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1. General methods

Unless noted, all commercial reagents were used without further purification. DCE is
dried in calcium hydride and re-evaporated for use. THF and toluene are dried in
sodium wire and re-evaporated for use. DMSO and DMF are re-evaporated for use.
Reactions were monitored by thin layer chromatography. Purification of reaction
products was carried out by flash chromatography on silica gel (200~300 mesh). H
NMR spectra were recorded at 500 MHz or 600 MHz, 2*C NMR spectra were recorded
at 125 MHz or 150 MHz, and in CDCls or d®-DMSO (containing 0.03% TMS) solutions.
H NMR spectra were recorded with tetramethylsilane (6= 0.00 ppm) as internal
reference; 3C NMR spectra were recorded with CDCl3 (5= 77.00 ppm) or d®-DMSO
(6 =39.52 ppm) as internal reference. High-resolution mass spectra were performed on
a mass spectrometer with a TOF (for EI or ESI) or FT-ICR (for MALDI) analyzer.
Single crystal X-ray diffraction data was collected on a XtaLAB AFC11 (RCD3):

quarter-chi single diffractometer with molybdenum cathodes.

The crystal preparation and measurement methods of 2a as follows: Place 60.0 mg of
2a in a 50 ml round bottom flask, dissolve 2a with 4 mL of dichloromethane, then add
20 mL of petroleum ether and shake well, seal the flask with a sealing film, pierce a
few holes, and let it stand still at room temperature until crystals precipitate out. The
crystal was carefully picked out from the solvent with a spatula, and observed under a

microscope to confirm that it was transparent for single crystal X-ray diffraction.
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2. Synthesis of starting materials

2.1 General Procedure for the Preparation of Ynones 1.

0 0 OH
R3-NH K,CO 1 _BuLi
R2- H . > 2wV3 R2- H . //R n-BulLi ) S
4 3 z R N 1
F R* DMF n-R N,, -78 °C-RT. N-R° R
\\R“ \\R“
A B c D E
o]
3
DMSO,air NRR
1 LR4

Potassium carbonate (12.0 mmol, 1.2 equiv,1.658 g) and amines B (12.0 mmol,
1.2 equiv) were added to a solution of the required o-fluorobenzaldehydes A (10.0
mmol, 1.0 equiv) in dimethylformamide (20 mL). The reaction mixture was heated to
reflux for 3—6 h and then left to cool down to room temperature before being diluted
with water. The aqueous layer was extracted with chloroform, and the organic layer
was washed with water, dried over anhydrous MgSQOs, and evaporated in vacuo. The
resulting oil was then eluted with 5% EtOAc in petrol through a silica plug to give the
desired o-aminobenzaldehydes C.! To a solution of C (3.0 mmol, 1.0 equiv) in
anhydrous THF (10 mL) was added n-BuLi (2.5 M in hexane, 3.6 mmol, 1.2 equiv) at
-78 T under N2 atmosphere. The reaction was stirred at -78 <C for 1 h. D (3.9 mmol,
1.3 equiv) was added to the mixture, which was warmed up to room temperature
gradually, and was stirred for an additional hour before being quenched with aqueous
NH4Cl. After extracting with ethyl acetate (3 <20 mL), combined organic phases was
washed with water and brine, dried over anhydrous MgSOa4. After filtration of MgSQa,
the filtrate was concentrated under reduced pressure to give the desired alcohol E.
Without purification, E was added to a solution of IBX (3.6 mmol, 1.2 equiv, 1.008 g)
in DMSO (10 mL) and the solution was heated to 35 <C (oil bath). for 1 h. The cooled
reaction mixture was diluted with EtOAc (70 mL) and water (20 mL) and stirred
vigorously for 10 min. Then it was filtered over celite. The organic layer was separated
and the aqueous phase was extracted with DCM (3x10 mL). The combined extracts

were sequentially washed with ag. sat. NaHCO3 (10 mL) and NaCl solutions (10 mL),
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dried (Na:SOs) and evaporated in vacuo. The residue was subject to flash
chromatography on silica gel (petroleum ether/ethyl acetate, 20:1) to afford pure

alkynones 1.

2.2 General procedure for the synthesis of deuterated 1-(2-(pyrrolidin-1-yl-
2,2,5,5-d4)phenyl)-3-(o-tolyl)prop-2-yn-1-one [D]-1d.

O
H ., KaCO H
© N _uian, — @%+p
§f> -

THF 0 °C RT.

n- BuL| D
Ny, -78 °C RT DMSO,air

[D]-1d

To a solution of pyrrolidine-2,5-dione (3.6 mmol, 357.0 mg) in THF (15 mL) was
added LiAID4 (18 mmol, 756.0 mg) in portions in ice bath (0 <C). After stirring at 40 T
in oil bath for 12 h, Na>SO4 10H.0 was added until no bubbles appeared. Then DMF
(15 mL), K2CO3z (4.5 mmol, 622.0 mg), and 2-fluorobenzaldehyde (3 mmol, 372.0 mg)
were added in sequence. The mixture was heated to 120 <T in oil bath and monitored
by TLC. After the consumption of 2-fluorobenzaldehyde, the mixture was cooled to
room temperature and diluted with water (40 mL), and extracted with EtOAc (3 x 30
mL). The combined extracts were washed with brine (3 x 30 mL), dried by anhydrous
Na>SO0s, filtered, and concentrated under reduced pressure and the residue was purified
by flash column chromatography (eluent: EtOAc: petroleum ether, 1:20) to afford the
deuterated substrate H as colorless oil in 76% yield (408 mg). To a solution of H (2.5
mmol, 1.0 equiv, 447.8 mg) in anhydrous THF (10 mL) was added n-BuLi (2.5 M in
hexane, 3.0 mmol, 1.2 equiv) at -78 <T under N2 atmosphere. The reaction was stirred
at-78 <C for 1 h. 1 (3.25 mmol, 1.3 equiv, 377.2 mg) was added to the mixture, which
was warmed up to room temperature gradually, and was stirred for an additional hour

before being quenched with aqueous NH4Cl. After extracting with ethyl acetate (3 <20

S5



mL), combined organic phases was washed with water and brine, dried over anhydrous
MgSOas. After filtration of MgSOQg, the filtrate was concentrated under reduced pressure
to give the desired alcohol J. Without purification, J was added to a solution of IBX
(3.0 mmol, 1.2 equiv, 840.0 g) in DMSO (10 mL) and the solution was heated to 35 C
(oil bath). for 1 h. The cooled reaction mixture was diluted with EtOAc (70 mL) and
water (20 mL) and stirred vigorously for 10 min. Then it was filtered over celite. The
organic layer was separated and the aqueous phase was extracted with DCM (3x10 mL).
The combined extracts were sequentially washed with ag. sat. NaHCO3 (10 mL) and
NaCl solutions (10 mL), dried (Na2SO4) and evaporated in vacuo. The residue was
subject to flash chromatography on silica gel (petroleum ether/ethyl acetate, 20:1) to

afford pure alkynones [D]-1d. as yellow oil in 55% yield (403.2 mg).

@)

LS
v T
1a

3-phenyl-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (1a). Yellow solid, purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield: 50%, 412.70
mg, m.p. 71-73 °C. '"H NMR (500 MHz, CDCl3) & 8.20-8.15 (m, 1H), 7.67-7.60 (m,
2H), 7.50-7.35 (m, 4H), 6.89-6.83 (m, 1H), 6.86 (d, /= 8.0 Hz, 1H), 3.24-3.19 (m, 4H),
2.02-1.95 (m, 4H). *C NMR (125 MHz, CDCl3) § 176.6, 148.3, 133.4, 133.2, 132.8,
130.2, 128.5, 123.8, 120.7, 115.2, 114.3, 90.8, 88.7, 52.0, 25.9. HRMS (ESI) m/z:

[M+H]" caled for C19HisNO: 276.1383, found 276.1385.
O

IS
v 1
1b

1-(2-(pyrrolidin-1-yl)phenyl)-3-(p-tolyl)prop-2-yn-1-one (1b). Yellow solid, purified
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by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield: 75%,
648.0 mg, m.p. 119-121 °C. 'H NMR (500 MHz, CDCls) § 8.18-8.14 (m, 1H), 7.53 (d,
J=8.0 Hz, 2H), 7.41-7.36 (m, 1H), 7.20 (d, /=8.0 Hz, 2H), 6.85 (d, /=8.0 Hz, 1H),6.81-
6.76 (m, 1H), 3.24-3.19 (m, 4H), 2.39 (s, 3H), 2.00-1.95 (m,4H). 3C NMR (125 MHz,
CDCl) 6 176.9, 148.3, 140.8, 133.3, 133.2, 132.9, 129.3, 124.0, 117.6, 115.1, 114.3,
91.4, 88.5, 52.0, 25.9, 21.7. HRMS (ESI) m/z: [M+H]" calcd for C20H20NO 290.1539,

found 290.1539.
O

U
v 1
1c

1-(2-(pyrrolidin-1-yl)phenyl)-3-(m-tolyl)prop-2-yn-1-one (2¢). Yellow solid, purified
by chromatography on silica gel (petroleum ether/ethyl acetate =20:1); yield: 48%,
416.0 mg, m.p. 115-117 °C. '"H NMR (500 MHz, CDCl3) § 8.20-8.14 (m, 1H), 7.47-
7.43 (m, 2H), 7.42-7.35 (m 1H), 7.32-7.22 (m, 2H), 6.85(d, J =8.5 Hz, 1H), 6.81-6.75
(m, 1H), 3.24-3.18 (m, 4H), 2.37(s, 3H), 2.02-1.96 (m, 4H). 3C NMR (125 MHz,
CDCI3) 6176.7, 148.3, 138.3, 133.33, 133.31, 133.2, 131.1, 129.9, 128.4, 123.9, 120.5,
115.1, 114.3, 91.1, 88.4, 52.0, 25.9, 21.2. HRMS (ESI) m/z: [M+H]" calcd for

C20H20NO 290.1539, found 290.1537.

