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1. General experimental information

'HNMR and '*C NMR spectra were recorded at ambient temperature using 400 MHz,
600 MHz spectrometers. The data are reported as follows: chemical shift in ppm from
internal tetramethylsilane on the J scale, multiplicity (br = broad, s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet), coupling constants (Hz), and integration. High
resolution mass spectra were acquired on an LTQ FT spectrometer, and were obtained
by peak matching. Melting points are reported uncorrected. Analytical thin layer
chromatography was performed on 0.25 mm extra hard silica gel plates with UV254
fluorescent indicator. Chromatography was performed using with 300-400 mesh silica
gel (Si02). Unless otherwise noted, all reagents and solvents were obtained from
commercial sources and, where appropriate, purified prior to use. All reagents and
solvents were obtained from commercial sources and, where appropriate, purified prior

to use. 2-(Bromomethyl)anilines 2 were prepared according to literature methods!" 2.,

2. Synthesis of [1,5]diazocino[2,1-b]quinazolines 3

R3
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General procedure A: In a 25 mL reaction flask was charged with K2COs3 (69 mg, 2.5
equiv.), 1 (0.2 mmol), 2 (0.24 mmol), DMF (5.0 mL), and MeCN (0.5 mL). The reaction
mixture was stirred vigorously at 50 °C until compound 1 was completely consumed
(monitored by TLC). At this time, the reaction was quenched with water (20 mL) and
extracted with EtOAc (20 mL). The combined organic layers were washed with brine
(20 mL), dried over Na2SOs, and filtered. The solvent was removed under reduced
pressure and the crude product was purified by flash column chromatography

(PE/EtOAc = 10/1 to 2/1) to afford compounds 3aa-3ma, 3ra-3sa and 3ab-3am.
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General procedure B: In a 25 mL reaction flask was charged with ~BuOK (56 mg,
2.5 equiv.), 1 (0.2 mmol), 2 (0.24 mmol), DMF (5.0 mL), and MeCN (0.5 mL). The
mixture was stirred vigorously at 80 °C for 1.5~15 h until compound 1 was completely
consumed (monitored by TLC). At this time, the reaction was quenched with water (20
mL) and extracted with EtOAc (20 mL). The combined organic layers were washed
with brine (20 mL), dried over NaxSOs, and filtered. The solvent was removed under
reduced pressure and the crude product was purified by flash column chromatography

(PE/EtOAc = 6/1 to 1/1) to afford compounds 3na-3pa and 3ta-3va.

0

3aa
(2)-Tert-butyl 13-ox0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]quinazol-
ine-5-carboxylate (3aa). 1a (34 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran for 0.5 h.
Purification by column chromatography (6/1, PE/EtOAc) afforded 3aa. A light yellow
solid, 0.073 g, 97% yield; mp: 184—185 °C; 'H NMR (400 MHz, CDCls): 6 8.23 (dd, J
= 8.0, 1.3 Hz, 1H), 7.73 (dd, J = 7.5, 1.7 Hz, 1H), 7.69 — 7.62 (m, 1H), 7.51 (dd, J =
13.7,10.1 Hz, 2H), 7.42 — 7.37 (m, 1H), 7.32 - 7.21 (m, 3H), 7.13 (dd, J=7.8, 1.3 Hz,
1H), 6.16 (d, J = 13.6 Hz, 1H), 5.64 (d, J = 12.0 Hz, 1H), 4.98 (d, J = 13.6 Hz, 1H),
1.49 (s, 9H). *C NMR (100 MHz, CDCls): 6 161.6, 152.7, 152.0, 148.0, 138.1, 134.7,
134.5, 134.0, 130.1, 129.2, 128.8, 128.7, 127.2, 127.1, 126.8, 120.1, 105.1, 84.0, 42.5,

28.1. HRMS (ESI) m/z caled for C22H22N303 (M+H)™: 376.1656, found 376.1653.
Cl O
N

N//\:/N\Boc

3ba
(2)-Tert-butyl 12-chloro-13-o0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]
quinazoline-5-carboxylate (3ba). 1b (41 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran
for 2 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ba. A white
solid, 0.074 g, 90% yield; mp: 206—207 °C; 'H NMR (400 MHz, CDCl3): 6 7.78 (dd, J
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=7.4,1.9 Hz, 1H), 7.53 — 7.46 (m, 2H), 7.42 — 7.36 (m, 2H), 7.32 — 7.23 (m, 2H), 7.12
(dd,J=7.6,1.7 Hz, 1H), 6.13 (d, J=13.7 Hz, 1H), 5.57 (d, J = 12.0 Hz, 1H), 4.94 (d,
J =13.7 Hz, 1H), 1.48 (s, 9H). 3*C NMR (100 MHz, CDCl3): 6 159.7, 152.7, 152.6,
150.4,138.2,134.7,134.4,134.3,133.8, 130.3, 129.4, 129.2, 128.9, 128.7, 126.6, 117.2,
104.6, 84.1, 42.5, 28.1. HRMS (ESI) m/z calcd for C22H21CIN3O3 (M+H) " : 410.1266,

found 410.1268.
0]

MeO / g ;
N//\:/N\Boc

3ca
(2)-Tert-butyl 11-methoxy-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocineo|2,
1-b]quinazoline-5-carboxylate (3ca). 1¢ (40 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol)
ran for 3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ca. A
white solid, 0.080 g, 99% yield; mp: 192—193 °C; '"H NMR (400 MHz, CDCl3): § 7.72
(dd, J=17.5,1.7 Hz, 1H), 7.60 (d, J=2.9 Hz, 1H), 7.45 (t,J=9.7 Hz, 2H), 7.31 — 7.20
(m, 3H), 7.12 (dd, J="7.8, 1.3 Hz, 1H), 6.17 (d, J=13.6 Hz, 1H), 5.63 (d, J = 12.0 Hz,
1H), 4.98 (d, J=13.6 Hz, 1H), 3.90 (s, 3H), 1.48 (s, 9H). 3C NMR (100 MHz, CDCI3):
0 161.4, 158.5, 152.7, 149.7, 142.7, 138.2, 134.8, 133.2, 130.0, 129.1, 128.9, 128.8,
125.0, 120.8, 106.3, 105.4, 83.8, 55.9, 42.6, 28.1. HRMS (ESI) m/z calcd for

C23H24N304 (M+H)™: 406.1761, found 406.1762.
@)

e\(:ﬁj\N
N//K_/—N\BOC

3da
(2)-Tert-butyl 11-methyl-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino|2, 1-
b]quinazoline-5-carboxylate (3da). 1d (36 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran
for 2 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3da. A white
solid, 0.067 g, 85% yield; mp: 173—174 °C; '"H NMR (400 MHz, CDCl3): 6 8.05 — 7.98
(m, 1H), 7.71 (dd, J=17.6, 1.8 Hz, 1H), 7.50 — 7.40 (m, 3H), 7.30 — 7.20 (m, 2H), 7.12
(dd, J=7.8,1.5 Hz, 1H), 6.16 (d, /= 13.6 Hz, 1H), 5.63 (d, /= 12.0 Hz, 1H), 4.96 (d,
J =13.6 Hz, 1H), 2.44 (s, 3H), 1.48 (s, 9H). *C NMR (100 MHz, CDCls): J 161.6,
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152.7, 151.1, 146.0, 138.1, 137.0, 136.0, 134.8, 133.6, 130.0, 129.1, 128.8, 127.0, 126.5,
119.8, 105.2, 83.9, 42.5, 28.1, 21.5. HRMS (ESI) m/z calcd for C23H24N305 (M+H)':

0
B
r\dLN
N//K:/N\Boc

3ea

390.1812 found 390.1820.

(2)-Tert-butyl 11-bromo-13-o0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]
quinazoline-5-carboxylate (3ea). 1le (50 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran
for 5 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ea. A white
solid, 0.148 g, 95% yield; mp: 202—203 °C; '"H NMR (400 MHz, CDCls): 6 8.34 (d, J
=2.2Hz, 1H), 7.73 - 7.67 (m, 2H), 7.51 (d, J = 12.0 Hz, 1H), 7.37 (d, /= 8.7 Hz, 1H),
7.32 —7.21 (m, 2H), 7.14 — 7.09 (m, 1H), 6.12 (d, J = 13.6 Hz, 1H), 5.59 (d, /= 12.0
Hz, 1H), 4.97 (d,J=13.6 Hz, 1H), 1.48 (s, 9H). *C NMR (100 MHz, CDCls): § 160.4,
152.6,152.4,146.8,138.0, 137.6, 134.5, 134.4, 130.0, 129.6, 129.3, 129.0, 128.9, 128.8,
121.3,120.2,104.7,84.1,42.7,28.1. HRMS (ESI) m/z caled for C22H21BrN3O3 (M+H) ™
454.0761, found 454.0762.

3fa

(2)-Tert-butyl 11-iodo-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]

quinazoline-5-carboxylate (3fa). 1f (59 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran
for 3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3fa. A white
solid, 0.093 g, 93% yield; mp: 194—195 °C; '"H NMR (400 MHz, CDCls): 6 8.56 (d, J
=2.0 Hz, 1H), 7.90 (dd, J = 8.6, 2.1 Hz, 1H), 7.69 (dd, J=7.6, 1.7 Hz, 1H), 7.51 (d, J
=12.0 Hz, 1H), 7.32 — 7.21 (m, 4H), 7.12 (dd, /= 7.9, 1.2 Hz, 1H), 6.12 (d, J = 13.6
Hz, 1H), 5.59 (d, J = 12.0 Hz, 1H), 4.97 (d, J = 13.6 Hz, 1H), 1.48 (s, 9H). ’*C NMR
(100 MHz, CDCls): ¢ 160.2, 152.6, 147.3, 143.2, 138.0, 135.9, 134.5, 130.0, 129.3,
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129.0, 128.9, 128.8, 121.6, 104.7, 91.0, 84.1, 42.7, 28.1. HRMS (ESI) m/z calcd for
C22H22IN303 (M+H)™: 502.0622, found 502.0623.

(2)-Tert-butyl 10-methoxy-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino|2,
1-b]quinazoline-5-carboxylate (3ga). 1g (40 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol)
ran for 3 h. Purification by column chromatography (2/1, PE/EtOAc) afforded 3ga. A
white solid, 0.079 g, 98% yield; mp: 184—185 °C; 'H NMR (400 MHz, CDCl3): § 8.11
(d, /=89 Hz, 1H), 7.72 (dd, J= 7.5, 1.7 Hz, 1H), 7.48 (d, /= 12.0 Hz, 1H), 7.26 (dd,
J=174,1.5Hz,2H),7.12 (dd,J= 7.8, 1.3 Hz, 1H), 6.97 (dd, J= 8.9, 2.5 Hz, 1H), 6.90
(d, J=2.4 Hz, 1H), 6.14 (d, J = 13.6 Hz, 1H), 5.60 (d, J = 12.0 Hz, 1H), 4.95 (d, J =
13.6 Hz, 1H), 3.85 (s, 3H), 1.48 (s, 9H). *C NMR (100 MHz, CDCl3): § 164.7, 161.0,
152.7,152.6,150.2, 138.1, 134.8, 134.1, 130.1, 129.2, 128.7, 128.6, 107.4, 105.1, 84.0,
55.8, 42.3, 28.1. HRMS (ESI) m/z calcd for C23H24N304 (M+H)": 406.1761, found
406.1758.

