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Palladium-Catalyzed Tandem Heck Cyclization Reactions to Access
the Bridged N-Heterocyclic Compounds

Li, Man Wang, Ying Xu, Yunhe™
(Department of Chemistry, University of Science and Technology of China, Hefei 230026)

Abstract Palladium-catalyzed intramolecular Heck tandem cyclization reactions were developed. With palladium iodide as a
catalyst and 4-(dimethylamino)triphenylphosphine as a ligand, 3-substituted indoleamide derivatives were converted to bridged
N-heterocyclic products in good yields under simple reaction conditions. The tandem reactions are featured by efficient
construction of fused ring compounds in one pot and good functional group compatibility.
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o-alkyl palladium(Il) intermediate makes it stable enough,
which is able to initiate a series of tandem reactions.[!

1 Introduction

Nitrogen-containing heterocyclic skeletons are the core
skeleton of many natural alkaloids and bioactive mole- R2
cules. And this kind of compounds has also been widely 0 ,\'1
used in the fields of synthetic chemistry and pharmaceuti-
cal chemistry.!! Among them, indole-containing tricycle
derivatives as selective inhibitors have been used to inves- N
tigate the effect of butyrylcholinesterase (BChE) in the R
later stages of Alzheimer’s disease (AD). Due to their wide
range of biological activities, continuous efforts have been
made to develop the atom-economical strategies for the MeO
construction of these complex compounds (Figure 1).[%!

Noteworthily, the domino reactions catalyzed by transition

MeO

Ibogaine

Me

metals have become a powerful strategy for the assembly
of diverse cyclic compounds.® It could build multiple C—
C bonds in one step without using directing group or nor-
bornene.*31 Recently, transient c-alkyl palladium(Il) in-
termediates arising from intramolecular Heck reaction of
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MeO OH
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Figure 1 BChE selective inhibitors and heterocyclic scaffolds
in alkaloids

In 1988, Grigg and co-workers!® elegantly reported tan-

alkenes have been proved as a versatile tool for construct-
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palladium(II) intermediate. Subsequently, the chemists
used this kind of intermediates to achieve different types of
transformations. The intermediates can be trapped with
various anion nucleophilic reagents such as hydride,l”! in-
dide,’® cyanides,”! boron derivatives,'”? etc.!'' (Scheme 1,
a). Another strategy for quenching transient c-alkyl Pd(II)
intermediates is to form palladium ring intermediates
through C—H bond activation (Scheme 1, b). Subsequent-
ly, the palladium ring intermediate undergoes reductive
elimination,!'? or reacts with nucleophilic reagents to gen-
erate complex compounds.[3! In addition, coupling rea-
gents such as alkynyl and phenylboronic acids first pass
through transmetallation and then interact with c-alkyl
palladium(II) intermediates to produce the target products
(Scheme 1, ¢).l'" Unsaturated molecules like CO,[! car-
benel'®! and isonitrile!'” can insert into the C—Pd bond
and then react with nucleophiles by tandem process
(Scheme 1, d).

Our group!'® has already reported diverse and controlla-
ble pathways induced by palladium-catalyzed intramolec-
ular Heck reaction including unique f-N-Pd elimination,
1,4-palladium migration and direct acyl C—H bond func-
tionalization. Based on the interest in the intramolecular
Heck reaction, we hoped to use this tandem way to con-
struct the bridged N-heterocyclic compounds. Our hypoth-
esis was that the indole without substitution at C(2) posi-
tion would provide a potential reaction site for the alkyl
palladium species 1a-1 generated in situ. Finally, reductive
elimination would furnish the desired compound 2a. With
this strategy, a series of fused ring compounds containing

novel bridged framework could be obtained.

2 Results and discussion

To prove the feasibility of the tandem process, N-(2-
bromobenzyl)-1-methyl-N-(2-phenylallyl)-1H-indole-3-
carboxamide (1a) was used as the model substrate. Initially,
the reaction of 1a by using Pd(OAc),, triphenylphosphine
(PPh3) and Na,COj; in the mixture of CH3CN and toluene
(V. V=1 11,2 mL) was examined at 100 ‘C under argon
atmosphere for 12 h. The desired product 2a was obtained in
10% yield (Table 1, Entry 1). The structure was confirmed
by X-ray diffraction analysis. With this promising result,
different bases were screened in sequence. Product 2a was
acquired with 35% yield when Cs,COs3 was used as a base
(Table 1, Entries 2, 3). Furthermore, 7 equiv. of H,O as
additive was added to the reaction system and the product
2a was obtained in 51% yield (Table 1, Entry 4). We
thought that water could increase the solubility of Cs,COs.
Besides, the electronic property and steric hindrance of
phosphine ligands had different effects on yields. The re-
sults showed that when PPhs had an electron-withdrawing
or meta-substituted groups, it had a weakening effect (Table
1, Entries 5, 6). However, PPh; with electron-donating
group such as L3 afforded 60% yield of 2a (Table 1, Entry
7). After screening different palladium catalysts, the results
indicated that when Pdl, was used instead of Pd(OAc),, the
yield of product was improved to 75% (Table 1, Entries 8~
13). When a single solvent was used, a large amount of
substrate remained in the system (Table 1, Entries 14, 15).
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Scheme 1 Cascade routes involving intramolecular Heck cyclization reactions
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Finally, control experiments indicated that all of the com-
ponents used in this reaction were necessary to afford the
desired product 2a in good yields (Table 1, Entries 16~18).
Therefore, the optimal reaction conditions were determined
as follows: 10 mol% Pdl,, 20 mol% L3, 3 equiv. of Cs,CO3
and 7 equiv. of HO in CH3CN/toluene (V' V=111, 2
mL) at 100 °C under argon atmosphere for 12 h.

After a series of optimization of conditions, the applica-
bility of the substrates was studied. The scope of the sub-
stituent R! that connects the olefin double bond was first
investigated. The results are summarized in Table 2. When
the R! was 2-naphthalene ring, it afforded the correspond-
ing product in 78% yield (2b).

When the substrates were installed different substituent
groups on the benzene ring, such as methyl, methoxy and
halide, they could be smoothly transformed to the desired
products (2¢~2e, 2g). Besides, the substrate with an elec-

tron-withdrawing group (CF3) on the phenyl ring also fur-
nished the desired product (2f), but the yield decreased.
Moreover, a meta-substitution on the phenyl ring could also
proceed smoothly (2h). Fortunately, it was found that when
the benzene ring was replaced with thiophene ring, the
target product (2i) was obtained in 44% yield. In addition,
the reactions furnished the desired products in good to high
yields when the R! were diverse aliphatic groups (2j~21).
When cyclopentyl, ester or phenyl ring was installed on the
carbon chain, it was compatible to obtain better yields
(2m~2o0), respectively, albeit affording the desired product
(20) in 46% yield.