1d

1-(2-(pyrrolidin-1-yl)phenyl)-3-(o-tolyl)prop-2-yn-1-one (1d). Yellow oil, purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield: 58%, 503.1
mg. '"H NMR (500 MHz, CDCl3) § 8.18-8.14 (m, 1H), 7.53 (d, J =8 Hz, 2H), 7.42-7.36

(m, 1H), 7.20 (d, J=8.0 Hz, 2H), 6.85 (d, /= 7.5 Hz, 1H), 6.81-6.76 (m, 1H), 3.24-3.19
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(m, 4H), 2.39 (5,3 H), 2.00-1.90 (m, 4H). 13C NMR (125 MHz, CDCls) § 176.8, 148.3,
141.9, 133.4, 133.3, 133.1, 130.3, 129.7, 125.8, 124.1, 120.6, 115.1, 114.3, 92.6, 89.9,
52.0, 25.9, 20.8. HRMS (ESI) m/z: [M+H]" caled for CaHzNO 290.1539, found
290.1542.

(0]
LS
1
1e

3-(4-ethylphenyl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (le). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
55%, 498.7 mg, m.p. 80-82 °C. '"H NMR (500 MHz, CDCl5) & 8.18-8.14 (m, 1H), 7.58-
7.54 (m, 2H), 7.41-7.36 (m, 1H), 7.22 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 7.5 Hz, 1H),
6.80-6.76 (m, 1H) 3.23-3.19 (m, 4H) 2.68 (q, J = 7.5Hz, 2H), 2.00-1.96 (m, 4H), 1.25
(t,J=7.5Hz, 3H). >*C NMR (125 MHz, CDCl3) § 176.9, 148.3, 147.1, 133.25, 133.16,
133.0,128.1, 124.0,117.8, 115.1, 114.3,91.5, 88.5, 52.0, 29.0, 25.9, 15.2. HRMS (ESI)

m/z: [M+H]" calcd for C21H2NO 304.1696, found 304.1697.
(0]

(L3
i
1f

3-(4-(tert-butyl)phenyl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (1f). Yellow
oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1);
yield: 61%, 607.7 mg. "H NMR (500 MHz, CDCls) & 8.18-8.14 (m, 1H), 7.60-7.55 (m,
2H), 7.44-7.36 (m, 3H), 6.86 (d, J=7.5 Hz, 1H), 6.82-6.75 (m, 1H), 3.24-3.20 (m, 4H),
2.00-1.95 (m, 4H), 1.33 (s, 9H). *C NMR (125 MHz, CDCl3) § 177.0, 153.9, 148.3,
133.3,133.2,132.7,125.6, 124.0, 117.6, 115.1, 114.3,91.4, 88.5, 52.0, 35.0, 31.1, 25.9.
HRMS (ESI) m/z: [M+H]" caled for C23H26NO 332.2009, found 332.2006.
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19
3-(3-methoxyphenyl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (2g). Yellow oil,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
42%, 384.5 mg. '"H NMR (500 MHz, CDCls) & 8.18-8.16 (m, 1H), 7.42-7.37 (m, 1H),
7.32-7.27 (m, 1H), 7.26-7.22 (m, 1H), 7.17-7.14 (m, 1H), 7.02-6.97 (m, 1H), 6.86 (d, J
= 7.5 Hz, 1H), 6.82-6.76 (m, 1H), 3.83 (s, 3H), 3.23-3.20 (m, 4H), 2.02-1.96 (m, 4H).
3C NMR (125 MHz, CDCl3) § 176.6, 159.4, 148.4, 133.4, 133.2, 129.6, 125.3, 123.8,
121.7, 117.3, 117.1, 115.2, 114.3, 90.7, 88.4, 55.4, 52.0, 25.9. HRMS (ESI) m/z:

[M+H]" caled for C20H20NO 306.1489, found 306.1486.

1h

3-(4-chlorophenyl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (2h). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
67%, 624.0 mg, m.p. 84-86 °C. 'H NMR (500 MHz, CDCls) & 8.16-8.12 (m, 1H), 7.59-
7.54 (m, 2H), 7.42-7.35 (m, 3H), 6.87 (d, /= 8.0 Hz, 1H), 6.81-6.76 (m, 1H), 3.24-3.18
(m, 4H), 2.00-1.96 (m, 4H). 3*C NMR (125 MHz, CDCl3) § 176.2, 148.4, 136.5, 134.0,
133.5,133.2,129.0,123.5, 119.3, 115.2, 114.4, 89.4, 89.3, 52.1, 25.9. HRMS (ESI) m/z:

[M+H]" caled for Ci9H17CINO 310.0993, found 310.0997.
O

OIS e
0T

1i
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3-(3-chlorophenyl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (1i). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
45%, 417.0 mg, m.p. 89-91 °C. 'H NMR (500 MHz, CDCl5) & 8.16-8.12 (m, 1H), 7.63-
7.31 (m, 1H), 7.54-7.50 (m, 1H), 7.43-7.38 (m, 2H), 7.36-7.31 (m, 1H), 6.87 (d, J=8.5
Hz, 1H), 6.81-6.77 (m, 1H), 3.24-3.19 (m, 4H), 2.01-1.97 (m, 4H). 3C NMR (125 MHz,
CDCl3) 0 176.0, 148.5, 134.4, 133.6, 133.3, 132.4, 130.9, 130.4, 129.8, 123.5, 122.5,
115.2, 114.4, 89.2, 88.7, 52.1, 25.9. HRMS (ESI) m/z: [M+H]" calcd for C19H17CINO

310.0993, found 310.0995.

3-(2-chlorophenyl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (1j). yellow oil,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
44%, 407.8 mg. '"H NMR (500 MHz, CDCl;3) § 8.32-8.28 (m, 1H), 7.67-7.66 (m, 1H)
7.48-7.44 (m, 1H), 7.42-7.34 (m, 2H),7.31-7.27 (m, 1H), 6.86 (d, /= 8.0 Hz, 1H), 6.82-
6.77 (m, 1H), 3.24-3.20 (m, 4H), 2.05-1.95 (m, 4H). '3C NMR (125 MHz, CDCls) &
176.0, 148.5, 137.2, 134.6, 133.7, 133.6, 131.1, 129.5, 126.7, 123.6, 121.0, 115.3, 114.3,
92.8, 86.8, 52.1, 25.9. HRMS (ESI) m/z: [M+H]" calcd for Ci9H;7CINO 310.0993,
found 310.0996.

1k

3-(4-fluorophenyl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (1k). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
64%, 562.9 mg, m.p. 88-90 °C. '"H NMR (500 MHz, CDCl3) § 8.16-8.13 (m, 1H), 7.67-
7.60 (m, 2H), 7.42-7.36 (m, 1H), 7.12-7.06 (m, 2H), 6.86 (d, /= 7.5 Hz, 1H), 6.81-6.75
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(m, 1H), 3.23-3.19 (m, 4H), 2.00-1.96 (m, 4H). 3C NMR (125 MHz, CDCL3) 5 176.4,
163.7 (d, J=251.4 Hz), 148.4, 134.6 (d, J= 8.8 Hz), 113.4, 133.2, 123.7, 116.9 (d, J =
3.5 Hz), 116.0 (d, J=22.3 Hz), 115.2, 114.4, 89.7, 88.5, 52.0, 25.9. HRMS (ESI) m/z:

[M+H]" caled for C1oH17FNO 294.1289, found 294.1287.

11

3-(/1,1'-biphenyl]-4-yl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (11). Yellow oil,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
45%, 476.0 mg. "H NMR (500 MHz, CDCl3)  8.21-8.18 (m, 1H), 7.73-7.69 (m, 2H),
7.65-7.59 (m, 4H), 7.49-7.44 (m, 2H), 7.41-7.37 (m, 2H), 6.87 (d, /= 8.0 Hz, 1H), 6.82-
6.78 (m, 1H), 3.25-3.21 (m, 4H), 2.01-1.97 (m, 4H). '*C NMR (125 MHz, CDCls) &
176.6,148.4,143.0,139.9, 133.4, 133.3,133.2, 128.9, 128.0, 127.2, 127.1, 123.8, 119.5,
115.2, 114.3, 90.8, 89.4, 52.1, 25.9. HRMS (ESI) m/z: [M+H]" caled for C2sHNO

352.1696, found 352.1699.
O

IS
200
1m

3-(naphthalen-2-yl)-1-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one (1m). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
42%, 409.6 mg, m.p. 104-106 °C. 'H NMR (500 MHz, CDCls) & 8.25-8.19 (m, 2H),
7.90-7.83 (m, 3H), 7.67-7.62 (m, 1H), 7.59-7.51 (m, 2H), 7.43-7.38 (m, 1H), 6.87 (d, J
=7.5Hz, 1H), 6.84-6.79 (m, 1H), 3.26-3.22 (m, 4H), 2.01-1.97 (m, 4H). '*C NMR (125
MHz, CDCls) & 176.6, 148.4, 133.8, 133.7, 133.4, 133.3, 132.7, 128.5, 128.3, 128.1,
127.9,127.7,126.9,123.9, 118.0, 115.2, 114.3,91.3, 89.0, 52.1, 25.9. HRMS (ESI) m/z:
[M+H]" caled for C23H20NO 326.1539, found 326.1530.
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O S
N Q O
1n
1-(4-methyl-2-(pyrrolidin-1-yl)phenyl)-3-phenylprop-2-yn-1-one (1n). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
49%, 421.1 mg, m.p. 118-120 °C.. '"H NMR (500 MHz, CDCl;) & 8.08 (d, J = 8.0 Hz,
1H), 7.65-7.62 (m, 2H), 7.44-7.36 (m, 3H), 6.66 (s, 1H), 6.63-6.60 (m, 1H), 3.24-3.21
(m, 4H), 2.37 (s, 3H), 2.00-1.96 (m, 4H). '*C NMR (125 MHz, CDCls) § 175.9, 148.7,
144.3, 133.6, 132.8, 130.1, 128.5, 121.8, 120.9, 116.7, 114.5, 90.2, 88.8, 52.0, 25.9,

22.1. HRMS (ESI) m/z: [M+H]" calcd for C20H20NO 290.1539, found 290.1542.

O

F
LS
vy T
1o

1-(5-fluoro-2-(pyrrolidin-1-yl)phenyl)-3-phenylprop-2-yn-1-one (1o). Yellow oil,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
76%, 668.1 mg. 'H NMR (500 MHz, CDCls) § 7.88-7.83 (m, 1H), 7.67-7.63 (m, 2H),
7.48-7.38 (m, 3H), 7.19-7.14 (m, 1H), 6.84-6.80 (m, 1H), 3.20-3.17 (m, 4H), 2.01-1.97
(m, 4H). *C NMR (125 MHz, CDCl3) § 175.6, 153.5 (d, J =233.8 Hz),145.4, 132.9,
130.5, 128.6, 123.4 (d, J = 5.3 Hz), 121.2 (d, J = 23.1 Hz), 120.4, 117.8 (d, J = 22.9
Hz), 115.5 (d, J=7.0 Hz), 91.4, 88.2, 52.3, 25.9. HRMS (ESI) m/z: [M+H]" calcd for

