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1. General Information

Unless otherwise noted, all reagents and solvents were purchased from the
commercial sources and used as received. Thin layer chromatography (TLC) was used
to monitor the reaction on Merck 60 F254 precoated silica gel plate (0.2 mm thickness).
TLC spots were visualized by UV-light irradiation on Spectroline Model ENF-24061/F
254 nm. The products were isolated by direct filtration or purified by flash column
chromatography (200-300 mesh silica gel) eluted with the gradient of petroleum ether
and ethyl acetate. 'H, *C and "’F NMR spectra were recorded on a Bruker AMX 500
(500 MHz for 'H, 126 MHz for *C and 470 MHz for '°F NMR) spectrometer at room
temperature. The chemical shifts were reported in parts per million (ppm), downfield
from SiMes (8 0.0) and relative to the signal of chloroform-d (8 7.26, singlet) or
dimethyl sulfoxide-ds (& 2.54, singlet). Multiplicities were afforded as: s (singlet); d
(doublet); t (triplet); q (quartet); dd (doublets of doublet) or m (multiplets). The number
of protons for a given resonance is indicated by nH. Coupling constants were reported
as a J value in Hz. Carbon nuclear magnetic resonance spectra ('*C NMR) was
referenced to the appropriate residual solvent peak. High resolution mass spectral
analysis (HRMS) was performed on Waters XEVO G2 Q-TOF. Melting points were
determined on a microscopic melting point apparatus and are uncorrected. The X-ray

diffraction analysis were performed on Gemini E/EOS.
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2. General Procedure

2.1 General procedure for the synthesis of 3aa-3ma.

N
H

R1®
4
N HO .
. \©[°> (1.0 equiv) )
o EtOH, rt

CHO

1a-1m 2a 3aa-3ma

A sealed tube was charged with 2-((1H-indol-1-yl)methyl)benzaldehyde 1a-1m
(0.12 mmol), 3,4-(methylenedioxy)-phenol (0.1 mmol), pyrrolidine (0.1 mmol, 7.1 mg)
and EtOH (1.0 mL). The mixture was stirred at room temperature under an air
atmosphere. After completion of the reaction as indicated by TLC analysis, the solid
product was collected by filtering and washed with EtOH to get 3aa-3ha and 3ja, and
the mixture was concentrated in vacuum and the residue was directly purified by flash
column chromatography on silica gel (eluent: ethyl acetate/petroleum ether = 1:10) to
afford the desired product 3ia, 3ka, 3la, 3ma.

2.2 General procedure for the synthesis of Saa-Sna.

5aa-5na

A sealed tube was charged with 2-((1H-indol-3-yl)methyl)benzaldehyde 4a-4n (0.12
mmol), 3,4-(methylenedioxy)-phenol (0.1 mmol), pyrrolidine (0.1 mmol, 7.1 mg) and
EtOH (1.0 mL). The mixture was stirred at room temperature under an air atmosphere.
After completion of the reaction as indicated by TLC analysis, the solid product was
collected by filtering and washed with EtOH to get Saa, Sba, Sda, Sea, 5fa, Sga, 5ja,
Ska, 5la, Sma, Sna, and the mixture was concentrated in vacuum and the residue was
directly purified by flash column chromatography on silica gel (eluent: ethyl

acetate/petroleum ether = 1:10) to afford the desired product Sca, Sha, Sia.
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2.3 General procedure for the synthesis of 6ab-6mb.

S
N @ (1.0 equiv)
+ —_—
N EtOH, rt
H
CHO
R
1a-1m 2b 6ab-6mb

A sealed tube was charged with 2-((1H-indol-1-yl)methyl)benzaldehyde la-1m
(0.12 mmol), 4-hydroxyindole (0.1 mmol), pyrrolidine (0.1 mmol, 7.1 mg) and EtOH
(1.0 mL). The mixture was stirred at room temperature under an air atmosphere. After
completion of the reaction as indicated by TLC analysis, the solid product was collected
by filtering and washed with EtOH to get 6ab, 6bb, 6¢b, 6db, 6eb, 6fb, 6ib, 6jb, 61b,
and the filtrate mixture was concentrated in vacuum and the residue was directly
purified by flash column chromatography on silica gel (eluent: ethyl acetate/petroleum
ether = 1:5) to afford the desired product 6gb, 6hb, 6kb, 6mb.

2.4 General procedure for the the synthesis of 2-((1H-indol-1-yl)methyl)

benzaldehyde 1a-1m.

Rl TN n-BuLi Rl TN
Br R TN KOH Z >N DMF Z =N
©;Bf ZN DMSO, rt THF, -78 °C-rt
e o
s-1 1a-1m

-1% step: To synthesize 1-(2-bromobenzyl)-1H-indole (s-1) according to the literature
procedure.[!!
-2 step: To synthesize 2-((1H-indol-1-yl)methyl) benzaldehyde (1a-1m) according to

the literature.!!
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2.5 General procedure for the the synthesis of 2-((1H-indol-3-yl)methyl)
benzaldehyde 4a-4n.

p-TSA 10 mol% O

HO
CHO
Rsm . NaOH (1.0 equiv) Hantzschester
ZN THOEOH= 11t el ST I >
N gr H =1t gall DCM N
Z N H
H
s s-3
Br Br. - OHC
R2.X n-BuLi O
DMF
NSRS B e S S
A THF N THF, -78°C -t N
H X=1lorBr R? R?
s-4 4a-4n

-1% step: To synthesize (2-bromophenyl)(1H-indol-3-yl)methanol (s-2)according to the
literature procedure.”
-2 step procedure:

To a stirred solution of (2-bromophenyl)(1H-indol-3-yl)methanol (3.63g, 12.0
mmol) in DCM (40 mL), Hantzsch esters (3.80g, 15.0 mmol) was added. Then p-
toluenesulfonic acid monohydrate (114.0 mg, 0.6 mmol) was added to the mixture and
the resultant was stirred for 4 hours. After the reaction was completed by TLC, the
solvent was removed in vacuum. The residue was purified by flash column
chromatography (petroleum ether/EtOAc = 5:1) on silica gel to afford 3-(2-
bromobenzyl)-1H-indole (S-3) as a white solid (2461.1 mg, 86%).

-3 step: The amine protection step was performed according to the literature
procedure.*!

4™ step: To synthesize 2-((1H-indol-3-yl)methyl) benzaldehyde according to the
literature.[?!

2.6 General procedure for the the synthesis of 2-(indolin-1-ylmethyl)benzaldehyde

1a’.1215]
NaHCOj (1.24 equiv.) ©j> -BuLi ©j>
©[> 2-bromobenzyl bromide (1.04 equiv.) N DMF N
_ >
N H,0, 90 °C THF, -78 °C-rt
Br CHO

s-5 1a'

To synthesize 2-(indolin-1-ylmethyl)benzaldehyde 1a’ according to the literature.!?/l%]
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3. Mechanistic Study

3.1 Proposed Mechanism

p-elimination

i é?
@ ~_|CD
N Tautomerism 0
- O Ms-2
CN HRMS (ESI-TOF):
OH A ( OH m/z [M + H]* calcd for Cy;H,7N,03:427.2016

MS-1 found: 427.2011.

H
HRMS (ESI-TOF): o
m/z [M + H]* calcd for CyH,;N,0:307.1804 t
o

found: 307.1798.

To verify the reaction mechanism, we stopped the reaction of 1a and 2a after 12 h
under standard reaction conditions, and the reaction system was then sent to high-
resolution mass spectrometry to detect the intermediates mentioned above.

3.2 HRMS (ESI-TOF) Spectra data of MS-1.

o
5P

HRMS (ESI-TOF): m/z [M + H] " calcd for C20H23N>0:307.1804, found: 307.1798.

“Spectrum 1 2360 - 20210526-pos-6 - C1T1

20210526-pos-6 #2360 RT: 0.95 AV: 1 NL T S8E+006

T- FTMS + p ESI Full ms [100 D000-500 000D —
3071798

L= 308.1428

Relative Abundanc

308.7346

T T T T T T T T T T T T T T T T T T T d
306.4 66 066 307.0 072 074 7 g ] 308.0 308.2 3084 3086 086 309.0 3092 3094 3096 3096
miz
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3.3 HRMS (ESI-TOF) Spectra data of MS-2.

MS -2

HRMS (ESI-TOF): m/z [M + H] * calcd for C27H27N205:427.2016, found: 427.2011.

~Spectrum 1 305 - 20210526-pos-6 - C1T1

20210526-pas-6 #305 RT. 0.16 AV: 1 NL: 6.35E+008
T: FTMS + p ESI Full ms [100 0000-600 0000)

4273011

50 4282046
425 1856 4261881 i 425.2080 430 2006
T T UMMLALES AL RS A RERS be By T T T (AAAREE |AARAL EARAL T T T T T T
4220 435 4230 235 4240 2245 4250 1255 4260 4265 2270 42 2280 4285 1280 4295 2300 4305 4310
miz

4. The Effect of Pyrrolidine Loading

110
100

91

90 F 86 g5 86 87
S0} 78 g T )

74 =

ot /’
60 F 58 3

ol

75 —n—]solated yield of 3aa

50 F
40
30 262.

zo-zy./

10}

Isolated yield (%) of 3aa after 24 h

0 1 1 1 1 1 L 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 240
Pyrrolidine load (mol %)

Figure 1 The effect of pyrrolidine loading on the isolated yield of 3aa
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5. Characterization of Products

2-((1H-indol-1-yl) methyl) benzaldehyde (1a)

o
N
dCHO
White solid; 70% yield, mp 78-80 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. 'H NMR (500 MHz, CDCls) 6 10.15 (s, 1H), 7.81 (d, J = 7.5
Hz, 1H), 7.67 — 7.65 (m, 1H), 7.39 (t, /= 7.5 Hz, 1H), 7.30 (t, /= 7.5 Hz, 1H), 7.14 —
7.08 (m, 4H), 6.58 (d, J=3.0 Hz, 1H), 6.48 (d, J=8.0 Hz, 1H), 5.78 (s, 2H). 3C NMR
(126 MHz, CDCls) 6 193.79, 140.21, 136.43, 135.42, 134.37, 132.92, 128.75, 128.69,
127.78, 127.18, 121.96, 121.14, 119.79, 109.75, 102.14, 47.99. HRMS (ESI-TOF):

m/z [M + H]" calcd for Ci16H14NO: 236.1069, found: 236.1070.

2-((4-methyl-1H-indol-1-yl) methyl) benzaldehyde (1b)
Me

o
e

Yellow oil; 68% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'"H NMR (500 MHz, CDCl3) 5 10.23 (s, 1H), 7.89 (d, J=7.5 Hz, 1H), 7.47 (t, J=7.5
Hz, 1H), 7.39 (t, /= 7.5 Hz, 1H), 7.15 (d, J= 3.0 Hz, 1H), 7.12 — 7.08 (m, 1H), 7.04
(d, J=8.0 Hz, 1H), 6.97 (d, J= 7.0 Hz, 1H), 6.65 (d, J=3.0 Hz, 1H), 6.55 (d, J=8.0
Hz, 1H), 5.84 (s, 2H), 2.63 (s, 3H). 3C NMR (126 MHz, CDCl3) § 193.70, 140.56,
136.65, 135.21, 134.28, 132.84, 128.88, 127.59, 127.22, 126.09, 121.78, 119.09,
118.93, 111.22, 109.42, 47.59, 9.67. HRMS (ESI-TOF): m/z [M + H]" caled for
C17H16NO: 250.1226, found: 250.1227.

2-((4-fluoro-1H-indol-1-yl) methyl) benzaldehyde (1c)

S9



Light yellow solid; 30% yield, mp 65-66 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCI3) § 10.20 (s, 1H), 7.89 (dd, J = 7.5,
1.5 Hz, 1H), 7.49 (t, /= 7.5 Hz, 1H), 7.40 (td, /= 7.5, 1.5 Hz, 1H), 7.11 (d, J= 3.5 Hz,
1H), 7.07 (td, J= 8.0, 5.5 Hz, 1H), 6.95 (d, /= 8.5 Hz, 1H), 6.80 (dd, /= 10.5, 8.0 Hz,
1H), 6.70 (d, J = 3.5 Hz, 1H), 6.52 (d, J = 7.5 Hz, 1H), 5.83 (s, 2H). '*C NMR (126
MHz, CDCl3) 6 193.79, 156.57 (d, J = 247.5 Hz, 1C), 139.63, 139.07 (d, /= 11.5 Hz,
1C), 135.61, 134.36, 132.88, 128.59, 127.91, 127.03, 122.43 (d,/=7.9 Hz, 1C), 117.71
(d, J=22.6 Hz, 1C), 105.84 (d, J = 3.5 Hz, 1C), 104.53 (d, J = 19.0 Hz, 1C), 98.18,
48.30. YFNMR (470 MHz, CDCl3) 6 -121.80. HRMS (ESI-TOF): m/z [M + H]" calcd
for C1¢H13FNO: 254.0976, found: 254.0978.

2-((4-chloro-1H-indol-1-yl) methyl) benzaldehyde (1d)

Cl

Co
Lo

White solid; 30% yield, mp 52-54 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCl3) § 10.19 (s, 1H), 7.87 (dd, J = 7.5,
1.5Hz, 1H), 7.47 (t,J=7.5 Hz, 1H), 7.39 (td, J=7.5, 1.5 Hz, 1H), 7.16 (d, J= 3.5 Hz,
1H), 7.13-7.11 (m, 1H), 7.08 — 7.04 (m, 2H), 6.71 (d, J = 3.0 Hz, 1H), 6.49 (d, /= 8.0
Hz, 1H), 5.82 (s, 2H). 3C NMR (126 MHz, CDCl3) § 193.78, 139.53, 137.09, 135.61,
134.34, 132.80, 129.18, 127.89, 127.38, 126.97, 126.29, 122.47, 119.50, 108.36,
100.72, 48.29. HRMS (ESI-TOF): m/z [M + H]" calcd for CisHi3CINO: 270.0680,
found: 270.0682.

