
6.86 (m, 1H), 6.85 - 6.79 (m, 2H), 4.89 (dd, /= 9.5, 2.9 Hz, 1H), 2.97 — 2.85 (m, 1H),
2.76 (d, J = 16.2 Hz, 1H), 2.39 (s, 3H), 2.25 - 2.14(m, 1H), 2.04 - 1.93 (m, 1H). 13C
NMR (101 MHz, DMSO): & 159.36, 154.47, 153.33, 137.71, 135.74, 132.58, 130.54,
127.27, 126.73, 120.44, 119.90, 118.97, 118.72, 118.18, 114.70, 112.14, 111.05,
106.78, 48.73, 28.50, 26.32, 12.13. IR (KBr): 3419, 2926, 1514, 1469, 1354, 1279,
1118, 747 cm’'; HRMS (ESI): Caled. for C23H2N3O [M+H]": 356.1757; found:

356.1755.

(9) 2-(1H-indol-3-yl)-7-(4-methoxyphenyl)-1,8-naphthyridine (3ia)

Yellow solid, (29.52 mg, 40% yield), m.p.: 160 - 161 °C; 'H NMR (400 MHz,
CDCl): 6 7.90 (s, 1H), 7.78 (d, J = 8.6 Hz, 2H), 7.57 (d, J= 7.9 Hz, 1H), 7.17 (d, J =
7.5 Hz, 1H), 7.10 (d, /= 7.0 Hz, 1H), 6.98 (t, /= 7.4 Hz, 1H), 6.91 (t,J=7.5 Hz, 1H),
6.87 — 6.79 (m, 3H), 4.98 (s, 1H), 4.73 (dd, J = 10.7, 3.0 Hz, 1H), 3.70 (s, 3H), 2.88 —
2.78 (m, 1H), 2.75 — 2.66 (m, 1H), 2.35 — 2.24 (m, 1H), 2.22 (s, 3H), 1.97 — 1.87 (m,
1H). 3C NMR (101 MHz, CDCls): & 159.89, 156.39, 153.72, 136.91, 135.36, 132.73,
131.76, 127.88, 126.96, 121.16, 119.36, 119.32, 113.95, 113.91, 112.72, 110.43,
109.06, 77.45, 77.14, 76.82, 55.36, 49.52, 28.73, 26.79, 12.03. IR (KBr):2924, 2750,
1597, 1502, 1456, 1249, 1026, 806, 743, 676 cm’. HRMS (ESI): Calcd. for
C24H24N30 [M+H]": 370.1914; found: 370.1919.



(10)6-methyl-2-(2-methyl-1H-indol-3-yl)-7-phenyl-1,2,3,4-tetrahydro-1,8-naphthyridi

n-¢ (3ja)

Yellow solid, (31.77 mg, 45% yield), m.p.: 144 - 145 °C 'H NMR (400 MHz, CDCl3):
08.42 (s, 1H), 7.76 (d, J= 7.4 Hz, 1H), 7.67 — 7.59 (m, 2H), 7.48 (t, J = 7.2 Hz, 2H),
7.41 (t,J=6.9 Hz, 1H), 7.28 (s, 1H), 7.23 (d, /= 7.8 Hz, 1H), 5.01 (s, 1H), 4.89 (d, J
=10.2 Hz, 1H), 3.12 —2.99 (m, 1H), 2.92 (d, /= 15.9 Hz, 1H), 2.45 (dd, J=20.7,
10.2 Hz, 1H), 2.32 (s, 3H), 2.30 (s, 3H), 2.12 m, 1H). 3C NMR (101 MHz, CDCl3): &
154.71, 154.34, 141.15, 139.40, 135.37, 131.91, 129.10, 128.11, 127.50, 126.97,
120.98, 119.20, 119.00, 115.01, 112.50, 110.53, 49.63, 28.86, 26.75, 18.93, 11.94. IR
(KBr): 3060, 2750, 1698, 1591, 1459, 1230, 1157, 807, 742, 674 cm™'. HRMS (ESI):
Calcd. for C24H24N3 [M+H]": 354.1965; found: 354.1969.