On the other hand, functional groups in different position
of indoles were explored (Table 3). When indoles possessed
an electron-donating group at the C(5) position, such as
methyl (Me), methoxy (OMe) and fluoro (F) groups, they
proceeded smoothly to afford desired products in 66%~

Table 1 Optimization of reaction conditions”

(0]
[PdJ/L, base N O
®¥\ __ additve \
solvent Ph
\\Q Ar, 100 °C, 12 h N
CH,
2a
O O LU, L0
Q..
CFs NMe,
L1 L2 L3
Entry Catalyst+Ligand Additive (equiv.) Base Yield/%

1 Pd(OAc)2+PPhs None Na2CO3 10
2 Pd(OAc)+PPhs None CsF 33
3 Pd(OAc)+PPhs None Cs2C03 35
4 Pd(OAc):+PPh; H20 (7) Cs2C03 51
5 Pd(OAc)+L1 H20 (7) Cs2C03 5
6 Pd(OAc)+L2 H20 (7) Cs2C03 43
7 Pd(OAc)+L3 H20 (7) Cs2C03 60
8 PdBr2+L3 H20 (7) Cs2C03 50
9 PdCL+L3 H20 (7) Cs2C03 59
10 Pd(TFA):+L3 H20 (7) Cs2C03 12
11 Pd+L3 H20 (7) Cs2C03 75 (729)
12 Pd2(dba); +1L3 H20 (7) Cs2C03 54
13 Pd(PPh3)s+L3 H20 (7) Cs2C03 8
144 Pd+L3 H20 (7) Cs2C03 16
15¢ Pd+L3 H20 (7) Cs2C03 48
16 L3 H20 (7) Cs2C03 0
17 Pdl H20 (7) Cs2C03 12
18 Pd+L3 H>0 (7) None 0

9 Unless noted otherwise, the reactions were run under the following reaction conditions: the mixture of 1a (0.2 mmol), Pd catalyst (10 mol%), base (3 equiv.), ligand

(20 mol%) and additive were stirred in CH3CN/toluene (V' : V=1

© 1, 2 mL) under argon atmosphere at the room temperature for 30 min, then warmed to 100 C

for 12 h. ?Yield was determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane as the internal standard. ¢Isolation yield. ¢ The solvent was CH3CN. ¢ The sol-

vent was toluene.
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Table 2 Substrate scope of compounds 1%°

H,O (7.0 equiv.)

O
(0] Pdl, (10 mol%), L3 (20 mol%) N
B Cs,CO3 (3.0 equiv.) Q
N—/ N ' \ O
, CH3;CN/toluene (V:V =1:1, 0.1 mol/L) N
H3C | R1
HiC

Ar, 12 h, 100 °C

|
1 R 2
R' = Aryl, Alkyl
o 0
o - 3
N N
b O o
2a, 72% 2b, 78%
0 0

2e, 63%°

21, 95%

2m, 81%

N
CF
2f, 47%°
(0]
e
N Me
\
CHj
2j, 95%

0
e
[0
N
CHs

O—-Me

2n, 87%

20, 46%

4Unless noted otherwise, the reaction was conducted according to following conditions: the mixture of 1 (0.2 mmol), Pdl, (10 mol%), L3 (20 mol%), Cs,CO;5 (3
equiv.) and H,O (7 equiv.) was stirred in CH;CN/toluene (¥ . ¥=1 : 1, 2 mL) for 30 min at room temperature under argon atmosphere, then at 100 ‘C for 12 h.

bIsolated yield. ¢ The reaction temperature was raised to 120 C.

76% yields (4a~4c). Next, fluoro (F) group at the C(6)
position of indole was well tolerated, affording the desired
product (4d) in 81% yield. Then, methyl (Me) installed at
the C(7) position was successfully compatible, with 66%
yield (4e). In addition to indole, another nitrogen-hetero-
cycle such as pyrrole failed to get the product (4f). It seemed
that the structure of indole was essential. Later, the scope of
the side of the benzene ring attached to the bromine atom
was explored. The results showed that the substrates sub-
stituted at 3- or 4-positions could successfully obtain the
target products (4g~4i). At the same time, when the 4- and
5-positions had strong electron-donating groups methoxy
group (4j), a higher reaction temperature and a longer re-
action time were required. We analyzed that the electron-
donating group was not conducive to the first oxidative
addition process of the reaction, so a higher temperature
was required. Moreover, when the benzene ring was re-
placed by thiophene ring, the desired product 4k was pro-
duced only in 38% yield.
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With regard to the previous literatures,>!° a plausible
mechanism is proposed in Scheme 2. First, palladium(II)
catalyst is reduced to form palladium(0). Aryl bromide 1a
undergoes oxidative addition followed by an intramolecular
Heck reaction to generate 6-alkyl palladium species B. This
intermediate B has two divergent possible pathways. In
pathway a, intramolecular C—H activation of the neigh-
boring indole 2-postion C(sp*)—H bond generates pal-
ladacycle C in the presence of a base. And then it undergoes
reductive elimination to release 2a. In contrast, the pathway
b involves dearomatization of indole to form the interme-
diate D, and then anti f-H elimination to generate the
product 2a.l'!

3 Conclusions

In conclusion, a new and efficient strategy catalyzed by
palladium species to be amenable for the preparation of the
bridged N-heterocyclic compounds was developed. This
reaction generated two C(sp®)—C(sp?) bonds and formed

Chin. J. Org. Chem. 2021, 41, 3073~3082
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Table 3 Substrate scope of compounds 3%”

Pdl, (10 mol%)
Ls (20 mol%) R2

3
R Br
/
O\ N Cs,CO;3 (3.0 equiv.)
CH3;CN/toluene (V:V =1:1, 0.1 mol/L)
=
2= N

N

H,0O (7.0 equiv.)
Ar, 12 h, 100 °C

SN o)
HsCO O HaC
o o
N N
\ \

4b, 66% 4d 81%
0
e Y’
(y Oy
N N
CHs )
4e, 66%° 4f, N.D.P 4h. 57%
SNGY OCHj Q o
)
\ \ o)
o, (O L, O
CHs
4i, 76% 4j, 57%° 4k, 38%°

4Unless noted otherwise, the reaction was conducted according to following conditions: the mixture of 3 (0.2 mmol), Pdl, (10 mol%), L3 (20 mol%), Cs,COs5 (3
equiv.) and H,O (7 equiv.) was stirred in CH;CN/toluene (V' : ¥=1 : 1, 2 mL) for 30 min at room temperature under an argon atmosphere, then at 100 ‘C for 12 h.
bIsolated yield. ¢ The reaction temperature was 120 ‘C. ¢ The reaction temperature was 120 ‘C, and the reaction time was extended to 18 h. ¢ The reaction tempera-
ture was 120 C for 24 h.