Ci9H17FNO 294.1289, found 294.1279.
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(0]
O D
Cl N Q O
1p
1-(4-chloro-2-(pyrrolidin-1-yl)phenyl)-3-phenylprop-2-yn-1-one (1p). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
76%, 704.5 mg, m.p. 72-76 °C. "H NMR (500 MHz, CDCl3) & 8.08 (d, J= 8.5 Hz, 1H),
7.65-7.62 (m, 2H), 7.46-7.38 (m, 3H), 6.84 (d, J=2.0 Hz, 1H), 6.76-6.72 (m, 1H), 3.22-
3.19 (m, 4H), 2.01-1.97 (m, 4H). '3C NMR (125 MHz, CDCl3) § 175.6, 148.9, 139.6,
134.5, 132.9, 130.4, 128.6, 122.4, 120.5, 115.5, 114.0, 91.2, 88.3, 52.1, 25.9. HRMS

(ESI) m/z: [M+H]" calcd for C19H17CINO 310.0993, found 310.0989.
Ccl O

O S
NQ O
1q
1-(2-chloro-6-(pyrrolidin-1-yl)phenyl)-3-phenylprop-2-yn-1-one (1q). Yellow solid,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
70%, 648.9 mg, m.p. 75-77 °C. 'TH NMR (500 MHz, CDCls) 6 7.61-7.57 (m, 2H), 7.47-
7.42 (m, 1H), 7.40-7.36 (m, 2H), 7.19-7.14 (m, 1H), 6.76-6.73 (m, 1H), 6.68-6.65 (m,
1H), 3.30-3.26 (m, 4H), 1.97-1.93 (m, 4H). '3*C NMR (125 MHz, CDCl;) § 180.5, 147.5,
133.1, 132.1, 130.8, 130.7, 128.6, 124.1, 120.4, 117.4, 112.8, 94.5, 90.0, 51.3, 25.9.

HRMS (ESI) m/z: [M+H]" caled for C19H17CINO 310.0993 found 310.0986.

(0]
Br
N
2
1r

1-(5-bromo-2-(pyrrolidin-1-yl)phenyl)-3-phenylprop-2-yn-1-one (1r). Yellow oil,

purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
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66%, 700.0 mg. 'H NMR (500 MHz, CDCl3) & 8.21 (d, J = 2.0 Hz, 1H), 7.67-7.64 (m,
2H), 7.49-7.39 (m, 4H), 6.75 (d, J= 9.0 Hz, 1H), 3.20-3.16 (m, 4H), 2.01-1.97 (m, 4H).
13C NMR (125 MHz, CDCls) & 175.4, 147.2, 135.8, 134.8, 133.0, 130.5, 128.6, 125.0,
120.4, 1162, 106.4, 91.7, 88.1, 52.2, 25.9. HRMS (ESI) m/z: [M+H]" caled for

C19H17BrNO 354.0488, found 354.0485.

3-phenyl-1-2-(pyrrolidin-1-yl)-6-(trifluoromethyl)phenyl)prop-2-yn-1-one (1s).
Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate =
20:1); yield: 53%, 546.6 mg. 'H NMR (500 MHz, CDCls) § 7.57-7.54(m, 2H), 7.45-
7.42 (m, 1H), 7.39-7.34 (m, 3H), 7.08 (d, J = 7.5 Hz, 1H), 7.01 (d, J = 8.5 Hz, 1H),
3.38-3.34 (m, 4H), 2.00-1.93 (m, 4H). *C NMR (125 MHz, CDCls) & 181.4, 147.6,
133.0, 130.8, 130.0, 128.59 (d, J =30.6 Hz), 128.57, 124.6, 123.9 (q, J = 272.8 Hz),
120.2, 118.7, 114.6 (q, J = 5.6 Hz), 94.1, 89.7, 51.6, 25.9. HRMS (ESI) m/z: [M+H]"

caled for C20H17F3NO 344.1257, found 344.1250.
0]

1t

1-2-(pyrrolidin-1-yl)phenyl)but-2-yn-1-one  (1t). Yellow oil, purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield: 47%, 300.2
mg. '"H NMR (500 MHz, CDCls) 6 8.08-8.05 (m, 1H), 7.38-7.25 (m, 1H), 6.83-6.80 (m,
1H), 6.77-6.72 (m, 1H), 3.18-3.15 (m, 4H), 2.11 (s, 3H), 1.98-1.94 (m, 4H). *C NMR
(125 MHz, CDCl3) 6 177.1, 148.2, 133.3, 133.2, 123.7, 115.0, 114.2, 89.9, 80.6, 51.9,

25.9, 4.3. HRMS (ESI) m/z: [M+H]" calcd for C14H16NO 214.1226, found 214.1219.
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1u

1-(2-(pyrrolidin-1-yl)phenyl)-3-(thiophen-3-yl)prop-2-yn-1-one (1u). Yellow oil,
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield:
68%, 573.8 mg. 'H NMR (500 MHz, CDCls) & 8.17-8.11 (m, 1H), 7.80-7.74 (m, 1H),
7.42-7.32 (m, 2H), 7.31-7.27 (m, 1H), 6.85 (d, /= 8.5 Hz, 1H), 6.80-6.76 (m, 1H), 3.24-
3.17 (m, 4H), 2.00-1.96 (m, 4H). 3C NMR (125 MHz, CDCl3) § 176.7, 148.3, 133.3,
133.1, 132.9, 130.2, 125.9, 123.7, 120.0, 115.1, 114.3, 88.8, 86.2, 52.0, 25.9. HRMS

(ESI) m/z: [M+H]" caled for C17H16NOS 282.0947, found 282.0951.

3-phenyl-1-(2-(piperidin-1-yl)phenyl)prop-2-yn-1-one (1v). Yellow oil, purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield: 65%, 563.9
mg. 'H NMR (500 MHz, CDCl3) & 8.00-7.90 (m, 1H), 7.66-7.60 (m, 2H), 7.48-7.36 (m,
4H), 7.07 (d, J= 8.5 Hz, 1H), 7.00 (t, /= 7.5 Hz, 1H) 3.13-3.06 (m, 4H), 1.79-1.74 (m,
4H), 1.58-1.54 (m, 2H). 3*C NMR (125 MHz, CDCls) & 178.9, 154.0, 133.7, 132.9,
132.8, 130.2, 130.1, 128.6, 120.8, 120.5, 118.6, 90.0, 89.3, 54.4, 25.9, 24.1. HRMS
(ESI) m/z: [M+H]" caled for C20H20NO 290.1539, found 290.1540.

3-phenyl-1-(2-(piperidin-1-yl)phenyl)prop-2-yn-1-one (1v). Yellow oil, purified by

chromatography on silica gel (petroleum ether/ethyl acetate = 20:1); yield: 20%, 149.4
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mg. 'H NMR (500 MHz, CDCls) & 8.18-8.10 (m, 1H), 7.63 (d, J = 7.0 Hz, 2H), 7.47-
7.37 (m, 4H), 7.00 (d, J= 8.5 Hz, 1H), 6.89 (t, J= 7.5 Hz, 1H) 2.95 (s, 6H). 13C NMR
(125 MHz, CDCLy) § 177.5, 152.7, 133.9, 133.7, 132.9, 130.3, 128.6, 126.2, 120.8,
117.8, 116.4,90.4, 88.7, 44.0. HRMS (ESI) m/z: [M+H]" caled for C17H 6NO 250.1226,
found 250.1226.

(@)
NV
(L3 )
D
yf>
D
[D]-1d

1-(2-(pyrrolidin-1-yl-2,2,5,5-dy)phenyl)-3-(o-tolyl)prop-2-yn-1-one ([D]-1d). Yellow
oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate = 20:1);
yield: 55%,403.2 mg. 'H NMR (500 MHz, CDCl3) § 8.24-7.16 (m, 1H), 7.64-7.57 (m,
1H), 7.42-7.36 (m, 1H), 7.35-7.30 (m, 1H), 7.26 (d, J= 7.0 Hz, 1H), 7.23-7.17 (m, 1H),
6.85 (d,J=9.0 Hz, 1H), 6.78 (t,J= 7.5 Hz, 1H), 2.95 (s, 0.14H), 2.57 (s, 3H), 1.97 (s,
4H). 1*C NMR (125 MHz, CDCls) § 176.9, 148.4, 141.9, 133.4, 133.3, 133.1, 130.2,
129.7,125.8,124.0, 120.6, 115.1, 114.3,92.6, 89.9, 51.4, 44.1, 25.7, 20.8. HRMS (ESI)

m/z: [M+H]" calcd for C20H1sD4NO 294.1791, found 294.1794.

3. Synthesis of 2

o o)

5 mol % B(CgFs)3 »

N : N

r2-1l A o 4.0 equiv H,0 Rz"@j%
_ _

NQ Toluene, Ny, 80 °C N\)

1 2

Ina 10 mL dry schlenk tube, alkynones 1 (0.1 mmol, 1.0 equiv), B(CsFs)3 (0.005 mmol,
2.6 mg, 0.05 equiv), H20 (0.4 mmol, 7.2 mg, 4.0 equiv) and Toluene (1.0 mL) were
stirred under N2 at 80 °C (oil bath). After 1.5-15 h, the reaction mixture was cooled to
room temperature and quenched with NH4Cl aqueous solution (4 mL). Then the filtrate
was extracted with DCM (5 mL < 3). The organic layers were combined, washed with
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brine, dried over anhydrous Na>SOyg, filtered and concentrated under reduced pressure.
Purification by column chromatography with petroleum ether/ethyl acetate = 15:1-10:1
as the eluent to afford 2a-2u.