2-((5-methyl-1H-indol-1-yl) methyl) benzaldehyde (1e)

Light yellow solid; 80% yield, mp 86-87 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCls) § 10.18 (s, 1H), 7.84 (d, J= 7.5 Hz,
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1H), 7.43 (t,J="7.5 Hz, 1H), 7.35 (t, /= 8.0 Hz, 1H), 7.10 (d, /= 3.0 Hz, 1H), 7.06 (t,
J=7.5Hz, 1H), 6.99 (d, /= 8.5 Hz, 1H), 6.92 (d, /= 7.0 Hz, 1H), 6.61 (d, /= 3.0 Hz,
1H), 6.51 (d, J = 7.5 Hz, 1H), 5.80 (s, 2H), 2.59 (s, 3H). 13C NMR (126 MHz, CDCls)
0 193.71, 140.22, 136.05, 135.28, 134.27, 132.79, 130.47, 128.51, 127.92, 127.63,
127.09, 121.99, 119.89, 107.26, 100.49, 48.02, 18.73. HRMS (ESI-TOF): m/z [M + H]"
calcd for C17HsNO: 250.1226, found: 250.1227.

2-((5-methoxy-1H-indol-1-yl) methyl) benzaldehyde (1f)

MeO
o
N
dcm

White solid; 84% yield, mp 82-84 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCIl3) 5 10.20 (s, 1H), 7.87 (dd, J = 7.5,
1.0 Hz, 1H), 7.45 (t,J=17.5 Hz, 1H), 7.38 (td, J=7.5, 1.5 Hz, 1H), 7.14 (d, /= 2.5 Hz,
1H), 7.10 (d, J= 3.0 Hz, 1H), 7.04 (d, J = 8.5 Hz, 1H), 6.81 (dd, J= 8.5, 2.0 Hz, 1H),
6.52 — 6.50 (m, 2H), 5.78 (s, 2H), 3.85 (s, 3H). 3C NMR (126 MHz, CDCls) & 193.73
(d, J=3.2 Hz, 1C), 154.21, 140.32, 135.34, 134.31, 132.81, 131.63, 129.13, 129.02,
127.69, 127.08, 112.19, 110.42, 102.61, 101.56, 55.81, 48.12. HRMS (ESI-TOF): m/z
[M + H]" caled for C17H16NO2: 266.1176, found: 266.1177.
2-((5-fluoro-1H-indol-1-yl) methyl) benzaldehyde (1g)

F
o
N
dcm

Yellow oil; 45% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
"H NMR (500 MHz, CDCl3) 5 10.19 (s, 1H), 7.87 (dd, J = 7.5, 1.5 Hz, 1H), 7.47 (t, J
=7.5Hz, 1H), 7.39 (td, /= 7.5, 1.5 Hz, 1H), 7.30 (dd, J = 12.5, 2.5 Hz, 1H), 7.16 (d, J
= 3.5 Hz, 1H), 7.05 (dd, J=9.0, 4.0 Hz, 1H), 6.88 (td, J=9.0, 2.5 Hz, 1H), 6.55 (d, J
= 3.0 Hz, 1H), 6.49 (d, J = 8.0 Hz, 1H), 5.80 (s, 2H). ¥*C NMR (126 MHz, CDCl3)
193.76 (d, J= 1.8 Hz, 1C), 158.92, 157.06, 139.82, 135.54, 134.32, 132.89 (d, /= 15.1
Hz,1C), 130.20, 128.87 (d, J = 10.1 Hz, 1C), 127.84, 126.99, 110.35 (d, J = 6.2 Hz,
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1C), 110.21 (d, J = 10.3 Hz, 1C), 105.75 (d, J = 23.7 Hz, 1C), 101.96 (d, J = 4.5 Hz,
1C), 43.21. ’F NMR (470 MHz, CDCl3) § -124.99. HRMS (ESI-TOF): m/z [M + H]"
calcd for Ci6H13FNO: 254.0976, found: 254.0979.

2-((5-chloro-1H-indol-1-yl) methyl) benzaldehyde (1h)

>

CHO

White solid; 35% yield, mp 80-83 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCl3) 6 10.01 (s, 1H), 7.69 (dd, J = 7.5,
1.5 Hz, 1H), 7.48 — 7.47 (m, 1H), 7.30 (td, J = 7.5, 1.0 Hz, 1H), 7.20 (td, /= 7.5, 1.5
Hz, 1H), 6.98 (d, J = 3.5 Hz, 1H), 6.94 — 6.90 (m, 2H), 6.38 (dd, J = 3.5, 1.0 Hz, 1H),
6.34 (d, J=8.0 Hz, 1H), 5.63 (s, 2H). 13C NMR (126 MHz, CDCls) 5 193.87, 139.71,
135.71, 134.97, 134.47, 133.05, 130.19, 129.86, 128.10, 127.19, 125.64, 122.34,
120.61,110.93,101.91, 48.27. HRMS (ESI-TOF): m/z [M + H]" calcd for C16H;3CINO:
270.0680, found: 270.0683.

2-((6-fluoro-1H-indol-1-yl) methyl) benzaldehyde (1i)

Light yellow solid; 43% yield, mp 55-56 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCl3) § 10.19 (s, 1H), 7.87 (dd, J = 7.5,
1.5 Hz, 1H), 7.47 (t, J=7.5 Hz, 1H), 7.39 (td, J = 7.5, 1.5 Hz, 1H), 7.30 (dd, /= 10.0,
2.5 Hz, 1H), 7.16 (d, J = 3.5 Hz, 1H), 7.05 (dd, /= 9.0, 4.0 Hz, 1H), 6.88 (td, /= 9.0,
2.5 Hz, 1H), 6.55 (d, J = 3.0 Hz, 1H), 6.49 (d, J= 8.0 Hz, 1H), 5.80 (s, 2H). 3C NMR
(126 MHz, CDCl) 6 193.76 (d, J = 1.76 Hz, 1C), 158.92, 157.06, 139.82, 135.54,
134.32, 132.89 (d, J = 15.1 Hz, 1C), 130.20, 128.87 (d, J = 10.1 Hz, 1C), 127.84,
126.99, 110.35 (d, J=6.2 Hz, 1C), 110.21 (d, J=10.3 Hz, 1C), 105.75 (d, J=23.7 Hz,
1C), 101.96 (d, J=4.5 Hz, 1C), 48.21. '’F NMR (470 MHz, CDCl3) § -120.54. HRMS
(ESI-TOF): m/z [M + H]" caled for C1sHi13FNO: 254.0976, found: 254.0979.
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2-((6-methoxy-1H-indol-1-yl) methyl) benzaldehyde (1j)

Yellow oil, 70% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'"H NMR (500 MHz, CDCl3) § 9.94 (s, 1H), 7.59 (dd, J = 7.5, 1.5 Hz, 1H), 7.36 (d, J
=8.5 Hz, 1H), 7.20 (td, J=17.5, 1.0 Hz, 1H), 7.13 (td, J=7.5, 1.5 Hz, 1H), 6.80 (d, J =
3.0 Hz, 1H), 6.62 (dd, J = 8.5, 2.0 Hz, 1H), 6.46 (d, J = 2.5 Hz, 1H), 6.36 — 6.34 (m,
2H), 5.54 (s, 2H), 3.53 (s, 3H). 13C NMR (126 MHz, CDCl3) 6 193.59 (d, J= 1.8 Hz,
1C), 156.36, 139.91, 137.05, 135.16, 134.14, 132.77, 127.57, 127.42, 126.98, 122.81,
121.52, 109.54, 101.91, 93.14, 55.45, 47.69. HRMS (ESI-TOF): m/z [M + H]" calcd
for C17H16NO2: 266.1176, found: 266.1179.

2-((2-methyl-1H-indol-1-yl) methyl) benzaldehyde (1k)

Yellow oil; 65% yield; column chromatography eluent, petroleum ether/EtOAc=30:1.
TH NMR (500 MHz, CDCl3) 5 10.03 (s, 1H), 7.63 (dd, J= 8.0, 1.5 Hz, 1H), 7.53 (dd,
J=17.5,1.5Hz, 1H), 7.20 (td, J=7.0, 1.0 Hz, 1H), 7.07 (td, J= 7.6, 1.5 Hz, 1H), 7.04
—7.00 (m, 1H), 6.98 — 6.96 (m, 2H), 6.32 (s, 1H), 6.22 (d, J = 8.0 Hz, 1H), 5.67 (s,
2H), 2.16 (s, 3H). 13C NMR (126 MHz, CDCl3) § 194.04, 140.56, 137.41, 136.94,
135.72, 134.51, 133.07, 128.60, 127.68, 126.50, 121.18, 120.14, 120.02, 109.42,
101.03,44.82,12.64. HRMS (ESI-TOF): m/z [M + H]" calcd for Ci7H6NO: 250.1226,
found: 250.1228.
2-((3-methyl-1H-indol-1-yl) methyl) benzaldehyde (11)

Me

Qe

CHO
White solid; 62% yield, mp 79-81 °C; column chromatography eluent, petroleum
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ether/EtOAc = 30:1. TH NMR (500 MHz, CDCl3) & 10.22 (s, 1H), 7.88 (d, /= 7.5 Hz,
1H), 7.65 —7.62 (m, 1H), 7.46 (t, J=7.5 Hz, 1H), 7.39 (t, /J=7.5 Hz, 1H), 7.16 — 7.13
(m, 3H), 6.90 (s, 1H), 6.56 (d, J = 7.5 Hz, 1H), 5.77 (s, 2H), 2.38 (s, 3H). 3C NMR
(126 MHz, CDCls) 6 194.75, 141.05, 136.68, 135.24, 134.31, 132.87, 128.91, 127.63,
127.26, 126.13, 121.81, 119.12, 118.97, 111.25, 109.46, 47.63, 9.71. HRMS (ESI-
TOF): m/z [M + H]" calcd for C17H16NO: 250.1226, found: 250.1228.
2-((2,3-dimethyl-1H-indol-1-yl) methyl) benzaldehyde (1m)

Me

@E%*Me
N
dCHO

Yellow solid; 66% yield, mp 90-91 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. "TH NMR (500 MHz, CDCl3) § 10.26 (s, 1H), 7.89 (d, J= 7.5 Hz,
1H), 7.59 (dd, J=17.5, 4.0 Hz, 1H), 7.45 (t, J=7.5 Hz, 1H), 7.35 (t, J= 7.5 Hz, 1H),
7.15—-7.10 (m, 3H), 6.33 (dd, J = 8.0, 3.5 Hz, 1H), 5.78 (d, /= 3.0 Hz, 2H), 2.35 (d, J
=4.0 Hz, 3H), 2.25 (d, J= 3.0 Hz, 3H). 3C NMR (126 MHz, CDCl3) 5 194.06, 140.91,
136.31, 135.67, 134.48, 132.80, 132.47, 128.79, 127.43, 126.51, 120.93, 119.06,
118.12, 108.80, 107.27, 44.81, 9.97, 9.00. HRMS (ESI-TOF): m/z [M + H]" caled for
C18H1sNO: 264.1383, found: 264.1387.

2-(indolin-1-ylmethyl) benzaldehyde (1a’)

0
o

Yellow solid; 89% yield, mp 81-82 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCl3) 6 10.29 (s, 1H), 7.87 (dd, J = 7.5,
1.5 Hz, 1H), 7.58 — 7.53 (m, 2H), 7.46 (td, J=17.5, 1.5 Hz, 1H), 7.10 (dd, J="7.5, 1.5
Hz, 1H), 7.03 (td, J = 8.0, 1.5 Hz, 1H), 6.69 (td, J= 7.5, 1.0 Hz, 1H), 6.44 (d, J= 8.0
Hz, 1H), 4.63 (s, 2H), 3.34 (t, J = 8.5 Hz, 2H), 2.98 (t, J= 8.5 Hz, 2H). ®*C NMR (126
MHz, CDCl) o 192.80, 152.18, 141.16, 134.03, 133.80, 132.46, 129.89, 129.00,
127.59, 127.32, 124.51, 118.10, 106.98, 54.07, 51.63, 28.58. HRMS (ESI-TOF): m/z
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[M + H]" caled for C23H20NO: 238.1226, found: 238.1226.
2-((1-butyl-1H-indol-3-yl) methyl) benzaldehyde (4a)

CHO
L
N

\
nBu

Yellow oil; 63% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'TH NMR (500 MHz, CDCl3) 6 10.27 (s, 1H), 7.84 — 7.82 (m, 1H), 7.51 (d, J= 7.5 Hz,
1H), 7.41 (td, J= 7.5, 1.5 Hz, 1H), 7.313 — 7.285 (m, 2H), 7.26 (d, J = 8.0 Hz, 1H),
7.17 (t, J= 7.5 Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.61 (s, 1H), 4.46 (s, 2H), 3.92 (t, J =
7.5 Hz, 2H), 1.67 (p, J = 14.5, 7.0 Hz, 2H), 1.23 (h, J = 14.5, 7.0 Hz, 2H), 0.85 (t, J =
7.0 Hz, 3H). 3C NMR (126 MHz, CDCl3) 5 191.27 (d,J=2.0 Hz, 1C), 142.68, 135.35,
132.89, 132.86, 130.04, 129.65, 126.47, 125.68, 125.50, 120.59, 117.94, 117.82,
112.88, 108.42, 44.89, 31.25, 27.18, 19.08, 12.63. HRMS (ESI-TOF): m/z [M + H]"
calcd for C20H2oNO: 292.1696, found: 292.1698.

2-((1-benzyl-1H-indol-3-yl) methyl) benzaldehyde (4b)

CHO
0
N

Bn

White solid; 72% yield, mp 81-83 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCl3) 6 10.24 (s, 1H), 7.80 (dd, J = 7.5,
1.5 Hz, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.41 (td, J= 7.5, 1.5 Hz, 1H), 7.29 (dd, J=9.5,
8.0 Hz, 2H), 7.20 - 7.12 (m, 4H), 7.10 — 7.07 (m, 1H), 7.03 — 6.99 (m, 1H), 6.97 — 6.95
(m, 2H), 6.63 (s, 1H), 5.14 (s, 2H), 4.46 (s, 2H). '3C NMR (126 MHz, CDCl3) 5 191.86
(d, J=3.0 Hz, 1C), 143.11, 137.12, 136.35, 133.53, 133.46, 130.64, 130.52, 128.27,
127.37, 127.35, 127.08, 126.60, 126.34, 126.17, 121.62, 118.85, 118.66, 114.30,
109.40, 109.39, 49.47, 27.82. HRMS (ESI-TOF): m/z [M + H]" calcd for C23H2NO:
326.1539, found: 326.1541.

2-((1-methyl-1H-indol-3-yl) methyl) benzaldehyde (4c)
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CHO
L
N

Me

Yellow solid; 70% yield, mp 67-68 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCI3) 6 10.06 (s, 1H), 7.64 (dd, J = 8.5,
1.5 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.21 (td, J = 7.5, 2.0 Hz, 1H), 7.12 — 7.09 (m,
2H), 7.02 — 7.01 (m, 2H), 6.90 (dt, J= 8.0, 4.0 Hz, 1H), 6.33 (s, 1H), 4.25 (s, 2H), 3.31
(s, 3H). ¥C NMR (126 MHz, CDCl3) & 191.17, 142.52, 135.92, 132.71, 129.94,
129.65, 126.34, 126.30, 125.56, 120.64, 120.63, 117.82, 117.76, 112.83, 108.14, 31.23,
26.93. HRMS (ESI-TOF): m/z [M + H]" caled for Ci7H¢NO: 250.1226, found:
250.1228.