(2)-Tert-butyl 10-chloro-13-oxo0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino([2,1-b]
quinazoline-5-carboxylate (3ha). 1h (61 mg, 0.3 mmol), 2a (103 mg, 0.36 mmol) ran
for 3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ha. A white
solid, 0.112 g, 91% yield; mp: 201-202 °C; '"H NMR (400 MHz, CDCls): 6 8.13 (d, J
=8.6 Hz, 1H), 7.70 (dd, J= 7.6, 1.8 Hz, 1H), 7.54 — 7.47 (m, 2H), 7.35 - 7.21 (m, 3H),
7.12(dd,J=7.9, 1.5 Hz, 1H), 6.12 (d, J=13.7 Hz, 1H), 5.60 (d, J=12.0 Hz, 1H), 4.97
(d,J=13.6 Hz, 1H), 1.48 (s, 9H). '*C NMR (100 MHz, CDCls): § 161.0, 153.2, 152.6,
149.0, 140.6, 138.1, 134.6, 134.5, 130.0, 129.2, 128.9, 128.8, 128.5, 127.2, 126.6, 118.5,
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104.7, 84.1, 42.6, 28.1. HRMS (ESI) m/z calcd for C22H21CIN3O3 (M+H)™: 410.1266,

found 410.1264.
O

dN
Br N//K:/N\BOC

3ia

(2)-Tert-butyl 10-bromo-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]
quinazoline-5-carboxylate (3ia). 1i (50 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran for
2 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ia. A white
solid, 0.076 g, 83% yield; mp: 205—-206 °C; '"H NMR (400 MHz, CDCI3): 6 8.06 (d, J
=8.5 Hz, 1H), 7.70 (dd, /= 6.7, 1.6 Hz, 2H), 7.54 — 7.46 (m, 2H), 7.33 — 7.21 (m, 2H),
7.13(dd,J=7.9,1.2 Hz, 1H), 6.12 (d, J=13.7 Hz, 1H), 5.60 (d, J=12.0 Hz, 1H), 4.97
(d,J=13.7Hz, 1H), 1.48 (s, 9H). '*C NMR (100 MHz, CDCl3): § 161.1, 153.2, 152.6,
149.1, 138.1, 134.6, 134.5,130.0, 129.9, 129.8, 129.3, 129.1, 128.9, 128.8, 128.5, 118.8,
104.7, 84.1, 42.6, 28.1. HRMS (ESI) m/z calcd for C22H21BrN3O3 (M+H)*: 454.0761,
found 454.0771.

(2)-Tert-butyl 10-fluoro-13-ox0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]
quinazoline-5-carboxylate (3ja). 1j (38 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran
for 3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ja. A white
solid, 0.060 g, 75% yield; mp: 199—200 °C; 'H NMR (400 MHz, CDCl3): 6 8.22 (dd, J
=8.8,6.1 Hz, 1H), 7.70 (dd, J=7.5, 1.6 Hz, 1H), 7.51 (d, J=12.0 Hz, 1H), 7.33 — 7.22
(m, 2H), 7.18 — 7.06 (m, 3H), 6.13 (d, /= 13.7 Hz, 1H), 5.60 (d, /= 12.0 Hz, 1H), 4.97
(d, J=13.6 Hz, 1H), 1.48 (s, 9H). *C NMR (100 MHz, CDCls): 6 166.6 (d, J = 252.6
Hz), 160.9, 153.3, 152.6, 150.2, 150.1, 138.1, 134.6, 134.5, 130.1, 129.8 (d, J = 10.7
Hz), 129.2, 128.8 (d, /= 7.9 Hz), 116.8 (d, /= 1.9 Hz), 115.5 (d, J=23.6 Hz), 112.3
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(d, J=21.5 Hz), 104.7, 84.1, 42.5, 28.1. ’F NMR (375 MHz, DMSO-ds): 6 —104.1.

HRMS (ESI) m  v/z caled for C22H21FN303 (M+H)™: 394.1561, found 394.1571.
O

o8
FaC N/)\ﬁN ~Boc

3ka

(2)-Tert-butyl 13-0x0-10-(trifluoromethyl)-13,15-dihydro-5H-benzo[6,7][1,5]diaz-
ocino[2,1-b]quinazoline-5-carboxylate (3ka). 1k (47 mg, 0.2 mmol), 2a (69 mg, 0.24
mmol) ran for 3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded
3ka. A white solid, 0.076 g, 85% yield; mp: 172—173 °C; 'H NMR (400 MHz, CDCl3):
0 8.33 (d, J=8.3 Hz, 1H), 7.82 — 7.77 (m, 1H), 7.70 (dd, J = 7.6, 1.8 Hz, 1H), 7.60 —
7.50 (m, 2H), 7.34 — 7.21 (m, 2H), 7.14 (dd, /= 7.9, 1.5 Hz, 1H), 6.14 (d, J= 13.7 Hz,
1H), 5.63 (d, J=12.0 Hz, 1H), 5.01 (d, J = 13.7 Hz, 1H), 1.49 (s, 9H). '*C NMR (100
MHz, CDCl3): 6 160.8, 153.4, 152.5, 148.0, 138.1, 136.0 (q, /= 32.5 Hz), 134.9, 134.3,
130.0, 129.3, 129.0, 128.8, 128.2, 124.8 (q, /=4.1 Hz), 123.5 (q, J=271.5 Hz), 122.4
(q,J=3.3 Hz), 122.2, 104.4, 84.2, 42.7, 28.1. "’F NMR (375 MHz, CDCls): § -63.4.
HRMS (ESI) m/z calcd for C23H21F3N303 (M+H)': 444.1530, found 444.1541.

@)
N

N/)\:/N\Boc

OMe
3la

(2)-Tert-butyl 9-methoxy-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino|2, 1-
b]quinazoline-5-carboxylate (3la). 11 (40 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran
for 3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3la. A white
solid, 0.080 g, 99% yield; mp: 120—-121 °C; 'H NMR (400 MHz, CDCl3): 6 7.81 (dd, J
=8.1, 1.2 Hz, 1H), 7.69 (dd, J= 7.6, 1.7 Hz, 1H), 7.45 (d, J = 12.0 Hz, 1H), 7.33 (t, J
= 8.0 Hz, 1H), 7.30 — 7.18 (m, 3H), 7.10 (ddd, J = 8.0, 4.0, 1.2 Hz, 2H), 6.16 (d, J =
13.6 Hz, 1H), 5.78 (d, J = 12.0 Hz, 1H), 4.99 (d, J = 13.6 Hz, 1H), 3.94 (s, 3H), 1.48
(s, 9H). 3*C NMR (100 MHz, CDCl3): 6 161.4, 154.2,152.7,151.3,138.7, 138.1, 134.7,
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133.6, 130.0, 129.1, 128.8, 128.7, 127.0, 121.2, 118.4, 113.9, 105.6, 83.9, 56.3, 42.6,
28.1. HRMS (ESI) m/z calcd for C23H24N304 (M+H)™: 406.1761, found 406.1772.

0
N

N/)\:/N‘Boc

3ma

Cl

(2)-Tert-butyl 9-chloro-13-ox0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]
quinazol (3ma). 1m (40 mg, 0.2 mmol), 2a (69 mg, 0.24 mmol) ran for 3 h. Purification
by column chromatography (6/1, PE/EtOAc) afforded 3ma. A white solid, 0.071 g, 87%
yield; mp: 213-214 °C; 'H NMR (400 MHz, CDCI3): 6 8.14 (dd, J= 8.0, 1.4 Hz, 1H),
7.71 (dd, J="7.7, 1.5 Hz, 2H), 7.51 (d, J = 12.0 Hz, 1H), 7.32 — 7.20 (m, 3H), 7.12 (dd,
J=179,12Hz, 1H), 6.13 (d, /= 13.6 Hz, 1H), 5.75 (d, J = 12.0 Hz, 1H), 5.01 (d, J =
13.6 Hz, 1H), 1.48 (s, 9H). '*C NMR (100 MHz, CDCl3): 6 161.1, 152.7, 152.6, 144.8,
138.1,134.6,134.5,134.4,131.5,129.9,129.2, 128.9, 128.8, 126.6, 125.9, 121.6, 105.2,
84.1,42.7, 28.1. HRMS (ESI) m/z calcd for C22H21CIN3O3 (M+H)": 410.1266, found
410.1271.

3na

(2)-Tert-butyl 13-0x0-6-phenyl-13,15-dihydro-5H-benzo[6,7][1,5]diazocineo
[2,1-b]quinazoline-5-carboxylate (3na). 1n (44 mg, 0.18 mmol), 2a (61 mg, 0.22
mmol) ran for 1.5 h. Purification by column chromatography (2/1, PE/EtOAc) afforded
3na. A white solid, 0.075 g, 93% yield; mp: 232—233 °C; 'H NMR (400 MHz, CDCl3):
0 8.25(d,J=79 Hz, 1H), 7.77 — 7.61 (m, 4H), 7.51 — 7.31 (m, 8H), 7.28 — 7.24 (m,
1H), 5.62 (d, J = 14.9 Hz, 1H), 5.05 (d, J= 15.7 Hz, 1H), 1.14 (s, 9H). '*C NMR (100
MHz, CDCl3): 6 161.9, 152.7, 152.4, 147.4, 143.0, 134.6, 134.4, 131.9, 130.6, 130.1,
129.0,128.9,127.4,127.0,126.6, 122.6, 121.4,81.7,48.4,27.8. HRMS (ESI) m/z calcd
for C2sH26N303 (M+H)": 452.1969, found 452.1979.
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(2)-Tert-butyl 6-(4-methoxyphenyl)-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]dia-
zocino[2,1-b]quinazoline-5-carboxylate (30a). 10 (55 mg, 0.2 mmol), 2a (69 mg, 0.24
mmol) ran for 20 h. Purification by column chromatography (2/1, PE/EtOAc) afforded
30a. A white solid, 0.086 g, 90% yield; mp: 210-211 °C; '"H NMR (400 MHz, CDCl3):
0 8.24 (dd, /= 8.0, 1.1 Hz, 1H), 7.75 — 7.66 (m, 2H), 7.62 — 7.56 (m, 2H), 7.51 — 7.29
(m, 4H), 7.27 - 7.19 (m, 2H), 6.94 — 6.86 (m, 2H), 5.60 (d, /= 15.3 Hz, 1H), 5.05 (d, J
=15.4 Hz, 1H), 3.81 (s, 3H), 1.13 (s, 9H). 1*C NMR (100 MHz, CDCls): 6 162.0, 161.2,
152.8,147.4,142.7,134.4,132.0, 130.6, 130.5, 128.9, 128.2, 127.3, 127.0, 126.9, 121.3,
120.5, 114.5, 81.7, 55.5, 48.5, 27.8. HRMS (ESI) m/z calcd for C20H2sN304 (M+H)":
482.2074, found 482.2085.