2a
11a-benzyl-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-alindol-11(11aH)-one (2a). Yellow
solid, purified by chromatography on silica gel (petroleum ether/ethyl acetate = 10:1);
yield: 82%, 24.0 mg, m.p. 130-132 °C. 'TH NMR (500 MHz, CDCl3) § 7.44-7.41 (m,
1H), 7.38-7.33 (m, 1H), 7.16-7.13 (m, 5H), 6.65-6.58 (m, 2H), 3.83-3.77 (m, 1H), 3.73-
3.68 (m, 1H), 3.10-2.97 (m, 4H), 1.61-1.56 (m, 4H). '3C NMR (125 MHz, CDCls) &
202.2,160.4, 138.1, 134.4, 130.6, 127.8, 126.7, 124.6, 120.0, 117.5, 109.0, 94.7, 66.5,
41.4,40.7,30.1,24.6. HRMS (ESI) m/z: [M+H]" calcd for C19H20NO> 294.1489, found

294.1486.

2b

11a-(4-methylbenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2b). Yellow solid, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 70%, 21.5 mg, m.p. 117-119 °C. '"H NMR (500 MHz, CDCl3) &
7.44-7.41 (m, 1H), 7.38-7.34 (m, 1H), 7.03 (d, /= 8.0 Hz, 2H), 6.94 (d, /= 8.0 Hz, 2H),
6.65-6.57 (m, 2H), 3.81-3.76 (m, 1H), 3.73-3.67 (m, 1H), 3.07-2.93 (m, 4H), 2.22 (s,
3H), 1.62-1.56 (m, 4H). '3C NMR (125 MHz, CDCl3) § 202.3, 160.4, 138.0, 136.1,
131.2,130.3, 128.5, 124.5, 120.0, 117.4, 109.0, 94.6, 66.4, 41.4, 40.2, 30.1, 24.5, 21.0.

HRMS (ESI) m/z: [M+H]" calcd for C20H22NO2 308.1645, found 308.1644.
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2c

11a-(3-methylbenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2¢). yellow solid, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 71%, 21.7 mg, m.p. 113-115 °C. 'H NMR (500 MHz, CDCls) &
7.45-7.42 (m, 1H), 7.39-7.34 (m, 1H), 7.05-7.01 (m, 1H), 6.96-6.91 (m, 3H), 6.65-6.57
(m, 2H), 3.82-3.78 (m, 1H), 3.70-3.66 (m, 1H), 3.01-2.90 (m, 4H), 2.23 (s, 3H), 1.60-
1.58 (m, 4H). *C NMR (125 MHz, CDCl3) § 202.3, 160.4, 138.0, 137.2, 134.3, 131.3,
127.60, 127.56, 127.4, 124.6, 120.0, 117.4, 109.0, 94.6, 66.4, 41.4, 40.6, 30.1, 24.6,

21.3. HRMS (ESI) m/z: [M+H]" calcd for C20H22NO> 308.1645, found 308.1647.

2d

11a-(2-methylbenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2d). yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate
= 15:1); yield: 56%, 17.1 mg. '"H NMR (500 MHz, CDCls) § 7.51-7.48 (m, 1H), 7.44-
7.39 (m, 1H), 7.22 (d, J= 7.5 Hz, 1H), 7.08-7.02 (m, 3H), 6.70-6.64 (m, 2H), 3.84-3.79
(m, 1H), 3.62-3.57 (m, 1H), 3.11 (d, J=14.0 Hz, 1H), 2.98 (d, J = 14.0 Hz, 1H), 2.91-
2.84 (m, 1H), 2.78-2.71 (m, 1H), 2.31 (s, 3H), 1.58-1.49 (m, 4H). 3C NMR (125 MHz,
CDCl) 6 202.8, 160.2, 138.2, 137.6, 133.2, 131.9, 130.0, 126.8, 125.2, 124.8, 119.9,
117.7, 109.3, 94.9, 66.7, 41.8, 37.2, 30.0, 24.7, 20.0. HRMS (ESI) m/z: [M+H]" calcd

for C20H22NO; 308.1645, found 308.1640.
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11a-(4-ethylbenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2e). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate
=10:1); yield: 62%, 19.9 mg. '"H NMR (500 MHz, CDCls) § 7.45-7.42 (m, 1H), 7.39-
7.34 (m, 1H), 7.06 (d, J = 8.0 Hz, 2H), 6.98 (d, J = 8.0 Hz, 2H), 6.66-6.58 (m, 2H),
3.82-3.78 (m, 1H), 3.72-3.67 (m, 1H), 3.07-2.91 (m, 4H), 2.53 (q, /= 7.5 Hz, 2H), 1.60-
1.57 (m, 4H), 1.14 (t, J = 7.5 Hz, 3H). *C NMR (125 MHz, CDCl;) § 202.4, 160.4,
142.5, 138.0, 131.5, 130.5, 127.3, 124.6, 120.0, 117.4, 109.0, 94.7, 66.4, 41.4, 40.3,
30.1,28.4,24.6, 15.4. HRMS (ESI) m/z: [M+H]" calcd for C21H24NO> 322.1802, found

322.1794.

2f

11a-(4-(tert-butyl)benzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-alindol-11(11aH)-

one (2f). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 64%, 22.3 mg. 'H NMR (500 MHz, CDCls) & 7.44-7.42 (m, 1H),
7.39-7.34 (m, 1H), 7.18-7.15 (m, 2H), 7.09-7.06 (m, 2H), 6.66-6.58 (m, 2H), 3.82-3.78
(m, 1H), 3.72- 3.68 (m, 1H), 3.07-2.93 (m, 4H), 1.63-1.57 (m, 4H), 1.23 (s, 9H). *C
NMR (125 MHz, CDCl3) 6 202.4, 160.4, 149.4, 138.0, 131.3, 130.2, 124.64, 124.60,
120.0, 117.4, 109.0, 94.7, 66.5, 41.4, 40.2, 34.3, 31.3, 30.1, 24.6. HRMS (ESI) m/z:

[M+H]" caled for C23H2sNO2 350.2115, found 350.2120.
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2g

11a-(3-methoxybenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2g). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 68%, 22.1 mg. 'H NMR (500 MHz, CDCls) § 7.46-7.43 (m, 1H),
7.40-7.35 (m, 1H), 7.08-7.05 (m, 1H), 6.76-6.70 (m, 2H), 6.69-6.60 (m, 3H),3.82-3.76
(m, 1H), 3.71 (s, 3H), 3.70-3.66 (m, 1H), 3.10-2.90 (m, 4H), 1.63-1.57 (m, 4H). 1*C
NMR (125 MHz, CDCl3) 6 202.2,160.4, 159.0, 138.1, 136.0, 128.7, 124.6, 123.1, 120.0,
117.5, 116.0, 112.4, 109.0, 94.5, 66.4, 55.1, 41.4, 40.8, 30.1, 24.6. HRMS (ESI) m/z:

[M+H]" caled for C20H22NO3 324.1594, found 324.1593.

2h

11a-(4-chlorobenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2h). yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate
=10:1); yield: 84%, 27.6 mg. '"H NMR (600 MHz, CDCls) § 7.44 (d, J = 6.0 Hz, 1H),
7.41-7.37 (m, 1H), 7.14-7.11 (m, 2H), 7.09-7.06 (m, 2H), 6.68-6.62 (m, 2H), 3.83-3.80
(m, 1H), 3.73-3.70 (m, 1H), 3.07-2.87 (m, 4H), 1.66-1.55 (m, 4H). '*C NMR (150 MHz,
CDCl) 6 201.9, 160.4, 138.3, 132.9, 132.6, 131.8, 127.9, 124.6, 120.0, 117.8, 109.2,
94.4, 66.5, 41.5, 40.0, 30.1, 24.5. HRMS (ESI) m/z: [M+H]" caled for C19H;9CINO;

328.1099, found 328.1098.
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2j

11a-(3-chlorobenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino/3,2-afindol-11(11aH)-one

(2i). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate
=10:1); yield: 86%, 28.0 mg. 'H NMR (600 MHz, CDCls) § 7.45 (d, J = 7.8 Hz, 1H),
7.41-7.37(m, 1H), 7.16-7.14 (m, 1H), 7.13-7.02 (m, 3H), 6.69-6.62 (m, 2H), 3.84-3.79
(m, 1H), 3.75-3.71 (m, 1H), 3.08-2.91 (m, 4H), 1.66-1.56 (m, 4H). '>*C NMR (150MHz,
CDCl3) 0 201.8, 160.3, 138.3, 136.5, 133.5, 130.5, 129.0, 128.8, 126.9, 124.6, 119.9,
117.8, 109.2, 94.3, 66.5, 41.5, 40.4, 30.1, 24.6. HRMS (ESI) m/z: [M+H]" calcd for

C19H19CINO2 328.1099, found 328.1094.

2j

11a-(2-chlorobenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2j). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate
= 15:1); yield: 72%, 23.6 mg. '"H NMR (500 MHz, CDCls) § 7.47-7.43 (m, 1H), 7.39-
7.35 (m, 1H), 7.30-7.26 (m, 1H), 7.25-7.22 (m, 1H), 7.08-7.04 (m, 2H), 6.66-6.59 (m,
2H), 3.84-3.79 (m, 1H), 3.73-3.68 (m, 1H), 3.32 (d, /= 13.5 Hz, 1H), 3.21 (d, J=13.5
Hz, 1H), 3.11-3.07 (m, 1H), 2.93-2.88 (m, 1H), 1.59-1.55 (m, 4H). '*C NMR (125 MHz,
CDCl) & 202.5, 160.4, 138.2, 135.1, 133.0, 132.3, 129.2, 128.1, 126.1, 124.5, 120.0,
117.5, 109.3, 94.4, 66.6, 41.9, 37.3, 30.1, 24.7. HRMS (ESI) m/z: [M+H]" caled for

Ci9H18CINO2Na 350.0918, found 350.0922.
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11a-(4-fluorobenzyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one

(2k). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 85%, 26.5 mg. 'H NMR (500 MHz, CDCls) & 7.44-7.41 (m, 1H),
7.40-7.35 (m, 1H), 7.13-7.07 (m, 2H), 6.86-6.80 (m, 2H), 6.66-6.60 (m, 2H), 3.83-3.77
(m, 1H), 3.75-3.70 (m, 1H), 3.09-2.96 (m, 4H), 1.62-1.53 (m, 4H). >*C NMR (125 MHz,
CDCl3) 6202.1, 161.8 (d, J = 243.4 Hz), 160.4, 138.2, 132.0 (d, /= 7.8 Hz), 130.1 (d,
J=3.3 Hz), 124.6, 120.0, 117.7, 114.6 (d, J = 20.9 Hz), 109.1, 94.5, 66.5, 41.4, 39.8,