(11) 2-(2-methyl-1H-indol-3-yl)-7-(naphthalen-2-yl)-1,2,3,4-tetrahydro-1,8-naphthyr-
idine (3ka)

Yellow solid, (35.01 mg, 45% yield), m.p.: 193 - 194 °C; 'H NMR (400 MHz,
CDCl): 6 8.40 (s, 1H), 8.06 (d, J = 8.6 Hz, 1H), 7.87 (s, 1H), 7.85 - 7.74 (m, 3H),
7.64 (d, J=17.7 Hz, 1H), 7.44 — 7.35 (m, 2H), 7.25 (d, /= 7.5 Hz, 1H), 7.11 — 7.07 (m,
2H), 7.03 (t, J= 7.4 Hz, 1H), 6.97 (t, J=7.3 Hz, 1H), 5.13 (s, 1H), 4.75 (dd, J = 10.5,
2.4 Hz, 1H), 2.93 — 2.81 (m, 1H), 2.79 - 2.71(m, 1H), 2.39 - 2,27 (m, 1H), 2.14 (s,
3H), 2.00 — 1.91 (m, 1H). *C NMR (101 MHz, CDCl3): § 156.72, 153.85, 137.47,
137.08, 135.45, 133.72, 133.51, 131.94, 128.77, 128.23, 127.80, 127.01, 126.23,
125.82, 124.95, 121.21, 119.43, 119.37, 115.08, 112.57, 110.64, 110.23, 49.61, 28.70,
26.96, 11.97. IR (KBr): 3412, 3054, 2927, 2358, 1686, 1596, 1462, 1272, 1120, 1045,
808, 744, 473 cm’!. HRMS (ESI): Calcd. for C27H24N3 [M+H]": 390.1965; found:
390.1967.



(12) 2-(2-methyl-1H-indol-3-yl)-6-phenyl-1,2,3,4-tetrahydro-1,8-naphthyridine (3la)

Yellow solid, (28.48 mg, 42% yield), '"H NMR (400 MHz, DMSO) & 10.92 (s, 1H),
7.61 (s, 1H), 7.56 - 7.50(m, 2H), 7.47 — 7.36 (m, 4H), 7.35 - 7.31 (d, J = 4.3 Hz, 2H),
7.26 (t, J= 6.3 Hz, 1H), 7.03 (t, J= 7.6 Hz, 1H), 6.91 (t, J = 7.4 Hz, 1H), 4.92 (d, J =
7.1 Hz, 1H), 3.00 - 2.88 (m, 1H), 2.79 (d, J = 16.1 Hz, 1H), 2.41 (s, 3H), 2.24 - 2.12
(m, 1H), 202 - 1.93(m, 1H). 13C NMR (101 MHz, DMSO) § 156.85, 143.72, 138.61,
135.74, 134.11, 132.59, 129.28, 127.38, 126.47, 125.58, 124.00, 120.46, 118.89,
118.75, 115.72, 112.38, 111.10, 48.97, 28.87, 26.80, 12.26. IR (KBr):3054, 295, 1670,
1608, 1490, 1298, 744, 696 cm’'. HRMS (ESI): Calcd. For CsHxN3 [M+H]':
340.1808; found: 340.1815.

(13) 2-(2-methyl-1H-indol-3-yl)-7-(1-methyl-1H-pyrrol-2-yl)-1,8-naphthyridine
(3ma)
D
NN /

HN

Yellow solid, (29.07 mg, 43% yield), m.p.: 343 - 344 °C; 'H NMR (400 MHz,
CDCl): 8 7.94 (s, 1H), 7.55 (d, J = 7.9 Hz, 1H), 7.16 -7.08 (m, 2H), 6.97 (t, J= 7.5
Hz, 1H), 6.89 (t, J = 7.4 Hz, 1H), 6.69 (d, J = 7.5 Hz, 1H), 6.52 (s, 1H), 6.37 (d, J =
1.7 Hz, 1H), 6.06 — 5.96 (m, 1H), 5.01 (s, 1H), 4.73 (dd, /= 10.7, 3.1 Hz, 1H), 3.76 (s,
3H), 2.84 — 2.61 (m, 2H), 2.32 — 2.10 (m, 4H), 1.92 (dd, J = 7.8, 3.0 Hz, 1H). 13C
NMR (101 MHz, CDCls): & 155.56, 148.88, 136.76, 135.38, 132.83, 131.80, 126.88,
125.32, 121.18, 119.38, 119.24, 112.92, 112.66, 111.09, 110.50, 109.88, 107.39,
49.53, 36.53, 28.71, 26.77, 12.01. IR (KBr): 2929, 2357, 1686, 1593, 1461, 1374,
1293, 1117, 1066, 735 cm™ . HRMS (ESI): Calcd. for C22H23N4 [M+H]": 343.1920;
found: 343.1922.