2-((1-allyl-1H-indol-3-yl) methyl) benzaldehyde (4d)

Yellow oil; 63% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'"H NMR (500 MHz, CDCl3) 6 10.24 (s, 1H), 7.81 (d, J= 8.0 Hz, 1H), 7.50 (d, /= 8.0
Hz, 1H), 7.39 (t, /= 8.0 Hz, 1H), 7.30 —7.27 (m, 2H), 7.22 (d, J = 8.0 Hz, 1H), 7.15
(t,J=7.5Hz, 1H), 7.05 (t, J= 7.5 Hz, 1H), 6.59 (s, 1H), 5.83 (ddt, J=16.0, 10.5, 5.5
Hz, 1H), 5.06 (d, J=10.0 Hz, 1H), 4.95 (d, /= 17.0 Hz, 1H), 4.49 (d, /= 5.5 Hz, 2H),
4.45 (s, 2H). 3C NMR (126 MHz, CDCl3) 5 192.38, 143.77, 136.76, 134.16, 134.00,
133.67, 131.24, 131.03, 127.92, 126.89, 126.69, 122.05, 119.35, 119.21, 117.19,
114.62, 109.87, 48.74, 28.33. HRMS (ESI-TOF): m/z [M + Na]" calcd for
Ci9H17NNaO: 298.1202, found: 298.1205.

2-((1-(cyclopropylmethyl)-1H-indol-3-yl) methyl) benzaldehyde (4¢e)
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Yellow oil; 59% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'"H NMR (500 MHz, CDCl3) 6 10.27 (s, 1H), 7.82 (d, J= 7.5 Hz, 1H), 7.50 (d, /= 8.0
Hz, 1H), 7.40 (t, J=7.5 Hz, 1H), 7.31 — 7.26 (m, 3H), 7.16 (t, /= 7.0 Hz, 1H), 7.04 (t,
J=7.5Hz, 1H), 6.71 (s, 1H), 4.46 (s, 2H), 3.77 (d, J= 7.0 Hz, 2H), 0.47 (t, /= 6.0 Hz,
2H), 0.21 (t, J= 5.0 Hz, 2H). '3C NMR (126 MHz, CDCl3) & 192.47, 143.90, 136.76,
134.12, 134.05, 131.25, 130.94, 127.75, 126.89, 126.51, 121.88, 119.18, 119.15,
114.14, 109.70, 50.57, 28.42, 11.48, 4.18 (s, 2C). HRMS (ESI-TOF): m/z [M + Na]"
calcd for C20H19NNaO: 312.1359, found: 312.1366.
2-((1-benzyl-2-methyl-1H-indol-3-yl) methyl) benzaldehyde (4f)

CHO
T
N

Bn
Yellow oil; 30% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'"H NMR (500 MHz, CDCl3) & 10.38 (s, 1H), 7.82 (dd, J= 7.4, 1.7 Hz, 1H), 7.37 (td,
J=17.5,15Hz, 1H), 7.31 (dd, /= 16.0, 7.0 Hz, 2H), 7.27 — 7.19 (m, 5H), 7.14 (d, J =
7.5 Hz, 1H), 7.09 (t,J=7.5 Hz, 1H), 7.00 (t, J = 7.5 Hz, 1H), 6.95 (d, /= 8.0 Hz, 2H),
5.31 (s, 2H), 4.58 (s, 2H), 2.23 (s, 3H). 3C NMR (126 MHz, CDCls) 5 193.02, 144.10,
138.06, 136.85, 134.06, 133.95, 133.86, 132.36, 130.13, 128.88 (s, 2C), 128.25, 127.38,
126.44, 126.04 (s, 2C), 121.20, 119.43, 118.43, 109.50, 109.22, 46.68, 27.27, 10.44.
HRMS (ESI-TOF): m/z [M + Na]" caled for C24H21NNaO: 362.1515, found: 362.1516.

2-((1-benzyl-4-methyl-1H-indol-3-yl) methyl) benzaldehyde (4g)

OHC

White solid; 55% yield, mp 99-101 °C; column chromatography eluent, petroleum
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ether/EtOAc = 30:1. TH NMR (500 MHz, CDCl3) & 10.26 (s, 1H), 7.85 (d, /= 7.5 Hz,
1H), 7.39 (t,J=17.5 Hz, 1H), 7.31 (t, J=7.5 Hz, 1H), 7.22 — 7.16 (m, 4H), 7.05 — 7.00
(m, 2H), 6.97 (d, J = 7.5 Hz, 2H), 6.79 (d, J = 6.5 Hz, 1H), 6.47 (s, 1H), 5.09 (s, 2H),
4.69 (s, 2H), 2.54 (s, 3H). 3C NMR (126 MHz, CDCl3) § 192.30 (d, J = 1.8 Hz, 1C),
144.11, 137.50, 137.26, 133.96, 133.60, 131.08, 131.00, 130.67, 128.61 (s, 2C), 127.64,
127.38, 126.62, 126.47, 126.44 (s, 2C), 122.10, 120.89, 114.90, 107.75, 49.77, 30.22,
19.99. HRMS (ESI-TOF): m/z [M + Na]" calcd for C24H21NNaO: 362.1515, found:
362.1517.

2-((1-benzyl-4-fluoro-1H-indol-3-yl) methyl) benzaldehyde (4h)

OHC

Yellow oil; 35% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'TH NMR (500 MHz, CDCl3) 5 10.22 (s, 1H), 7.76 (d, J= 7.0 Hz, 1H), 7.37 (t, J= 7.5
Hz, 1H), 7.26 — 7.23 (m, 2H), 7.18 — 7.11 (m, 4H), 6.90 (d, J = 8.0 Hz, 2H), 6.86 (d, J
= 8.5 Hz, 1H), 6.62 (dd, J = 11.5, 8.0 Hz, 1H), 6.47 (s, 1H), 5.04 (s, 2H), 4.54 (s, 2H).
13C NMR (126 MHz, CDCl3) § 191.23, 157.36, 155.40, 142.70, 138.48 (d, J = 11.6
Hz, 1C), 136.04, 132.87, 130.00, 129.70, 127.73 (s, 2C), 126.63, 126.15, 125.72,
125.51 (s, 2C), 121.49 (d, J = 8.1 Hz, 1C), 112.63 (d, J= 3.3 Hz, 1C), 104.93 (d, J =
3.8 Hz, 1C), 103.59, 103.43, 49.20, 28.00 (d, J = 1.9 Hz, 1C). ’F NMR (470 MHz,
CDCl3) & -123.16. HRMS (ESI-TOF): m/z [M + Na]" caled for Ca3H;sFNNaO:
366.1265, found: 366.1262.

2-((1-benzyl-4-chloro-1H-indol-3-yl) methyl) benzaldehyde (4i)

OHC

Yellow oil; 31% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'"H NMR (500 MHz, CDCl3) § 10.30 (s, 1H), 7.87 (dd, J = 8.0, 1.5 Hz, 1H), 7.44 (td,
J=1.5,1.5Hz, 1H), 7.34 (t, J= 7.5 Hz, 1H), 7.25 — 7.18 (m, 4H), 7.07 (d, J = 7.5 Hz,
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1H), 7.03 — 6.99 (m, 2H), 6.96 (d, J = 7.5 Hz, 2H), 6.50 (s, 1H), 5.11 (s, 2H), 4.81 (s,
2H). 13C NMR (126 MHz, CDCls) § 192.36, 144.05, 138.32, 137.05, 134.15, 133.88,
131.08, 130.49, 128.89 (s, 2C), 128.84, 127.79, 126.87, 126.82, 126.54 (s, 2C), 124.63,
122.72, 120.45, 115.29, 108.84, 50.22, 29.57. HRMS (ESI-TOF): m/z [M + Na]" calcd
for C23H1sCINNaO: 382.0969, found: 382.0969.
2-((1-benzyl-5-methoxy-1H-indol-3-yl) methyl) benzaldehyde (4j)

Yellow solid; 77% yield, mp 65-67 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. '"H NMR (500 MHz, CDCls) § 10.28 (s, 1H), 7.83 (d, J= 7.5 Hz,
1H), 7.44 —7.41 (m, 1H), 7.33 — 7.30 (m, 2H), 7.22 — 7.16 (m, 3H), 7.06 (d, /= 9.0 Hz,
1H), 6.99 — 6.96 (m, 3H), 6.79 (dd, J=9.0, 2.5 Hz, 1H), 6.65 (s, 1H), 5.08 (s, 2H), 4.46
(s, 2H), 3.75 (s, 3H). 3C NMR (126 MHz, CDCls) 5 192.39, 154.15, 143.65, 137.81,
134.15,133.96,132.23,131.15, 131.08, 128.80 (s, 2C), 128.30, 127.79, 127.61, 126.88,
126.68 (s, 2C), 114.26, 112.22, 110.76, 101.27, 55.96, 50.20, 28.41. HRMS (ESI-TOF):
m/z [M + Na]" calcd for C24H21NNaO,: 378.1465, found: 378.1463.
2-((1-benzyl-5-fluoro-1H-indol-3-yl) methyl) benzaldehyde (4k)

Yellow oil; 59% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'"H NMR (500 MHz, CDCl3) § 10.23 (s, 1H), 7.80 (d, J = 7.5 Hz, 1H), 7.41 (td, J =
7.5, 1.5 Hz, 1H), 7.32 — 7.29 (m, 2H), 7.22 — 7.17 (m, 3H), 7.14 (dd, J = 9.5, 2.5 Hz,
1H), 7.05 (dd, J= 8.5, 4.0 Hz, 1H), 6.97 (d, J = 7.5 Hz, 2H), 6.83 (td, /= 9.5, 2.5 Hz,
1H), 6.75 (s, 1H), 5.09 (s, 2H), 4.42 (s, 2H). 3C NMR (126 MHz, CDCl3) & 192.50,
158.80, 156.93, 143.25, 137.44, 134.06, 133.45, 131.70, 131.13, 128.90 (s, 2C), 128.87,
128.23 (d, J=9.7 Hz, 1C), 127.78, 127.03, 126.69 (s, 2C), 114.64 (d, /= 5.0 Hz, 1C),
110.74 (d, J=9.5 Hz, 1C), 110.46 (d, J = 26.3 Hz, 1C), 104.19 (d, J=23.9 Hz, 1C),
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50.29, 28.39. ’F NMR (470 MHz, CDCI3) § -119.72. HRMS (ESI-TOF): m/z [M +
Na]" calcd for C23Hi;sFNNaO: 366.1265, found: 366.1263.
2-((1-benzyl-5-chloro-1H-indol-3-yl) methyl) benzaldehyde (41)

Yellow solid; 46% yield, mp 93-95 °C; column chromatography eluent, petroleum
ether/EtOAc = 30:1. "TH NMR (500 MHz, CDCl3) & 10.26 (s, 1H), 7.85 (dd, J = 8.0,
1.5 Hz, 1H), 7.49 — 7.46 (m, 2H), 7.37 (t,J=7.5 Hz, 1H), 7.32 (d, /= 8.0 Hz, 1H), 7.27
—7.21 (m, 3H), 7.11 — 7.06 (m, 2H), 7.00 (d, J= 6.5 Hz, 2H), 6.74 (s, 1H), 5.16 (s, 2H),
4.46 (s, 2H). 3C NMR (126 MHz, CDCl3) 5 192.37, 142.95, 137.07, 135.07, 133.95,
133.83, 131.67, 130.94, 128.81, 128.77 (s, 2C), 128.39, 127.67, 126.91, 126.48 (s, 2C),
125.10, 122.28, 118.57, 114.26, 110.90, 50.11, 28.13. HRMS (ESI-TOF): m/z [M +
Na]" calcd for C23H1sCINNaO: 382.0969, found: 382.0969.
2-((1-benzyl-6-methoxy-1H-indol-3-yl) methyl) benzaldehyde (4m)

MeO

Yellow oil; 52% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'TH NMR (500 MHz, CDCl3) 6 10.29 (s, 1H), 7.83 (d, J = 7.5 Hz, 1H), 7.44 — 7.39 (m,
2H), 7.32 (d, J= 7.5 Hz, 2H), 7.22 (d, J = 7.5 Hz, 2H), 7.19 (d, J = 7.0 Hz, 1H), 7.00
(d, J=6.5 Hz, 3H), 6.90 (d, J = 8.0 Hz, 1H), 6.60 (s, 1H), 5.12 (s, 2H), 4.47 (s, 2H),
2.39 (s, 3H). ¥C NMR (126 MHz, CDCl3) & 192.21, 143.66, 137.73, 137.26, 133.99,
133.81, 131.87, 131.01, 130.78, 128.67 (s, 2C), 127.42, 126.68, 126.53 (s, 2C), 126.39,
125.70, 121.08, 118.76, 114.62, 109.69, 49.68, 28.27, 21.82. HRMS (ESI-TOF): m/z
[M + Na]" calcd for C24H21NNaO»: 378.1465, found: 378.1461.
2-((1-benzyl-6-fluoro-1H-indol-3-yl) methyl) benzaldehyde (4n)
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Yellow oil; 56% yield; column chromatography eluent, petroleum ether/EtOAc = 30:1.
'TH NMR (500 MHz, CDCl3) 6 10.29 (s, 1H), 7.83 (d, J = 7.5 Hz, 1H), 7.44 — 7.39 (m,
2H), 7.32 (d, J = 7.5 Hz, 2H), 7.22 (d, J = 7.5 Hz, 2H), 7.19 (d, J = 7.0 Hz, 1H), 7.00
(d, J=6.5 Hz, 3H), 6.90 (d, J = 8.0 Hz, 1H), 6.60 (s, 1H), 5.12 (s, 2H), 4.47 (s, 2H),
2.39 (s, 3H). 3C NMR (126 MHz, CDCl3) 5 192.43, 161.03, 159.13, 143.26, 137.10,
136.86 (d, J=12.6 Hz, 1C), 133.97, 131.41, 131.08, 128.86 (s, 2C), 127.75, 127.40 (d,
J=3.7 Hz, 1C), 126.95, 126.63 (s, 2C), 124.42, 119.93 (d, J = 10.2 Hz, 1C), 115.00,
108.07 (d, J=24.7 Hz, 1C), 96.33 (d, /= 26.21 Hz, 1C), 50.17, 28.31. ’F NMR (470
MHz, CDCl3) 6 -120.54. HRMS (ESI-TOF): m/z [M + Na]" calcd for C23HsFNNaO:

366.1265, found: 366.1267.