(2)-Tert-butyl 13-0x0-6-(4-(trifluoromethyl)phenyl)-13,15-dihydro-5SH-benzo[6,7]
[1,5]diazocino[2,1-b]quinazoline-5-carboxylate (3pa). 1p (63 mg, 0.2 mmol), 2a (69
mg, 0.24 mmol) ran for 5 h. Purification by column chromatography (2/1, PE/EtOAc)
afforded 3pa. A white solid, 0.087 g, 83% yield; mp: 245-245.9 °C; '"H NMR (400
MHz, CDCl3): ¢ 8.28 — 8.22 (m, 1H), 7.80 — 7.69 (m, 4H), 7.66 (d, J = 8.3 Hz, 2H),
7.53 —7.38 (m, 4H), 7.38 — 7.27 (m, 2H), 5.63 (d, J = 15.5 Hz, 1H), 5.00 (d, /= 15.6
Hz, 1H), 1.13 (s, 9H). 3*C NMR (100 MHz, CDCl3): 6 161.8, 152.6, 151.8, 147.3, 141.7,
138.2, 136.2, 134.6, 131.9, 131.8 (q, J = 32.6 Hz), 130.8, 130.5, 129.2, 127.7, 127.5,
127.3, 126.9, 126.1 (q, J = 3.8 Hz), 124.8, 123.9 (q, J = 270.6 Hz), 121.4, 82.2, 48.3,
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27.7. "F NMR (375 MHz, CDCl3): § -62.8. HRMS (ESI) m/z calcd for C20H25F3N303
(M+H)": 520.1843, found 520.1844.

3ra

(2)-tert-butyl 11-(2-methylprop-1-en-1-yl)-13-0x0-13,15-dihydro-5H-benzo|[6,7]
[1,5]diazocino[2,1-b]quinazoline-5-carboxylate (3ra). 1r (58 mg, 0.26 mmol), 2a (89
mg, 0.31 mmol) ran for 5 h. Purification by column chromatography (4/1, PE/EtOAc)
afforded 3ra. A white solid, 0.100 g, 90% yield; mp: 85-86 °C; 'H NMR (400 MHz,
CDCl3): 6 8.07 (d, J=2.2 Hz, 1H), 7.72 (dd, J = 7.5, 1.8 Hz, 1H), 7.54 — 7.43 (m, 3H),
7.30 —7.20 (m, 2H), 7.12 (dd, J = 7.8, 1.6 Hz, 1H), 6.30 (s, 1H), 6.16 (d, /= 13.7 Hz,
1H), 5.63 (d, J=12.0 Hz, 1H), 4.97 (d, J = 13.5 Hz, 1H), 1.97 — 1.85 (m, 6H), 1.48 (s,
9H). 3C NMR (100 MHz, CDCl3): 6 161.6, 152.7, 151.3, 146.0, 138.1, 137.5, 137.4,
135.4, 134.7, 133.6, 130.1, 129.1, 128.7, 126.8, 126.2, 124.2, 119.7, 105.3, 83.9, 42.5,
28.1, 27.2, 19.7. HRMS (ESI) m/z calcd for C26H2sN303 (M+H)": 430.2125, found
430.2127. #

0]

OO
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3sa
(Z2)-tert-butyl 10-acetoxy-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino
[2,1-b]quinazoline-5-carboxylate (3sa). 1s (52 mg, 0.23 mmol), 2a (79 mg, 0.28 mmol)
ran for 4 h. Purification by column chromatography (2/1, PE/EtOAc) afforded 3sa. A
light yellow solid, 0.025 g, 25% yield; mp: 87—88 °C; 'H NMR (400 MHz, CDCl3): §
8.24 (d,J=8.7 Hz, 1H), 7.70 (dd, J= 7.6, 1.8 Hz, 1H), 7.51 (d, J=12.0 Hz, 1H), 7.33
—7.22 (m, 3H), 7.16 — 7.07 (m, 2H), 6.14 (d, J = 13.7 Hz, 1H), 5.61 (d, J = 12.0 Hz,
1H), 4.98 (d, J=13.6 Hz, 1H), 2.32 (s, 3H), 1.49 (s, 9H). 3*C NMR (100 MHz, CDCl3):
0 168.8, 161.0, 155.4, 152.9, 152.6, 149.3, 138.0, 134.6, 134.4, 130.0, 129.2, 128.9,
128.8,128.7,121.0, 119.1, 117.8, 104.8, 84.0, 42.5, 28.1, 21.3. HRMS (ESI) m/z calcd
for C24H24N30s (M+H)": 434.1710, found 434.1714.
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(2)-Tert-butyl 1-chloro-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocineo
[2,1-b]quinazoline-5-carboxylate (3ab). 1a (34 mg, 0.2 mmol), 2b (77 mg, 0.24 mmol)
ran for 0.5 h. Purification by column chromatography (4/1, PE/EtOAc) afforded 3ab.
A white solid, 0.080 g, 97% yield; mp: 197-198 °C; '"H NMR (400 MHz, CDCl3): 6
8.25(dd,J=8.0, 1.5 Hz, 1H), 7.69 — 7.64 (m, 1H), 7.51 (d,J=8.2 Hz, 1H), 7.44 —7.22
(m, 4H), 7.11 (d, /= 8.0 Hz, 1H), 6.52 (d, J= 14.4 Hz, 1H), 5.65 (d, /= 11.8 Hz, 1H),
4.98 (d, J = 14.3 Hz, 1H), 1.50 (s, 9H). *C NMR (100 MHz, CDCl3): § 160.9, 152.2,
151.9,147.5,141.4,135.1,134.4,133.0, 132.6, 129.9, 129.4,127.3, 127.1, 127.0, 126.9,
120.3, 107.7, 84.2, 40.1, 28.1. HRMS (ESI) m/z caled for C22H21CIN3O3 (M+H)":
410.1266, found 410.1268.

OMe
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3ac

(2)-Tert-butyl 2-methoxy-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocineo
[2,1-b]quinazoline-5-carboxylate (3ac). 1a (34 mg, 0.2 mmol), 2¢ (76 mg, 0.24 mmol)
ran for 0.5 h. Purification by column chromatography (4/1, PE/EtOAc) afforded 3ac. A
white solid, 0.081 g, 99% yield; mp: 148—149 °C; '"H NMR (400 MHz, CDCl3): § 8.22
(dd, J=8.0, 1.5 Hz, 1H), 7.66 (ddd, /= 8.5, 7.1, 1.5 Hz, 1H), 7.55 — 7.44 (m, 2H), 7.39
(ddd, J=8.2,7.1, 1.2 Hz, 1H), 7.21 (d, /= 3.0 Hz, 1H), 7.03 (d, /= 8.9 Hz, 1H), 6.81
(dd, J=8.9, 3.0 Hz, 1H), 6.09 (d, /= 13.6 Hz, 1H), 5.61 (d,J=11.9 Hz, 1H), 4.92 (d,
J =13.6 Hz, 1H), 3.75 (s, 3H), 1.48 (s, 9H). *C NMR (100 MHz, CDCl:): J 161.6,
159.5,152.9,152.1, 148.0, 135.7, 134.4, 134.3, 130.6, 129.9, 127.1, 127.0, 126.7, 120.0,
115.7, 113.1, 104.9, 83.8, 55.7, 42.7, 28.1. HRMS (ESI) m/z calcd for C23H24N304
(M+H)": 406.1761, found 406.1775.
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(2)-Tert-butyl 2-methyl-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]

quinazoline-5-carboxylate (3ad). 1a (34 mg, 0.2 mmol), 2d (72 mg, 0.24 mmol) ran
for 2 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ad. A white
solid, 0.078 g, 99% yield; mp: 204—205 °C; 'H NMR (400 MHz, CDCl3): 6 8.24 (dd, J
=8.0, 1.5 Hz, 1H), 7.66 (ddd, J= 8.5, 7.1, 1.6 Hz, 1H), 7.55 — 7.43 (m, 3H), 7.40 (ddd,
J=28.1,7.0, 1.2 Hz, 1H), 7.08 (dd, J = 8.4, 2.1 Hz, 1H), 7.00 (d, /= 8.2 Hz, 1H), 6.11
(d,J=13.6 Hz, 1H), 5.61 (d,J=11.9 Hz, 1H), 4.92 (d, J = 13.6 Hz, 1H), 2.27 (s, 3H),
1.49 (s, 9H). *C NMR (100 MHz, CDCls): 6 161.6, 152.8, 152.1, 148.0, 139.3, 135.5,
134.4, 134.3, 134.2, 130.2, 129.7, 128.4, 127.2, 127.1, 126.7, 120.1, 105.0, 83.8, 42.5,
28.1,21.2. HRMS (ESI) m/z calcd for C23H24N303 (M+H)™: 390.1812 found 390.1818.

(2)-Tert-butyl 2-iodo-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]q-
uinazoline-5-carboxylate (3ae). 1a (34 mg, 0.2 mmol), 2e (99 mg, 0.24 mmol) ran for
3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ae. A white
solid, 0.091 g, 91% yield; mp: 194—195 °C; 'H NMR (400 MHz, CDCl3): 6 8.25 (dd, J
= 8.0, 1.4 Hz, 1H), 8.06 (d, /= 2.0 Hz, 1H), 7.68 (ddd, J = 8.4, 7.2, 1.5 Hz, 1H), 7.61
(dd, J=8.5,2.1 Hz, 1H), 7.55 (d, J=8.1 Hz, 1H), 7.47 — 7.38 (m, 2H), 6.87 (d, /= 8.5
Hz, 1H), 6.10 (d, J=13.7 Hz, 1H), 5.66 (d, J=12.0 Hz, 1H), 4.90 (d, /= 13.7 Hz, 1H),
1.49 (s, 9H). *C NMR (100 MHz, CDCl3): 6 161.4, 152.3, 151.5, 148.0, 138.8, 138.0,
136.6, 134.6, 133.4, 130.5, 127.3, 127.2, 126.9, 120.0, 105.4, 94.1, 84.4, 41.9, 28.1.
HRMS (ESI) m/z caled for C22H21IN3O03(M+H)™: 502.0622, found 502.0617.
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Br

(2)-Tert-butyl 2-bromo-13-o0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]

quinazoline-5-carboxylate (3af). 1a (34 mg, 0.2 mmol), 2f (87 mg, 0.24 mmol) ran
for 0.3 h. Purification by column chromatography (4/1, PE/EtOAc) afforded 3af. A
white solid, 0.080 g, 88% yield; mp: 193—194 °C; '"H NMR (400 MHz, CDCl3): § 8.25
(dd, J=8.0, 1.2 Hz, 1H), 7.88 (d, J=2.3 Hz, 1H), 7.68 (ddd, J= 8.5, 7.2, 1.5 Hz, 1H),
7.54 (d,J=8.0 Hz, 1H), 7.43 (ddd, J=11.0, 7.5, 3.6 Hz, 3H), 7.01 (d, /= 8.6 Hz, 1H),
6.11 (d,J=13.7 Hz, 1H), 5.66 (d, /= 12.0 Hz, 1H), 4.92 (d, /= 13.7 Hz, 1H), 1.49 (s,
9H). 3C NMR (100 MHz, CDCl3): 6 161.4, 152.3, 151.5, 147.9, 137.2, 136.5, 134.6,
133.6, 132.8, 132.1, 130.4, 127.2, 127.0, 122.5, 120.0, 105.4, 84.4, 42.1, 28.1. HRMS

(ESI) m/z calcd for C22H21BrN3O3 (M+H)™: 454.0761, found 454.0750.
Cl
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3ag