Pd(Il)/L
1a
Pd(0)L,
2a
Oxidative addition pq!l
[H elimination
Reductive N
elimination o \\(
H
Ph
Ph A
N H
Qz)‘\ CH3 \]40
pathway b
N
Cs,CO3 3 Ph
dll

C—H activation

pathway a

CsBr, CsHCO3 Cs,CO4

Scheme 2 Proposed mechanism
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two cycles including a quaternary carbon center. Applica-
tion of this approach has successfully constructed a series of
N-fused heterocyclic compounds. Various functional
groups were tolerated and the products were synthesized in
good to excellent yields in one pot.

4 Experimental section

4.1 General experimental information

Experiments involving moisture and/or air sensitive
components were performed in oven-dried glassware under
a positive pressure of argon or glove box. Flash chroma-
tography was performed using 200~300 mesh silica gel
with the indicated solvent system. Other reagents were
commercially purchased and were used as received without
further purification for the reactions. 'H NMR, '°F NMR
and 3C NMR spectra were recorded at 25 °C on a Bruker
Advance 400 MHz NMR spectrometers (CDCl; as sol-
vent). High-resolution mass spectra (HRMS) were per-
formed on Water XEVO G2 Q-TOF mass spectrometer
(Waters Corporation).

4.2 General method for the synthesis of the prod-
ucts 2a~2o0 and 4a~4k

An oven-dried 10 mL Schlenk tube equipped with a
magnetic stirrer was charged with starting material 1 or 3
(0.2 mmol, 1.0 equiv.), Pdl; (7.2 mg, 0.02 mmol, 10
mol%), Cs,COs3 (195.3 mg, 0.6 mmol, 3 equiv.) and L3
(12.2 mg, 0.04 mmol, 20 mol%). Then, the mixture was
dissolved in CH3CN/toluene (V' V=1 :1, 2 mL) and
H,0O (25.2 uL, 1.4 mmol, 7.0 equiv.) was added under ar-
gon atmosphere. After stirred at room temperature for 30
min, the reaction mixture was stirred at 100 ‘C for anoth-
er 12 h. The reaction mixture was diluted by EtOAc, fil-
tered through a plug of Celite and concentrated in vacuo.
The residue was isolated through flash column chromatog-
raphy to furnish the desired products.

5-Methyl-7-phenyl-5,6,7,12-tetrahydro-14H-7,13-meth-
anobenzo[7,8]azonino[4,3-b]indol-14-one (2a): White sol-
id (544 mg, 72%). m.p. 263~265 C; 'H NMR (400
MHz, CDCl3) J: 8.06~8.00 (m, 1H), 7.36~7.30 (m, 3H),
7.28~7.18 (m, 8H), 7.18~7.13 (m, 1H), 5.51 (dd, J=16.1,
2.0 Hz, 1H), 4.49 (d, J=16.1 Hz, 1H), 4.24 (dd, J=14.2,
2.0 Hz, 1H), 4.08 (d, J=17.2 Hz, 1H), 3.85 (s, 3H), 3.47 (d,
J=16.0 Hz, 1H), 3.46 (d, J=12.0 Hz, 1H); '*C NMR (101
MHz, CDCl3) d: 169.0, 146.7, 143.5, 140.4, 137.2, 135.6,
129.7, 128.8, 127.4, 127.2, 127.1, 127. 0, 126.9, 122.5,
121.7, 121.0, 109.5, 109.4, 58.1, 49.7, 49.0, 38.9, 30.2;
HRMS (ESI) caled for CaHN,O [M+H]" 379.1810,
found 379.1808.

5-Methyl-7-(naphthalen-2-y1)-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (2b):
White solid (64.7 mg, 78%). m.p. 277~279 C; '"HNMR
(400 MHz, CDCl3) o: 8.09~8.00 (m, 1H), 7.84~7.72 (m,
4H), 7.54~7.42 (m, 2H), 7.36~7.30 (m, 1H), 7.28~7.14
(m, 7H), 5.54 (dd, J=16.1, 2.0 Hz, 1H), 4.51 (d, J=16.1
Hz, 1H), 4.28 (dd, /=14.3, 2.1 Hz, 1H), 4.18 (d, J=17.2
Hz, 1H), 3.89 (s, 3H), 3.56 (d, J=14.4 Hz, 1H), 3.51 (d,