5,6',10b,16b-tetrahydro-[1,3]dioxolo [4',5':6,7]chromeno[4,3,2-
hildibenzo[b,flindolizine (3aa)

White solid; 32.3 mg, 91% yield, mp 136-138 °C; direct filtration purification. '"H NMR
(500 MHz, CDCls) 6 7.39 (d, J = 7.5 Hz, 1H), 7.36 — 7.33 (m, 3H), 7.30 — 7.28 (m,
1H), 7.14 (td, J =8.0, 1.5 Hz, 1H), 6.67 (t, /= 7.5 Hz, 1H), 6.35 — 6.34 (m, 2H), 6.00
(d, J=1.5 Hz, 1H), 5.85 (d, /= 8.5 Hz, 1H), 5.75 (d, /= 1.5 Hz, 1H), 5.70 (d, /=10
Hz, 1H), 4.42 (dd, J = 8.5, 3.5 Hz, 1H), 4.27 (dd, J = 53.0, 15.5 Hz, 2H), 4.19 (d, J =
3.5 Hz, 1H). 3C NMR (126 MHz, CDCls) § 152.01, 148.85, 146.13, 142.24, 134.55,
133.52, 130.88, 130.53, 127.51, 127.46, 127.28, 126.69, 126.22, 120.42, 117.43,
107.25, 106.03, 100.83, 100.74, 78.39, 61.98, 46.43, 38.27. HRMS (ESI-TOF): m/z [M
+ H]" caled for C23HisNO3: 356.1281, found: 356.1281.
10-methyl-5,61,10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
hildibenzo[b,f]indolizine (3ba)
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White solid; 27.7 mg, 75% yield, mp 156-158 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.37—7.33 (m, 3H), 7.29 - 7.27 (m, 1H), 7.04 (t, /= 7.5 Hz, 1H),
6.47 (d,J=17.5 Hz, 1H), 6.34 (s, 1H), 6.17 (d, J= 7.5 Hz, 1H), 6.00 (s, 1H), 5.92 (d, J
=8.5Hz, 1H), 5.72 (dd, J=28.0, 1.5 Hz, 2H), 4.41 (dd, /= 8.5, 3.5 Hz, 1H), 4.26 (dd,
J=47.5,15.5 Hz, 2H), 4.19 (d, J = 3.5 Hz, 1H), 2.46 (s, 3H). 3C NMR (126 MHz,
CDClz) 6 151.96, 148.96, 146.07, 142.24, 136.87, 134.61, 133.63, 130.89, 130.55,
127.47, 127.45, 126.63, 125.32, 120.68, 118.95, 107.31, 103.47, 100.72, 100.56, 77.84,
61.86, 46.47, 3839, 18.02. HRMS (ESI-TOF): m/z [M + H]" caled for
C24H20NO3:370.1438, found: 370.1437.
10-fluoro-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
hildibenzo[b,flindolizine (3ca)

White solid; 27.4 mg, 60% yield, mp 149-150 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.39 — 7.33 (m, 3H), 7.30 — 7.27 (m, 1H), 7.09 (td, J = 8.5, 6.0
Hz, 1H), 6.43 (s, 1H), 6.33 (t, /= 8.5 Hz, 1H), 6.08 (dd, J=13.5, 8.0 Hz, 2H), 5.97 (d,
J=1.0 Hz, 1H), 5.75 (dd, J = 19.0, 1.5 Hz, 2H), 4.48 (dd, J = 9.0, 3.5 Hz, 1H), 4.28
(dd, J = 62.0, 15.5 Hz, 2H), 4.20 (s, 1H). '3C NMR (126 MHz, CDCls) & 161.75,
159.76, 154.18 (d, /= 8.6 Hz, 1C), 148.66, 146.25, 142.49, 134.23, 133.04, 132.63 (d,
J=9.2 Hz, 1C), 130.90, 127.66, 127.40, 126.85, 120.44, 112.70 (d, J = 20.2 Hz, 1C),
107.22, 104.41 (d, J=20.8 Hz, 1C), 101.77 (d, /= 2.6 Hz, 1C), 100.85 (d, /= 8.1 Hz,
1C), 75.88, 62.49, 46.35, 38.32. ’F NMR (470 MHz, CDCl3) & -118.64. HRMS (ESI-
TOF): m/z [M + H]" calcd for C23H17FNO3:374.1187, found: 374.1187.
10-chloro-5,6",10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
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hildibenzo[b,f[indolizine (3da)

White solid; 24.6 mg, 63% yield, mp 152-153 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.38 -7.34 (m, 3H), 7.29 — 7.27 (m, 1H), 7.04 (t, /= 8.0 Hz, 1H),
6.59 (d, /J=8.0 Hz, 1H), 6.44 (s, 1H), 6.18 (d, /= 8.0 Hz, 1H), 5.97 (d, J= 9.5 Hz, 2H),
5.74 (dd, J=21.5, 1.5 Hz, 2H), 4.47 (dd, J = 8.5, 3.0 Hz, 1H), 4.35 - 4.17 (m, 3H). 3C
NMR (126 MHz, CDCls) 6 153.22, 148.66, 146.23, 142.50, 134.23, 132.96, 132.58,
131.91, 130.89, 127.66, 127.39, 126.86, 124.28, 120.62, 117.54, 107.16, 104.07,
100.92, 100.80, 77.52, 61.90, 46.22, 38.33. HRMS (ESI-TOF): m/z [M + H]" caled for
C23H17CINO3:374.1187, found: 374.1187.
9-methyl-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
hildibenzo[b,flindolizine (3ea)

White solid; 31.8 mg, 86% yield, mp 90-92 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.34 — 7.31 (m, 3H), 7.26 — 7.24 (m, 1H), 7.02 (d, J = 2.5 Hz,
1H), 6.73 (dd, J = 8.5, 3.0 Hz, 1H), 6.35 (s, 1H), 6.30 (d, J = 8.5 Hz, 1H), 6.05 (s, 1H),
5.76 (d, J = 8.5 Hz, 1H), 5.71 (dd, J = 28.0, 1.5 Hz, 2H), 4.32 (dd, J = 8.5, 3.5 Hz, 1H),
4.26 — 4.13 (m, 3H), 3.76 (s, 3H). 13C NMR (126 MHz, CDCl3) & 152.67, 148.91,
146.70, 146.14, 142.20, 134.71, 133.92, 130.73, 128.50, 127.47, 127.45, 126.70,
119.92, 116.26, 112.41, 107.16, 107.11, 100.75, 100.66, 78.47, 62.73, 56.10, 47.68,
38.22. HRMS (ESI-TOF): m/z [M + H]" calcd for C4H2NO3:370.1438, found:
370.1438.
9-methoxy-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4'",5':6,7]chromeno[4,3,2-
hildibenzo[b,f]indolizine (3fa)
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White solid; 30.8 mg, 80% yield, mp 204-206 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.36 — 7.34 (m, 3H), 7.29 — 7.27 (m, 1H), 7.04 (d, J = 2.5 Hz,
1H), 6.76 (dd, J = 8.0, 2.5 Hz, 1H), 6.36 — 6.32 (m, 2H), 6.05 (s, 1H), 5.80 — 5.72 (m,
3H), 4.36 (dd, J = 8.5, 3.5 Hz, 1H), 4.28 — 4.14 (m, 3H), 3.77 (s, 3H). 3*C NMR (126
MHz, CDClh) o 152.68, 14891, 146.72, 146.15, 142.21, 134.72, 133.93, 130.74,
128.51,127.48,126.72, 119.94, 116.29, 112.42, 107.17, 107.12, 100.77, 100.67, 78.50,
62.75, 56.13, 47.70, 38.24, 29.71. HRMS (ESI-TOF): m/z [M + H]" caled for
C24H20N04:386.1387, found: 386.1388.
9-fluoro-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
hildibenzo[b,f]indolizine (3ga)

White solid; 27.6 mg, 74% yield, mp 160-162 °C; direct filtration purification. '"H NMR
(500 MHz, CDCl3) 6 7.38 — 7.32 (m, 3H), 7.30 — 7.27 (m, 1H), 7.11 (dd, J = 8.0, 2.5
Hz, 1H), 6.84 (td, J= 8.5, 2.5 Hz, 1H), 6.35 (s, 1H), 6.24 (dd, /= 8.5, 4.0 Hz, 1H), 6.01
(d,/J=1.0 Hz, 1H), 5.80 (d, /= 8.5 Hz, 1H), 5.74 (dd, J=21.5, 1.5 Hz, 2H), 4.42 (dd,
J=18.5,3.5Hz, 1H), 4.21 (dd, J = 81.5, 14.5 Hz, 2H), 4.31 — 4.12 (m, 3H). 3C NMR
(126 MHz, CDCl3) 6 156.92, 155.06, 148.66, 148.48, 146.24, 142.39, 134.40, 133.48,
130.77, 128.34 (d, J="7.6 Hz, 1C), 127.59, 127.45, 126.83, 120.18, 116.84 (d, J=23.7
Hz,1C), 113.29 (d, J = 23.8 Hz, 1C), 107.16, 106.31 (d, /= 8.1 Hz, 1C), 100.80 (d, J =
4.4 Hz, 1C), 78.12 (d, J = 2.3 Hz, 1C), 62.60, 47.13, 38.26. ’F NMR (470 MHz,
CDCl3) 6 -127.24. HRMS (ESI-TOF): m/z [M + H]" calcd for C23H17FNO3:374.1187,
found: 374.1189.
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9-chloro-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
hildibenzo[b,f]indolizine (3ha)

White solid; 27.3 mg, 70% yield, mp 176-178 °C; direct filtration purification. "H NMR
(500 MHz, CDCI3) 6 7.30 — 7.25 (m, 4H), 7.22 — 7.20 (m, 1H), 7.00 (dd, J = 8.5, 2.0
Hz, 1H), 6.29 (s, 1H), 6.17 (d, J = 8.0 Hz, 1H), 5.91 (s, 1H), 5.74 (d, J = 8.5 Hz, 1H),
5.68 (d, J=20.0 Hz, 2H), 4.38 (dd, /=9.0, 4.0 Hz, 1H), 4.27 — 4.07 (m, 3H). 3C NMR
(126 MHz, CDCl3) 6 150.59, 148.56, 146.29, 142.48, 134.23, 133.15, 130.86, 130.37,
128.85, 127.67, 127.45, 126.89, 126.25, 121.68, 120.39, 107.22, 106.71, 100.98,
100.86, 77.96, 62.30, 46.42, 38.26. HRMS (ESI-TOF): m/z [M + H]" calcd for
C23H17CINO3:390.0892, found: 390.0896.
8-fluoro-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
hildibenzo[b,flindolizine (3ia)

White solid; 20.9 mg, 56% yield, mp 204-206 °C; column chromatography eluent,
petroleum ether/EtOAc = 10:1. "H NMR (500 MHz, CDCls) § 7.30 — 7.24 (m,3H),
7.21-7.19 (m, 2H), 6.26 (s, 1H), 6.23 (td, /= 10.0, 8.0, 2.0 Hz, 1H), 5.91 (dd, /= 10.0,
2.5 Hz, 1H), 5.88 (d, /= 1.0 Hz, 1H), 5.74 (d, /= 9.0 Hz, 1H), 5.66 (dd, J = 20.0, 1.5
Hz, 2H), 4.42 (dd, J = 8.5, 3.5 Hz, 1H),4.26 — 4.06 (m, 3H). 13C NMR (126 MHz,
CDCl3) 6 166.45,164.51, 153.61 (d,J=12.7 Hz, 1C), 148.64, 146.29, 142.46, 134.28,
132.98, 130.88, 127.69, 127.45,127.06 (d, J=11.1 Hz, 1C), 126.89, 122.77 (d, J=2.1
Hz, 1C), 120.66, 107.26, 103.54 (d, J = 23.3 Hz, 1C), 100.93 (d, J = 21.8 Hz , 1C),
93.57 (d,J=26.2 Hz, 1C), 77.89, 62.83, 46.06, 38.44. ’F NMR (470 MHz, CDCl3)
8 -111.20. HRMS (ESI-TOF): m/z [M + H]" caled for C23H17FNO3:374.1187, found:
374.1189.
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8-methoxy-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4",5':6,7]chromeno[4,3,2-
hildibenzo[b,flindolizine (3ja)

White solid; 26.2 mg, 68% yield, mp 168-172 °C; direct filtration purification. "H NMR
(500 MHz, CDCls) 6 7.23 — 7.20 (m, 3H), 7.15 — 7.13 (m, 2H),, 6.22 (d, J = 3.5 Hz,
1H), 6.07 (dt, J = 8.5, 2.5 Hz, 1H), 5.86 (d, J = 3.0 Hz, 1H), 5.75 (t, J = 2.5 Hz, 1H),
5.66 (dd, J=8.5, 3.0 Hz, 1H), 5.59 (dd, J=23.0, 3.0 Hz, 2H), 4.31 (dt, /= 7.0, 3.0 Hz,
1H), 4.12 (ddd, J = 18.0, 15.0, 3.0 Hz, 2H ), 4.03 (t, /= 3.5 Hz, 1H), 3.61 (d, J=3.5
Hz, 3H). 13C NMR (126 MHz, CDCl3) 6 162.38, 153.48, 148.85, 146.10, 142.18,
134.52, 133.35, 130.83, 127.47, 127.40, 126.74, 126.66, 120.57, 119.82, 107.19,
102.28, 100.91, 100.69, 92.46, 78.11, 62.75, 55.20, 46.19, 38.44. HRMS (ESI-TOF):
m/z [M + H]" calcd for C24H20NO4: 386.1387, found: 386.1389.
6'-methyl-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2
hildibenzo[b,flindolizine (3ka)