(2)-Tert-butyl 2-chloro-13-ox0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-D]
quinazoline-5-carboxylate (3ag). 1a (34 mg, 0.2 mmol), 2g (77 mg, 0.24 mmol) ran
for 2 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ag. A white
solid, 0.081 g, 99% yield; mp: 202—203 °C; 'H NMR (400 MHz, CDCl3): 6 8.24 (dd, J
= 8.0, 1.3 Hz, 1H), 7.73 (d, /= 2.4 Hz, 1H), 7.71 — 7.64 (m, 1H), 7.54 (d, J = 8.1 Hz,
1H), 7.49 — 7.39 (m, 2H), 7.29 — 7.23 (m, 1H), 7.08 (d, J = 8.6 Hz, 1H), 6.11 (d, J =
13.7 Hz, 1H), 5.66 (d, J = 12.0 Hz, 1H), 4.93 (d, J = 13.7 Hz, 1H), 1.49 (s, 9H). 13C
NMR (100 MHz, CDCls): 6 161.4, 152.4, 151.5, 147.9, 136.7, 136.2, 134.6, 134.5,
133.6, 130.2, 129.9, 129.2, 127.3, 127.2, 127.0, 120.0, 105.3, 84.4, 42.2, 28.1. HRMS
(ESI) m/z calcd for C22H21CIN3O3 (M+H)™: 410.1266, found 410.1269.
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(2)-Tert-butyl 2-fluoro-13-o0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]
quinazoline-5-carboxylate (3ah). 1a (34 mg, 0.2 mmol), 2h (73 mg, 0.24 mmol) ran
for 3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ah. A white
solid, 0.078 g, 99% yield; mp: 195-196 °C; 'H NMR (400 MHz, CDCl3): 6 8.23 (dd, J
=8.1, 1.5 Hz, 1H), 7.67 (ddd, J=8.5, 7.1, 1.6 Hz, 1H), 7.54 (dd, J = 8.3, 1.2 Hz, 1H),
7.49 —7.39 (m, 3H), 7.12 (dd, J= 8.9, 5.0 Hz, 1H), 6.99 (ddd, J=9.0, 7.8, 3.0 Hz, 1H),
6.11 (d, J=13.6 Hz, 1H), 5.65 (d, J=11.9 Hz, 1H), 4.94 (dd, J = 13.7, 1.4 Hz, 1H),
1.49 (s, 9H). 3C NMR (100 MHz, CDCl3): 6 162.0 (J=248.1 Hz), 161.5, 152.6, 151.6,
147.9, 136.6 (d, J = 8.4 Hz), 134.6, 134.0, 133.9, 133.8, 130.7 (d, J = 8.7 Hz), 127.1,
127.0 (d, J=28.9 Hz), 120.0, 116.4 (d, J=4.7 Hz), 116.2 (d, J= 4.6 Hz), 105.3, 84.2,
42.4, 28.1. F NMR (375 MHz, CDCl3): § -111.0. HRMS (ESI) m/z calcd for
C22H21FN303 (M+H)™: 394.1561, found 394.1568.

(2)-Tert-butyl 3-chloro-13-ox0-13,15-dihydro-5H-benzo[6,7][1,5]diazocino[2,1-b]
quinazoline-5-carboxylate (3ai). 1a (34 mg, 0.2 mmol), 2i (77 mg, 0.24 mmol) ran for
0.3 h. Purification by column chromatography (6/1, PE/EtOAc) afforded 3ai. A white
solid, 0.079 g, 96% yield; mp: 200—201 °C; 'H NMR (400 MHz, CDCls): 6 8.21 (dd, J
=8.0, 1.5 Hz, 1H), 7.70 — 7.64 (m, 2H), 7.53 (dd, /= 8.2, 1.1 Hz, 1H), 7.47 — 7.37 (m,
2H), 7.22 (dd, J= 8.4, 2.1 Hz, 1H), 7.15 (d, /= 2.1 Hz, 1H), 6.12 (d, J = 13.7 Hz, 1H),
5.66 (d,J=12.0 Hz, 1H), 4.94 (d, J = 13.8 Hz, 1H), 1.50 (s, 9H). 3*C NMR (100 MHz,
CDCl): 0 161.5, 152.2, 151.5, 148.0, 139.0, 134.6, 134.1, 133.4, 133.3, 131.2, 1294,
129.0, 127.3, 127.0, 126.9, 120.0, 105.4, 84.5, 42.0, 28.1. HRMS (ESI) m/z calcd for
C22H21CIN3O3 (M+H)™: 410.1266, found 410.1270.
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(2)-Tert-butyl 3-fluoro-13-o0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocineo[2,1-b]
quinazoline-5-carboxylate (3aj). 1a (34 mg, 0.2 mmol), 2j (73 mg, 0.24 mmol) ran
for 0.17 h. Purification by column chromatography (4/1, PE/EtOAc) afforded 3aj. A
white solid, 0.066 g, 85% yield; mp: 170—171 °C; '"H NMR (400 MHz, CDCl3): § 8.22
(dd,/=8.0, 1.5 Hz, 1H), 7.75 —7.64 (m, 2H), 7.57 —7.51 (m, 1H), 7.48 — 7.38 (m, 2H),
6.98 (ddd, /= 8.6, 8.0, 2.6 Hz, 1H), 6.86 (dd, /J=9.4, 2.6 Hz, 1H), 6.12 (d, /= 13.8 Hz,
1H), 5.66 (d, J = 12.0 Hz, 1H), 4.94 (d, J = 13.8 Hz, 1H), 1.50 (s, 9H). '*C NMR (100
MHz, CDCl3): 6 162.1 (J = 247.1 Hz), 161.6, 152.3, 151.6, 148.0, 139.4 (d, J=10.3
Hz), 134.6, 133.4, 131.5 (d, J = 9.1 Hz), 130.9 (d, J = 3.5 Hz), 127.3, 127.0, 126.9,
120.0, 116.7 (d, J=21.2 Hz), 115.8 (d, J = 23.2 Hz), 105.5, 84.5, 42.0, 28.1. ’F NMR
(375 MHz, CDCl3): ¢ -112.0. HRMS (ESI) m/z caled for C22H21FN3O3 (M+H)™:
394.1561, found 394.1571.

(2)-Tert-butyl 4-methyl-13-0x0-13,15-dihydro-5H-benzo[6,7][1,5]diazocineeo-
[2,1-b]quinazoline-5-carboxylate (3ak). 1a (34 mg, 0.2 mmol), 2k (72 mg, 0.24 mmol)
ran for 0.5 h. Purification by column chromatography (4/1, PE/EtOAc) afforded 3ak.
A white solid, 0.076 g, 87% yield; mp: 174—175 °C; '"H NMR (400 MHz, CDCl3): 6
8.22 (dd, J = 8.1, 1.5 Hz, 1H), 7.66 — 7.62 (m, 1H), 7.57 — 7.54 (m, 1H), 7.52 — 7.35
(m, 3H), 7.18 — 7.12 (m, 2H), 6.19 (d, J=13.5 Hz, 1H), 5.69 (d, J=11.5 Hz, 1H), 4.92
(d, J=13.6 Hz, 1H), 2.17 (s, 3H), 1.46 (s, 9H). 1*C NMR (100 MHz, CDCl3): § 161.5,
151.8,147.8,137.2,135.9,135.3, 134.4,134.1, 131.1, 129.2, 127.4, 127.1, 127.0, 126.8,
120.0, 106.9, 83.6, 42.9, 28.1, 18.1. HRMS (ESI) m/z calcd for C23H24N303 (M+H)":
390.1812 found 390.1812.
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(2)-5-Acetyl-5H-benzo[6,7][1,5]diazocino[2,1-b]quinazolin-13(15H)-one (3al). 1a
(34 mg, 0.2 mmol), 21 (54 mg, 0.24 mmol) ran for 0.5 h. Purification by column
chromatography (4/1, PE/EtOAc) afforded 3al. A white solid, 0.064 g, 99% yield; mp:
195.4-196.9 °C; '"H NMR (600 MHz, CDCl3): § 8.22 (dd, J = 8.0, 1.5 Hz, 1H), 7.81 —
7.79 (m, 1H), 7.72 — 7.65 (m, 2H), 7.53 (d, J = 8.0 Hz, 1H), 7.43 — 7.40 (m, 1H), 7.37
—7.32 (m, 2H), 7.17 = 7.12 (m, 1H), 6.20 (d, J = 13.7 Hz, 1H), 5.82 (d, J = 12.0 Hz,
1H), 4.92 (d, J = 13.6 Hz, 1H), 2.03 (s, 3H). 1*C NMR (150 MHz, CDCls): 6 170.7,
161.5,151.3,147.8,139.1,135.5, 134.6, 132.7, 130.7, 130.4, 129.8, 128.0, 127.3, 127.1,
127.0, 120.0, 108.0, 42.2, 23.6. HRMS (ESI) m/z calcd for Ci9H16N302 (M+H)" :
318.1237 found 318.1239.

(2)-5-Tosyl-5H-benzo[6,7][1,5]diazocino[2,1-b]quinazolin-13(15H)-one (3am). 1a
(85 mg, 0.5 mmol), 2m (255 mg, 0.6 mmol) ran for 28 h. Purification by column
chromatography (2/1, PE/EtOAc) afforded 3am. A white solid, 0.040 g, 18% yield; mp:
280-281 °C; 'H NMR (600 MHz, CDCls): § 8.15 (dd, J= 8.1, 1.5 Hz, 1H), 7.65 — 7.62
(m, 1H), 7.60 (dd, J= 7.7, 1.6 Hz, 1H), 7.50 — 7.48 (m, 4H), 7.40 — 7.36 (m, 3H), 7.34
—7.30 (m, 3H), 5.66 (d, J=11.5 Hz, 1H), 5.44 (d, J=13.8 Hz, 1H), 3.69 (d, J=13.9
Hz, 1H), 2.47 (s, 3H). 1*C NMR (150 MHz, DMSO-ds): 6 160.0, 150.6, 147.2, 145.5,
136.2,134.8, 134.6, 133.7,133.0, 130.8, 130.7, 130.6, 129.7, 129.6, 127.2, 127.1, 127.0,
126.4, 119.1, 41.2, 21.2. HRMS (ESI) m/z calcd for C24H20N303S (M+H)": 430.1220
found 430.1224.

S17



O

MeO /—g /
e \©\)J\N
N/)E<N‘Boc

Ph
3ta

(2)-Tert-butyl 11-methoxy-13-0x0-6-phenyl-13,15-dihydro-5H-benzo[6,7][1,5]dia-
zocino[2,1-b]quinazoline-5-carboxylate (3ta). 1t (47 mg, 0.17 mmol), 2a (58 mg,
0.20 mmol) ran for 1.5 h. Purification by column chromatography (1/1, PE/EtOAc)
afforded 3ta. A white solid, 0.068 g, 85% yield; mp: 200-201 °C; '"H NMR (400 MHz,
CDCl3): 6 7.71 — 7.59 (m, 4H), 7.53 — 7.29 (m, 8H), 7.28 — 7.22 (m, 1H), 5.60 (d, J =
12.2 Hz, 1H), 5.04 (d, J= 14.8 Hz, 1H), 3.88 (s, 3H), 1.14 (s, 9H). '*C NMR (100 MHz,
CDCIl3): 0 161.7, 158.6, 152.8, 150.3, 142.8, 141.9, 136.6, 134.7, 132.0, 130.6, 130.1,
129.0, 128.9, 127.3, 126.6, 124.7, 122.6, 122.2, 106.4, 81.8, 55.9, 48.5, 27.8. HRMS
(ESI) m/z calcd for C20H28N304 (M+H)": 482.2074, found 482.2077.

