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1 General Information

'H-NMR and '*C-NMR spectra were recorded at room temperature using a Bruker
Avance-500 instruments or Avance-400 instruments ('H NMR at 500 MHz and '3C
NMR at 125 MHz), NMR spectra of all products were reported in ppm with reference
to solvent signals ['"H NMR: CD(H)Cl; (7.26 ppm), 13C NMR: CD(H)Cl; (77.00 ppm)].
Signal patterns are indicated as s, singlet; d, doublet; dd, doublets of doublet; t, triplet,
and m, multiplet. HPLC/Q-TOF-MS analysis was performed with an Agilent 1290 LC
system coupled with a 6530Q-TOF/MS accurate-mass spectrometer (Agilent
Technologies, USA). The mass spectrometry was performed in the positive
electrospray ionization (ESI+) mode. Reactions were monitored by thin-layer
chromatography Column chromatography (petroleum ether/ethyl acetate) was
performed on silica gel (200-300 mesh). Analytical grade solvents and commercially
available reagents were purchased from commercial sources and used directly without
further purification unless otherwise stated.

2 Preparation of Substrates

2.1 General Procedure for the Synthesis of Substrates 1a-1k -2

I
\ CI
(COCl)z BnNH2
DCM, DMF (cat) Et3N DCM

An oven dried reaction tube containing a PTFE-coated stir bar was charged with
2-iodobenzoic acid (5.0 mmol, 1.0 equiv, 1.24 g), oxalyl chloride (6.0 mmol, 1.2 equiv,
0.5 mL) in dichloromethane (10 mL) and DMF (3 drops). The mixture was stirred by 2
hours at 0 °C and was warmed at room temperature. The solvent was evaporated and
the crude was used directly in the next step. The 2-iodobenzoyl chloride (5.0 mmol, 1.0
equiv, 1.33 g) was dissolved in dichloromethane (10 mL). Phenylmethanamine (10.0
mmol, 2.0 equiv, 1.1 mL) (in some cases is necessary to add 2.0 equiv more) and Et;N
(10.0 mmol, 2.0 equiv, 1.4 mL) were added and the mixture was stirred at 0 °C until
consumption of acylchloride. The corresponding amide was isolated after addition of 5

mL of saturated Na,CO; solution and extraction with dichoromethane. It was used
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without any purification in the next step. Methacryloyl chloride (5.0 mmol, 1.0 equiv,
0.59 mL) in dichoromethane (5 mL) was added on a mixture of 2-iodo-N-
methylbenzamide (5.0 mmol, 1.0 equiv, 1.31 g), triethylamine (10.0 mmol, 2.0 equiv,
1.4 mL) and DMAP (0.25 mmol, 0.05 equiv, 30.54 mg) in toluene (5 mL). The mixture
was stirred overnight at reflux in oil bath. The reaction was quenched with saturated
aqueous Na,COj; (5 mL), then the mixture was extracted with dichloromethane (3 % 5
mL). The combined organic layers were dried over Na,SQOy, filtered, and concentrated
in vacuo. The residue was purified by column chromatography on silica gel (eluent:
petroleum ether/EtOAc = 10:1) affording the corresponding product 1a.
The procedures of 1b to 1k were similar to 1a.

2.2 General Procedure for the Synthesis of Substrates 1134

é/ (COCl), )J\/NHZ B C :”\ /\H/
DCM, DMF (cat) “EtGN, DCM ‘NaH, THF Bn

An oven dried reaction tube containing a PTFE-coated stir bar was charged with

2-iodobenzoic acid (5.0 mmol, 1.0 equiv, 1.24 g), oxalyl chloride (6.0 mmol, 1.2 equiv,
0.5 mL) in dichloromethane (10 mL) and DMF (3 drops). The mixture was stirred by 2
hours at 0 °C and was warmed at room temperature. The solvent was evaporated and
the crude was used directly in the next step. The 2-iodobenzoyl chloride (5.0 mmol, 1.0
equiv, 1.33 g) was dissolved in dichloromethane (10 mL). 2-Methylprop-2-en-1-amine
(10.0 mmol, 2.0 equiv, 0.91 mL) (in some cases is necessary to add 2.0 equiv more)
and Et;N (10.0 mmol, 2.0 equiv, 1.4 mL) were added and the mixture was stirred at 0
°C until consumption of acyl chloride. The corresponding amide was isolated after
addition of 5 mL of saturated Na,COj; solution and extraction with dichoromethane. It
was used without any purification in the next step.