White solid; 12.9 mg, 35% yield, mp 151-152 °C; column chromatography eluent,
petroleum ether/EtOAc = 10:1. "TH NMR (500 MHz, CDCl3) & 7.40 (d, J = 7.9 Hz,
1H), 7.22 (dt, J=5.2, 3.5 Hz, 1H), 6.83 — 6.79 (m, 1H), 6.72 (dt, J= 7.0, 3.6 Hz, 2H),
6.70 — 6.64 (m, 1H), 6.61 (td, J = 7.6, 1.2 Hz, 1H), 6.07 (s, 1H), 6.00 (d, J = 8.6 Hz,
2H), 5.85(d, J=7.8 Hz, 1H), 5.46 (dd, J=23.3, 1.5 Hz, 2H), 5.02 (s, 2H), 4.40 (s, 1H),
1.91 (s, 3H). 3*C NMR (126 MHz, CDCl3) 5 154.48, 149.97, 142.78, 141.86, 139.49,
139.12, 136.27, 130.89, 130.72, 130.68, 130.53, 128.59, 123.42, 122.41, 122.24,
111.55,109.45, 103.38, 103.38, 101.80, 55.39,47.31, 25.99, 15.27. HRMS (ESI-TOF):
m/z [M + H]" calcd for C24H20NOs3: 370.1438, found: 370.1438.
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10b-methyl-5,6,10b,16b-tetrahydro-[1,3]dioxolo[4',5':6,7]chromeno[4,3,2-
hildibenzo[b,flindolizine (3la)

White solid; 14.0 mg, 38% yield, mp 158-159 °C; column chromatography eluent,
petroleum ether/EtOAc = 10:1. '"TH NMR (500 MHz, CDCl3) § 7.36 — 7.34 (m, 3H),
7.31(d, J=7.5Hz, 1H), 7.29 — 7.27 (m, 1H), 7.11 (t, J = 8.0 Hz, 1H), 6.67 (t, J=17.5
Hz, 1H), 6.32 — 6.29 (m, 2H), 5.98 (s, 1H), 5.71 (dd, J = 25.5, 1.5 Hz, 2H), 4.26 (dd, J
=30, 15 Hz, 2H), 4.12 (dd, J = 10.5, 3.5 Hz, 2H), 1.90 (s, 3H). 1*C NMR (126 MHz,
CDCl) 6 151.20, 149.34, 146.13, 142.15, 134.58, 133.57, 131.04, 130.78, 130.05,
127.51,127.42,126.71, 123.63, 120.16, 117.33, 106.98, 105.83, 100.70, 100.59, 84.31,
68.24, 46.58, 38.84, 26.57. HRMS (ESI-TOF): m/z [M + H]" calcd for C24H20NOs:
370.1438, found: 370.1439.
6',10b-dimethyl-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4',5":6,7]chromenof4,3,2-
hildibenzo[b,flindolizine (3ma)

White solid; 17.3 mg, 45% yield, mp 154-158 °C; column chromatography eluent,
petroleum ether/EtOAc = 10:1. '"H NMR (500 MHz, CDCls) § 7.69 (d, J = 8..0 Hz,
1H), 7.50 — 7.47 (m, 1H), 7.11 (td, J = 7.5, 1.0 Hz, 1H), 7.05 — 7.02 (m, 2H), 6.92 (td,
J=17.5,1.5Hz, 1H), 6.36 (s, 1H), 6.28 (s, 1H), 6.18 (dd, J=7.8, 1.3 Hz, 1H), 5.77 (dd,
J=21.5,1.5Hz, 2H), 5.40 (s, 2H), 5.22 (s, 1H), 4.73 (s, 1H), 2.24 (s, 3H), 2.14 (s, 3H).
13C NMR (126 MHz, CDCl3) & 150.74, 146.18, 138.98, 138.05, 134.91, 130.99,
127.46, 126.84, 126.74, 124.99, 119.68, 117.78, 116.92, 107.37, 106.23, 105.68, 99.60,
98.02, 43.76,22.22 (s, 2C), 21.05, 12.78, 8.94, 7.62. HRMS (ESI-TOF): m/z [M + H]"
calcd for CsH2oNOs: 384.1594, found: 384.1595.
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10-butyl-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5':6,7]indenof2',1':3,4]chromenof2,3-b]indole (5aa)

White solid; 40.3 mg, 98% yield, mp 160-162 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.24 — 7.14 (m, 3H), 7.06 — 7.02 (m, 2H), 6.97 (d, J = 7.0 Hz,
1H), 6.66 (s, 1H), 6.61 (td, J=7.5, 1.0 Hz, 1H), 6.42 (s, 1H), 6.36 — 6.25 (m, 1H), 5.80
(dd, J=17.5, 1.5 Hz, 2H), 5.31 (s, 1H), 4.35 (s, 1H), 3.37 — 3.21 (m, 2H), 3.30 (dd, J =
89.0, 16.0 Hz, 2H), 1.72 — 1.58 (m, 2H), 1.37 (h, /= 15.0, 7.5 Hz, 2H), 0.95 (t,J=7.5
Hz, 3H). 13C NMR (126 MHz, CDCl3) 6 149.81, 147.13, 146.94, 144.63, 142.20,
140.27, 132.09, 128.38, 127.37, 127.08, 124.62, 123.89, 122.15, 118.67, 117.44,
108.58, 105.40, 100.87, 100.80, 100.51, 58.47, 51.82,46.26,44.25,29.62,20.41, 13.95.
HRMS (ESI-TOF): m/z [M + H]" calcd for C27H26NO3:412.1907, found: 412.1914.
10-benzyl-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5':6,7]indenof2',1':3,4]chromeno[2,3-b]indole (5ba)

White solid; 39.2 mg, 88% yield, mp 100-101 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.21 — 7.05 (m, 8H), 7.01 (dd, /= 7.5, 1.5 Hz, 1H), 6.92 (td, J =
8.0, 1.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 6.60 (s, 1H), 6.57 (t, J= 7.5 Hz, 1H), 6.23
(d, J=7.5 Hz, 1H), 6.18 (s, 1H), 5.73 (dd, J = 8.0, 1.0 Hz, 2H), 5.23 (s, 1H), 4.42 (s,
2H), 4.30 (s, 1H), 3.24 (dd, J = 102.5, 16.0 Hz, 2H). 3C NMR (126 MHz, CDCls) &
149.82, 147.15,147.09, 144.66, 142.42, 140.32, 138.04, 132.33, 128.61 (s, 2C), 128.59,
127.61 (s, 2C), 127.55, 127.26,127.22, 124.75, 124.04, 122.43, 118.82, 118.22, 108.69,
106.14, 101.15, 101.04, 100.52, 58.59, 52.03, 48.53, 46.34. HRMS (ESI-TOF): m/z [M
+ H]" caled for C30H24N03:446.1751, found: 446.1754.
10-methyl-5,10,10a,16b-tetrahydro-
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[1,3]dioxolo[4',5":6,7]indeno[2',1':3,4]chromeno[2,3-b]indole (5ca)

White solid; 17.0 mg, 46% yield, mp 169-170 °C; column chromatography eluent,
petroleum ether/EtOAc = 10:1. 'TH NMR (500 MHz, CDCl3) & 7.13 — 7.04 (m, 3H),
6.97 — 6.93 (m, 2H), 6.87 (d, J = 7.5 Hz, 1H), 6.56 (s, 1H), 6.53 (td, J= 7.0, 1.0 Hz,
1H), 6.32 (s, 1H), 6.24 (d, /= 7.5 Hz, 1H), 5.72 (dd, J=16.5, 1.5 Hz, 2H), 5.11 (s, 1H),
4.22 (s, 1H), 3.22 (dd, J = 86.5, 16.5 Hz, 2H), 2.78 (s, 3H). 3C NMR (126 MHz,
CDCl) & 150.21, 147.08, 147.06, 144.62, 142.34, 140.41, 132.46, 128.56, 127.47,
127.18, 124.63, 124.04, 122.16, 118.93, 117.91, 108.64, 105.52, 102.06, 100.99,
100.82, 58.24, 52.05, 46.02, 30.90. HRMS (ESI-TOF): m/z [M + H]" calcd for
C24H20N0O3:370.1438, found: 370.1438.
(5a8,10as8,16bS)-10-allyl-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5':6,7]indeno[2',1':3,4]chromeno[2,3-b]indole (5da)

White solid; 27.3 mg, 69% yield, mp 178-180 °C; direct filtration purification. '"H NMR
(500 MHz, CDCl3) 6 7.64 (d, J=7.5 Hz, 1H), 7.36 (dd, /= 8.0, 3.5 Hz, 2H), 7.18 (ddt,
J=120.5, 14.0, 8.0 Hz, 5H), 6.36 (s, 1H), 6.21 (s, 1H), 5.72 (d, /= 7.5 Hz, 2H), 5.68 (t,
J=4.0 Hz, 1H), 5.57 (ddt, J=15.5, 10.0, 5.0 Hz, 1H), 4.94 — 4.92 (m, 2H), 4.79 (d, J
=17.0 Hz, 1H), 4.65 — 4.60 (m, 1H), 4.48 — 4.43 (m, 1H), 4.29 (ddd, J = 24.0, 20.0, 3.5
Hz, 2H). 13C NMR (126 MHz, CDCl3) 6 146.88, 146.61, 141.93, 137.69, 137.28,
134.78,133.27 (s, 2C), 129.65, 129.32, 126.39, 126.38, 126.30, 122.97, 121.70, 119.19,
118.42, 116.04, 109.51, 109.26, 107.94, 101.00, 98.34, 45.58, 37.16, 26.69. HRMS
(ESI-TOF): m/z [M + H]" caled for C26H22NO3: 396.1594, found: 396.1587.
(5a8,10as8,16bS)-10-(cyclopropylmethyl)-5,10,10a,16b-tetrahydro-
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[1,3]dioxolo[4',5':6,7]indenof2',1':3,4]chromeno[2,3-b]indole (5ea)

White solid; 31.9 mg, 78% yield, mp 146-148 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.25 — 7.15 (m, 3H), 7.05 (dt, J = 7.0, 5.0 Hz, 2H), 7.00 (d, J =
7.0 Hz, 1H), 6.67 (s, 1H), 6.62 (t, /= 7.0 Hz, 1H), 6.41 (d, J= 7.0 Hz, 2H), 5.80 (d, J
=17.0 Hz, 2H), 5.49 (s, 1H), 4.35 (s, 1H), 3.40 (d, /= 16.0 Hz, 1H), 3.30 — 3.24 (m,
2H), 3.05 (dd, J = 14.0, 7.5 Hz, 1H), 1.08 (m, 1H), 0.59 — 0.48 (m, 2H), 0.35 (m, 1H),
0.23 (m, 1H). 3C NMR (126 MHz, CDCl3) 6 149.69, 147.15, 146.91, 144.56, 142.20,
140.35, 132.34, 128.39, 127.39, 127.08, 124.65, 123.96, 122.20, 118.78, 117.63,
108.50, 105.62, 100.87, 100.77, 99.94, 58.31, 51.76, 48.85, 46.14, 9.01, 4.67, 2.97.
HRMS (ESI-TOF): m/z [M + Na]" calcd for C27H23NNaOs: 432.1570, found: 432.1569.
(5a8,10aS,16bS)-10-benzyl-10a-methyl-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4",5":6,7]indeno[2',1':3,4]chromeno[2,3-b]indole (5fa)

White solid; 35.8 mg, 78% yield, mp 198-200 °C; direct filtration purification. '"H NMR
(500 MHz, CDCl3) 6 7.27 — 7.24 (m, 3H),, 7.21 — 7.16 (m, 5H), 7.07 (dd, /= 10.5, 7.0
Hz, 2H), 6.93 (t, J = 7.5 Hz, 1H), 6.78 (s, 1H), 6.64 (t, J= 7.5 Hz, 1H), 6.32 (s, 1H),
6.12 (d, J= 7.5 Hz, 1H), 5.84 (d, J = 9.0 Hz, 2H), 4.54 — 4.36 (m, 3H), 3.44 (dd, J =
92.5, 16.5 Hz, 2H), 1.40 (s, 3H). 13C NMR (126 MHz, CDCl3) & 148.86, 147.30,
146.83, 143.92, 142.06, 140.98, 138.95, 133.07, 128.40 (s, 2C), 128.18, 127.41, 127.03,
126.68, 126.56 (s, 2C), 123.86,123.77,121.49, 118.11, 117.83, 108.25, 106.89, 102.15,
100.87, 100.60, 60.16, 51.86, 45.91, 41.57, 20.75. HRMS (ESI-TOF): m/z [M + Na]"
calcd for C31H25NNaOs: 482.1727, found: 482.1727.
(5a8,10a8,16bS)-10-benzyl-6-methyl-5,10,10a,16b-tetrahydro-
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[1,3]dioxolo[4',5':6,7]indeno[2',1':3,4]chromeno[2,3-b]indole (5ga)

White solid; 30.8 mg, 67% yield, mp 91-93 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.27 — 7.20 (m, 6H), 7.17 (t, J="7.5 Hz, 1H), 7.12 (t, J=7.5 Hz,
1H), 6.94 — 6.89 (m, 2H), 6.73 (s, 1H), 6.46 (d, J=7.5 Hz, 1H), 6.22 (s, 1H), 6.16 (d,
J=28.0Hz, 1H), 5.82 (d, /J=10.0 Hz, 2H), 5.32 (s, 1H), 4.73 (s, 1H), 4.46 (dd, J=23.5,
16.0 Hz, 2H), 3.48 (dd, J = 321.5, 16.5 Hz, 2H), 2.30 (s, 3H). '3C NMR (126 MHz,
CDCl) o 150.25, 147.00, 146.98, 145.22, 142.20, 140.29, 137.97, 133.94, 128.44 (s,
2C), 128.42, 128.07, 127.41 (s, 2C), 127.26, 127.07, 127.01, 124.71, 123.77, 121.23,
118.86, 108.80, 104.06, 101.42, 101.10, 100.93, 58.65, 49.60, 48.58, 44.19, 19.19.
HRMS (ESI-TOF): m/z [M + Na]" calcd for C31H2sNNaOs: 482.1727, found: 482.1731.
(5a8,10aS,16bS)-10-benzyl-6-fluoro-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5':6,7]indeno[2',1':3,4]chromeno[2,3-b]indole (5ha)