(14) 2-(2-methyl-1H-indol-3-yl)-7-(thiophen-2-yl)-1,2,3,4-tetrahydro-1,8-naphthyri-
dine (3na)

HN

Yellow oily liquid, (41.40 mg, 60% yield), 'H NMR (400 MHz, CDCl3) & 8.18 (s, 1H),
7.83 (d, J = 3.1 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.44 (d, J = 7.4 Hz, 1H), 7.35 —
7.19 (m, 4H), 7.10 (t, J= 7.5 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 5.16 (s, 1H), 4.82 (dd,
J=10.7,3.0 Hz, 1H), 3.03 — 2.81 (m, 2H), 2.44 — 2.34 (m, 4H), 2.04 (dd, /= 8.9, 4.1
Hz, 1H). 3C NMR (101 MHz, CDCl3) § 170.51, 156.24, 147.63, 143.54, 136.82,
135.42, 131.86, 126.83, 121.23, 120.25, 119.41, 119.26, 117.78, 112.34, 110.52,
108.81, 49.41, 28.24, 27.10, 11.99. IR (KBr):3405, 3063, 2928, 2848, 1590, 1462,
1110, 915, 873, 737 cm™'. HRMS (ESI): Calcd. For C21H20N3S [M+H]":346.1332;
found:346.1337.

(15) 2,3-dimethyl-6-(2-methyl-1H-indol-3-yl)-5,6,7,8-tetrahydropyrido[2,3-b]pyr
Azine (30a)

N\
X
HN

Yellow oily liquid, (32.70 mg, 56% yield), 'H NMR (400 MHz, CDCl3) & 8.31 (s, 1H),
7.62 (d,J=7.9 Hz, 1H), 7.25 (s, 1H), 7.09 (t, J= 7.5 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H),
4.90 (s, 1H), 4.82 (dd, J=10.8, 2.9 Hz, 1H), 3.08 — 2.93 (m, 2H), 2.51 — 2.34 (m, 8H),
2.31 (s, 3H). 3C NMR (101 MHz, CDCl3) § 150.38, 146.81, 138.41, 135.31, 134.98,
131.71, 126.78, 121.23, 119.41, 119.06, 112.05, 110.41, 49.36, 29.87, 28.70, 21.18,
20.46, 12.08. IR (KBr): 3262, 2927, 1687, 1560, 1433, 1330, 978, 913, 739 cm'.
HRMS (ESI): Calcd. For C1sH21N4  [M+H]": 293.1761; found:293.1768.

(16)  2-(2-methyl-1H-indol-3-yl)-1,2,3,4,6,7,8,9-octahydropyrido[2,3-b]quinoxaline

(3pa)



N\
L
HN

Yellow oily liquid, (33.07 mg, 52% yield), 'H NMR (400 MHz, CDCl3) & 8.15 (s, 1H),
7.63 (d, J =7.9 Hz, 1H), 7.26 (d, J = 6.3 Hz, 1H), 7.10 (t, ] = 7.5 Hz, 1H), 7.05 - 6.99
(m, 1H), 4.92 (s, 1H), 4.85 (dd, J =10.8, 2.8 Hz, 1H), 3.12 - 2.97 (m, 2H), 2.84 - 2.77
(m, 2H), 2.74 - 2.66 (m, 2H), 2.50 — 2.40 (m, 4H), 2.17 — 2.05 (m, 2H), 1.91 — 1.84 (m,
3H). 3C NMR (101 MHz, CDCls) § 150.30, 147.32, 139.32, 136.08, 135.27, 131.65,
126.76, 121.29, 119.47, 119.06, 112.07, 110.38, 49.42, 31.36, 30.75, 30.17, 28.74,
23.24,22.91, 12.13. IR (KBr): 3257, 2933, 1688, 1562, 1432, 739 cm™'. HRMS (ESI):
Calcd. For C20H23N4  [M+H]™: 319.1917; found:319.1925.