3ua
(2)-Tert-butyl 10-methoxy-13-0x0-6-phenyl-13,15-dihydro-5SH-benzo[6,7][1,5]dia-
zocino[2,1-b]quinazoline-5-carboxylate (3ua). 1u (47 mg, 0.17 mmol), 2a (58 mg,
0.20 mmol) ran for 1.5 h. Purification by column chromatography (1/1, PE/EtOAc)
afforded 3ua. A white solid, 0.065 g, 82% yield; mp: 211-212 °C; 'H NMR (400 MHz,
CDCl): ¢ 8.14 (d, J = 8.8 Hz, 1H), 7.69 — 7.61 (m, 2H), 7.52 — 7.21 (m, 8H), 7.15 —
6.93 (m, 2H), 5.60 (d, /J=14.4 Hz, 1H), 5.01 (d, J=12.0 Hz, 1H), 3.90 (s, 3H), 1.16 (s,
9H). 3C NMR (100 MHz, CDCl3): 6 164.7, 161.5, 153.1, 152.7, 149.6, 142.9, 134.7,
132.0, 130.6, 130.1, 129.1, 128.9, 128.6, 127.4, 126.7, 116.9, 115.0, 108.1, 81.7, 55.8,
48.3,27.8. HRMS (ESI) m/z calcd for C20H2sN304 (M+H)™: 482.2074, found 482.2078.

0]

)@&”
cl N/)E<N‘Boc

Ph
3va
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(2)-Tert-butyl 10-chloro-13-0x0-6-phenyl-13,15-dihydro-5H-benzo[6,7][1,5]diazo-
cineo[2,1-b]quinazoline-5-carboxylate (3va). 1v (56 mg, 0.2 mmol), 2a (68 mg, 0.24
mmol) ran for 1.5 h. Purification by column chromatography (1/1, PE/EtOAc) afforded
3va. A white solid, 0.081 g, 84% yield; mp: 213214 °C; '"H NMR (400 MHz, CDCl3):
08.17 (d, J= 8.5 Hz, 1H), 7.77 — 7.56 (m, 3H), 7.50 — 7.23 (m, 9H), 5.59 (d, J=15.2
Hz, 1H), 5.03 (d,J=15.6 Hz, 1H), 1.16 (s, 9H). *C NMR (100 MHz, CDCls): § 161.3,
153.7,152.7,148.4,143.3, 140.6, 134.4, 131.7, 130.6, 130.3, 129.1, 128.6, 127.7, 127.5,
126.7,122.4,119.8,81.9,48.5,27.8. HRMS (ESI) m/z calcd for C2sH25CIN3O3 (M+H) ™
486.1579, found 486.1586.

3. Synthesis of compound D-3aa.

(0] (0]
©\)LN K,CO3 (10 mol%) @ﬁLN
DMF, 50 °C N
N/)\\ HN~Boc N Boc

g

D,0 (10 equiv.)

4an 75% Da— (HID D(H)

I ~87%D

3aa, 98% yield
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4. Synthesis of compound 4aa.

O O
O ondO e CL
-~ BocHN CH3;CN/DMF, rt //\ NHBoc
N)\ "
AN N
1a 2a 4aa

To a stirred mixture of quinazolin-4(3H)-one 1a (340 mg, 2 mmol, 1.0 equiv.) and 2-
(bromomethyl)phenyl 2a (1140 mg, 4 mmol) in MeCN/DMF (1:10, 0.1 M), K2COs3
(552 mg, 2.0 equiv.) was added at 25 °C. The resulting mixture was stirred at 25 °C for
1.5 h. After completion indicated by TLC, the mixture was concentrated under reduced
pressure. The crude product was purified by silica gel column chromatography

(PE/EtOAc = 6/1) to afford compound 4aa (86% yield, 0.65 g).

O
o
N/)\\\HN\BOC
4aa

Tert-butyl (2-((2-ethynyl-4-oxoquinazolin-3(4H)-yl)methyl)phenyl)carbamate
(4aa). A white solid, 0.646 g, 86% yield; mp: 227-228 °C; '"H NMR (400 MHz, DMSO-
de): 69.02 (s, 1H), 8.15 (dd, J=8.0, 1.5 Hz, 1H), 7.91 — 7.87 (m, 1H), 7.73 (dd, J = 8.3,
1.1 Hz, 1H), 7.63 — 7.59 (m, 1H), 7.39 — 7.32 (m, 1H), 7.23 (td, J = 7.6, 1.5 Hz, 1H),
7.06 (td, J="7.6, 1.4 Hz, 1H), 6.80 (dd, /= 7.8, 1.5 Hz, 1H), 5.40 (s, 2H), 4.75 (s, 1H),
1.49 (s, 9H). 3C NMR (100 MHz, DMSO-ds): 6 160.4, 153.6, 147.0, 139.4, 135.8,
134.9, 130.2, 128.2, 127.3, 127.2, 126.4, 125.2, 125.1, 125.0, 121.3, 85.4, 79.1, 76.3,
45.3,28.1. HRMS (ESI) m/z calcd for C22H22N303 (M+H) " : 376.1656, found 376.1666.
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5. Ao-QMs intermediate detection by HRMS.

NHBoc  MeCN/DMF, rt NBoc
2a A

[M+H]*: 206.1176
found: 206.1172

K2CO3s and 2-(bromomethyl)phenyl (2a) were carried out with 1:1 ratio at rt for 10
min, then, the reaction mixture was directly detected by HRMS (ESI) and we found

azadiene. The HRMS(ESI) spectra of components were listed as below:

+EST Ff ( rt:c 3 417-3 816 min, 25 T Frag=1235 OV P-W-TE-2-10MIN. d

o

Al OnhY 2E 5815

wono

LN T VI I B o T s I T e )
— PR —" P —

DA 1440

0.4 ‘
I

¢;|| | Lo Ly L I|JL|II:J !.||I[_J.I

200 202 204 206 208 210 212 214 216 21%8 220 222 224 226 228 230 232
Counts va. B ( mdz)
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6. Preparations of compound 3aa by simple operations.

0O (0]
dNH . ©\/\Br K,CO3 (2.5 eq.) N ©\)J\N
N/)\ NH MeCN:DMF=1:10, 50 °C N@/N\Boc
1 Boc
a 2a 3aa

To a stirred mixture of 1a (0.3 mmol or 3.8 mmol, 1.0 equiv.) in DMF and MeCN
(V:V'=10:1), K2COs3 (2.5 equiv.) and 2a (1.2 equiv.) was added. The resulting mixture
was stirred at 50 °C for 2.5~3 h until compound la was completely consumed
(monitored by TLC). At this time, the reaction was quenched with water (8 or 30 mL)
and extracted with ethyl ether (30 mL). The combined organic layers were washed with
brine (20 mL), dried over Na>SOs4, and concentrated in vacuo. Recrystallization with
ethyl ether and PE to afford compound 3aa as a yellow solid. Product 3aa obtained

from this protocol showed a clean 'H NMR.

after 2.5 h
| —

extraction
(A)

recrystallization|

0.3 mmol of 1a adding water

. ¥
extraction =

B)

recrystallization

3.8 mmol of 1a adding water 3aa, 77% yield, 1.1 g
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7. Synthesis of compound 5.

le) (0]
@N K,COj (4 equiv.) dL N
N//K:/N\Boc MeOH, rt, 16 h N//Q/NH

76% yield

In a 25 mL reaction flask was charged with K2CO3 (147 mg, 4.0 equiv.), 3aa (100
mg, 0.27 mmol) and MeOH (4.0 mL). The mixture was stirred vigorously at 25 °C for
16 h until compound 3aa was completely consumed (monitored by TLC). At this time,
the mixture was concentrated under reduced pressure. The crude product was purified

by silica gel column chromatography (PE/EtOAc = 2/1 to 1/2) to afford compound 5.

(2)-5H-benzo[6,7][1,5]diazocino[2,1-b]quinazolin-13(15H)-one (5). 3aa (100 mg,
0.27 mmol) ran for 16 h. Purification by column chromatography (1/2, PE/EtOAc)
afforded 5. A yellow solid, 0.056 g, 76% yield; mp: 282—283 °C; 'H NMR (400 MHz,
CDCl3): 0 8.19 (dd, J=8.1, 1.6 Hz, 1H), 7.77 (dd, /= 7.6, 1.6 Hz, 1H), 7.65 — 7.61 (m,
1H), 7.54 — 7.49 (m, 1H), 7.36 — 7.32 (m, 1H), 7.20 (dd, J= 7.6, 1.6 Hz, 1H), 7.04 (dd,
J=1.5,1.2 Hz, 1H), 6.76 (dd, J = 8.0, 1.3 Hz, 1H), 6.37 (dd, J = 11.7, 7.9 Hz, 1H),
6.24 (s, 1H), 5.87 (d, J=13.7 Hz, 1H), 5.52 (d, J=13.7 Hz, 1H), 5.11 (d, J=11.7 Hz,
1H). *C NMR (100 MHz, CDCls): 6 162.1, 155.0, 140.7, 136.3, 134.4, 132.9, 129.8,
128.6, 126.9, 126.6, 125.9, 125.2, 121.1, 119.7, 94.6, 44.0. HRMS (ESI) m/z calcd for
C17H14N30 (M+H)™: 276.1131 found 276.1140.
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8. Synthesis of compounds 6 and 7.

\/O
Tf,0, Py
—_— Pd(PPh3),Cl,
DCM, 0 °C~rt Cul
96% TfO TEA, DMF, 90 °C, Ar (

78% yield 6}

Estrone S1 s2
\/O
Me o
0
acetone:H,0=1:1, rt. 1)TsOH THF, rt 6 .
90% yield 2)DDQ, 0 °C to rt
59% yield

NBoc Me
2
t BuOK (2.5 eq.)
DMF/MeCN, 80 °C S

Estrone (10 mmol, 1.0 equiv.) and pyridine (1.61 mL, 2.0 equiv.) was sequentially
dissolved in 40 mL of dry DCM. The resulting mixture was stirred at 25 °C for 0.5 h,
following by dropwise addition of T20 (2.02 mL, 1.2 equiv.) at 0 °C. After that, the
mixture was warmed to rt, and stirred overnight. When the reaction completed, 10%
HCl was added to the solution to quench the reaction, and then the mixture was
extracted with DCM. The organic layer was washed with saturated NaHCO3 and
saturated brine, dried over anhydrous NaxSOs, filtered and concentrated in vacuo. The
crude product was purified by silica gel column chromatography (PE/EtOAc = 10/1) to
afford compound S1 with 96% yield (3.80 g).