White solid; 21.3 mg, 46% yield, mp 153-154 °C; column chromatography eluent,
petroleum ether/EtOAc = 20:1. 'TH NMR (500 MHz, CDCl3) & 7.32 — 7.28 (m, 2H),
7.27 -17.21 (m, 4H), 7.18 (t, J = 7.5 Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 6.96 (dd, J =
14.0, 8.0 Hz, 1H), 6.87 (d, /= 7.0 Hz, 1H), 6.76 (s, 1H), 6.35 (t, J=9.0 Hz, 1H), 6.23
(s, 1H), 6.08 (d, J = 8.0 Hz, 1H), 5.89 (dd, J=9.0, 2.0 Hz, 2H), 5.37 (s, 1H), 4.73 (s,
1H), 4.48 (s, 2H), 3.82 (d, /= 15.5 Hz, 1H), 3.14 (d, J= 15.5 Hz, 1H). 13C NMR (126
MHz, CDCl) 6 160.75, 158.80, 152.27 (d, J = 9.3 Hz, 1C), 147.12, 146.69, 145.27,
142.46, 140.14, 137.52, 130.30 (d, J = 9.2 Hz, 1C), 128.57 (s, 2C), 127.38 (s, 20C),
127.23 (d, J = 2.1 Hz, 1C), 127.07, 124.55, 123.46, 118.80, 109.19, 105.63, 105.46,
101.76 (d, J = 2.5 Hz, 1C), 101.27, 101.01, 100.47, 58.07 (d, J = 3.0 Hz, 1C), 49.99,
48.26, 44.28. F NMR (470 MHz, CDCl3) § -119.72. HRMS (ESI-TOF): m/z [M +
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Na]" calcd for C30H22FNNaOs: 486.1476, found: 486.1471.
(5a8,10as8,16bS)-10-benzyl-6-chloro-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5":6,7]indeno[2',1':3,4]chromeno[2,3-b]indole (5ia)

White solid; 19.2 mg, 40% yield, mp 171-173 °C; column chromatography eluent,
petroleum ether/EtOAc = 20:1. "TH NMR (500 MHz, CDCl3) § 7.29 — 7.23 (m, 4H), §
7.21-7.16 (m, 3H), 7.11 (t, J="7.5 Hz, 1H), 6.91 (t, /= 8.0 Hz, 1H), 6.85 (d, J=7.5
Hz, 1H), 6.76 (s, 1H), 6.59 (d, J = 8.0 Hz, 1H), 6.22 (s, 1H), 6.16 (d, J = 8.0 Hz, 1H),
5.86 (d,J=11.0 Hz, 2H), 5.42 (s, 1H), 5.11 (s, 1H), 4.47 (s, 2H), 4.17 (d, /= 16.0 Hz,
1H), 3.03 (d, /= 16.0 Hz, 1H). 3C NMR (126 MHz, CDCl3) 5 151.74, 147.11, 146.64,
145.20, 142.47, 139.99, 137.32, 130.45, 129.87, 128.57 (s, 2C), 127.29 (s, 2C), 127.23,
127.18, 127.05, 126.06, 124.66, 123.47, 119.17, 119.12, 109.23, 104.15, 101.31,
101.03, 100.98, 59.68, 48.61, 48.13, 43.37. HRMS (ESI-TOF): m/z [M + Na]" calcd
for C30H22CINNaO3: 502.1180, found: 502.1183.
(5a8,10a8,16bS)-10-benzyl-7-methoxy-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5':6,7]indeno[2',1':3,4]chromeno[2,3-blindole (5ja)

White solid; 42.3 mg, 89% yield, mp 191-193 °C; direct filtration purification. "H NMR
(500 MHz, CDCI3) 6 7.39 (d, J=7.5 Hz, 1H), 7.32 (d, J= 7.5 Hz, 1H), 7.20 (t, /="7.0
Hz, 1H), 7.15 — 7.12 (m, 5H), 7.05 (d, J = 8.5 Hz, 1H), 6.83 — 6.78 (m, 3H), 6.33 (s,
1H), 6.12 (d, J= 1.0 Hz, 1H), 5.73 (d, J = 1.5 Hz, 2H), 5.64 (t, J= 3.5 Hz, 1H), 5.17
(dd, J = 88.0, 17.0 Hz, 2H), 4.95 (s, 1H), 4.31 (ddd, J = 24.0, 20.5, 4.0 Hz, 2H), 3.90
(d, J= 1.0 Hz, 3H). 13C NMR (126 MHz, CDCls) 6 154.03, 146.87, 146.60, 141.88,
137.97,137.68,135.82,133.26, 132.96, 129.74, 129.32, 128.34 (s, 2C), 126.80, 126.68,
126.44,126.33, 125.81 (s, 2C), 122.75, 111.64, 110.37, 109.26, 107.84, 100.98, 100.80,
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98.38, 56.02, 46.71, 37.42, 26.85. HRMS (ESI-TOF): m/z [M + H]" caled for
C31H26NO4: 476.1856, found: 476.1846.
(5aS,10a8,16bS)-10-benzyl-7-fluoro-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5":6,7]indenof2',1':3,4]chromeno[2,3-b]indole (5ka)

White solid; 45.0 mg, 97% yield, mp 121-123 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.36 (d, J= 7.5 Hz, 1H), 7.32 - 7.29 (m, 2H), 7.18 (t, /= 7.0 Hz,
1H), 7.13 = 7.10 (m, 4H), 7.02 (q, J = 4.5 Hz, 1H), 6.86 (td, /= 9.0, 2.5 Hz, 1H), 6.76
—6.74 (m, 2H), 6.27 (s, 1H), 6.07 (s, 1H), 5.21 (dd J=82.0, 17.5 Hz, 2H), 4.79 (s, 1H),
4.26 (ddd, J=24.0,20.5, 4.0 Hz, 2H). 3C NMR (126 MHz, CDCl3) 5 158.78, 156.92,
146.54 (d, J=4.0 Hz, 1C), 141.96, 137.61 (d, J=4.0 Hz, 1C), 137.18, 134.16, 133.04,
129.70, 129.32, 128.35 (s, 2C), 126.87, 126.67 (d, J= 9.8 Hz, 1C), 126.46 (d, J = 14.5
Hz, 1C), 125.73 (s, 2C), 122.70, 110.17 (d, J = 9.7 Hz, 1C), 109.95, 109.74, 109.15,
108.20 (d, J = 4.5 Hz, 1C), 103.66, 103.47, 100.98, 98.22, 46.73, 37.01, 26.67. F
NMR (470 MHz, CDCl3) § -126.25. HRMS (ESI-TOF): m/z [M + H]" calcd for
C30H23FNO3: 464.1657, found: 464.1645.
(5a8,10a8,16bS)-10-benzyl-7-chloro-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5":6,7]indenof2',1':3,4]chromenof2,3-b]indole (5la)

Yellow oil; 44.2 mg, 92% vyield; direct filtration purification. "H NMR (500 MHz,
CDClz) 6 7.30 — 7.27 (m, 2H), 7.25 - 7.17 (m, 5H), 7.15 (t, /= 7.5 Hz, 1H), 7.03 (d, J
=2.0 Hz, 1H), 6.96 (d, J = 7.5 Hz, 1H), 6.93 (dd, J = 8.5, 2.0 Hz, 1H), 6.68 (s, 1H),
6.28 (s, 1H), 6.18 (d, J = 8.5 Hz, 1H), 5.83 (d, J = 6.5 Hz, 2H), 5.29 (s, 1H), 4.47 (s,
2H), 4.33 (s, 1H), 3.29 (dd, J = 82.0, 16.0 Hz, 2H) 3C NMR (126 MHz, CDCl:3) &
148.35,147.19, 146.93, 144.24, 142.56, 139.88, 137.50, 134.29, 128.69 (s, 2C), 128.31,
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127.68, 127.50 (s, 2C), 127.38 (s, 2C), 124.78, 124.07, 122.84, 122.71, 118.47, 108.65,
106.95, 101.11 (s, 2C), 100.39, 58.49, 51.88, 48.44, 46.11. HRMS (ESI-TOF): m/z [M
+ H]" caled for C30H23CINO3: 480.1361, found: 480.1354.
(5a8,10a8,16bS)-10-benzyl-8-methoxy-5,10,10a,16b-tetrahydro-
[1,3]dioxolo[4',5":6,7]indeno[2',1':3,4]chromeno[2,3-b]indole (5ma)

White solid; 35.2 mg, 74% yield, mp 190-191 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.56 (d,J=8.0 Hz, 1H), 7.37 (d, J="7.5 Hz, 1H), 7.30 (d, /= 8.0
Hz, 1H), 7.18 (t,J=7.5 Hz, 1H), 7.13 — 6.10 (m, 4H), 7.00 (d, /= 8.0 Hz, 1H), 6.97 (s,
1H), 6.80 — 6.78 (m, 2H), 6.32 (s, 1H), 6.06 (d, J = 1.5 Hz, 1H), 5.70 (s, 2H), 5.57 (t, J
=4.0 Hz, 1H), 5.15 (dd, J=96.5, 17.0 Hz, 2H), 4.89 (d, /= 10.5 Hz, 1H), 4.31 (ddd, J
=24.0,20.0, 3.5 Hz, 2H), 2.41 (s, 3H). ¥C NMR (126 MHz, CDCl3) 5 146.99, 146.58,
141.81,138.24,137.96,137.59, 134.27, 133.29, 131.86, 129.70, 129.31, 128.32 (s, 2C),
126.71,126.37,126.30, 125.74 (s, 2C), 124.25, 122.64, 121.07, 118.16, 109.58, 109.26,
108.13, 100.94, 98.42, 46.43, 37.53, 26.80, 21.92. HRMS (ESI-TOF): m/z [M + H]"
calcd for C31H26NO4: 476.1856, found: 476.1856.
(5a8,10a8,16bS)-10-benzyl-8-fluoro-5,10,10a,16b-tetrahydro-
[1,3]dioxolof4',5":6,7]indenof2',1':3,4]chromenof2,3-b]indole (5na)

Colorless oil; 30.6 mg, 66% yield; direct filtration purification. "H NMR (500 MHz,
CDClz) 6 7.33 — 7.30 (m, 2H), 7.28 — 7.27 (m, 1H), 7.26 — 7.16 (m, 5H), 7.00 (ddd, J
=17.5,5.5,1.5Hz, 1H), 6.96 (d, /= 7.0 Hz, 1H), 6.70 (d, /= 1.5 Hz, 1H), 6.34 — 7.30
(m, 1H), 6.29 (d, J = 1.5 Hz, 1H), 6.02 (dt, J = 3.5, 2.0 Hz, 1H), 5.90 — 5.89 (m, 2H),
5.35(d,J=1.5Hz, 1H), 4.49 (d,J=2.5 Hz, 2H), 4.35 (s, 1H), 3.32 (dd, /= 101.0, 16.0
Hz, 2H). 13C NMR (126 MHz, CDCl3) 4 164.95, 163.02, 151.25 (d, /= 12.2 Hz, 1C),
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147.10, 146.80, 144.39, 142.51, 140.00, 137.25, 128.66 (s, 2C), 127.54, 127.47 (s, 2C),
127.36,127.26, 124.67, 123.90, 122.92 (d, /= 10.8 Hz, 1C), 118.70, 108.64, 103.85 (d,
J=23.1Hz, 1C), 101.08 (d, J= 8.2 Hz, 1C), 100.66, 94.30 (d, J=27.7 Hz, 1C), 58.13,
52.18, 48.22, 46.32. F NMR (470 MHz, CDCl3) § -113.68. HRMS (ESI-TOF): m/z
[M + H]" caled for C30H23FNOs: 464.1657, found: 464.1655.
(5b8,5b1S,15bS)-5b,5b1,10,15b-tetrahydro-3 H-
dibenzo[b.flpyrrolo[2',3':7,8]chromeno[4,3,2-hilindolizine (6ab)

White solid; 31.9 mg, 91% yield, mp 195-198 °C, direct filtration purification. "H NMR
(500 MHz, CDCls3) 6 7.72 (s, 1H), 7.55 (dd, J=17.5, 1.5 Hz, 1H), 7.50 — 7.47 (m, 1H),
7.44 —7.39 (m, 2H), 7.33 — 7.32 (m, 1H), 7.10 (td, J = 7.5, 1.5 Hz, 1H), 6.88 (dd, J =
3.0, 2.0 Hz, 1H), 6.72 — 6.68 (m, 2H), 6.54 — 6.53 (m, 1H), 6.48 (d, J = 8.5 Hz, 1H),
6.33 (d, J=8.0 Hz, 1H), 6.01 (d, /= 7.0 Hz, 1H), 5.31 (s, 1H), 4.47 (s, 1H),.4.29 (dd,
J =26, 15 Hz, 2H). 3C NMR (126 MHz, CDCls) 5 152.09, 147.50, 136.36, 135.56,
133.60, 131.30, 130.34, 128.37, 127.43, 127.15, 126.40, 126.09, 123.38, 121.43, 119.55,
117.66, 115.39, 106.47, 104.20, 99.44, 77.63, 62.68, 46.81, 37.47. HRMS (ESI-TOF):
m/z [M + H]" calced for C24H19N20:351.1492, found: 351.1491.
(5bS,5b18S,15bS)-15-methyl-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.flpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6bb)

White solid; 32.4 mg, 89% yield, mp 170-171 °C; direct filtration purification. '"H NMR
(500 MHz, DMSO-de¢) 6 10.87 (s, 1H), 7.45 — 7.44 (m, 1H), 7.38 — 7.32 (m, 1H), 7.11
(t, J=2.5Hz, 1H), 6.94 (t, J= 7.5 Hz, 1H), 6.76 (d, /= 8.5 Hz, 1H), 6.41 (d, J=17.5
Hz, 1H), 6.27 (d, J = 8.5 Hz, 2H), 6.22 (d, J = 7.5 Hz, 1H), 6.04 (d, J = 7.5 Hz, 1H),
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4.40 — 4.37 (m, 2H),4.21 (dd, J = 21.0, 15.5 Hz, 2H ) , 3.36 (s, 2H), 2.50 (s, 3H). 13C
NMR (126 MHz, DMSO-ds) 6 152.39, 147.48, 136.86, 136.53, 136.00, 134.04, 131.62,
130.65,127.82,127.47,127.01, 126.73, 124.82, 120.93, 119.76, 119.24, 115.21, 104.89,
104.59, 98.20, 76.59, 62.36, 46.73, 37.17, 18.22. HRMS (ESI-TOF): m/z [M + H]"
calcd for C»sH21N20:365.1648, found: 365.1651.
(5bS8,5b1S,15bS)-15-fluoro-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.flpyrrolo[2',3':7,8]chromeno[4,3,2-hilindolizine (6¢b)

White solid; 28.7 mg, 78% yield, mp 218-220 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.83 (s, 1H),7.45 — 7.42 (m, 1H), 7.37 (m, 2H), 7.28 — 7.26 (m,
1H), 6.99 — 6.94 (m, 2H), 6.73 (d, J = 8.5 Hz, 1H), 6.56 (t, J=2.5 Hz, 1H), 6.38 (d, J
= 8.5 Hz, 1H), 6.29 (t, J = 8.5 Hz, 1H), 6.19 (d, J = 8.0 Hz, 1H), 6.01 (d, J = 8.0 Hz,
1H), 4.51 (dd, J=8.0, 3.5 Hz, 1H), 4.42 (d, J= 3.5 Hz, 1H),.4.23 (dd, J= 55, 15.0 Hz,
2H). BC NMR (126 MHz, CDCl3)  161.79, 159.81, 154.28 (d, /= 8.3 Hz, 1C), 147.26,
136.49, 135.25, 133.16, 132.35 (d, J=9.2 Hz, 1C), 131.27, 127.33 (d, /= 8.6 Hz, 1C),
126.58, 123.53, 121.31, 119.84, 115.73, 113.69 (d, J = 20.2 Hz, 1C), 104.63, 104.47,
102.07 (d, J = 2.6 Hz, 1C), 99.61, 75.20, 63.14, 46.65, 37.67. '’F NMR (470 MHz,
CDCl3) 6 -118.64. HRMS (ESI-TOF): m/z [M + H]" calcd for C24H18FN20:369.1398,
found: 369.1399.