(17) 2-(5-methoxy-1H-indol-3-yl)-7-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydro-1,
8-naphthyridine (3ab)

—~0

|

A
O
N °N
0
CF3

Yellow solid, (56.68 mg, 67% yield), m.p.: 173 - 174 °C; '"H NMR (400 MHz,
CDCls3): 6 8.35 (s, 1H), 8.07 (d, J= 8.1 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.35 (d, J =
7.5 Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H), 7.13 (s, 2H), 7.06 (d, J = 7.5 Hz, 1H), 6.91 (dd,
J=28.8,2.2 Hz, 1H), 5.38 (s, 1H), 4.98 (dd, J = 8.2, 2.9 Hz, 1H), 3.87 (s, 3H), 2.99 -
2.89 (m, 1H), 2.87 - 2.78 (m, 1H), 2.32 - 2.18 (m, 2H). 3*C NMR (101 MHz, CDCl3)
0 156.31 (s), 154.04 (s), 152.40 (s), 143.28 (s), 136.98 (s), 131.78 (s), 130.00 (q, J =
64.6, 32.3 Hz), 126.87 (s), 125.86 (s), 125.47 (q, J = 7.4, 3.6 Hz), 123.03 (s), 122.38
(s), 118.41 (s), 116.02 (s), 112.41 (s), 112.19 (s), 110.29 (s), 100.99 (s), 56.01 (s),
49.12 (s), 28.47 (s), 25.57 (s). IR (KBr): 3414, 2929, 2358, 1588, 1469, 1215, 1166,
804, 661 cml. HRMS (ESI): Calcd. for C24H21F3N3O [M+H]: 424.1631; found:
424.1634.

(18) 2-(6-methyl-1H-indol-3-yl)-7-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydro-1,8-

naphthyridine (3ac)



OG0
HN okt O CF,
Yellow solid, (50.47 mg, 62% yield), m.p.: 173 - 174 °C; 'H NMR (400 MHz,
DMSO): 6 10.75 (s, 1H), 8.21 (d, /= 8.3 Hz, 2H), 7.78 (d, J = 8.3 Hz, 2H), 7.48 (d, J
=8.1 Hz, 1H), 7.34 (d, /= 7.4 Hz, 1H), 7.15 (d, /= 7.6 Hz, 2H), 7.10 (d, J = 2.1 Hz,
1H), 6.82 (d, J = 8.0 Hz, 1H), 6.73 (s, 1H), 4.93 (s, 1H), 2.85 - 2.75 (m, 1H), 2.67 -
2.58 (m, 1H), 2.39 (s, 3H), 2.08 (d, J = 5.2 Hz, 2H). 3C NMR (101 MHz, DMSO) §
156.66 (s), 151.03 (s), 143.71 (s), 137.58 (s), 137.01 (s), 130.52 (s), 128.55 (s),
127.14 (s), 125.76 (q, J = 3.7 Hz), 123.59 (s), 122.21 (s), 120.67 (s), 118.89 (s),
117.99 (s), 116.23 (s), 111.87 (s), 109.36 (s), 48.66 (s), 28.39 (s), 24.89 (s), 21.84 (5).
IR (KBr): 3428, 2358, 1606, 1462, 1322, 807, 741, 674 cm™'. HRMS (ESI): Calcd. for

C24H21F3N3 [M+H]": 408.1682; found: 408. 1686.

(19) 2-(7-methyl-1H-indol-3-yl)-7-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydro-1,8-

naphthyridine (3ad)
| X
Q N N7 O
HN CFs

Yellow solid, (49.65 mg, 61% yield), m.p.: 175 - 176 °C; '"H NMR (400 MHz, CDCl3):
0 8.23 (s, 1H), 8.11 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 7.6 Hz,
1H), 7.36 (d, J= 7.5 Hz, 1H), 7.16 - 7.07 (m, 4H), 5.43 (s, 1H), 5.02 (dd, J = 8.0, 3.3
Hz, 1H), 2.97 — 2.89 (m, 1H), 2.87 - 2.78 (m, 1H), 2.49 (s, 3H), 2.34 — 2.22 (m, 2H).
3C NMR (101 MHz, CDCIs): '*C NMR (101 MHz, CDCl3) § 156.36 (s), 152.43 (s),
136.97 (s), 136.29 (s), 129.99 (q, J = 32.4 Hz), 126.90 (s), 125.47 (q, J =3.6 Hz),
125.00 (s), 122.92 (s), 121.30 (s), 120.78 (s), 119.94 (s), 119.33 (s), 116.77 (s), 116.03
(s), 110.28 (s), 49.30 (s), 28.66 (s), 25.53 (s), 16.60 (s). IR (KBr): 3428, 2358, 1606,
1462, 1322, 807, 741, 674cm™. HRMS (ESI): Calcd. for C24H21F3N3
[M+H]":408.1682; found: 408.1687.