3078 http:/sioc-journal.cn/
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J=17.2 Hz, 1H); C NMR (101 MHz, CDCls) §: 169.1,
143.9, 143.4, 140.3, 137.2, 135.7, 133.1, 132.2, 129.8,
128.6, 128.0, 127.6, 127.5, 127.2, 127.2, 127.0, 126.7,
126.4,125.7,125.3, 122.6, 121.7, 121.1, 109.6, 109.4, 57.8,
49.5, 49.1, 38.8, 30.2; HRMS (ESI) calcd for C30H2sN,O
[M-+H]" 429.1967, found 429.1977.
7-(4-Methoxyphenyl)-5-methyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (2c¢):
White solid (65.1 mg, 76%). m.p. 275~277 “C; 'H NMR
(400 MHz, CDCls) d: 8.06~7.99 (m, 1H), 7.34~7.29 (m,
1H), 7.27~7.21 (m, 4H), 7.20~7.12 (m, 4H), 6.90~6.80
(m, 2H), 5.50 (dd, J=16.1, 2.0 Hz, 1H), 4.47 (d, J=16.1
Hz, 1H), 4.21 (dd, /=14.2, 2.1 Hz, 1H), 4.03 (d, J=17.3
Hz, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.46 (d, J=17.2 Hz,
1H), 3.44 (d, J=14.0 Hz, 1H); '3C NMR (101 MHz,
CDCl3) 0: 169.0, 158.4, 143.8, 140.4, 138.8, 137.2, 135.6,
129.7, 128.2, 127.4, 127.2, 127.0, 122.5, 121.7, 121.1,
114.0, 109.6, 109.4, 58.1, 55.4, 49.1, 48.9, 39.2, 30.2;
HRMS (ESI) caled for Co7H2sN,O, [M+H]™ 409.1916,
found 409.1913.
5-Methyl-7-(p-tolyl)-5,6,7,12-tetrahydro-14H-7,13-me-
thanobenzo[7,8]azonino[4,3-b]indol-14-one (2d): White
solid (59.0 mg, 78%). m.p. 268~270 °C; 'H NMR (400
MHz, CDCl;) o: 8.08~7.96 (m, 1H), 7.29~7.24 (m, 1H),
7.22~7.16 (m, 5H), 7.15~7.07 (m, 5H), 5.48 (dd, /=16.2,
2.0 Hz, 1H), 4.45 (d, J/=16.0 Hz, 1H), 4.18 (dd, J=14.2,
2.1 Hz, 1H), 4.00 (d, /=17.3 Hz, 1H), 3.77 (s, 3H), 3.42 (d,
J=14.4 Hz, 1H), 3.37 (d, /=17.2 Hz, 1H) 2.32 (s, 3H); 1*C
NMR (101 MHz, CDCls) d: 168.9, 143.7, 143.6, 140.5,
137.1, 136.6, 135.5, 129.7, 129.3, 127.3, 127.0, 126.9,
122.4, 121.6, 120.9, 109.4, 58.0, 49.1, 49.0, 38.9, 30.0,
20.9; HRMS (ESI) caled for CyHysN,O [M + H] '
393.1967, found 393.1973.
7-([1,1'-Biphenyl]-4-yl)-5-methyl-5,6,7,12-tetrahydro-
14H-7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one
(2e): Yellow solid (50.9 mg, 63%). m.p. 285~287 C; 'H
NMR (400 MHz, CDCls) J: 8.08~8.00 (m, 1H), 7.60~
7.51 (m, 4H), 7.47~7.39 (m, 2H), 7.37~7.28 (m, 4H),
7.27~7.17 (m, 6H), 5.52 (dd, J=16.2,2.0 Hz, 1H), 4.49 (d,
J=16.1 Hz, 1H), 4.26 (dd, /=14.2, 2.0 Hz, 1H), 4.09 (d,
J=17.3 Hz, 1H), 3.84 (s, 3H), 3.49 (d, /=14.4 Hz, 1H),
3.47 (d, J=17.2 Hz, 1H); '3C NMR (101 MHz, CDCl5) &:
169.0, 145.8, 143.4, 140.3, 140.3, 139.8, 137.2, 135.7,
129.8, 129.0, 127.6, 127.5, 127.5, 127.4, 127.2, 127.1,
127.1, 127.0, 122.6, 121.7, 121.0, 109.5, 109.4, 58.0, 49.3,
49.1, 39.0, 30.2; HRMS (ESI) caled for Cs;;H»7N>O for
[M-+H]" 455.2123, found 455.2122.
5-Methyl-7-(4-(trifluoromethyl)phenyl)-5,6,7,12-tetra-
hydro-14H-7,13-methanobenzo[7,8]azonino[4,3-b]indol-
14-one (2f): Yellow solid (42.0 mg, 47%). m.p. 246~
248 “C; '"H NMR (400 MHz, CDCl3) &: 8.07~7.94 (m, 1H),
7.58 (d, J/=8.3 Hz, 2H), 7.36 (d, /=8.3 Hz, 2H), 7.33~
7.25 (m, 2H), 7.25~7.18 (m, 4H), 7.11~7.06 (m, 1H), 5.50
(dd, J=16.2, 2.0 Hz, 1H), 4.46 (d, J=16.1 Hz, 1H), 4.23
(dd,J=14.2,2.1 Hz, 1H), 4.03 (d, /=17.4 Hz, 1H), 3.82 (s,
3H), 3.46 (d, J/=17.2 Hz, 1H), 3.42 (d, J/=14.0 Hz, 1H);
13C NMR (101 MHz, CDCl5) 6: 168.8, 150.8, 142.6, 139.7,