(5bS8,5b1S,15bS)-15-chloro-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.fIpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6db)

White solid; 27.7 mg, 72% yield, mp 140-141 °C; direct filtration purification. '"H NMR
(500 MHz, DMSO-ds) 6 10.89 (s, 1H), 7.49 — 4.48 (m, 1H), 7.41 — 7.36 (m, 2H), 7.35
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—7.33 (m,1H), 7.12 (t, J = 2.5 Hz, 1H), 7.04 (t, J = 7.5 Hz, 1H), 6.78 (d, J = 8.0 Hz,
1H), 6.57 (d,J=8.0 Hz, 1H), 6.33 (d, /= 8.0 Hz, 1H), 6.29 (t,J=2.5 Hz, 1H), 6.21 (d,
J=28.0 Hz, 1H), 6.08 (d, J = 8.0 Hz, 1H), 4.53 (dd, J = 8.0, 3.5 Hz, 1H), 441 (d, J =
3.5 Hz, 1H), 4.25 (dd, J = 55.0, 15.5 Hz, 2H). 3C NMR (126 MHz, DMSO-ds) &
153.84, 146.99, 136.90, 135.55, 133.46, 132.53, 131.86, 131.64, 127.81, 127.64,
126.87, 125.73, 124.98, 120.73, 119.93, 117.35, 115.47, 105.41, 105.31, 98.25, 76.41,
62.25,46.32,37.09. HRMS (ESI-TOF): m/z [M + H]" calcd for C24H;3CIN20:385.1102,
found: 385.1105.

(5bS,5b1S,15bS)-14-methyl-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b,fIpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6eb)

White solid; 33.9 mg, 93% yield, mp 194-196 °C; direct filtration purification. '"H NMR
(500 MHz, CDCl3) 6 7.77 (s, 1H), 7.37 — 7.34 (m, 1H), 7.30 — 7.26 (m, 1H), 7.25 (d, J
=1.5Hz, 1H), 7.21 —=7.19 (m, 1H), 7.18 (s, 1H), 6.88 — 6.88 (m, 1H), 6.83 (dd, J= 8.0,
2.0 Hz, 1H), 6.65 (dd, J = 8.5, 1.0 Hz, 1H), 6.46 — 6.43 (m, 2H), 6.22 (d, J = 8.0 Hz,
1H), 5.81 (d, /= 8.0 Hz, 1H), 4.35 (d, /= 4.0 Hz, 1H), 4.29 (dd, J= 7.5, 3.5 Hz, 1H),
4.16 (dd, J=25.5, 15.0 Hz, 1H), 2.18 (s, 3H). ¥*C NMR (126 MHz, CDCl3) 6 150.21,
147.72, 136.39, 135.75, 133.90, 131.32, 130.77, 128.81, 127.46, 127.26, 127.10,
126.74, 126.38, 123.24, 121.64, 119.43, 114.82, 106.82, 104.04, 99.70, 63.14, 47.52,
37.35,20.80. HRMS (ESI-TOF): m/z [M + H]" calcd for C25sH21CIN20:365.1648, found:
365.1650.

(5bS8,5b1S,15bS)-14-methoxy-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.flpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6fb)




White solid; 28.1 mg, 74% yield, mp 189-191 °C; direct filtration purification. "H NMR
(500 MHz, DMSO-ds) 6 10.86 (s, 1H), 7.46 (dd, J= 6.5, 2.0 Hz, 1H), 7.38 — 7.31 (m,
3H), 7.11 (t, J = 3.5 Hz, 2H), 6.76 (d, J = 8.5 Hz, 1H), 6.72 (dd, J = 8.5, 2.5 Hz, 1H),
6.43 (d, J=28.0 Hz, 1H), 6.36 (d, J=8.5 Hz, 1H), 6.29 (t,J=2.5 Hz, 1H), 5.86 (d, J =
7.5 Hz, 1H), 4.39 (d, J=3.5 Hz, 1H), 4.27 (dd, J=7.5, 3.5 Hz, 1H), 4.17 (dd, J = 28.0,
15.0 Hz, 2H), 3.67 (s, 3H). 3C NMR (126 MHz, DMSO-d¢) & 152.24, 146.88, 146.45,
136.13,135.54,133.67,131.97,129.71, 127.16, 126.78, 126.09, 124.09, 120.31, 118.78,
115.31, 113.40, 112.25, 107.52, 104.15, 97.78, 76.37, 62.66, 55.48, 47.41, 36.15.
HRMS (ESI-TOF): m/z [M + H]" caled for C2sH21N202:381.1598, found: 381.1598.
(5bS8,5b1S,15bS)-14-fluoro-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.flpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6gb)

White solid; 22.8 mg, 62% yield, mp 198-190 °C; column chromatography eluent,
petroleum ether/EtOAc = 5:1. "TH NMR (500 MHz, DMSO-ds) 5 10.89 (s, 1H), 7.46 —
7.44 (m, 1H), 7.41 — 7.35 (m, 3H), 7.32 — 7.30 (m, 1H), 7.12 (t, J = 2.5 Hz, 1H), 6.78
(d, /=8.0 Hz, 1H), 6.34 — 6.21 (m, 4H), 5.93 (d, /= 8.0 Hz, 1H), 4.50 (dd, J= 8.0, 4.0
Hz, 1H), 4.38 (d, J = 4.0 Hz, 1H), 4.25 (dd, J = 28.5, 16.0 Hz, 2H). 3C NMR (126
MHz, DMSO-ds) 5 166.04, 164.12, 154.24 (d,J=13.2 Hz, 1C), 147.20, 136.91, 135.62,
133.48,131.71,127.68 (d,J=19.5 Hz, 1C), 127.45 (d,J=11.5 Hz, 1C), 126.82, 124.94,
124.92, 120.88, 119.82, 115.13, 105.14, 103.41 (d, J=23.4 Hz, 1C), 98.33,94.30 (d, J
=27.3 Hz, 1C), 76.48, 63.23, 46.25, 37.06. '’F NMR (470 MHz, CDCls) & -127.13.
HRMS (ESI-TOF): m/z [M + H]" calcd for C24H1sFN20:369.1398, found: 369.1398.
(5bS8,5b1S,15bS)-14-chloro-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b,fIpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6hb)
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White solid; 22.3 mg, 58% yield, mp 168-170 °C; column chromatography eluent,
petroleum ether/EtOAc = 5:1. TH NMR (500 MHz, DMSO-ds) 5 7.88 (s, 1H), 7.46 —
7.42 (m, 2H), 7.36 (qd, J = 13.0, 9.5, 7.5, 2.0 Hz, 2H), 7.28 — 7.27 (m, 1H), 7.00 — 6.98
(m, 2H), 6.76 (d, J = 8.5 Hz, 1H), 6.54 (t, J = 2.5 Hz, 1H), 6.42 (d, J = 8.5 Hz, 1H),
6.19 (d, J = 8.0 Hz, 1H), 5.92 (d, J = 8.0 Hz, 1H), 4.48 (dd, J = 8.5, 4.0 Hz, 1H), 4.41
(d, J=3.5Hz, 1H), 4.22 (dd, J = 48.5, 15.0 Hz, 2H). 3C NMR (126 MHz, DMSO-ds)
o 151.29, 147.16, 136.92, 135.59, 133.56, 131.68, 130.91, 130.33, 127.82, 127.58,
126.82, 126.20, 125.01, 120.91, 120.76, 119.71, 114.88, 108.00, 105.23, 98.35, 76.64,
62.74,46.57,36.90. HRMS (ESI-TOF): m/z [M + H]" calcd for C24HisCIN20:385.1102,
found: 385.1105.

(5bS,5b18,15bS)-13-fluoro-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.fIpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6ib)

White solid; 26.2 mg, 71% yield, mp 198-199 °C; direct filtration purification. 'H NMR
(500 MHz, DMSO-ds) 6 10.89 (s, 1H), 7.47 — 7.43 (m, 1H), 7.42 — 7.34 (m, 3H), 7.34
—7.29 (m, 1H), 7.12 (t, J = 2.7 Hz, 1H), 6.78 (d, J = 8.3 Hz, 1H), 6.35 - 6.30 (m, 1H),
6.29 (s, 1H), 6.25 (d, J = 8.4 Hz, 1H), 6.22 (dd, J = 10.5, 2.4 Hz, 1H), 5.93 (d, J = 8.0
Hz, 1H), 4.50 (dd, J = 8.1, 3.7 Hz, 1H), 4.38 (d, J = 3.7 Hz, 1H), 4.25 (q, J = 15.8 Hz,
2H). 13C NMR (126 MHz, DMSO-ds) 8 166.04, 164.12, 154.24 (d, J = 13.2 Hz, 1C),
147.20, 136.91, 135.63, 133.48, 131.71, 127.76, 127.61, 127.45 (d, J = 11.6 Hz, 1C),
126.82, 124.94, 120.88, 119.82, 115.13, 105.14, 103.41 (d, J = 23.4 Hz, 1C), 98.33,
94.30 (d, J = 27.3 Hz, 1C), 76.48, 63.23, 46.25, 37.06. ’F NMR (470 MHz, CDCl3) §
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-111.62. HRMS (ESI-TOF): m/z [M + H]" calcd for C24H1sFN20:369.1398, found:
369.1398.

(5b8,5b18,15bS)-13-methoxy-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b,fIpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6jb)

White solid; 32.0 mg, 84% yield, mp 197-199 °C; direct filtration purification. "H NMR
(500 MHz, CDCI3) 6 7.91 (s, 1H), 7.46 — 7.42 (m, 1H), 7.39 — 7.34 (m, 3H), 7.31 —
7.29 (m, 1H), 6.99 (dd, J=3.5, 2.5 Hz, 1H), 6.76 (dd, J = 8.0, 1.0 Hz, 1H), 6.53 (ddd,
J=3.0,2.0,1.0 Hz, 1H), 6.42 (dd, /= 8.5, 1.0 Hz, 1H), 6.18 (dd, J = 8.0, 2.5 Hz, 1H),
5.93 (d, J=8.0 Hz, 1H), 5.88 (d, J=2.5 Hz, 1H), 4.50 (dd, J = 8.0, 3.5 Hz, 1H), 4.41
(d,J=3.5Hz, 1H), 4.26 (dd, J=38.5, 15.0 Hz, 2H), 3.71 (s, 3H). 3C NMR (126 MHz,
CDCl) 6 162.27 153.62, 147.61, 136.46, 135.59, 133.52, 131.30, 127.43, 127.19,
126.69, 126.47, 123.35, 121.50, 120.99, 119.76, 115.74, 104.14, 102.64, 99.63, 92.92,
77.49, 63.50, 55.24, 46.63, 37.80. HRMS (ESI-TOF): m/z [M + H]" caled for
C25H21N20,:381.1598, found: 381.1598.
(5bS,5b1S,15bS)-5b1-methyl-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.flpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6kb)

White solid; 14.6 mg, 40% yield, mp 198-200 °C; column chromatography eluent,
petroleum ether/EtOAc = 5:1. 'TH NMR (500 MHz, CDCls3) § 7.81 (s, 1H), 7.48 (dd, J
=7.5,15Hz, 1H), 7.37-7.32 (m, 3H), 7.31 - 7.29 (m, 1H), 7.03 (td, J = 8.0, 1.5 Hz,
1H), 6.95 (dd, J = 3.5, 2.5 Hz, 1H), 6.70 (dd, J = 8.5, 1.0 Hz, 1H), 6.59 (td, J = 7.0, 0.5
Hz, 1H), 6.52 (ddd, J = 3.5, 2.0, 1.0 Hz, 1H), 6.25 - 6.22 (m, 2H), 5.57 (s, 1H), 5.28 (s,
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2H), 4.38 (d, J = 15.5 Hz, 1H), 4.15 (s, 1H), 4.08 (dd, J = 15.0, 1.0 Hz, 1H), 1.36 (s,
3H). 13C NMR (126 MHz, CDCls) § 151.39, 147.34, 136.51, 135.23, 133.10, 131.41,
130.35,127.17,127.06, 126.81, 126.70, 126.33, 123.46, 121.20, 119.95, 117.75, 117.03,
106.09, 104.42, 99.44, 85.89, 67.31, 45.58, 44.50, 25.30. HRMS (ESI-TOF): m/z [M +
H]" caled for C2sH21N20:365.1648, found: 365.1648.
(5bS8,5b1S,15bS)-15b-methyl-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b.flpyrrolo[2',3':7,8]chromeno[4,3,2-hilindolizine (61b)

White solid; 28.4 mg, 78% yield, mp 201-203 °C; direct filtration purification. "H NMR
(500 MHz, CDCl3) 6 7.66 (s, 1H), 7.46 — 7.44 (m, 1H), 7.41 (d, /= 7.5 Hz, 1H), 7.38
—7.32 (m, 2H), 7.26 (d, /= 6.0 Hz, 1H), 7.01 (t, /= 8.0 Hz, 1H), 6.83 — 6.82 (m, 1H),
6.63 (dd, J=15.0, 7.5 Hz, 2H), 6.46 (t,J = 2.5 Hz, 1H), 6.41 (d, J= 8.5 Hz, 1H), 6.25
(d,J=17.5Hz, 1H), 4.35 (d, J= 3.5 Hz, 1H), 4.22 (dd, J=40.0, 15.0 Hz, 2H), 4.11 (d,
J=3.5Hz, 1H), 1.99 (s, 3H). 13C NMR (126 MHz, CDCl3) 5 151.27, 147.74, 136.37,
135.60, 133.64, 132.17, 131.25, 129.83, 127.40, 127.13, 126.40, 123.39, 123.22,
121.16, 119.32, 117.57, 114.87, 106.33, 104.00, 99.46, 83.15, 68.63, 47.02, 37.78,
26.03. HRMS (ESI-TOF): m/z [M + H]" caled for C2sH21N20:365.1648, found:
365.1649.