(20) 2-(7-(5-methoxy-1H-indol-3-yl)-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)phenol
(3hb)



O LA
HN I NHO O

Yellow solid,(46.75 mg, 63% yield), m.p.: 206 - 207 °C; 'H NMR (400 MHz,
DMSO-ds): & 14.30 (s, 1H), 10.80 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.38
(d, J=7.7Hz, 1H), 7.29 (d, J= 8.8 Hz, 1H), 7.22 - 7.15 (m, 3H), 7.10 (d, /= 1.9 Hz,
1H), 6.86 - 6.80 (m, 2H), 6.76 (dd, J = 8.8, 2.2 Hz, 1H), 4.93 (t, /=4.6 Hz, 1H), 3.73
(s, 3H), 2.87 - 2.74 (m, 1H), 2.70 - 2.60 (m, 1H), 2.16 - 2.04 (m 2H). 1*C NMR (101
MHz, DMSO-ds): & 159.38, 154.18, 153.48, 153.34, 137.82, 132.21, 130.57, 126.75,
126.13, 123.71, 11991, 118.76, 118.20, 117.49, 114.59, 112.72, 111.65, 106.96,
101.27, 55.85, 48.42, 28.13, 24.94. IR (KBr): 3057, 2358, 1593, 1470, 1271, 1213,
746 cm™'. HRMS (ESI): Calcd. for C23H22N302 [M+H]":372.1707; found: 372.1710.

(21)  2-(7-(6-methyl-1H-indol-3-yl)-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)phenol
(3he)

l

| X
Q N~ N7 O
H
HN HO
Yellow solid, (43.31mg, 61% yield), m.p.: 203 - 204 °C; 'H NMR (400 MHz,
DMSO-ds): & 14.29 (s, 1H), 10.78 (s, 1H), 7.82 (d, /= 7.9 Hz, 1H), 7.54 (s, 1H), 7.48
(d, J=8.1 Hz, 1H), 7.37 (d, J= 7.7 Hz, 1H), 7.23 - 7.15 (m, 3H), 7.13 (s, 1H), 6.88 -
6.78 (m, 3H), 4.91 (s, 1H), 2.86 - 2.71 (m, 1H), 2.66 - 2.56 (m, 1H), 2.38 (s, 3H), 2.08
(d, J = 5.3 Hz, 2H). '*C NMR (101 MHz, DMSO-ds): § 159.38, 154.14, 153.31,
137.80, 137.59, 130.56, 126.75, 123.70, 122.38, 120.72, 119.91, 119.03, 118.76,
118.19, 117.53, 114.56, 111.89, 106.96, 48.64, 28.33, 24.99, 21.85. IR (KBr): 2925,
1595, 1514, 1467, 1278, 804, 748 cm™'. HRMS (ESI): Calcd. for C23H22N30 [M+H]™:

356.1757; found: 356.1761.

(22) 7-(7-methyl-1H-indol-3-yl)-2-phenyl-5,6,7,8-tetrahydro-1,8-naphthyridine-3-car-
bonitrile (3bd)



Yellow solid, (51.69mg, 71% yield), m.p.: 172 - 173 °C; 'H NMR (400 MHz, CDCl3)
0 8.21 (s, 1H), 7.87 (dd, J= 7.6, 1.8 Hz, 2H), 7.53 — 7.41 (m, 5H), 7.16 - 7.05(m, 3H),
5.96 (s, 1H), 5.10 - 4.97 (m, 1H), 2.89 - 2.69 (m, 2H), 2.51 (s, 3H), 2.32 - 2.15 (m,
2H). *C NMR (101 MHz, CDCl3) § 159.88, 157.25, 139.84, 137.87, 136.30, 129.57,
128.71, 128.70, 128.55, 128.47, 124.62, 123.11, 121.36, 120.86, 120.13, 119.84,
118.03, 116.52, 114.57, 94.30, 49.46, 27.67, 24.82, 16.62. IR (KBr): 3057, 2358,
2212, 1712, 1601, 1437, 919, 746, 696 cm™'. HRMS (ESI): Calcd. for C20H17N202
[M+H]": 365.1761; found: 365.1765.