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137.2, 135.7, 129.6, 129.3 (q, J=32.6 Hz), 127.7, 127.5,
127.5, 127.4, 126.9, 125.7 (q, J=3.7 Hz), 124.1 (q, J=
272.7 Hz), 122.7, 121.9, 121.0, 109.6, 109.5, 57.9, 49.6,
49.0, 38.9, 30.2; F NMR (376 MHz, CDCls) §: —62.54;
HRMS (ESI) caled for C7HyN,OF [M+H]' 447.1684,
found 447.1682.
7-(4-Chlorophenyl)-5-methyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (2g):
Yellow solid (39.6 mg, 48%). m.p. 244~246 °C; 'H NMR
(400 MHz, CDCl3) d: 8.07~7.97 (m, 1H), 7.34~7.26 (m,
3H), 7.25~7.14 (m, 7H), 7.12~7.08 (m, 1H), 5.49 (dd,
J=16.2, 2.0 Hz, 1H), 4.45 (d, J=16.1 Hz, 1H), 4.21 (dd,
J=14.2, 2.1 Hz, 1H), 3.99 (d, J/=17.3 Hz, 1H), 3.81 (s,
3H), 3.43 (dd, J=17.6, 15.7 Hz, 2H); 3C NMR (101 MHz,
CDCl;) 0: 168.9, 145.4, 143.0, 139.9, 137.2, 135.6, 132.9,
129.6, 128.9, 128.5, 127.6, 127.3, 127.0, 122.7, 121.8,
121.1, 109.6, 109.4, 57.9, 49.2, 49.0, 39.0, 30.2; HRMS
(ESI) caled for CasH»N>OCI [M+H]" 413.1421, found
413.1418.
7-(3-Chlorophenyl)-5-methyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (2h):
Yellow solid (46.2 mg, 56%). m.p. 232~234 °C; 'H NMR
(400 MHz, CDCl3) d: 8.04~7.95 (m, 1H), 7.32~7.27 (m,
1H), 7.27~7.16 (m, 8H), 7.12~7.06 (m, 2H), 5.48 (dd,
J=16.3, 2.0 Hz, 1H), 4.46 (d, J=16.1 Hz, 1H), 4.17 (dd,
J=14.2, 2.1 Hz, 1H), 3.94 (d, J=17.3 Hz, 1H), 3.80 (s,
3H), 3.40 (d, J/=14.0 Hz, 1H), 3.37 (d, J/=17.6 Hz, 1H);
3C NMR (101 MHz, CDCL) J: 168.8, 148.8, 142.8, 139.8,
137.2, 135.5, 134.7, 130.0, 129.5, 127.6, 127.3, 127.3,
127.2,126.9, 125.4,122.6, 121.8, 120.9, 109.6, 109.5, 57.9,
49.7,48.9, 38.7, 30.1; HRMS (ESI) caled for C,6H2N>OCl
[M-++H]" 413.1421, found 413.1424.
5-Methyl-7-(thiophen-2-yl)-5,6,7,12-tetrahydro-14 H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (2i):
White solid (32.6 mg, 44%). m.p. 244~246 C; 'H NMR
(400 MHz, CDCl3) d: 8.11~7.98 (m, 1H), 7.36~7.28 (m,
2H), 7.25~7.16 (m, 6H), 7.03~6.94 (m, 1H), 6.91~6.82
(m, 1H), 5.51 (dd, J=16.2, 2.1 Hz, 1H), 4.47 (d, J=16.1
Hz, 1H), 4.32 (dd, J=14.1, 2.0 Hz, 1H), 4.04 (d, J=17.4
Hz, 1H), 3.80 (s, 3H), 3.63 (d, J=14.0 Hz, 1H), 3.60 (d,
J=17.2 Hz, 1H); 3C NMR (101 MHz, CDCl;) J: 169.1,
152.0, 143.0, 139.6, 137.2, 135.1, 129.2, 127.5, 127.4,
127.3, 127.0, 126.9, 125.0, 124.3, 122.6, 121.7, 121.1,
109.4, 109.3, 58.1, 49.3, 46.8, 40.8, 30.2; HRMS (ESI)
caled for C24H2N,OS [M+H]" 385.1375, found 385.1375.
5,7-Dimethyl-5,6,7,12-tetrahydro-14H-7,13-methano-
benzo[7,8]azonino[4,3-b]indol-14-one (2j): White solid
(32.6 mg, 95%). m.p. 245~247 C; 'H NMR (400 MHz,
CDCl;) o0: 8.30~7.91 (m, 1H), 7.40 (d, J/=7.8 Hz, 1H),
7.28~7.16 (m, 4H), 7.15~7.07 (m, 2H), 5.45 (dd, J=15.9,
2.1 Hz, 1H), 4.29 (d, J=15.8 Hz, 1H), 4.05 (dd, /=14.2,
2.2 Hz, 1H), 3.59 (s, 3H), 3.32 (d, /=17.6 Hz, 1H), 3.28 (d,
J=14.4Hz, 1H),3.17(d,J=17.7 Hz, 1H), 1.46 (s, 3H); 1*C
NMR (101 MHz, CDCl3) ¢6: 169.6, 143.0, 140.9, 137.1,
135.3, 127.6, 127.3, 126.9, 126.9, 126.6, 122.5, 121.5,
121.5, 108.9, 108.7, 55.5, 50.4, 42.0, 37.4, 30.7, 29.8;
HRMS (ESI) caled for C2;HyN,O [M+H]" 317.1654,
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found 317.1656.