A mixture of S1 (1.81 g, 4.5 mmol), 3,3-diethoxyprop-1-yne (0.81 mL, 1.25 equiv.),
triethylamine (3.0 mL), and Pd(PPh3):Cl2 (316 mg, 0.1 equiv.), Cul (86 mg, 0.1 equiv.)
was dissolved in 15 mL of DMF and stirred at 90 °C for 16 h under argon gas. The
reaction mixture was diluted with water (150 mL) and extracted with EA (3x50 mL),
the combined organic layers were washed with brine for three times (3%30 mL), dried

by Na2SOu, filtered and concentrated in vacuo. The crude product was purified by silica
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gel column chromatography (PE/EtOAc = 10/1) to afford compound S2 with 78% yield
(1.30 g).

S2 (1.00 g, 2.71 mmol) was dissolved in mixed solvents (20 mL) of acetone and H20
(V:V=1:1), then 5% HCI (8 mL, 5.0 equiv.) was added to the solution, and the mixture
was allowed to react overnight at room temperature. Upon completion of the reaction,
acetone was removed under reduced pressure, after that the aqueous layer was extracted
with DCM (3%x20 mL), the combined organic layers were dried over anhydrous Na2SOx,
and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (PE/EtOAc = 10/1) to afford compound S3 with 90% yield (0.9 g).

To a stirred mixture of 2-aminobenzamide (75 mg, 0.55 mmol, 1.0 equiv.), anhydrous
magnesium sulfate (198 mg, 3.0 equiv.) in THF (0.2 M) was added p-toluene sulfonic
acid (29 mg, 0.3 equiv.) and S3 (167 mg, 0.55 mmol, 1.0 equiv.) at 25 °C under argon
gas. The resulting mixture was stirred at 25 °C for 2.5 h. After completion indicated by
TLC, 2,3-dicyano-5,6-dichlorobenzoquinone (DDQ, 150 mg, 1.2 equiv.) was added.
The resultant reaction mixture was stirred at room temperature for an additional 0.5 h
(monitored by TLC). The mixture was concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography (DCM/MeOH = 100/1) to
afford 6.

2-(((8R,9S,13S,14S)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-
6H-cyclopenta[a]phenanthren-3-yl)ethynyl)quinazolin-4(3H)-one (6). A white
solid, 0.136 g, 59% yield; mp: 299-300 °C; '"H NMR (600 MHz, Pyr-ds): 6 8.59 (dd, J
=17.9, 1.6 Hz, 1H), 7.97 (d, J= 8.0 Hz, 1H), 7.79 — 7.77 (m, 1H), 7.55 — 7.41 (m, 2H),
7.33 —7.23 (m, 2H), 2.75 (dd, J = 9.1, 4.3 Hz, 2H), 2.53 — 2.40 (m, 1H), 2.23 — 2.22
(m, 1H), 2.15-2.03 (m, 2H), 2.02 - 1.94 (m, 1H), 1.87 — 1.74 (m, 2H), 1.49 — 1.21 (m,
6H), 0.83 (s, 3H). *C NMR (150 MHz, Pyr-ds): 6 219.9, 162.9, 159.0, 143.7, 140.5,
138.2, 135.2, 133.7, 130.3, 128.6, 128.0, 127.3, 126.9, 118.4, 91.4, 84.5, 50.8, 48.4,
45.1, 38.2, 36.3, 32.5, 29.6, 26.7, 26.1, 22.1, 14.2. HRMS (ESI) m/z calcd for
C28H27N202 (M+H)™: 423.2067, found 423.2080.

In a 25 mL reaction flask was charged with ~-BuOK (50 mg, 2.5 eq.), 6 (76 mg, 0.18
mmol), 2a (62 mg, 1.2 eq.) and DMF (5.0 mL), MeCN (0.5 mL). The mixture was
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stirred vigorously at 80 °C for 3 h until compound 6 was completely consumed
(monitored by TLC). At this time, the reaction was quenched with water (20 mL) and
extracted with EtOAc (30 mL). The combined organic layers were washed with brine
(20 mL), dried over Na2SO4, and filtered. The solvent was removed under reduced
pressure and the crude product was purified by flash column chromatography

(PE/EtOAc = 1/6 to 1/1) to afford compound 7.

(2)-Tert-butyl 6-((8R,9S,13S,14S)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-de-
cahydro-6H-cyclopenta[a]phenanthren-3-yl)-13-0x0-13,15-dihydro-5H-

benzo[6,7][1,5]diazocino[2,1-b]quinazoline-5-carboxylate (7). A white solid, 0.088
g, 78% yield; mp: 189190 °C; 'H NMR (600 MHz, CDCl3): 6 8.24 (dt, J = 8.0, 1.1
Hz, 1H), 7.80 — 7.61 (m, 2H), 7.54 — 7.21 (m, 9H), 5.60 (d, J = 15.4 Hz, 1H), 5.03 (d,
J=15.4 Hz, 1H), 2.96 —2.91 (m, 2H), 2.51 (dd, J=19.1, 8.7 Hz, 1H), 2.43 — 2.40 (m,
1H), 2.31 — 2.27 (m, 1H), 2.18 — 2.11 (m, 1H), 2.09 — 2.01 (m, 2H), 1.98 — 1.95 (m,
1H), 1.68 (d, J=19.1 Hz, 1H), 1.65 — 1.57 (m, 2H), 1.55 — 1.42 (m, 4H), 1.30 — 1.04
(m, 9H), 0.90 (s, 3H). *C NMR (100 MHz, CDCl3): 6 220.8, 161.9, 152.8, 152.6, 147.4,
142.8,142.3,137.2,134.4,132.0, 130.6, 128.9, 127.3,127.2,127.0, 126.1, 124.0, 121.8,
121.3, 81.7, 50.5, 48.5, 48.0, 44.6, 38.0, 35.9, 31.6, 29.6, 27.8, 26.4, 25.7, 21.7, 13.9.
HRMS (ESI) m/z caled for C40Ha2N304 (M+H)™: 628.3170, found 628.3169.

9. Synthesis of 2-ethynylquinazolin-4(3H)-one 1.

1) TsOH, THF, rt.
sS4 2)DDQ, 0 °Cto rt. sil

0
Na:
T ST NH, /S|' R Y NH TBAF @\)LNH
1T | — " R
Z NH, ANy THROTCr RS N/)\
1
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2-aminobenzamides S4 was prepared according to literature method /.

General procedure C: To a stirred mixture of 2-aminobenzamide S4 (4.0 mmol, 1.0
equiv.), anhydrous magnesium sulfate (1440 mg, 3.0 equiv.) in THF (0.2 M) was added
p-toluene sulfonic acid (200 mg, 0.3 equiv.) and 3-(Trimethylsilyl)-2-propynal (4.0
mmol, 1.0 equiv.) at 25 °C under argon gas. The resulting mixture was stirred at 25 °C
for 1~12 h. After completion indicated by TLC, 2,3-dicyano-5,6-dichlorobenzo- -
quinone (DDQ, 1090 mg, 1.2 equiv.) was added. The resultant reaction mixture was
stirred at room temperature for an additional 0.5 h (monitored by TLC). The mixture
was concentrated under reduced pressure. The crude product was purified by silica gel
column chromatography (PE/EtOAc = 20/1 to 1/1) to afford SS.

To a solution of S5 (4.4 mmol) in THF (20 mL) at 0 °C was added slowly a solution
of Tetrabutylammonium fluoride (1 mol/L in THF) (4.8 mmol, 1.1 equiv.). The resulting
mixture was allowed to warm to room temperature and stirred for 1 h. Upon completion,
the reaction mixture was quenched by addition of an aqueous saturated solution of
NH4Cl (20 mL) and extracted with ethyl acetate (3x30 mL). The combined organic
layers were washed with brine (20 mL), dried over Na>SOs4 and filtered. The solvent
was removed under reduced pressure and the crude product was purified by flash

column chromatography (DCM/MeOH = 100/1 to 50/1) to afford 1a-1m and 1r-1s.

o) o)
= =0
S NH RZ/\ 10N NH
RS P _R'

/ ~

NH

sS4 NJ\F@
1

2 1) TsOH, THF, rt.
2) DDQ, 0 °C to rt.

General procedure D: To a stirred mixture of 2-aminobenzamide S4 (1.5 mmol, 1.0
equiv.), anhydrous magnesium sulfate (540 mg, 3.0 equiv.) in THF (0.2 M) was added
p-toluene sulfonic acid (80 mg, 0.3 equiv.) and 3-phenylpropiolaldehyde or
methylpropiolic aldehyde (1.5 mmol, 1.0 equiv.) at 25 °C under argon gas. The resulting
mixture was stirred at 25 °C for 1~12 h. After completion indicated by TLC, 2,3-
dicyano-5,6-dichlorobenzoquinone (DDQ, 410 mg, 1.2 equiv.) was added. The
resultant reaction mixture was stirred at room temperature for an additional 0.5 h

(monitored by TLC). The mixture was concentrated under reduced pressure. The crude
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product was purified by silica gel column chromatography (PE/EtOAc = 20/1 to 1/1)
to afford 1n-1q, 1t-1v.

2-Ethynylquinazolin-4(3H)-one (1a). Purification by flash column chromatography
(1/100 to 1/50, MeOH/DCM) to afford 1a. A white solid, 0.491 g, 81% yield; mp:
222.7-223.6 °C; 'TH NMR (400 MHz, DMSO-dé): 6§ 12.86 (s, 1H), 8.14 — 8.07 (m, 1H),
7.82 (t,J=17.7Hz, 1H), 7.65 (d, J= 8.1 Hz, 1H), 7.54 (t, J= 7.5 Hz, 1H), 4.71 (s, 1H).
BC NMR (100 MHz, DMSO-ds): 6 161.0, 148.2, 137.7, 134.7, 127.7, 127.3, 125.9,
122.3, 82.5, 77.1. HRMS (ESI) m/z calcd for Cio0H7/N20 (M+H)": 171.0553, found
171.0560.

Cl

@)

N

g

1b

5-Chloro-2-ethynylquinazolin-4(3H)-one (1b). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1b. A grey solid, 0.170 g, 81%
yield; mp: 251-252 °C; '"H NMR (400 MHz, DMSO-ds): § 12.89 (s, 1H), 7.72 (t, J =
8.0 Hz, 1H), 7.55 (dd, J = 8.0, 1.2 Hz, 2H), 4.75 (s, 1H). *C NMR (100 MHz, DMSO-
de): 0 159.3, 150.8, 138.6, 134.4, 132.5, 129.9, 126.9, 119.3, 83.2, 76.7. HRMS (ESI)
m/z calcd for C1oHsCIN20 (M+H)": 205.0163, found 205.0167.

2-Ethynyl-6-methoxyquinazolin-4(3H)-one (1c). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1c. A grey solid, 0.122 g, 28%
yield; mp: 233-234 °C; '"H NMR (400 MHz, DMSO-ds): 6 12.79 (s, 1H), 7.61 (d, J =
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8.9 Hz, 1H), 7.49 (d, J= 2.9 Hz, 1H), 7.42 (dd, J = 8.9, 3.0 Hz, 1H), 4.65 (s, 1H), 3.87
(s, 3H). *C NMR (100 MHz, DMSO-ds): 6 160.7, 158.5, 142.6, 135.3, 129.1, 124.0,
123.3, 106.0, 82.0, 77.1, 55.7. HRMS (ESI) m/z calcd for C11HoN202 (M+H)":

0
Me NH

/)\

N

1d

201.0659, found 201.0662.