(23) 5-nitro-2-(1H-pyrrol-3-yl)quinoline (3kb)

e

Yellow solid, (43.74 mg, 54% yield), m.p.: 205 - 206 °C; '"H NMR (400 MHz, DMSO)
0 10.77 (s, 1H), 8.55 (s, 1H), 8.23 - 8.17 (m, 1H), 8.00 - 7.90 (m, 3H), 7.57 - 7.50 (m,
2H), 7.35 (d, /= 7.4 Hz, 1H), 7.29 (d, J = 8.8 Hz, 1H), 7.24 - 7.17 (m, 2H), 7.12 (d, J
= 2.1 Hz, 1H), 6.77 (dd, J = 8.8, 2.2 Hz, 1H), 6.65 (s, 1H), 4.97 (s, 1H), 3.74 (s, 3H),
2.88 - 2.75 (m, 1H), 2.72 - 2.60 (m, 1H), 2.24 - 1.99 (m, 2H). *C NMR (101 MHz,
DMSO-ds): & 156.66, 153.47, 152.64, 137.34, 136.99, 133.57, 133.34, 132.26, 128.82,
128.23, 127.96, 126.70, 126.59, 126.07, 125.30, 124.93, 123.53, 118.10, 115.15,
112.71, 111.61, 109.14, 101.22, 55.88, 48.54, 28.41, 24.88. IR (KBr): 3054, 2927,
2358, 1686, 1595, 1462, 808, 744 cm™'. HRMS (ESI): Calcd. for C27H24N30 [M+H]":
406.1914; found: 406.1918.

(24) 2-(5-(benzyloxy)-1H-indol-3-yl)-7-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahy-

dro-1,8-naphthyridine (3ae)



Yellow solid, (30.87 mg, 63% yield), m.p.: 207 - 208 °C; 'H NMR (400 MHz, CDCl3):
0 8.22 (s, 1H), 8.01 (d, J = 8.2 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 7.3 Hz,
2H), 7.33 (t, J = 7.3 Hz, 2H), 7.30 - 7.24 (t, J=7.0 Hz, 2H), 7.18 - 7.10 (m, 2H), 7.01

(dd, J = 9.8, 4.8 Hz, 2H), 6.92 (dd, J = 8.8, 2.0 Hz, 1H), 5.28 (s, 1H), 5.04 (s, 2H),
4.87 (dd, J = 8.3, 3.0 Hz, 1H), 2.91 - 2.80 (m 1H), 2.73 (m, 1H), 2.20 - 2.06 (m, 2H).
13C NMR (101 MHz, CDCI3) '3C NMR (101 MHz, CDCl3) § 156.34 (s), 153.21 (s),
152.43 (s), 143.35 (s), 137.61 (s), 136.95 (s), 132.02 (s), 130.02 (q, J = 32.3 Hz),
128.55 (s), 127.86 (s), 127.69 (s), 126.88 (s), 125.87 (s), 125.77 (s), 125.47 (q, J = 3.7
Hz), 123.07 (s), 122.44 (s), 118.44 (s), 116.03 (s), 113.08 (s), 112.18 (s), 110.29 (s),
102.87 (s), 71.13 (s), 49.21 (s), 28.51 (s), 25.60 (s). IR (KBr): 3253, 2919, 2849, 1615,
1554, 1443, 1167, 1128, 943, 738, 674 cm'. HRMS (ESI): Calcd. for C30H25F3N3O
[M+H]": 246.1022; found: 246.1026.

(25) 2-(7-(5-bromo-2-methyl-1H-indol-3-yl)-5,6,7,8-tetrahydro-1,8-naphthyridin-2-y-

)phenol (3hf)

Yellow solid, (44.17 mg, 51% yield), '"H NMR (400 MHz, CDCl3) & 8.21 (s, 1H),
7.74 (d, J=9.8 Hz, 2H), 7.38 (d, J= 7.6 Hz, 1H), 7.23 (t, J= 7.4 Hz, 1H), 7.17 — 7.06
(m, 3H), 6.96 - 6.85 (dd, J=17.3, 8.0 Hz, 2H), 5.11 (s, 1H), 4.76 (d, /= 10.5 Hz, 1H),
3.04 — 2.79 (m, 2H), 2.42 - 2.30 (m, 4H), 2.03 (d, J = 12.4 Hz, 1H).'*C NMR (101
MHz, DMSO) 6 159.35, 154.47, 153.34, 137.87, 134.58, 134.44, 130.57, 129.16,
126.76, 122.83, 121.11, 119.91, 118.75, 118.20, 114.69, 113.01, 112.07, 111.44,
107.09, 48.53, 28.54, 26.27, 12.17. IR (KBr):3317, 2923, 1731, 1465, 1274, 907, 859,
718 cm’'. HRMS (ESI): Caled. For C23H2i1BrN3O [M+H]": 434.0863; found:
434.0873.