(5b8,5b18,15bS)-5b1,15b-dimethyl-5b,5b1,10,15b-tetrahydro-3H-
dibenzo[b,fIpyrrolo[2',3':7,8]chromeno[4,3,2-hi]indolizine (6mb)

White solid; 19.3 mg, 51% yield, mp 198-200 °C; column chromatography eluent,
petroleum ether/EtOAc = 5:1. "TH NMR (500 MHz, CDCls) § 7.61 (s, 1H), 7.31 —7.24
(m, 4H), 7.20 — 7.18 (m, 1H), 6.92 (td, J = 7.5, 1.0 Hz, 1H), 6.79 (dd, J = 3.0, 2.0 Hz,
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1H), 6.55 (dd, /= 8.0, 0.5 Hz, 1H), 6.50 (td, J = 7.5, 1.0 Hz, 1H), 6.40 — 6.39 (m, 1H),
6.20 (d, J = 8.5 Hz, 1H), 6.11 (d, J = 8.0 Hz, 1H), 4.22 — 4.03 (m, 3H), 1.89 (s, 3H),
1.18 (s, 3H). 3C NMR (126 MHz, CDCl3) § 150.05, 147.63, 136.34, 136.08, 132.81,
131.62,131.54,129.96,127.22,126.95, 126.48, 123.48, 123.20,121.43,119.33, 116.88,
116.37, 105.81, 103.98, 99.55, 87.43, 69.38, 45.41, 44.44, 22.28, 21.25. HRMS (ESI-
TOF): m/z [M + H]" calcd for C26H23N20:379.1805, found: 379.1804.
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6. 'H and *C NMR Spectra
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2-((4-fluoro-1H-indol-1-yl)methyl)benzaldehyde (1c)
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2-((4-chloro-1H-indol-1-yl)methyl)benzaldehyde (1d)
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2-((5-methyl-1H-indol-1-yl)methyl)benzaldehyde (1e)
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2-((5-methoxy-1H-indol-1-yl)methyl)benzaldehyde (1f)

0S8°€ ~\_
€815
£05°9
815°9
vs'9
86L°9
£08'9
918'9
028'9
re0L
150 |
660°L
SOT'L |
SEI'L
ovI'L ]
79€°L
S9E°L |
LLE'L
08€°L
T6€°L
S6€°L A
651°L

3 AN
89p°L 7

9S8°L V.

6S8°L
wsL \‘
YL8'L

S61°01 —

MeO

b4

CHO

A

f1 (ppm)

0TIy —

PI8'SS —

SSSTTOT ~
909201

LIFOTT ~
061°TI1

—nc.z_
mww.rN_ /
S10°6T1
€6zl
679°I€1 \
S08°TEL
TIEPEL \
8EESEL \
91E 0PI

HTHsT —

61LE61
PYLE6L v

MeO

z

CHO

1 (ppm)

S49



2-((5-fluoro-1H-indol-1-yl)methyl)benzaldehyde (1g)
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2-((5-chloro-1H-indol-1-yl)methyl)benzaldehyde (1h)
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2-((6-fluoro-1H-indol-1-yl)methyl)benzaldehyde (1i)
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2-((6-methoxy-1H-indol-1-yl)methyl)benzaldehyde (1j)
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2-((2-methyl-1H-indol-1-yl)methyl)benzaldehyde (1k)
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2-((3-methyl-1H-indol-1-yl)methyl)benzaldehyde (11)
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2-((2,3-dimethyl-1H-indol-1-yl)methyl)benzaldehyde (1m)
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2-(indolin-1-ylmethyl)benzaldehyde (1a’)
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2-((1-butyl-1H-indol-3-yl)methyl)benzaldehyde (4a)
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2-((1-benzyl-1H-indol-3-yl)methyl)benzaldehyde (4b)
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2-((1-methyl-1H-indol-3-yl)methyl)benzaldehyde (4c)
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2-((1-allyl-1H-indol-3-yl)methyl)benzaldehyde (4d)
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2-((1-(cyclopropylmethyl)-1H-indol-3-yl)methyl)benzaldehyde (4e)
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2-((1-benzyl-2-methyl-1H-indol-3-yl)methyl)benzaldehyde (4f)
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1869
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€L0°L
880°L
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2-((1-benzyl-4-methyl-1H-indol-3-yl)methyl) benzaldehyde (4g)
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2-((1-benzyl-4-fluoro-1H-indol-3-yl)methyl)benzaldehyde (4h)
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2-((1-benzyl-4-chloro-1H-indol-3-yl)methyl) benzaldehyde (4i)
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2-((1-benzyl-5-methoxy-1H-indol-3-yl)methyl)benzaldehyde (4j)
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2-((1-benzyl-5-fluoro-1H-indol-3-yl)methyl)benzaldehyde (4k)
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2-((1-benzyl-5-chloro-1H-indol-3-yl)methyl) benzaldehyde (41)
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2-((1-benzyl-6-methoxy-1H-indol-3-yl)methyl)benzaldehyde (4m)
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2-((1-benzyl-6-fluoro-1H-indol-3-yl)methyl)benzaldehyde (4n)
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6,7[chromeno[4,3,2-

5

’
’

5,6',10b,1°b-tetrahydro-[1,3]dioxolo[4

(3aa)

ndolizine

i

hildibenzo[b,f]
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6,7[chromenof4,3,2-

1
.

5

’
’

10-methyl-5,61,10b,16b-tetrahydro-[1,3]dioxolo[4

(3ba)

ndolizine

i

hildibenzo[b,f]
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6,7[chromeno[4,3,2-
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’
’

10-fluoro-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4

(3ca)

ndolizine
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hildibenzo[b,f]
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6,7[chromenof4,3,2-

1
.

5

’
’

10-chloro-5,6",10b,16b-tetrahydro-[1,3]dioxolo[4

(3da)

ndolizine

i

hildibenzo[b,f]
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6,7[chromenof4,3,2-

15
.

5

’
’

9-methyl-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4

(3ea).

ndolizine

i

hildibenzo[b,f]
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6,7[chromenof4,3,2-
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’
’

9-methoxy-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4

(3fa).
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i

hildibenzo[b,f]
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6,7[chromenof4,3,2-
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.

5

’
’

9-fluoro-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4

(3ga)

ndolizine

i

hildibenzo[b,f]
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6,7[chromeno[4,3,2-

5"

9-chloro-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4

(3ha)

ndolizine

i

hildibenzo[b,f]
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6,7[chromenof4,3,2-
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.

5

’
’

ndolizine (3ia)

1
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6,7[chromenof4,3,2-

5’

’
’

8-methoxy-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4

Gja)

ndolizine

i

hildibenzo[b,f]
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6,7[chromenof4,3,2

1
.

5

’
’

6'-methyl-5,6',10b,16b-tetrahydro-[1,3]dioxolo[4

(3ka)

ndolizine

i

hildibenzo[b,f]
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10-butyl-5,10,10a,16b-tetrahydro-
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10-benzyl-5,10,10a,16b-tetrahydro-
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10-methyl-5,10,10a,16b-tetrahydro-
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(5a8,10aS,16bS)-10-allyl-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-(cyclopropylmethyl)-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-benzyl-10a-methyl-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-benzyl-6-methyl-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-benzyl-6-fluoro-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-benzyl-6-chloro-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-benzyl-7-methoxy-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-benzyl-7-fluoro-5,10,10a,16b-tetrahydro-

1':3,4]chromeno[2,3-b]indole (5ka)
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(5aS,10a8,16bS)-10-benzyl-7-chloro-5,10,10a,16b-tetrahydro-

1':3,4]chromenof2,3-bjindole (5la)
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(5aS,10a8,16bS)-10-benzyl-8-methoxy-5,10,10a,16b-tetrahydro-
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(5aS,10a8,16bS)-10-benzyl-8-fluoro-5,10,10a,16b-tetrahydro-

1':3,4]chromenof2,3-bjindole (5na)
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(5b8,5b1S,15bS)-5b,5b1,10,15b-tetrahydro-3 H-
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(5b8,5b1S,15bS)-15-fluoro-5b,5b1,10,15b-tetrahydro-3 H-

(6¢cb)

indolizine

7,8]chromeno[4,3,2-hi]

.
.

dibenzo[b.flpyrrolo[2',3'

091
061
oLTy
00€'F
9P
€T
sev'y
WSy
(4858 4
8IS
£00°9
6109
£81°9
661°9
0Lz'9
L8T'9
POE'9
L9€'9
P8E'9
£55°9
655°9
$95°9
8IL'9
sEL'9
16’9
6v6'9
$56'9
196'9
996'9
LL6'D
786'9
£66'9
8ST'L
POT'L
SLTL
ovE'L
vreL |
pSEL
8S€°L |
S9E°L |
TULEL A
9LE'L |
98€°L
16€°L
9IP'L

€TP°L A
9TH'L
SEV'L T
oL *
8L
8TI8'L —

Tsﬂ

01

re

£1 (ppm)

€L9°LE —

6v9°9r —

or1e9 —

00T'SL —

rY19°66
N@Q.NQ—W
£€80°701
ELY'POT
rE9 P01 N
T9°€rr
TLL €T
STL ST —
EP86TI ~_
SOEITI —
1€S°€T1 —
857971 —
L6T'LTL \
S9E°LTL
ILTIET \
8IETEL
16€TEL
PoLEel
1ST'SEL
L6v"9€1
19T°LYT \
I1STPST
LIEPST v.
608°6ST ~—
6L 19T —

£1 (ppm)

$112



-118.638

J

T
-112

T
—114

T
-116

T T
-118  -120
£1 (ppm)

$113



(5b8,5b1S,15bS)-15-chloro-5b,5b1,10,15b-tetrahydro-3H-
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(568,5b1S,15bS)-14-fluoro-5b,5b1,10,15b-tetrahydro-3 H-
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(5b8,5b1S,15bS)-14-chloro-5b,5b1,10,15b-tetrahydro-3H-
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(5b8,5b1S,15bS)-13-fluoro-5b,5b1,10,15b-tetrahydro-3 H-
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(5b8,5b1S,15bS)-13-methoxy-5b,5b1,10,15b-tetrahydro-3H-
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(5b8,5b1S,15bS)-5b1-methyl-5b,5b1,10,15b-tetrahydro-3H-
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7. X-ray Crystallography Data

7.1 X-ray crystallography data of 3aa.

"
3aa CCDC : 2083117
Identification code 10439
Empirical formula C23HI7NO3
Formula weight 355.38
Temperature 293(2) K
Wavelength 1.54178 A

Crystal system, space group ~ Monoclinic, C2/c

Unit cell dimensions a=11.9483(6) A alpha =90 deg.
b=17.9325(13) A beta=90.010(6) deg.

c=16.0130(11) A gamma = 90 deg.

Volume 3431.0(4) A™3

Z, Calculated density 8, 1.376 Mg/m"3
Absorption coefficient 0.738 mm*-1

F(000) 1488

Crystal size 0.120x 0.110 x 0.110 mm

Theta range for data collection 4.447 to 67.222 deg.

Limiting indices -14<=h<=8, -21<=k<=20, -19<=1<=19
Reflections collected / unique 10183 /3056 [R(int) = 0.0579]
Completeness to theta = 67.222  99.8 %

Refinement method Full-matrix least-squares on F"2
Data / restraints / parameters 3056 /0 /244

Goodness-of-fit on F/2 1.015

Final R indices [[>2sigma(I)] R1=0.0951, wR2=0.2612

R indices (all data) R1=10.1454, wR2 =0.3137
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Extinction coefficient n/a
Largest diff. peak and hole 0.756 and -0.220 e.A"-3

7.2 X-ray crystallography data of Saa.

= LX)\
4L |
TSN

5aa CCDC : 2083118
Identification code exp 11683
Empirical formula C27H25N O3
Formula weight 411.48
Temperature 293(2) K
Wavelength 1.54184 A

Crystal system, space group Orthorhombic, Pna2(1)

Unit cell dimensions a=24.355(2) A alpha =90 deg.
b=6.4076(7) A beta =90 deg.

c=13.2555(16) A gamma = 90 deg.

Volume 2068.6(4) A"3

Z, Calculated density 4, 1.321 Mg/m"3
Absorption coefficient 0.682 mm*-1

F(000) 872

Crystal size 0.120x 0.120 x 0.110 mm

Theta range for data collection 3.630 to 67.229 deg.

Limiting indices -29<=h<=27, -7<=k<=6, -15<=I<=15
Reflections collected / unique 12326 /3375 [R(int) = 0.1340]
Completeness to theta = 67.229  100.0 %

Refinement method Full-matrix least-squares on F"2
Data / restraints / parameters 3375/ 1 /282

Goodness-of-fit on F/2 0.994

Final R indices [[>2sigma(I)] R1=0.0842, wR2 =0.1873
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R indices (all data) R1=0.1635, wR2 =0.2664
Absolute structure parameter  0.0(5)

Extinction coefficient 0.0088(12)

Largest diff. peak and hole 0.228 and -0.248 e¢.A"-3

7.3 X-ray crystallography data of 6kb.

6kb CCDC : 2112489
Identification code exp 12437
Empirical formula C25H20N2 O
Formula weight 364.43
Temperature 293(2) K
Wavelength 1.54184 A

Crystal system, space group ~ Monoclinic, P2(1)/n
Unit cell dimensions a=19.2685(8) A alpha =90 deg.
b=18.7779(14) A beta=101.311(9) deg.

¢ =10.9806(10) A gamma = 90 deg.

Volume 1874.0(3) A3

Z, Calculated density 4, 1.292 Mg/m"3
Absorption coefficient 0.621 mm"-1

F(000) 768

Crystal size 0.120x 0.120 x 0.110 mm

Theta range for data collection 4.710 to 67.243 deg.
Limiting indices -11<=h<=9, -22<=k<=16, -8<=I<=13
Reflections collected / unique 6628 / 3353 [R(int) = 0.0518]
Completeness to theta = 67.243  99.9 %

Refinement method Full-matrix least-squares on F/2

Data / restraints / parameters 3353 /0/255
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Goodness-of-fit on F/2 0.983

Final R indices [I>2sigma(I)] R1=10.0572, wR2 =0.1032
R indices (all data) R1=0.1214, wR2 =0.1399
Extinction coefficient 0.00169(14)

Largest diff. peak and hole ~ 0.156 and -0.168 e.A"-3
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