30.1,24.6. HRMS (ESI) m/z: [M+H]" caled for C1oH19FNO2 312.1394, found 312.1391.
6]

O Ph
PR
i

2]
11a-([1,1'-biphenyl]-4-ylmethyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-alindol-
11(11aH)-one (21). Yellow oil, purified by chromatography on silica gel (petroleum
ether/ethyl acetate = 10:1); yield: 65%, 24.0 mg. 'H NMR (500 MHz, CDCls) § 7.54-
7.51 (m, 2H), 7.46-7.43 (m, 1H), 7.42-7.34 (m, 5H), 7.32-7.27 (m, 1H), 7.24-7.21 (m,
2H), 6.66 (d, J= 8.5 Hz, 1H), 6.63-6.59 (m, 1H), 3.84-3.80 (m, 1H), 3.76-3.71 (m, 1H),
3.15-3.01 (m, 3H), 2.97-2.90 (m, 1H), 1.62-1.57 (m, 4H). '*C NMR (125 MHz, CDCls)
0 202.2, 160.4, 140.7, 139.3, 138.1, 133.6, 131.0, 128.7, 127.1, 126.9, 126.4, 124.6,
120.0, 117.6, 109.1, 94.6, 66.5, 41.5, 40.4, 30.1, 24.6. HRMS (ESI) m/z: [M+H]" calcd

for C25H24NO> 370.1802, found 370.1805.
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11a-(naphthalen-2-ylmethyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-alindol-

11(11aH)-one (2m). Yellow oil, purified by chromatography on silica gel (petroleum
ether/ethyl acetate = 15:1); yield: 57%, 20.8 mg. '"H NMR (500 MHz, CDCl;3) & 7.75-
7.71 (m, 2H), 7.66-7.57 (m, 2H), 7.45-7.36 (m, 3H), 7.35-7.30 (m, 2H), 6.63 (d, /= 8.0
Hz, 1H), 6.60-6.55 (m, 1H), 3.86-3.78 (m, 1H), 3.72-3.65 (m, 1H), 3.25 (d,/=13.5 Hz
1H), 3.14 (d, J = 13.5 Hz, 1H), 3.05-2.92 (m, 2H), 1.61-1.50 (m, 4H). 3*C NMR (125
MHz, CDCl) 6 202.2, 160.4, 138.1, 133.1, 132.3, 132.2, 129.3, 128.9, 127.7, 127.4,
127.2, 125.7, 125.4, 124.6, 120.0, 117.6, 109.2, 94.6, 66.5, 41.6, 40.9, 30.1, 24.5.

HRMS (ESI) m/z: [M+Na]" caled for C23H21NO2Na 366.1465 found 366.1460.
O

Cryas
L
2n
11a-benzyl-8-methyl-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one
(2n). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 15:1); yield: 64%, 19.6 mg. 'H NMR (500 MHz, CDCl3) § 7.32 (d, J = 8.0
Hz, 1H), 7.17-7.10 (m, 5H), 6.43 (d, J = 8.0 Hz, 2H), 3.82-3.77 (m, 1H), 3.72-3.65 (m,
1H), 3.10-2.88 (m, 4H), 2.30 (s, 3H), 1.63-1.53 (m, 4H). 3C NMR (125 MHz, CDCls)
0201.2,160.8,149.9, 134.6, 130.6, 127.7, 126.6, 124.4,119.3, 117.8, 109.2, 95.0, 66.3,
41.3,40.7,30.1, 24.6, 22.7. HRMS (ESI) m/z: [M+H]" calcd for C20H22NO; 308.1645,

found 308.1639.
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(L)
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20

11a-benzyl-9-fluoro-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one
(20). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 70%, 21.7 mg. 'H NMR (500 MHz, CDCl5) & 7.17-7.06 (m, 7H),
6.60-6.56 (m, 1H), 3.84-3.79 (m, 1H), 3.71-3.66 (m, 1H), 3.10-2.97 (m, 3H), 2.94-2.88
(m, 1H), 1.61-1.57 (m, 4H). 3*C NMR (125 MHz, CDCl3) § 202.1 (d,J=3.1 Hz), 157.1,
155.4 (d, J=237.4 Hz), 134.1, 130.5, 127.8, 126.8, 125.8 (d, /= 25.1 Hz), 120.1 (d, J
= 6.9 Hz), 109.9 (d, J = 7.0 Hz), 109.6 (d, J = 22.5 Hz), 95.4, 66.6, 41.5, 40.8, 30.0,

24.5. HRMS (ESI) m/z: [M+Na]" calcd for C19H1sFNO,Na 334.1214, found 334.1208.
O

@ A
o N

2p

11a-benzyl-8-chloro-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-alindol-11(11aH)-one

(2p). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 83%, 27.2 mg. 'H NMR (500 MHz, CDCl3) § 7.33 (d, J = 8.0
Hz, 1H),7.16-7.09 (m, 5H), 6.63 (d, J= 1.5 Hz, 1H), 6.58-6.55 (m, 1H), 3.85-3.79 (m,
1H), 3.68-3.63 (m, 1H), 3.10-2.98 (m, 3H), 2.94-2.88 (m, 1H), 1.63-1.59 (m, 4H). 1*C
NMR (125 MHz, CDCl3) 6 200.8, 160.5, 144.7,133.9, 130.5, 127.9, 126.8, 125.5, 118.5,
118.3, 108.9, 95.1, 66.5, 41.5, 40.7, 30.0, 24.6. HRMS (ESI) m/z: [M+H]" caled for

Ci19H19CINO2 328.1099, found 328.1091.
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2q

11a-benzyl-10-chloro-2,3,4,5-tetrahydro-[1,3]oxazepino/3,2-afindol-11(11aH)-one

(2q). Yellow solid, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1); yield: 81%, 26.5 mg, m.p. 156-158 °C. 'H NMR (500 MHz, CDCls) &
7.22 (t,J=8.0 Hz, 1H),7.18-7.10 (m, 5H), 6.53-6.50 (m, 2H), 3.86-3.80 (m, 1H), 3.71-
3.65 (m, 1H), 3.10-2.89 (m, 4H), 1.63-1.54 (m, 4H). *C NMR (125 MHz, CDCl3) §
1994, 161.2, 138.0, 134.1, 132.3, 130.5, 127.8, 126.8, 118.5, 116.6, 107.1, 94.7, 66.5,
41.5, 40.9, 30.0, 24.6. HRMS (ESI) m/z: [M+H]" calcd for C19H19CINO, 328.1099,

found 328.1095.
O

A
O o
U
2r
11a-benzyl-9-bromo-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one
(2r). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate
= 10:1); yield: 67%, 24.8 mg. '"H NMR (500 MHz, CDCls) § 7.51 (d, J = 2.0 Hz,
1H),7.43-7.40 (m, 1H), 7.18-7.08 (m, 5H), 6.55 (d, J= 8.5 Hz, 1H), 3.84-3.78 (m, 1H),
3.72-3.66 (m, 1H), 3.10-2.97 (m, 3H), 2.92-2.85 (m, 1H), 1.62-1.56 (m, 4H). *C NMR
(125 MHz, CDCI3) & 201.0, 158.9, 140.4, 133.9, 130.5, 127.9, 126.9, 126.8, 121.5,
110.6, 109.7, 95.0, 66.6, 41.5, 40.7, 30.0, 24.5. HRMS (ESI) m/z: [M+H]" caled for

Ci19H19BrNO2 372.0594, found 372.0590.
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U
2s
11a-benzyl-10-(trifluoromethyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-
11(11aH)-one (2s). Yellow solid, purified by chromatography on silica gel (petroleum
ether/ethyl acetate = 10:1); yield: 68%, 24.8 mg, m.p. 113-115 °C. '"H NMR (500 MHz,
CDCl3) 6 7.37 (t,J= 8.0 Hz, 1H),7.15-7.08 (m, 5SH), 6.82 (t, /= 7.5 Hz, 2H), 3.87-3.82
(m, 1H), 3.78-3.72 (m, 1H), 3.19-3.12 (m, 1H), 3.06 (s, 2H), 2.96-2.90 (m, 1H), 1.65-
1.59 (m, 4H). *C NMR (125 MHz, CDCl3) § 198.7, 161.0, 137.0, 133.7, 130.4, 127.8,
127.1(d, J=34.6 Hz), 126.8, 122.3 (q, /= 272.1 Hz), 115.5, 114.7 (q, /= 5.8 Hz), 94.7,
66.6, 41.4, 41.0, 30.0, 24.8. HRMS (ESI) m/z: [M+H]" caled for C,3H2:NO>Na

366.1465, found 366.1460.

e

2t

11a-ethyl-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-afindol-11(11aH)-one (2t). Yellow
oil, purified by chromatography on silica gel (petroleum ether/ethyl acetate = 15:1);
yield: 41%, 9.5 mg. '"H NMR (500 MHz, CDCls) § 7.56-7.52 (m, 1H),7.49-7.44 (m,
1H), 6.76 (d, J= 8.0 Hz, 1H), 6.72-6.68 (m, 1H), 3.87-3.79 (m, 1H), 3.77-3.70 (m, 1H),
3.33-3.25 (m, 1H), 2.97-2.90 (m, 1H), 1.98-1.89 (m, 1H), 1.79-1.72 (m, 1H), 1.71-1.58
(m, 4H), 0.73 (t, J = 7.5 Hz, 3H). *C NMR (125 MHz, CDCls) § 202.7, 160.8, 138.2,
124.6, 120.4, 117.4, 109.0, 95.1, 66.1, 40.7, 30.2, 27.7, 24.4, 7.2. HRMS (ESI) m/z:

[M+H]" calcd for C14H1sNO> 232.1332, found 232.1329.

S26



11a-(thiophen-3-ylmethyl)-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-alindol-11(11aH)-
one (2u). Yellow oil, purified by chromatography on silica gel (petroleum ether/ethyl
acetate = 15:1); yield: 68%, 20.3 mg. '"H NMR (500 MHz, CDCls) & 7.45 (d, J = 8.0
Hz, 1H), 7.39 (t,J = 7.5 Hz, 1H), 7.111-7.07 (m, 1H), 6.96 (d, /= 3.0 Hz, 1H), 6.90 (d,
J=5.0 Hz, 1H), 6.68-6.61 (m, 2H), 3.83-3.77 (m, 1H), 3.74-3.68 (m, 1H), 3.13-3.00
(m, 3H), 2.97-2.89 (m, 1H), 1.65-1.57 (m, 4H). *C NMR (125 MHz, CDCl3) 6 202.1,
160.4, 138.1, 134.5, 129.7, 124.60, 124.55, 123.7,120.0, 117.6, 109.0, 94.1, 66.5,41.2,
35.2,30.2,24.6. HRMS (ESI) m/z: [M+Na]" calcd for C17H17NO2SNa 322.0872, found

322.0872.