7-Butyl-5-methyl-5,6,7,12-tetrahydro-14H-7,13-meth-
anobenzo[7,8]azonino[4,3-b]indol-14-one  (2k): White
solid (52.7 mg, 74%). m.p. 189~191 C; 'H NMR (400
MHz, CDCls) d: 8.12~8.03 (m, 1H), 7.33 (d, J=7.9 Hz,
1H), 7.23~7.13 (m, 4H), 7.13~7.07 (m, 2H), 5.41 (dd,
J=15.38, 2.1 Hz, 1H), 4.25 (d, J=15.8 Hz, 1H), 3.94 (dd,
J=14.2, 2.2 Hz, 1H), 3.57 (s, 3H), 3.39 (d, /=14.2 Hz,
1H), 3.23 (d, J=17.6 Hz, 1H), 3.16 (d, J=17.6 Hz, 1H),
1.96~1.84 (m, 1H), 1.79~1.67 (m, 1H), 1.33~1.23 (m,
2H), 1.21~1.10 (m, 1H), 0.99~0.88 (m, 1H), 0.85 (t, J=
7.3 Hz, 3H); 3C NMR (101 MHz, CDCl;) 6: 169.8, 141.7,
141.0, 137.0, 136.2, 127.5, 127.3, 126.9, 126.8, 126.4,
122.4,121.4,108.8,108.6,52.4,50.2,42.7,41.4,40.6,29.7,
26.6, 23.2, 14.0; HRMS (ESI) calcd for C4H27N20 [M+
H]" 359.2123, found 359.2123.
5-Methyl-7-undecyl-5,6,7,12-tetrahydro-14H-7,13-me-
thanobenzo[7,8]azonino[4,3-b]indol-14-one (21): White
solid (86.8 mg, 95%). m.p. 211~213 C; 'H NMR (400
MHz, CDCl;) d: 8.14~8.01 (m, 1H), 7.35~7.28 (m, 1H),
7.24~7.13 (m, 3H), 7.13~7.04 (m, 3H), 5.39 (dd, J=15.9,
2.1 Hz, 1H), 4.22 (d, J=15.8 Hz, 1H), 3.90 (dd, /=14.2,
2.1 Hz, 1H), 3.51 (s, 3H), 3.36 (d, J=14.2 Hz, 1H), 3.18 (d,
J=17.6 Hz, 1H), 3.12 (d, J/=17.6 Hz, 1H), 1.95~1.81 (m,
1H), 1.76~1.64 (m, 1H), 1.36~1.11 (m, 18H), 0.87 (t, J=
6.8 Hz, 3H); '3C NMR (101 MHz, CDCl;) 6: 169.7, 141.7,
141.0, 136.9, 136.2, 127.5, 127.2, 126.8, 126.8, 126.3,
122.3, 121.3, 121.3, 108.8, 108.5, 52.4, 50.1, 42.9, 41.3,
40.6, 31.9, 30.1, 29.6, 29.6, 29.4, 29.4, 24.3, 22.7, 14.2;
HRMS (ESI) caled for C3HsN,O [M+H]" 457.3219,
found 457.3221.
7-(Cyclopentylmethyl)-5-methyl-5,6,7,12-tetrahydro-
14H-7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one
(2m): Yellow oil (62.3 mg, 81%). 'H NMR (400 MHz,
CDCl) 6: 8.19~7.99 (m, 1H), 7.35 (d, J=8.9 Hz, 1H),
7.23~7.14 (m, 4H), 7.14~7.07 (m, 2H), 5.42 (dd, J=15.9,
2.1 Hz, 1H), 4.29 (d, J=15.8 Hz, 1H), 3.98 (dd, /=14.2,
2.2 Hz, 1H), 3.60 (s, 3H), 3.52 (d, J=14.2 Hz, 1H), 3.25 (d,
J=17.2 Hz, 1H), 3.19 (d, J=17.6 Hz, 1H), 2.07 (dd, J=
14.3,5.8 Hz, 1H), 1.91~1.83 (m, 1H), 1.81~1.72 (m, 1H),
1.64~1.26 (m, 6H), 1.21~1.07 (m, 1H), 1.02~0.86 (m,
1H); 3C NMR (101 MHz, CDCl;) 6: 169.7, 142.1, 141.0,
137.1, 136.2, 127.4, 127.3, 127.2, 127.0, 126.5, 122.4,
121.5,121.4,108.9,108.7,52.9,50.2,49.0,41.8,41.5,37.1,
35.3, 34.8, 29.8, 25.0, 24.8; HRMS (ESI) calcd for CysHao-
N,O [M+H]" 385.2280, found 385.2289.
7-(4-Methoxybutyl)-5-methyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (2n):
Yellow solid (67.6 mg, 87%). m.p. 195~197 ‘C; '"H NMR
(400 MHz, CDCl;3) J: 8.13~8.01 (m, 1H), 7.33 (d, J/=8.4
Hz, 1H), 7.24~7.14 (m, 4H), 7.13~7.07 (m, 2H), 5.41 (dd,
J=15.8, 2.1 Hz, 1H), 4.25 (d, J=15.7 Hz, 1H), 3.96 (dd,
J=14.2, 2.2 Hz, 1H), 3.59 (s, 3H), 3.40 (d, J/=14.2 Hz,
1H), 3.36~3.25 (m, 5H), 3.24 (d, /=14.4 Hz, 1H), 3.24 (d,
J=18.0 Hz, 1H) ,1.98~1.86 (m, 1H), 1.83~1.71 (m, 1H),
1.61~1.45 (m, 2H), 1.36~1.21 (m, 1H), 1.08~0.91 (m,
1H); 3C NMR (101 MHz, CDCl;) 6: 169.7, 141.6, 140.9,
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137.0, 136.2, 127.6, 127.2, 127.0, 126.3, 126.5, 122.4,
121.4,108.9, 108.6, 72.4, 58.7, 52.4, 50.2, 42.8, 41.3, 40.7,
30.2, 29.7, 21.2; HRMS (ESI) caled for C;sH29N,O, for
[M-+H]" 389.2229, found 389.2231.
7-Benzyl-5-methyl-5,6,7,12-tetrahydro-14H-7,13-meth-
anobenzo[7,8]azonino[4,3-b]indol-14-one (20): White solid
(38.6 mg, 49%). m.p. 238~240 C; 'H NMR (400 MHz,
CDCl;) o: 8.11~8.02 (m, 1H), 7.56 (dd, J=7.9, 1.2 Hz,
1H), 7.29 (td, J=7.7, 1.5 Hz, 1H), 7.22~7.10 (m, 7H),
7.08~7.03 (m, 1H), 6.97~6.90 (m, 2H), 5.32 (dd, J=15.8,
2.1 Hz, 1H), 4.01 (d, J=15.6 Hz, 1H), 3.93 (dd, /=14.3,
2.3 Hz, 1H), 3.60 (s, 3H), 3.52 (d, J=14.2 Hz, 1H), 3.47 (d,
J=17.5Hz, 1H),3.37(d,J=17.6 Hz, 1H), 3.29 (d, J=13.6
Hz, 1H), 3.01 (d, J=13.6 Hz, 1H); 3C NMR (101 MHz,
CDCl;) 0: 169.7, 141.1, 140.7, 137.0, 136.6, 130.6, 128.3,
127.6, 127.4, 127.3, 127.2, 127.0, 126.8, 122.5, 121.5,
121.5, 108.8, 108.7, 52.7, 50.4, 49.0, 41.4, 40.5, 29.8;
HRMS (ESI) caled for Co7HasN2O [M+H]" 393.1967,
found 393.1969.
2-Methoxy-5-methyl-7-phenyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (4a):