NaH (2.0 mmol, 2.0 equiv, 0.08 g, 60% in mineral oil) was added to a solution of
the above product in THF (5 mL) at 0 °C in portions. After stirring for 20 min at 0 °C,
(bromomethyl)benzene (3.0 mmol, 3.0 equiv, 0.4 mL) was added dropwise and the

reaction mixture was allowed to room temperature and stirred for another 1 h. After
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completion of the reaction (monitored by TLC), the residue was quenched with water
and extracted into ethyl acetate. The organic layer was dried over anhydrous sodium
sulfate and the solution was evaporated to dryness. The crude product was purified by
column chromatography (eluent: petroleum ether/EtOAc=10:1) to provide the desired
product 11.

2.3 General Procedure for the Synthesis of Substrates 1m [

H o)
Br N.g, 0
| BnNH, | Cl ©i\N)k”/
|
K,CO3, MeCN | ?:]

The 1-(bromomethyl)-2-iodobenzene (5.0 mmol, 1.0 equiv, 1.48 g) was dissolved

in dichloromethane (10 mL). Phenylmethanamine (10.0 mmol, 2.0 equiv, 1.1 mL) (in
some cases is necessary to add 2.0 equiv more) and K,COj3 (10.0 mmol, 2.0 equiv, 1.38
g) were added and the mixture was stirred at 0 °C overnight. The reaction was quenched
with saturated aqueous Na,CO; (5 mL), then the mixture was extracted with
dichloromethane (3 X 5 mL). The combined organic layers were dried over Na,SOy,,
filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (eluent: petroleum ether/EtOAc = 30:1).

Methacryloyl chloride (5.0 mmol, 2.0 equiv, 0.6 mL) in dichoromethane (5 mL)
was added on a mixture of amide (2.5 mmol, 1.0 equiv, 0.81 g), triethylamine (10.0
mmol, 2.0 equiv, 1.4 mL) and DMAP (0.25 mmol, 0.05 equiv, 30.54 mg) in
dichoromethane (10 mL). The mixture was stirred overnight at reflux in oil bath. The
reaction was quenched with saturated aqueous Na,CO; (5 mL), then the mixture was
extracted with dichloromethane (3 x 5 mL). The combined organic layers were dried
over Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (eluent: petroleum ether/EtOAc = 10:1) affording the
corresponding product 1m.

2.4 General Procedure for the Synthesis of Substrates 4a-4f 6,731
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|
| DMAP, Et3N A
“NH O A O chloride N O
5 > -
©/ 110 °C N DCM,O°C~rt O%)é
H

S1 4a

A mixture of 2-iodoacetophenone (5.0 mmol, 1.0 equiv, 1.23 g), phenylhydrazine
(6.0 mmol, 1.2 equiv, 0.65 mg) and polyphosphoric acid (PPA, 15.00 g) was added to
a round bottom flask and stirred at 110 °C for 6 h. After the completion of the reaction,
the residue was quenched with ice water and extracted into ethyl acetate. The organic
phases were dried over anhydrous Na,SO4 and concentrated in vacuo. The crude
product was purified by silica gel column chromatography (petroleum ether/EtOAc) to
give the corresponding substituted indole S1.

According to a literature procedure, to the solution of indole S1 (3.5 mmol, 1.0
equiv, 1.12 g) and DMAP (0.7 mmol, 0.2 equiv, 85.52 mg) in dichoromethane (7 mL)
was added Et;N (7 mmol, 2.0 equiv, 0.71 g) and chloride (4.2 mmol, 1.2 equiv, 0.44
mg) at 0 °C. The solution was warmed up to room temperature and stirred for overnight.
The mixture was diluted with dichoromethane (20 mL). The organic and aqueous layers
were separated. The aqueous layer was extracted with dichoromethane (20 mL x 2).
The combined organic layer was washed with brine, dried over Na,SQ,, filtered and
concentrated in vacuo to give a residue, which was purified by flash chromatography
and then recrystallized from n-hexane/EtOAc to afford the product 4a. The synthesis
process of substrates 4b-4f is similar to 4a.