4. 1.0 mmol scale reaction for the preparation of 2a.

o}
S 5 % B(CgFs)s o)
O N 4.0 eq. H,0 O
O ® °
N,, dry Tol, 80°C,2h N\)

2a, 168.2 mg, 57 %

1a, 1.0 mmol

In a 25 mL dry high-pressure sealed reaction tube, alkynone 1a (1.0 mmol, 275.1 mg,
1.0 equiv), B(CeFs)3 (0.05 mmol, 2.6 mg, 0.05 equiv), H20 (4.0 mmol, 72.0 mg, 4.0
equiv) and toluene (10 mL) were stirred under N2 at 80 °C (oil bath). After 2 h, the
reaction mixture was cooled to room temperature and quenched with NH4Cl aqueous
solution (30 mL). Then the filtrate was extracted with DCM (40 mL % 3). The organic
layers were combined, washed with brine, dried over anhydrous Na>SOg, filtered and
concentrated under reduced pressure. Purification by column chromatography with
petroleum ether/ethyl acetate = 10:1 as the eluent to afford 2a (168.2 mg, 57%).
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5. Mechanistic study by isotopically label

5.1 180 isotopic labeling experiment

5 mol % B(CqFs)
\ 6" 5/3
O N O 8.0 eq. H,'80
O '

N, dry Tol, 80°C,1.5h

1a 180.-2a, 78 %

CqgH1gNO'80  72%
CigH1gN'80,  19%

In a 25 mL dry high-pressure sealed reaction tube, alkynone 1a (0.1 mmol, 27.5 mg,
1.0 equiv), B(CsFs)s (0.005 mmol, 2.6 mg, 0.05 equiv), H2*%0 (0.8 mmol, 16.0 mg, 8.0
equiv) and toluene (1.0 mL) were stirred under N2 at 80 °C (oil bath). After 1.5 h, the
reaction mixture was cooled to room temperature and quenched with NH4Cl aqueous
solution (4 mL). Then the filtrate was extracted with DCM (5 mL x 3). The organic
layers were combined, washed with brine, dried over anhydrous Na>SOs, filtered and
concentrated under reduced pressure. Purification by column chromatography with
petroleum ether/ethyl acetate = 10:1 as the eluent to afford 0-2a (23.1 mg, 78%).

180-2a: 13C NMR (125 MHz, CDCls3) § 202.24, 202.20, 160.3, 138.1, 134.4, 130.5,
127.7,126.6, 124.6, 120.0, 117.5, 109.0, 94.6, 66.5, 66.4, 41.4, 40.7, 30.1, 24.6. HRMS
(ESI) m/z: [M+H]" calcd for C19H20NO2 294.1489, found 294.1493; [M+H]" calcd for

C19H20NO®0 296.1531, found 296.1537; [M+H]" calcd for CigH20N80, 298.1574,
found 298.1580.

296.15369 NL:

56268
HP-1-2a-2#177

0 RT:0.79 AV:1T:

FTMS +p ESIFul

ms

[100.0000-
70 750.0000]

Relative Abundance

298.15796
29715710

294.14932

295.15320 299.16132
o | 296.25629 297.26202
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13C NMR (125 MHz, CDCls)
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5.2 Deuterium Labelling Experiment

In a 25 mL dry high-pressure sealed reaction tube, alkynone [D]-1d (0.1 mmol, 29.3
mg, 1.0 equiv), B(CeFs)3 (0.005 mmol, 2.6 mg, 0.05 equiv), H20 (0.4 mmol, 7.2 mg,
4.0 equiv) and toluene (1.0 mL) were stirred under N2 at 80 °C (oil bath). After 2 h, the
reaction mixture was cooled to room temperature and quenched with NH4Cl aqueous
solution (4 mL). Then the filtrate was extracted with DCM (5 mL % 3). The organic
layers were combined, washed with brine, dried over anhydrous Na,SOs, filtered and
concentrated under reduced pressure. Purification by column chromatography with
petroleum ether/ethyl acetate = 10:1 as the eluent to afford [D]-2d (17.1 mg, 55%).
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6. Figure S1. Possible pathway to 130-2a

First, 1a undergoes 1,5-hydride transfer to furnish intermediate C. H2'®0 serves as a
nucleophile attacking imine ions to form intermediate D-2. Under the action of Lewis
acid B(C¢Fs)3, D-2 transforms into M, H>'%0 serves as a nucleophile again attacking M
to form intermediate N. The target product '®0-2a could be obtained from N through

path a or path b (see Scheme 3 in the manuscript).

0]
X B (C<F [1,5]-hydride
O S 4>( oFs)s H% transfer . X
iy o\ U 7 ®
1a c

OH
. '80H
18,
H, "0 N B (CeFs)s O A H,'80 O <
—_— [ —_— > A
D U D U U
H180 H'80 H180
D-2 M N

Figure S1. Possible pathway to '80-2a
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8. Copies of spectra of products

IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)

¢8.L°9
8.9
981°9
86,97
89~
09897

6817 L~
S0z’ L

89¢L
ziE L
z8e Ly
68¢°L
66€°L
€0v'L
Gz L~
LS Lo

1618
mmvmw
2918
Ft.m\

o'l

0L

f1 (ppm)

E— A 4

Th'e

€01
€0° L
G0'C
190" L
€0°C
00" L

f1 (ppm)

13C NMR (125 MHz, CDCls)

689'L¢ —
€06°G¢ —

ccoes —

ov.'9/
OOO.NNW
vec L.

687'88 ~
ccrle

Z8T YLl
LPL'GLL 7,
orozL”/
L56°€2l ~
8€€'62) —
zs8eelL T
9/L°eel \
65ceel

8€8°0v

18z8vL”

168921 —

(i

1b

110

210

f1 (ppm)

S33



IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)

000°0-—

-
h
N
~
-
——

4

z

K4

0’

1 (ppm)

0C'v

1 (ppm)

13C NMR (125 MHz, CDCls)

c06°'GC —

Gv0'¢S —

9¥L°9L
ooo.Rv
S LL
L7588\
599'68 7
Y9E¥LL
LLL'GLL
656°GLL
LELOLL
198°9LL
688°9LL 7
£59°€ZL
89l°eel
Zrieel
266° 7€l
290°5¢el
L9€°8¥1
/9291~
§89'v9L 7

0EV'9LL —

YOS vLL —
IR-TTRN
656°GLL
€191
198911
688°91L

€69'€Cl —

891°¢El ~
crveelL ~

266'VEL
z90'gelL 7

1k

116 115 114

117

136 135 134 133 124
f1 (ppm)

137

T
-20

-10

T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130

40

1 (ppm)

S42



IH NMR (500 MHz, CDCls)

8€9°2
10472
G0.°.
60.L°2
LVLL
XYV
1818
v81°8
161°8

00¢'8

1089
mow.ow
508'9
098'9 7
9/8'9

cees
zov'L
6vvL
cov'L
08’2
£09'L
S09'2
819'L
1292
gcos”/
S0LL7
vz’

1818
vw_‘.wV
Nmr.w\
00c'8

Ph

11

1 (ppm)

f1 (ppm)

13C NMR (125 MHz, CDCls)

€16'6¢ —

GG0'¢S —

9v2'9.
ooo.RW
1T
9/£'68~\
G£8°06 7
8ee YLl
/81°GLL
€05°6L1L
iw.mmr/
Eosmr/
v0Z°22L
omo.mmrw
826'8Z1
gzz'eel
Leeeel
8/e7€cl
S06°6EL
666°ZL
15€°8YL

L€9°9/L1 —

8EE VLl ~
18L°GLL T

€059°6LL —

AN
1607221
v0Z 221
0£0'821L —
gz6'8zL 7
8zzeel
me.mmrw
gIe€El

G06'6ElL —
666°Ccvl —

1G€°8V1 —

V4

Ph

11

1 (ppm)

-10

10

20

30

50

70

80

110

210

f1 (ppm)

S43



IH NMR (500 MHz, CDCls)

9189
8189
028’9
998°9
_\ww.wM

6072
1€9°L /
€V§L
8V L
9662~
€€9°L
9€9°L
0592
€592
L€8°L
6€8°L
S8 L -
€68°L
8687/ \
961°8 V
661°8
9¢e’s /

0’
8'0

8’

6.7

6.8

6.9

f1 (ppm)

—1 T 4

f1 (ppm)

13C NMR (125 MHz, CDCls)

¢e6'Se —

190°¢S —

PAZA VA

000°2L

L TANA

1,688

c9c'L6
6vevilL
80C'GLL
¢l6'LLL
G98'ccl
188'9¢lL
889°/¢1
1898°/¢l
vel'8cl
vee'8elh
L9v'8¢Cl
9g€lLcel
99c'eel
Ge6e'eel
789°¢€l
8¢8°€EL
G.E'8v1

91991 —

1m

4

188'9¢1 — -

889°/Z1 ~\ _
1687121~ -
21821 ~ -
v2€°8Z1 ~ -
L9821~

9glLcel — -

99Z°€EL _
gee'eel -

¥89°¢€L ~ -
gzeeelL

T
126.5

127.0

127.5

T
133.0

133.5

134.0

128.5 128.0
f1 (ppm)

129.0

132.5

-10

10

20

30

50

70

80

110

210

f1 (ppm)

S44



IH NMR (500 MHz, CDCls)

000°0-—

c96°L
896°}
G/6°L
186°L
886°L
0l€¢C
olc’e
siece
8lc’e
g€ecee
8¢c’e
lece
9€C’e

909'9
609'9
£29'9
529'9

8@.@\
zLE LA
98g° L
68€°L
86€2 ]
Lotz
€Oy |
0zyL]
gev/ |
v29°2 |
1292 ]
Lb9L
V9L
908
2608

0.0 -0.5

0.5

1.0

55 5.0 4.5 4.0 3.5 3.0
1 (ppm)

6.0

6.5

7.0

1 (ppm)
8.0 7.5

8.5

9.5 9.0

10.0

10.5

11.0

13C NMR (125 MHz, CDCls)