White solid (65.0 mg, 75%). m.p. 208~210 C; 'H NMR
(400 MHz, CDCl3) ¢: 7.51 (d, J=2.5 Hz, 1H), 7.36~7.29
(m, 2H), 7.27~7.17 (m, 7H), 7.16~7.11 (m, 1H), 6.87 (dd,
J=28.9,2.5Hz, 1H),5.49 (dd,/=16.2,2.0 Hz, 1H), 4.47 (d,
J=15.9 Hz, 1H), 4.22 (dd, J=14.2, 2.1 Hz, 1H), 4.03 (d,
J=17.2 Hz, 1H), 3.85 (s, 3H), 3.80 (s, 3H), 3.45 (d, /=14.0
Hz, 1H), 3.44 (d, J=17.6 Hz, 1H); 3C NMR (101 MHz,
CDCls) 0: 169.2, 155.7, 146.8, 143.5, 140.5, 135.6, 132.2,
129.7, 128.7, 127.6, 127.4, 127.1, 127.0, 127.0, 113.0,
110.2, 109.2, 102.2, 58.1, 55.9, 49.4, 49.1, 39.1, 30.2;
HRMS (ESI) caled for Co7H2sN,0, [M+H]" 409.1918,
found 409.1913.
2,5-Dimethyl-7-phenyl-5,6,7,12-tetrahydro-14H-7,13-
methanobenzo[7,8]azonino[4,3-b]indol-14-one (4b): White
solid (51.7 mg, 66%). m.p. 203~205 C; 'H NMR (400
MHz, CDCl;) 0: 7.85~7.79 (m, 1H), 7.34~7.28 (m, 2H),
7.28~7.24 (m, 2H), 7.23~7.16 (m, 5H), 7.15~7.10 (m,
1H), 7.07~7.00 (m, 1H), 5.49 (dd, J=16.1, 2.0 Hz, 1H),
4.46 (d, J=16.1 Hz, 1H), 4.19 (dd, J=14.2, 2.1 Hz, 1H),
4.01 (d,J=17.3 Hz, 1H), 3.79 (s, 3H), 3.42 (d, /=14.0 Hz,
1H), 3.40 (d, J=17.2 Hz, 1H), 2.44 (s, 3H); *C NMR (101
MHz, CDCls) ¢0: 169.0, 146.7, 143.6, 140.3, 135.6, 135.6,
131.1, 129.7, 128.7, 127.3, 127.1, 127.0, 127.0, 126.9,
124.0, 120.6, 109.1, 109.0, 58.1, 49.6, 48.9, 38.8, 30.1,
21.5; HRMS (ESI) caled for CysHasNoO [M + H] *
393.1967, found 393.1970.
2-Fluoro-5-methyl-7-phenyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (4c¢):
White solid (59.6 mg, 76%). m.p. 274~276 C; 'H NMR
(400 MHz, CDCl;) d: 7.69 (dd, /=9.4, 2.6 Hz, 1H), 7.36~
7.31 (m, 2H), 7.29~7.26 (m, 1H), 7.25~7.18 (m, 6H),
7.16~7.12 (m, 1H), 6.97 (td, J=9.0, 2.6 Hz, 1H), 5.49 (dd,
J=16.2, 2.0 Hz, 1H), 4.47 (d, J=16.1 Hz, 1H), 4.22 (dd,
J=14.2, 2.1 Hz, 1H), 4.07 (d, J=17.4 Hz, 1H), 3.84 (s,
3H), 3.47 (d, J=14.8 Hz, 1H), 3.46 (d, J=17.2 Hz, 1H);
3BC NMR (101 MHz, CDCl3) d: 168.7, 159.2 (d, J=236.8
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Hz), 146.7, 143.3, 141.8, 135.6, 133.8, 129.8, 128.8, 127.5
(d, J=11.0 Hz), 127.5, 127.2 (d, J=4.4 Hz), 127.1, 127.1,
110.9 (d, J/=26.5 Hz), 110.1 (d, J/=9.7 Hz), 109.6 (d, J=
4.6 Hz), 106.3 (d, J=24.6 Hz), 58.1, 49.4,49.1, 39.2, 30.4;
YF NMR (376 MHz, CDCl;) §: —122.14; HRMS (ESI)
caled for CasH2oN,OF [M+H]" 397.1716, found 397.1711.
3-Fluoro-5-methyl-7-phenyl-5,6,7,12-tetrahydro- 14 H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (4d):
White solid (64.2 mg, 81%). m.p. 240~242 C; 'H NMR
(400 MHz, CDCl;) d: 7.93 (dd, /=38.5, 5.4 Hz, 1H), 7.36~
7.30 (m, 2H), 7.28~7.25 (m, 1H), 7.24~7.16 (m, 5H),
7.16~7.11 (m, 1H), 7.00~6.89 (m, 2H), 5.54~5.41 (m,
1H), 4.44 (d, J=16.0 Hz, 1H), 4.21 (dd, /=14.2, 1.9 Hz,
1H), 4.06 (d, J/=17.4 Hz, 1H), 3.75 (s, 3H), 3.45 (d, J=
14.4 Hz, 1H), 3.43 (d, J=17.6 Hz, 1H); 3C NMR (101
MHz, CDCl3) é: 168.8, 160.1 (d, J=239.1 Hz), 146.8,
143.1, 140.8 (d, J/=3.2 Hz), 137.3 (d, J/=11.8 Hz), 135.7,
129.8, 128.8, 127.5, 127.1, 127.1, 127.0, 123.3, 122.0 (d,
J=9.8 Hz), 110.1 (d, J=23.8 Hz), 109.5, 96.1 (d, J/=26.5
Hz), 58.0, 49.3, 49.1, 39.2, 30.3; '°F NMR (376 MHz,
CDCl3) 6: —119.42; HRMS (ESI) calcd for CycH2N>OF
[M-+H]" 397.1716, found 397.1718.
4,5-Dimethyl-7-phenyl-5,6,7,12-tetrahydro-14H-7,13-
methanobenzo[7,8]azonino[4,3-b]indol-14-one (4e): White
solid (51.8 mg, 66%). m.p. 264~266 C; 'H NMR (400
MHz, CDCl;3) 6: 7.91~7.80 (m, 1H), 7.35~7.29 (m, 2H),
7.27~7.24 (m, 1H), 7.24~7.18 (m, 5H), 7.15~7.11 (m,
1H), 7.04 (t, J=7.5 Hz, 1H), 6.87 (dt, /=7.2, 1.1 Hz, 1H),
5.50 (dd, J=16.2, 2.0 Hz, 1H), 4.47 (d, J=16.1 Hz, 1H),
4.16 (dd, J=14.1, 2.0 Hz, 1H), 4.07 (s, 3H), 3.96 (d, J=
17.1 Hz, 1H), 3.40 (d, J/=14.0 Hz, 1H), 3.32 (d, J=17.2
Hz, 1H), 2.75 (s, 3H); 3C NMR (101 MHz, CDCl;) §:
168.8, 146.6, 143.8, 140.5, 136.2, 135.4, 129.6, 128.7,
127.7, 127.3, 127.2, 127.1, 127.1, 127.0, 125.8, 121.6,
121.0, 119.0, 109.8, 58.0, 50.2, 48.7, 38.7, 33.2, 20.8;
HRMS (ESI) caled for Cy7HasNoO [M+H]" 393.1967,
found 393.1967.
11-Chloro-5-methyl-7-phenyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (4g):
Yellow solid (27.2 mg, 33%). m.p. 258~260 ‘C; '"H NMR