2-Ethynyl-6-methylquinazolin-4(3H)-one (1d). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1d. A yellow solid, 0.360 g,
66% yield; mp: 243-244 °C; 'H NMR (400 MHz, DMSO-ds): 6 12.75 (s, 1H), 7.92 —
7.86 (m, 1H), 7.63 (dd, J= 8.4, 2.1 Hz, 1H), 7.54 (d, /= 8.3 Hz, 1H), 4.68 (s, 1H), 2.43
(s, 3H). 3C NMR (100 MHz, DMSO-ds): 6 160.8, 146.2, 137.6, 136.8, 135.9, 127.2,
125.3,122.0,82.2,77.1,20.9. HRMS (ESI) m/z calcd for C11HoN20 (M+H)": 185.0709,
found 185.0709.

6-Bromo-2-ethynylquinazolin-4(3H)-one (1e). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1e. A white solid, 0.248 g, 86%
yield; mp: 220-221 °C; '"H NMR (400 MHz, DMSO-ds): J 13.03 (s, 1H), 8.16 (d, J =
2.4 Hz, 1H), 7.96 (dd, J = 8.7, 2.4 Hz, 1H), 7.59 (d, J = 8.7 Hz, 1H), 4.77 (s, 1H). 1*C
NMR (100 MHz, DMSO-ds): 6 159.9, 147.2, 138.1, 137.5, 129.6, 128.0, 123.9, 120.2,
83.1,76.9. HRMS (ESI) m/z calcd for C1o0HsBrN20 (M+H)": 248.9658, found 248.9663.
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2-Ethynyl-6-iodoquinazolin-4(3H)-one (1f). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1f. A yellow solid, 0.340 g, 93%
yield; mp: 242-243 °C; 'H NMR (400 MHz, DMSO-ds): 6 13.00 (s, 1H), 8.35 (d, J =
2.1 Hz, 1H), 8.10 (dd, J = 8.5, 2.1 Hz, 1H), 7.43 (d, /= 8.5 Hz, 1H), 4.76 (s, 1H). 13C
NMR (100 MHz, DMSO-ds): 0 159.7, 147.5, 143.0, 138.1, 134.2, 129.4, 124.0, 93.1,
83.1, 77.0. HRMS (ESI) m/z calcd for C1o0HsIN20 (M+H)": 296.9519, found 296.9527.

19
2-Ethynyl-7-methoxyquinazolin-4(3H)-one (1g). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1g. A white solid, 0.376 g, 95%
yield; mp: 246-247 °C; '"H NMR (400 MHz, DMSO-ds): 6 12.72 (s, 1H), 8.02 — 7.97
(m, 1H), 7.13 — 7.09 (m, 2H), 4.70 (s, 1H), 3.88 (s, 3H). 3*C NMR (100 MHz, DMSO-
de): 0 164.1, 160.5, 150.5, 138.2, 127.5, 117.0, 115.7, 108.6, 82.4, 77.0, 55.8. HRMS
(ESI) m/z calcd for C11HeN202 (M+H)™: 201.0659, found 201.0664.

1h

7-Chloro-2-ethynylquinazolin-4(3H)-one (1h). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1h. A white solid, 0.140 g, 74%
yield; mp: 281-282 °C; 'H NMR (400 MHz, DMSO-ds): 6 13.00 (s, 1H), 8.08 (d, J =
8.6 Hz, 1H), 7.71 (d, J= 2.1 Hz, 1H), 7.56 (dd, J = 8.5, 2.1 Hz, 1H), 4.78 (s, 1H). 1*C
NMR (100 MHz, DMSO-ds): 0 160.4, 149.3, 139.2, 139.0, 127.9, 127.8, 126.5, 121.1,
83.3, 76.8. HRMS (ESI) m/z calcd for C1o0HsCIN20 (M+H)"™: 205.0163, found 205.0165.
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7-Bromo-2-ethynylquinazolin-4(3H)-one (1i). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1i. A yellow solid, 0.385 g, 95%
yield; mp: 251-252 °C; 'H NMR (400 MHz, DMSO-ds): 6 13.00 (s, 1H), 7.99 (d, J =
8.5 Hz, 1H), 7.86 (d, J= 1.9 Hz, 1H), 7.69 (dd, J = 8.5, 2.0 Hz, 1H), 4.78 (s, 1H). 1*C
NMR (100 MHz, DMSO-ds): 0 160.6, 149.4, 138.9, 130.5, 129.5, 128.2, 127.9, 121.4,
83.3,76.8. HRMS (ESI) m/z calcd for C10HeBrN20 (M+H)": 248.9658, found 248.9665.

@”“
~
F N/\\

X

2-Ethynyl-7-fluoroquinazolin-4(3H)-one (1j). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1j. A white solid, 0.186 g, 99%
yield; mp: 224-225 °C; 'H NMR (400 MHz, DMSO-ds): 6 12.96 (s, 1H), 8.15 (dd, J =
8.8, 6.2 Hz, 1H), 7.48 — 7.37 (m, 2H), 4.77 (s, 1H). *C NMR (100 MHz, DMSO-ds): &
165.7 (J=249.8 Hz), 160.3, 150.4 (d,J=13.1 Hz), 139.0, 129.0 (d, /= 10.8 Hz), 119.3
(d, J=1.9 Hz), 116.1 (d, J = 23.6 Hz), 112.5 (d, J = 21.8 Hz), 83.2, 76.8. ’F NMR
(375 MHz, DMSO-ds): 6 —104.0. HRMS (ESI) m/z calcd for Ci1oHeéFN20O (M+H)":

d““
~
FsC N)\\

A

189.0459, found 189.0464.

1k

2-Ethynyl-7-(trifluoromethyl)quinazolin-4(3H)-one (1k). Purification by flash
column chromatography (1/100 to 1/50, MeOH/DCM) to afford 1k. A white solid,
0.251 g, 80% yield; mp: 222-223 °C; 'H NMR (400 MHz, DMSO-ds): § 13.16 (s, 1H),
7.98 —7.97 (m, 1H), 7.98 (dt, J = 1.6, 0.8 Hz, 1H), 7.87 — 7.80 (m, 1H), 4.82 (s, 1H).
3C NMR (100 MHz, DMSO-ds): 6 160.3, 148.4, 139.2, 134.2 (q, J = 32.1 Hz), 127.7,
125.2,124.5 (q,J=34.0 Hz), 123.4 (q, J=271.4 Hz), 123.3 (q,J= 3.5 Hz), 83.6, 76.8.
YF NMR (375 MHz, DMSO-ds): 6 —61.7. HRMS (ESI) m/z calcd for C11HsF3N20
(M+H)": 239.0427, found 239.0433.
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2-Ethynyl-8-methoxyquinazolin-4(3H)-one (1l). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 11. A white solid, 0.200 g, 50%
yield; mp: 230-231 °C; '"H NMR (400 MHz, DMSO-ds): 6 12.85 (s, 1H), 7.69 — 7.60
(m, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.40 — 7.31 (m, 1H), 4.68 (s, 1H), 3.89 (s, 3H). 1*C
NMR (100 MHz, DMSO-ds): 0 160.9, 154.4, 138.6, 136.1, 128.1, 123.3, 116.8, 115.2,
82.2, 77.3, 56.0. HRMS (ESI) m/z caled for Ci11HoN202 (M+H)™: 201.0659, found
201.0660.

8-Chloro-2-ethynylquinazolin-4(3H)-one (1m). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1m. A white solid, 0.201 g, 86%
yield; mp: 256257 °C; 'H NMR (400 MHz, DMSO-ds): 6 13.10 (s, 1H), 8.05 (dd, J =
7.9, 1.5 Hz, 1H), 7.96 (dd, J= 7.8, 1.5 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 4.81 (s, 1H).
3C NMR (100 MHz, DMSO-ds): § 160.5, 144.8, 138.4, 134.8, 130.8, 127.9, 125.0,
124.1, 83.6, 77.0. HRMS (ESI) m/z calcd for C1o0HsCIN20 (M+H)": 205.0163, found
205.0167.

2-(Phenylethynyl)quinazolin-4(3H)-one (In). Purification by flash column
chromatography (1/20 to 1/1, EtOAc/PE) to afford 1n. A white solid, 0.493 g, 50%
yield; mp: 211-212 °C; 'H NMR (400 MHz, DMSO-ds): 6 12.91 (s, 1H), 8.13 (dd, J =
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7.9, 1.5 Hz, 1H), 7.86 — 7.82 (m, 1H), 7.73 — 7.65 (m, 3H), 7.58 — 7.48 (m, 4H). 3C
NMR (100 MHz, CDCL): 6 163.3, 149.2, 138.4, 135.1, 132.8, 130.5, 128.7, 128.0,
127.7,126.5, 121.8, 120.4, 92.3, 82.6. HRMS (ESI) m/z calcd for CisHiiN20 (M+H)':
247.0866, found 247.0867.

OMe
10

2-((4-Methoxyphenyl)ethynyl)quinazolin-4(3H)-one (10). Purification by flash
column chromatography (1/20 to 1/1, EtOAc/PE) to afford 1eo. A white solid, 0.286 g,
52% yield; mp: 279-280 °C; 'H NMR (400 MHz, DMSO-ds): 6 12.81 (s, 1H), 8.11 (dd,
J=28.0, 1.5 Hz, 1H), 7.84 — 7.80 (m, 1H), 7.70 — 7.61 (m, 3H), 7.55 — 7.51 (m, 1H),
7.09 — 7.02 (m, 2H), 3.82 (s, 3H). *C NMR (100 MHz, DMSO-ds): § 161.1, 161.0,
148.7, 138.7, 134.6, 134.1, 127.2, 125.9, 121.9, 114.8, 111.5, 91.0, 82.3, 55.5. HRMS
(ESI) m/z calcd for C17H13N202 (M+H)": 277.0972, found 277.0975.