€Lee~
€68°'GC

866'LG —

9v.L'9L
ooo.hhv
vec L.
28188\

¥0z'06 7

vev'vil
6€L9LL
oLe0clL
vmﬁ._\N_\%
olLg'8clh
L.0°0€L
LL.72€L N
c6Geel
6EE VYL ~
099'8¥1 —

9v6'GLL —

-10

1n
60 50 40 30 20 10

70

90 80

100

210 200 190 180 170 160 150 140 130 120 110
1 (ppm)

220




IH NMR (500 MHz, CDCls)

000°0-—

Vi

189
VNw.wk =:

ceg89”

0912
goL'L
z6€°L
902
602
8Ly L
LZvL
8vb L~
cots”
8€9°L
Sws/
1592
vm@sw
189°L
6€8°L
8L
868, T
vwws\

0’1

f1 (ppm)

- (44

————=iz¥

0.5

1.0

25

3.0

4.5

5.0

6.5

7.0

8.0 7.5

8.5

9.5

11.0

1 (ppm)

13C NMR (125 MHz, CDCls)

€V6'GC —

m_\m.Nm/

00022

ovN.oh#
VST Ll

Sm.ww;

80Y'16 1
9ZY'SLL |
Z8¥'GLL 1
VL LLLY
926'/1LL
66€02} |
99012} Y
1ST'LZ
yreezh

:

3

98€'eCl X

€09'821 \
L9v°0€L 7
/

glecel

cLE GV ~
G8G'CSL \
GGV vSlL —

88G°GLL —

9ZY'SLL
Z8Y'SLL
YL LLLN
9z6' 2117
667021\
990°1ZL
vz izL )
rreezL
98e'ezlL

1

€09'8¢C1
L9¥°0€L 7
SL6°¢cel

120

130

132

116 114

118

124 122
1 (ppm)

126

128

134

136

-10

10

20

30

50

70

80

110

210

1 (ppm)

S46



IH NMR (500 MHz, CDCls)

0000 —

6.6°L
G86'L
2661
866 L
G00'¢C
06lL'e
g6l'¢e
861°¢
€0c’e
80¢C'¢
liee
olc’e

1279
G291
8v.'91
2529
6€8°9 7
£v8'97
vwms;
V6€° L

86€°/ Y
Lov 2
oLy'2]
eLrL
vy L
asvL]
¥29'L
12911
1v9°L |
£v9'L |
¥20°8 1
1608’

=

Y4

€v9'L

¥20°8~\
16087

pd

Cl

1p

69 68 67 66 65 64

7.2

78 77 7.6 75 74 73

8.0 79

1 (ppm)

—=00"}

10¢
-—=00"L

0.5

1.0

1.5

3.0

35

4.5

5.0

7.0

7.5

8.0

8.5

11.0

11.5

1 (ppm)

13C NMR (125 MHz, CDCls)

€.8'GC —

evles —

9v.L'9L
ooo.ﬁhv
vGe LL

Yv€'88 ~
09L°L6 7"

Nmm.m_‘_\ /
9LV'SLL N\
€61°0CL \
6GecCL
G89°8¢1L
88€°0¢€L Y
omw.Nm_\\
va.vmr\
18G'6€L \
198'8v1

60961 —

C

1p

-10

10

20

30

50

70

80

110

210

1 (ppm)

S47



IH NMR (500 MHz, CDCls)

000°0-—

1q

Cl

(U2

07

80"V

1 (ppm)

__po

186°L

0.5

1.0

2.0

25

3.0

4.5

5.0

5.5

1 (ppm)

7.5

8.0

8.5

9.5

11.0

11.5

13C NMR (125 MHz, CDCls)

€€6'G6C —

cce Ll —

1¥2°9L
ooo.tw
SsT 1L
910°06 ~
ViV ¥6 —
ve8zLL
8ev LLL
65€0Z1
mwoéﬁ/
vom.wﬁ/
6L20€L /
161°0€L
Eo.mm%
soLeel
906" /¥l —

G6¥°081 —

0]

Cl

4

1q

-10

10

30

50

70

80

110

210

1 (ppm)

S48



IH NMR (500 MHz, CDCls)

0000 —

1161
786°L
066°L
166°L
¥00'Z
goL'e
€lLe
8/L€
€8L'e
161
2629
55291
26€'2
Ly Ly
YLy LY
0z LY
9z L
8e L
vy L
€52
892 ]
€792
992 |
09921
€99/
60281
cizg’

—

=

L€1°9~
G697

YL
viv.
ocy'L
9cv'L
8eY'L
ey L
€esv'L—
89¥°L

€V9L
Y9 L
0992
€992

60Z°8\
s1zg’

Br

z

o'l

8°0

6.7

72 68

T
73

1 (ppm)

I

-—

6°'C

0’y

16

17

f1 (ppm)

13C NMR (125 MHz, CDCls)

268'GC —

8lc¢es —

Lv.'9L
ooo.hhv
vGe LL

¥1°88 ~
80L°1L6

¥Zv 90l /
161911

oum.oﬁ/
Bm.wmr/
¥19'821L

Bm.omrk
¥56°2EL N
808 vel

8¢8'GeEl
187y —

€8€'GLL —

Br

1r

-10

10

30

50

70

80

90

110

210

f1 (ppm)

S49



IH NMR (500 MHz, CDCls)

0L

6°0

£6°€

£1 (ppm)

(1084

o'l
10°€
100" L
e L

f1 (ppm)

13C NMR (125 MHz, CDCls)

006°'GC —

Ly9'LG —
9v.L9L
000°2L
vGe LL
70,68
60°16
(VAR 494
6L9vLL
v99viLL
OLLvLL
189°'8LL
9/1°0CL
¥6G°0CL
YNVRAARN
86G'vCl N
6S6°vClL
34 WXA%
€9v'8¢l
996'8¢l
80.°8¢L
L¥0°0€L
8..°0€L
9€0°eel
9l9°LvlL

ceEV L8l —

L]

il

-10

10

30

50

70

80

90

110

f1 (ppm)

S50



IH NMR (500 MHz, CDCls)

0000
0S6°L

YA

£VL'9
9.9
8v.'9
0189
Nrw.mv
Rm.o\
628'9
29z'L
:\ms/
vvms/
GSe'L
8G€e'L
L9g°L
ziEL
1508~
090'8
Ro.w\

9.0'8

Z

sy

- L'
0L

f1 (ppm)

160°€

—— V) 4 4

16

17

f1 (ppm)

13C NMR (125 MHz, CDCls)

95C'v —

0.8'G¢ —

cce s —

9v.L'9L
OOO.NNW,
vec L.
91908

:m.mw\

LLL'YLL
vc0'GLL /
vvleclt —
gsleet
L9z°eel

9€T'8Yl —

890°LLL —

Y4

1t

-10

10

20

30

50

70

80

110

210

f1 (ppm)

S51



IH NMR (500 MHz, CDCls)

0000 —

(44

, 290y

£1 (ppm)

f1 (ppm)

13C NMR (125 MHz, CDCls)

¢68'GC —

800°¢S —

ov.L'9L
OOOHNW
vGeeLL

€91°98 ~
08288~

LEL°GLL

196611 /
ogLect /
L¥6°'GCl N\
G2C2Z0€L \
mmw.Nm_‘W

90€vLL /

le1°eel
Leeeel

L62'8vL —

8,991 —

1u

f1 (ppm)

S52



IH NMR (500 MHz, CDCls)

0000 —

€vs’
6vG”
966"
199"
(VAN
Sv.L
96/’
89/°
6.L°)

9.0°¢€
wmo.mw
160°€

. .

986'9 1
100°L
910°Z1
6502 1
9021
15211
99¢°/ |
0.€2 7
¥8€° /1
nwm.n;
66€L Y

ICAdR
Lev L
vev 2
get L]
6t L]
z9v'L
99v'2 ]
809/ 1
Z19°2]
9292 ]
v¥6°L]
8v6°2 ]
096°2 1
€96'L

100°L

w_‘o.ﬁM
6G0°L~\
9.0°L”

oLeL
veeL
88,
66€L
vey'L
rers
vev'L
8EV'L
vt L
8092,
z19°L
szoz)
8v6'L
006°L
€96°L

1 (ppm)

f1 (ppm)

13C NMR (125 MHz, CDCls)

LL0¥Z~
168'GZ 7

G8E' VS —

PAZA VA
OOO.NNW
Sl TAV I

€LE68\
80006 7

Lv9'8LL
85¥°'0¢Cl
Ge8'0CL
16G6°8¢1
vl o€l /
ceeoel
6L.°¢€L
968°¢El
€cLeel

62051 —

188'8L1L —

Y4

1

110

210

f1 (ppm)

S53



IH NMR (500 MHz, CDCls)

000°0-—

1G66°C —

1189
26891
10691
086'91
166791
1521
GLE LT
11817
16€°L1
¥6€2 7
YOb L
L0%° LA
8Ly L]
L2y L
vy L]
Lev'L ]
eY L]
8ch'L |
svv L]
9292 ]
ov9'L
velLg]
LEL'8
6v1'8]
€518

—

1w

69 6.8

7.0

7
f1 (ppm)

—0v'9

f1 (ppm)

13C NMR (125 MHz, CDCls)

0LoO'v¥ —

PAZA VA
OOOKNW
LTS

90288~
60106

52021

c0c'9ct /
166°8¢1 AN
89C°0€1 ~
mww.Nm_‘N

9er 9Ll
eegLLL /
\

cvleel
688°cEl

912251 —

L6V LLL —

190 180 170 160 150

200

f1 (ppm)

S54



IH NMR (500 MHz, CDCls)

0000 —

8818
1618

[D]-1d

- - -

6.7

6.8

6.9

7.1

8.2

8.3

8.4

£l (ppm)

uﬂo.v
—

00°€
-0

I
)0 QO QoQ
Orvr+rv v«

0.5

1.0

1.5

2.5

5.0

7.0

7.5

8.0

8.5

9.0

11.0

11.5

1 (ppm)

13C NMR (125 MHz, CDCls)

G08°0C —
L,9°GC —

650 V¥ —
v.E€1LS —

9v.L'9L
OOONNW
GSCLL
V.8°68 ~
0,526
962’ vl
L0L°SLL

19G°0¢t

@No.vN_\”
PR VA TA RN
L0621~

6v¢0€L s
6LLeet
€9¢°eEl
80v'eel
9lL6’LvL \

86€'8Y71

198°9/1 —

[D]-1d

-10

10

20

30

50

70

80

110

210

f1 (ppm)