(26) 2-(7-(5-fluoro-2-methyl-1H-indol-3-yl)-5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)phenol (3hg)



Yellow solid, (46.25 mg, 62% yield), 'H NMR (400 MHz, CDCl3) & 8.11 (s, 1H),
7.68 (d, /=79 Hz, 1H), 7.30 (d, /= 7.8 Hz, 1H), 7.21 — 7.15 (m, 2H), 7.09 - 7.03 (m,
2H), 6.89 — 6.80 (m, 2H), 6.73 (td, J = 9.0, 2.2 Hz, 1H), 5.04 (s, 1H), 4.69 (dd, J =
10.7, 3.0 Hz, 1H), 2.93 — 2.81 (m, 1H), 2.80 - 2.73(m, 1H), 2.29 — 2.18 (m, 4H), 2.00
—1.92 (m, 1H). *C NMR (101 MHz, CDCI3) *C NMR (101 MHz, CDCl3) § 159.18
(s), 157.55 (d, J=233.8 Hz), 153.69 (s), 153.37 (s), 137.68 (s), 133.97 (s), 131.86 (s),
130.37 (s), 126.99 (d, J = 9.9 Hz), 126.13 (s), 119.69 (s), 118.72 (s), 118.11 (s),
114.36 (s), 112.21 (d, J = 4.5 Hz), 111.09 (d, J = 9.7 Hz), 109.20 (d, J = 26.0 Hz),
107.93 (s), 104.03 (d, J=24.0 Hz), 49.31 (s), 28.19 (s), 26.60 (s), 11.96 (s). IR (KBr):
3413, 2927, 1595, 1474, 1280, 930, 801, 749, 605 cm'. HRMS (ESI): Calcd. For
C23H21FN3O  [M+H]": 434.0863; 374.1671, found: 374.1675



NMR spectra of the obtained compounds
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TH-NMR spectrum of 3ca
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'TH-NMR spectrum of 3fa
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'"H-NMR spectrum of 3ga
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'H-NMR spectrum of 3ia
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'TH-NMR spectrum of 3ja
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'"H-NMR spectrum of 3ka
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TH-NMR spectrum of 3la
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'"H-NMR spectrum of 3ma
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'H-NMR spectrum of 3na
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'TH-NMR spectrum of 3pa
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'"H-NMR spectrum of 3ad
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'TH-NMR spectrum of 3hb
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'TH-NMR spectrum of 3hc
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'"H-NMR spectrum of 3bd
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'"H-NMR spectrum of 3kb

——

/

oo
\:}i/qi
A

ll

\

T .

ez J
— Ly A=
042 J
08z F

cooTTT
58z 1IUW

- =

599
GL'9
949
89
849
zlL
zlL
8L
6L
2z 11
v L1
82 L7
0% L4
e L
9L~
6t L]
L5 L
z5 Lf
€5
55 /4
5 |
162
€62
6L
161
86'L
66'L
8.8
618
0z'8

T ———

==

N A nd

L

E—

)i

bWl

-
75}
o
o

850
mmm.o

L6'0
ve'L
-26'0

ook

(o]
Rove
Lo
00k

30 25 20 15 10 05 00

45 40 35

55 50
f1 (ppm)

6.0

6.5

75 7.0

8.0

8.5

9.0

95

105

[AA

Lzl
E,m:/ ;
L8l -
mm.vm% _
0egZLL _
mm.@N%
0091
96 1Z1E
Ay

L5°€EL -
mm.mmﬁ\

PTG~
1P esL"
99951~

I3C-NMR spectrum of 3kb

150 140 130 120 110 100 90 80 70 80 50 40 30 20 10
1 (ppm)

160



'TH-NMR spectrum of 3ae
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'"H-NMR spectrum of 3hf
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