(400 MHz, CDCl3) J: 8.04~7.98 (m, 1H), 7.36~7.28 (m,
4H), 7.28~7.25 (m, 1H), 7.25~7.15 (m, 5H), 7.06 (dd,
J=17.8,1.3 Hz, 1H), 5.68 (dd, /=17.0, 2.0 Hz, 1H), 4.35 (d,
J=17.0 Hz, 1H), 4.20 (dd, J=14.2, 2.0 Hz, 1H), 4.05 (d,
J=17.2 Hz, 1H), 3.87 (s, 3H), 3.41 (d, J=14.8 Hz, 1H),
3.40 (d, J=16.8 Hz, 1H); 3C NMR (101 MHz, CDCl;) ¢:
168.7, 146.5, 146.0, 139.9, 137.2, 133.6, 133.0, 128.8,
128.2, 128.0, 127.2, 127.0, 126.9, 122.6, 121.8, 120.9,
109.6, 109.5, 57.7, 50.0, 47.3, 38.2, 30.2; HRMS (ESI)
caled for CyH»N,OCl [M + H] © 413.1421, found
413.1423.
10-Fluoro-5-methyl-7-phenyl-5,6,7,12-tetrahydro-14H-
7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one  (4h):
Yellow soild (45.2 mg, 57%). m.p. 275~277 ‘C; '"H NMR
(400 MHz, CDCl3) d: 8.10~7.95 (m, 1H), 7.38~7.31 (m,
3H), 7.29~7.25 (m, 2H), 7.25~7.20 (m, 3H), 7.13 (dd,
J=8.4,5.5Hz, 1H), 6.98~6.88 (m, 2H), 5.50 (dd, /=16.3,
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2.4 Hz, 1H), 4.44 (d, J/=16.3 Hz, 1H), 4.24 (dd, J=14.2,
2.0 Hz, 1H), 4.08 (d, /=17.3 Hz, 1H), 3.85 (s, 3H), 3.44 (d,
J=17.2 Hz, 1H), 3.43 (d, J=14.4 Hz, 1H); '*C NMR (101
MHz, CDCl3) d: 169.0, 161.3 (d, J=247.5 Hz), 146.6,
140.2, 139.2 (d, J=3.2 Hz), 137.9 (d, J/=6.8 Hz), 137.2,
131.4 (d, J=7.8 Hz), 128.9, 127.2, 126.9, 122.7, 121.8,
121.1, 114.8 (d, J=21.5 Hz), 113.6 (d, J=21.4 Hz), 109.5,
109.4, 58.0, 49.0 (d, J=2.0 Hz), 49.0, 39.1, 30.2; '°F NMR
(376 MHz, CDCls) 6: —114.75; HRMS (ESI) caled for
C26H2oN,OF [M+H]" 397.1716, found 397.1714.
10-Methoxy-5-methyl-7-phenyl-5,6,7,12-tetrahydro-
14H-7,13-methanobenzo[7,8]azonino[4,3-b]indol-14-one
(4i): White solid (62.0 mg, 76%). m.p. 243~245 C; 'H
NMR (400 MHz, CDCl3) ¢: 8.07~7.98 (m, 1H), 7.36~
7.28 (m, 3H), 7.25~7.16 (m, 5H), 7.06 (d, J/=28.6 Hz, 1H),
6.78 (dd, J/=38.7,2.7 Hz, 1H), 6.73 (d, J/=2.7 Hz, 1H), 5.47
(dd, J=16.1, 2.0 Hz, 1H), 4.42 (d, /=16.0 Hz, 1H), 4.21
(dd,J=14.2,2.0 Hz, 1H), 4.04 (d, /=17.3 Hz, 1H), 3.80 (s,
3H), 3.79 (s, 3H), 3.43 (d, /=7.5 Hz, 1H), 3.39 (d, /=4.3
Hz, 1H); C NMR (101 MHz, CDCls) J: 169.1, 158.3,
147.2, 140.6, 137.2, 137.0, 135.2, 130.8, 128.7, 127.0,
127.0, 126.9, 122.5, 121.7, 121.0, 114.2, 111.2, 109.4,
109.3, 58.2, 55.4, 49.5, 48.6, 39.3, 30.1; HRMS (ESI) caled
for C27H2sN20, [M+H]" 409.1916, found 409.1915.
12-Methyl-14-phenyl-5,12,13,14-tetrahydro-7H-6,14-
methano[1,3]dioxolo[4",5":4",5"benzo[1',2":7,8]azonino-
[4,3-b]indol-7-one (4j): Yellow solid (48.1 mg, 57%). m.p.
288~290 ‘C; 'H NMR (400 MHz, CDCl;) §: 8.09~7.99
(m, 1H), 7.38~7.30 (m, 3H), 7.29~7.26 (m, 2H), 7.25~
7.18 (m, 3H), 6.67 (s, 1H), 6.57 (s, 1H), 5.99~5.85 (m,
2H), 5.40 (dd, J=16.0, 2.0 Hz, 1H), 4.36 (d, J=15.8 Hz,
1H), 4.19 (dd, J=14.2, 2.0 Hz, 1H), 4.04 (d, J=17.3 Hz,
1H), 3.84 (s, 3H), 3.44 (d, J/=17.2 Hz, 1H), 3.40 (d, J=
14.0 Hz, 1H); '*C NMR (101 MHz, CDCl;) §: 169.0, 147.0,
146.9, 146.7, 140.3, 137.2, 136.4, 129.1, 128.8, 127.0,
127.0, 122.6, 121.7, 121.1, 109.5, 109.4, 109.2, 106.8,
101.2, 58.0, 49.3, 49.2, 38.9, 30.2; HRMS (ESI) calcd for
C27H23N203 [NI‘“HTr 4231709, found 423.1715.
6-Methyl-4-phenyl-4,5,6,13-tetrahydro-11H-4,12-meth-
anothieno[3',2":7,8]azonino[4,3-b]indol-11-one (4k): Yel-
low oil (29.2 mg, 38%). '"H NMR (400 MHz, CDCl;) &:
8.09~8.01 (m, 1H), 7.37~7.34 (m, 1H), 7.34~7.30 (m,
2H), 7.30~7.25 (m, 3H), 7.25~7.20 (m, 3H), 6.87 (d, J=
5.2 Hz, 1H), 5.62 (dd, J/=15.8, 1.6 Hz, 1H), 4.37 (dd, J=
15.9, 0.9 Hz, 1H), 4.27 (dd, J/=14.2, 1.7 Hz, 1H), 3.99 (d,
J=17.5 Hz, 1H), 3.77 (s, 3H), 3.40 (d, J/=17.6 Hz, 1H),
3.33 (d, J=14.0 Hz, 1H); '3C NMR (101 MHz, CDCl;) é:
169.3, 146.6, 141.9, 140.5, 137.2, 135.3, 128.9, 127.5,
127.2, 126.6, 126.4, 124.2, 122.7, 121.8, 121.2, 109.3,
109.2, 57.4, 48.1, 46.1, 38.8, 30.1; HRMS (ESI) calcd for
C24sH2N,OS [M+H]" 385.1375, found 385.1373.

Supporting Information 'H NMR, *C NMR and !°F
NMR spectra of all products and substrates, the general
methods to synthesize substrates, and the X-ray crystallo-
graphic data of 2a. The Supporting Information is available
free of charge via the Internet at http://sioc-journal.cn.
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