O

NH
—
N %

1p

CF;

2-((4-(Trifluoromethyl)phenyl)ethynyl)quinazolin-4(3H)-one (1p). Purification
by flash column chromatography (1/20 to 1/1, EtOAc/PE) to afford 1p. A white solid,
0.475 g, 50% yield; mp: 256-257 °C; '"H NMR (400 MHz, Pyr-ds): § 8.57 (d, J= 7.9
Hz, 1H), 7.95 (d, J= 8.0 Hz, 1H), 7.81 — 7.74 (m, 1H), 7.66 (d, J= 2.5 Hz, 4H), 7.51
(t, J=7.6 Hz, 1H). >*C NMR (100 MHz, Pyr-ds): 6 162.7, 139.7, 135.2, 135.1, 133.5,
131.7 (q, J = 32.4 Hz), 129.6, 128.9, 128.7, 128.3, 127.3, 127.2, 126.5 (q, J = 238.4
Hz), 126.4 (q, J = 3.7 Hz), 126.1, 88.5, 86.7. ’F NMR (375 MHz, Pyr-ds): 6 —61.03.
HRMS (ESI) m/z caled for C17H10F3sN20 (M+H)": 315.0740, found 315.0747.
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1q
2-(Prop-1-yn-1-yl)quinazolin-4(3H)-one (1q). Purification by flash column
chromatography (1/100 to 1/50, MeOH/DCM) to afford 1q. A white solid, 0.372 g, 20%
yield; mp: 197-198 °C; 'H NMR (600 MHz, DMSO-ds): J 12.66 (s, 1H), 8.08 (dd, J =
7.9, 1.5 Hz, 1H), 7.81 - 7.78 (m, 1H), 7.60 (d, J= 8.1 Hz, 1H), 7.50 (t, /= 7.5 Hz, 1H),
2.13 (s, 3H). *C NMR (150 MHz, DMSO-de): 6 161.1, 148.6, 138.5, 134.6, 127.2,
127.1, 125.9, 121.9, 89.9, 74.3, 3.8. HRMS (ESI) m/z calcd for C1iHoN20 (M+H)™:

(0]
= NH
/)\
N %
1r

2-ethynyl-6-(2-methylprop-1-en-1-yl)quinazolin-4(3H)-one (1r). Purification by

185.0709 , found 185.0707.

flash column chromatography (1/100 to 1/50, MeOH/DCM) to afford 1r. A white solid,
0.130 g, 88% yield; mp: 192.6-193 °C; 'H NMR (400 MHz, DMSO-ds): 5 12.83 (s,
1H), 7.91 (d, J=2.1 Hz, 1H), 7.69-7.66 (m, 1H), 7.60 (d, J= 8.4 Hz, 1H), 6.38 (s, 1H),
4.71 (s, 1H), 1.91 (d, J = 1.5 Hz, 3H), 1.88 (d, J = 1.4 Hz, 3H). '*C NMR (100 MHz,
DMSO-ds): 6 160.9, 146.3, 137.4, 137.0, 135.1, 127.2, 124.7, 123.8, 122.1, 82.5, 77.1,
26.9, 19.4. HRMS (ESI) m/z calcd for C14H13N20 (M+H) " : 225.1022, found 225.1024. #

(0]
(0] NH
)J\ N/)\
(0] %
1s

2-ethynyl-4-o0x0-3,4-dihydroquinazolin-7-yl acetate (1s). Purification by flash
column chromatography (1/100 to 1/20, MeOH/DCM) to afford 1s. A white solid,
0.242 g, 84% yield; mp: 206.4-207.3 °C; 'H NMR (400 MHz, DMSO-ds):  12.93 (s,
1H), 8.13 (d, /= 8.6 Hz, 1H), 7.41 (d, J=2.3 Hz, 1H), 7.33 (dd, /= 8.7, 2.3 Hz, 1H),
4.76 (s, 1H), 2.32 (s, 3H). 1*C NMR (100 MHz, DMSO-ds): 6 168.8, 160.5, 155.1, 149.5,
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138.5, 127.6, 122.2, 120.1, 119.5, 83.0, 76.9, 21.0. HRMS (ESI) m/z calcd for

C12HoN203 (M+H)™ : 229.0608, found 229.0609.
O

M
eO\@\)J\NH
~
N

1t

A

6-Methoxy-2-(phenylethynyl)quinazolin-4(3H)-one (1t). Purification by flash
column chromatography (1/20 to 1/1, EtOAc/PE) to afford 1t. A white solid, 0.186 g,
34% yield; mp: 265-266 °C; 'H NMR (400 MHz, DMSO-ds): 6 12.84 (s, 1H), 7.70 —
7.62 (m, 3H), 7.57 — 7.47 (m, 4H), 7.44 (dd, J = 8.9, 3.0 Hz, 1H), 3.88 (s, 3H). *C
NMR (100 MHz, DMSO-ds): 6 160.8, 158.4, 143.0, 136.1, 132.2, 130.5, 129.1, 129.0,
124.0, 123.0, 120.0, 106.1, 89.6, 83.1, 55.7. HRMS (ESI) m/z calcd for Ci7Hi13N202

(M+H)*: 277.0972, found 277.0974.
O

~
MeO N

1u

A

7-Methoxy-2-(phenylethynyl)quinazolin-4(3H)-one (1u). Purification by flash
column chromatography (1/20 to 1/1, EtOAc/PE) to afford 1u. A white solid, 0.142 g,
26% yield; mp: 288-289 °C; '"H NMR (400 MHz, DMSO-ds): § 12.76 (s, 1H), 8.02 (d,
J=28.6 Hz, 1H), 7.71 — 7.65 (m, 2H), 7.56 — 7.48 (m, 3H), 7.15 - 7.09 (m, 2H), 3.89 (s,
3H). *C NMR (100 MHz, DMSO-ds): § 164.1, 160.6, 150.7, 139.0, 132.3, 130.7, 129.1,
127.5, 119.8, 116.8, 115.4, 108.6, 90.0, 83.0, 55.8. HRMS (ESI) m/z calcd for
C17H13N202 (M+H)": 277.0972, found 277.0979.
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7-Chloro-2-(phenylethynyl)quinazolin-4(3H)-one (1v). Purification by flash
column chromatography (1/20 to 1/1, EtOAc/PE) to afford 1v. A white solid, 0.550 g,
98% yield; mp: 241-242 °C; '"H NMR (400 MHz, DMSO-ds): 6 13.04 (s, 1H), 8.10 (d,
J=8.5Hz, 1H), 7.79 — 7.65 (m, 3H), 7.59 — 7.48 (m, 4H). 3*C NMR (100 MHz, DMSO-
de): 0 160.5, 149.7, 139.8, 139.2, 132.4, 130.8, 129.1, 128.0, 127.6, 126.4, 120.9, 119.6,
90.9, 82.9. HRMS (ESI) m/z caled for CisH10CIN2O (M+H)™: 281.0476, found
281.0478.

10. Biological activity studies of compounds 3, 5, and 7.

Cell Culture: Murine monocyte-macrophage RAW264.7 cells maintained in
DMEM (Giboc, USA) incubated at 37 °C in a humidified atmosphere containing 5%
CO2. Mouse peritoneal macrophages purchased from Procell Life Science &
Technology Co., Ltd.

Cell Viability assay: Cell cytotoxicity was evaluated by MTT. The MTT solution
was added into each well and after incubation at 37 °C for 4 h, the culture media
containing MTT were removed, and then DMSO was added into each well and the
absorbance at 570 nm was measured by a microplate reader.”!

Assay for NO production: NO production was quantified by nitrite accumulation
in the culture medium using the Griess reaction. Briefly, Raw264.7 cells were
pretreated with compounds for 1 h, and then stimulated with or without LPS (1 mg/mL)
for 24 h. The isolated supernatants were mixed with an equal volume of Griess reagent
(Beyotime Biotechnology, China). NaNO: was used to generate a standard curve, and
nitrite production was determined by measuring the optical density at 540 nm by a

microplate reader.!
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Table S1. The effects of the target compounds on the cell viability of RAW264.7 at the

concentration of 25 uM. (the MTT assay).

Cell survival (% of Cell survival (% of
Compounds Compounds
normal) normal)
3aa 68.00+4.34 3al 73.334+8.96
3ab 108.33+5.13 3da 98.67+2.52
3ac 94.00+7.00 3fa 95.00+6.56
3ad 104.00+2.64 3ia 74.00+4.58
3ae 104.33+8.08 3ka 85.67+2.08
3af 96.76+6.11 3o0a 123.67+6.11
3ag 92.33+6.03 5 87+6.08
3ai 54.00+9.16 7 117.67+11.06
3aj 57.33+£12.05 Indometacin 93.67+0.57
MTT
1501
S
= 100+
2
£
7
— 50"‘
@
o
0-
o o o o3% 03 D o o o 8P P P P, P © «\,06\‘\
)
Compounds concentration 25 uM (\bo‘o
N

Table S2. The Effect of the compounds 3ab, 3ac, 3ad, 3ae, 3af, 3ag, 3da, 3fa, 3ia,
3ka, 30a, 5, 7 on the inhibition of NO produced by RAW264.7 cell induced by LPS. In

the 25 uM compound concentration, LPS concentration 1 pg/mL.

Concentration of NO Concentration of NO

Compounds Compounds
(umol/L) (umol/L)
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con 1.20+0.79 3da 4.20+1.69
LPS 17.56+0.98 3fa 12.38+1.32
3ab 3.56+0.46 3ia 12.35+1.48
3ac 5.10+0.53 3ka 16.92+2.27
3ad 7.71£1.06 3o0a 3.73+0.27
3ae 1.44+0.41 5 6.87+0.79
3af 2.5+1.29 7 7.99+0.84
3ag 3.36+£0.54 Indometacin 12.18+1.55
NO

Relative amount of cytokines
(compared to LPS%)

The concentration-dependently suppressed LPS-induced NO generation of 3ab,

251

20+

154

10+

54

0-

o S . g
o°° \3"9'5,50%0 .-._;bba;b"‘ P 'b’bgfbgb A2 3, ,,31-"’,50'* 9 A &

Compounds concentration 25 uM
LPS 1 pg/mL

x2
(2
&

bo

Y

3ae, 3af, 3ag, and 3oa, are shown in table S3, S4, S5, S6 and S7, respectively.

Table S3. The concentration-dependently suppressed LPS-induced NO generation of

the compound 3ab.

3ab (umol/L)

Concentration of NO (pumol/L)

S38
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15 5.44+0.32
25 1.89+0.68

Table S4. The concentration-dependently suppressed LPS-induced NO generation of

the compound 3ae.

3ae (umol/L) Concentration of NO (pmol/L)
0 15.85+0.82
5 10.63+0.88
15 5.22+0.15
25 2.31+0.16

Table S5. The concentration-dependently suppressed LPS-induced NO generation of

the compound 3af.

3af (umol/L) Concentration of NO (pumol/L)
0 15.85+0.82
5 9.06+0.56
15 3.64+0.02
25 1.78+0.23

Table S6. The concentration-dependently suppressed LPS-induced NO generation of

the compound 3ag.

3ag (umol/L) Concentration of NO (pumol/L)
0 15.85+0.82
5 11.22+0.26
15 8.50+0.76
25 5.12+1.58

Table S7. The concentration-dependently suppressed LPS-induced NO generation of

the compound 3oa.

3o0a (umol/L) Concentration of NO (pumol/L)
0 15.85+0.82
5 10.39+0.84

15 5.89+0.03
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25 3.37+0.34

NO

N
o
1

-
[3,]
1

NO concentation (uM)
@ 3

o
1

3ab 3ae 3af 3ag 3oa

LPS 1 pg/mL

11. X-ray structure of compound 3na

Figure S1: ORTEP diagram of 3na at 50% ellipsoid probability

Table S8. Crystal data and structure refinement details for compound 3na.

Compound 3na
Empirical formula C28H25N303
Formula weight 451.51
Crystal system monoclinic
Space group C2/c

a(A) 15.5445(2)
b (A) 9.50890(10)
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c(A) 31.2275(3)

a (°) 90

£ ) 91.2180(10)

7 (®) 90

V(A3 4614.73(9)

Z 8

Ppealc (g/cm?) 1.300

i (mm™) 0.687

F (000) 1904.0

Radiation CuKa (4 =1.54184)

26 range for data collection (°) 5.662—-151.118
Reflections collected 16222

Independent reflections 4600 [Rint = 0.0280, Rsigma = 0.0242]
Data/restraints/parameters 4600/0/310
Goodness-of-fit on F? 1.073

Final R indexes [/ >= 20(])] R1=10.0445, wR>=0.1149
Final R indexes [all data] R1=0.0472, wR>=0.1169
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13. NMR spectra for compounds 3, 4, 5, 6, 7, and 1.
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