S55



IH NMR (500 MHz, CDCls)

0000 —

98G°9
1099
7199
9199
8299 7
v#o.w\

oclL.L
wm_\.h/
44 Wy
Dw_\.h\
LS.
15€°L
owm.NW
c9e’ L
Slv'.
8Ly'L
LEV'L
€ev’.L

889°¢
169°€
9LL'€
oclLe
06.°¢€
€6.°¢
96.°¢€
§18'¢
818'¢

-
o]

f1 (ppm)

\mmm.v

_2/0')
10°L

f1 (ppm)

f1 (ppm)

S09'vC —
811°0€ —

6LL0V
66€ Ly

09¥°'99 \
9v.L'9L
OOOKNW

[ TAV I

cS9'v6 —

266'801 \
€0G°LLL

&o.oﬂ/
196'vZL N
159921\
52021
265081 Y
68EvEL Y/
020'8€L

€G€°091 —

Lv2e0C —

13C NMR (125 MHz, CDCls)

2a

-10

10

30

50

70

80

90

110

210

f1 (ppm)

S56



IH NMR (500 MHz, CDCls)

f1 (ppm)

f1 (ppm)

21602~
205'vT
160°0€ ~
20Z'07
Lo Ly =

GGE'99\
Sv.°9/
OOO.NNW

[ TAVIA

L09'v6 —

586501 |
00V ZLL

696'6L1 /
ves el
0Lv'8zL
£PEOEL N
sirier”
mmo.mmrw
S00'8EL

Y9€°091 —

162'20C —

13C NMR (125 MHz, CDCls)

2b

-10

10

20

30

50

70

80

110

210

f1 (ppm)

S57



IH NMR (500 MHz, CDCls)

~
-
@
N
—

685°9
¥09'9
619'9
0£9'9¢
9v9'9~
026'9
S€6'9
156'9
¥56'9
1569
8L0°2
mmo.nV
ove'L
6veL
09€'L
£9g'L
99€°L
Scv L
frad
62v'L
e
szw

vy L

2c

f1 (ppm)

(44

So
-

- Le

clL'e

—==290"L
[00°L

f1 (ppm)

elerAl R A
185'vC
zeLoe
¥290¥
16€° LY —

0Ly 99~
v, 9L
OOOKNW

vec L.

0€9'v6 —
1G6°801
vy LLL
€20°0Cl

olLe el
1€0°8€1L

1GE09L —

G8¢'c0C —

13C NMR (125 MHz, CDCls)

2c

I

-10

10

20

30

50

70

80

110

210

f1 (ppm)

S58



IH NMR (500 MHz, CDCls)

2d

- <y |- 0€0°0¢ —
- ocLve
[ 966'6¢C

L€T L€~
a 092y —~

Lo 9999
0 oﬁ.ﬁw

- -

F< 000°2L
960°¢ - Fe LTV

-
[
i
~

<
=~

£1 (ppm)
T
4

s G676 —
€82°601
199°2LL
5 198'6L1
‘ - wtémrk

1 (ppm)

9€eg'sel
o G..°9¢) —

. . s
602 86 mﬁ\

Le L06°LEL
€9l'eel
ve9LEL
291'8€l

2G1°091 —

f1 (ppm)

6G.¢0C —

13C NMR (125 MHz, CDCls)

-10

2d
60 50 40 30 20 10

70

90 80

100

210 200 190 180 170 160 150 140 130 120 110
1 (ppm)

220




IH NMR (500 MHz, CDCls)

886°9
6859
€09'9
1199
6199
mmw.wx
059'9
1969~
£€86'97
0S0°2~
9902~
192°2
VAL W)
0s€’ 2
L9€°L
$9€° 2
19€°L
8/€ /1~
g7
ey L
12vL
6ch' L
vy L

2e

(%4

f1 (ppm)

f1 (ppm)

oL —
BSVZ\
vIE'BZN
LeLog
882°0%
96E Ly —

0299\
Sv.°9/
OOO.NNW

vec L.

299'v6 —

900601 \
eLvLLL
NN0.0N_‘y
88S'vCl \
v9C L2l ~
€9v°0€L N
a8vLlel
Noo.wm_‘“
Gegerl

6.€°091 —

05€'¢c0C —

13C NMR (125 MHz, CDCls)

2e

-10

10

30

50

70

90

110

210

f1 (ppm)

S60



IH NMR (500 MHz, CDCls)

0000y
922’11
8/G°L 1
€861 4/

2f

0’1
6°0

6.5

7.0 6.7 6.6

7.1

7.5 7.4 7.3 7.2
1 (ppm)

7.6

cC'6
16°€

260

16

17

1 (ppm)

_.mw.ﬁm/
oglLoe \
GGe'Le~
88Z'v€
€0C°0¥ 7
wﬁm._‘v\

2S99\
9v.L'9L
OOONNW

vSsc L.

L99°'v6 —

LLO'60L
vaN_‘_‘/
Ll0°0CL AN
66G°vCl V
ov9'vel

G8lL'0€l N
o9z'Lel s
L26°L€)

LEVEYL —

€6€°091 —

v.€20C —

13C NMR (125 MHz, CDCls)

2f

T
-20

-10

T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130

40

1 (ppm)

S61



IH NMR (500 MHz, CDCls)

N~
<]
~
™

_

—

6199
€€9'9
¥€9°9
1£9'9
€599
889'9
6129
€29
8219
€€.'9
9€/'9
1629
6v0°L
S90°L
080°Z
€9Z°L
€18~
9ev'L
18V L
vy L
LG L
€SY L

2g

T T T T T T T T T T
70 69 68 6.7 6.6 6.5

77 76 75 74 73 72 71

1 (ppm)

0lv

Le
10¢C
=660
320’1
6°0

T T T T T
15

17

o]

12

13

14

16

1 (ppm)

13C NMR (125 MHz, CDCls)

v.S've —
9¢lL'0€ —

SLL0V~
vy’

121'SS —

CEV'99\
9v.L'9L
OOOKNW

L TANA

525 V6 —
6£0°601

ZrrzLL |
69651\
0PGLLL
£10°02L ~
omo.mmi
Nom&mr\
sL9'8zLf
066'SEL

€018l

¥LOBSL
v2€091 7

861°¢0C —

2g

-10

10

30

50

70

80

110

210

1 (ppm)

S62



IH NMR (600 MHz, CDCls)

5299
nmo.ow
059'9 7
voo.o\

202
v20°L
1802\
S80°LT
mwos\
1L
ozL'L
1L
LeLs
1922
8¢,
mwmsw
z6eL”.
LevL
Fv:\

Cl

=
N

0'¢C

N

fl (ppm)

So
- <

f1 (ppm)

13C NMR (150 MHz, CDCls)

L1S've—
€90°0€ —
LEO0F

omv._.vV

71699\
88.°9/
OOORNW

cle L

cly've —

991°601 \
108°21LL

096'611 /
re9vel \t
ACWIIAN
6V8LEL\
7192l

or6cel \
192°8¢€L

12€°09) —

0€6°'L0C —

Cl

2h

f1 (ppm)

S63



IH NMR (600 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)

——

_—

2k

L'c

(x4

f1 (ppm)

ov

1 (ppm)

13C NMR (125 MHz, CDCls)

cLSve—
880°0€ —
me.mm/
SOV’ LY~

005799\
LvL'9L
OOONNW

GSC'LL

825'¥6 —
€90°'601
LEG PLL
869V LL
G69LLL —
zio0zL”
095vzL 7.
050°0€}
9/0°0€L
ze6'LEL
¥66°LEL
881°8¢cl
95€°091 >
Bw.oor\
¥08°291

¢l0'coCc —

2k

T
-20

-10

T T T T T T T T T
220 210 200 190 180 170 160 150 140 130

T
230

40

1 (ppm)

S66



Ph

—_—

IH NMR (500 MHz, CDCls)

LS
1 Le
3
Lo
-
- I,
N - zLS YT~
Fe 0zL'0€ —
LLE OV
Zz F oA
160 L2
0°€
50 | 26499
0oL |3 9.9/
00022
[ ST L.
2
L2
e “ 0€9'¥6 —
o'l |- & 160°60L
z 60 z S09°LLL
L [ 0L0’0Z}
3
vmw.vmr/
o lm 9L’ 9z)
= rm.m Now.omrw
e Lo 980221
P o £59'8Z1
£ - coc o ¥96°0€ )
= oo 1 —~ lG5€ElL
Lo oz |2 <2 eelgel
h O sLe6el
- 0 Rm.oﬁ\
| < O =zoro9l
N R g
L2 N
. I
wH Fo M
-
L2 L0
- m 2 . p—
Le — S§lz'zoz
L2 ~—
0
LS M
“ 2
N ®)
=Y o
el -

Ph
2
60 50 40 30 20 10 -10

70

90 80

100

S67

210 200 190 180 170 160 150 140 130 120 110

220




IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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IH NMR (500 MHz, CDCls)
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9. X-ray crystallography of compound 2a.

11a-benzyl-2,3,4,5-tetrahydro-[1,3]oxazepino[3,2-a]indol-11(11aH)-one (2a, 2305869)
(Ortep ellipsoids are depicted at the 50% level)

92y

Table S1. Crystal data and structure refinement for 2a.

Identification code 2a
Empirical formula CioH19NO;
Formula weight 293.35
Temperature 2132 K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P21/n

Unit cell dimensions

a=7.9979 (3) A, a= 90°.
b =14.3194 (5) A, p= 91.7040 (10)<
c = 13.4938 (4) A, y = 90°.

Volume 1544.7009) A®
4 4
Density (calculated) 1.261 Mg/m3
Absorption coefficient 0.082 mm-1
F(000) 624
Crystal size 0.160 x 0.130 x 0.100 mm?
Theta range for data collection 2.918 to 25.998<
Index ranges -9<=h<=7, -17<=k<=17, -16<=I<=16
Reflections collected 14655
Independent reflections 3028 [R(int) = 0.0436]
Completeness to theta = 26.000° 99.6 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.6535
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 3028 /0/200
Goodness-of-fit on F2 1.061

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

R1 =0.0423, wR2 = 0.0867

R indices (all data)

R1 = 0.0594, wR2 = 0.0957

Extinction coefficient

0.029(4)

Largest diff. peak and hole

0.151 and -0.139 e. A3
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