2.5 General Procedure for the Synthesis of Substrates 4g [6:7]
|

‘\/>_. )L/Br KOH (1.3 equiv) O ': O

DMF, 60 °C

$1 49
According to a literature procedure, a solution of S1 (3.0 mmol, 1.0 equiv, 0.96 g)
in DMF (5 mL) and powdered KOH (3.9 mmol, 1.3 equiv, 0.22 g) was stirred at 60 °C
for 10 min, cooled to room temperature, and treated with 3-bromo-2-methylprop-1-ene

(4.5 mmol, 1.5 equiv, 0.60 g). The reaction mixture was stirred at 60 °C for 12-18 h,
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poured onto ice and diluted with 15 mL of EtOAc. The combined organic layers were
washed with H20, brine, dried Na,SO4, concentrated in vacuo and purified by
chromatography on SiO2 (hexane) to afford the desired product 4g.

2.6 General Procedure for the Synthesis of Substrates 2a-2t 101

. Br DMSO, 75 °C. 10 h Br
COOH o1 .
2h

General DMSO dehydrohalogenation procedures: A solution of 2,3-
dibromopropanoic acid (3.0 mmol, 0.70 g) in 9 mL of DMSO with 1.0 mL of water was
heated at 75 °C for 10 hours. The reaction mixture was loaded onto prep HPLC and
purified (Gilson gradient of water and acetonitrile, see general experimental). The pH
of the combined fractions was adjusted to pH = 8 using aqueous NaOH (2 N).
Lyophilization of the fractions gave 0.47 g (91%) of the a-bromoacrylic acid sodium

salt as a white solid.

Br
Br
Br, DMSO/H,0
\/\ > 2 > M
COQMe DCM \H\COZMG 85 °C G%COZMG
Br
A-1 A-2
(1) LIOH, THF/H,0 Br
> Me.,, =~
(2) 10% KHSO, COOH
2t

In a dried flask under Ar charged with methyl crotonate (10.0 mmol, 1.0 equiv,
1.1 mL) in DCM (25 mL) was added dropwise at 0 °C over a period of 1 h Br;, (22.0
mmol, 1.1 equiv, 1.1 mL). The resulting mixture was stirred 15 min at 0 °C and then at
RT for 1 h. The mixture was concentrated under reduced pressure (P = 10 mm bar; T =
35 °C) to afford crude dibrominated product A-1 which was used directly as such in the
next step.

A solution under Ar of crude dibrominated product A-1 in DMSO/H,0 (95/5; 30
mL) was stirred at 85 °C for 16 h. The mixture was cooled to RT and poured into a cold
half-saturated aqueous solution of NaHCOj; (60 mL) and the biphasic mixture was then
extracted with Et,O (x2). The combined organic layers were washed with brine (x1),

dried over Na,SQ,, filtered and concentrated under reduced pressure (P = 10 mm bar;
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T = 35 °C) to afford crude conjugated ester A-2 as a Z/FE mixture (8/1). The crude
mixture was used directly as such in the next step.

In a flask under Ar charged with crude conjugated ester A-2 in THF (10 mL) was
added dropwise at RT a solution of LiOH (30.0 mmol, 3.0 equiv, 0.72 g) in H,O (10
mL) and the resulting mixture was stirred at RT for 12 h. The mixture was quenched
with an aqueous solution of 10% KHSO,4 (70 mL) and was then extracted with EtOAc
(x2). The combined organic layers were dried over Na,SO,, filtered and concentrated
under reduced pressure to afford crude acid 2t as a Z/FE mixture (8/1). The crude solids
were washed with PE (1x10 mL and then 1x5 mL) and dried under reduced pressure to

afford 1.07 g (65% over 3 steps) of pure (£)-acid 2t.

M _coon MBrDOM )\(COOH

(2) Piperidine, THF Br
(3) HCI
2j

To a stirred solution of 3-methylbut-2-enoic acid (2.00 mmol, 1.0 equiv, 0.20 g)
in DCM (2 mL), was added Br;, (2.20 mmol, 1.1 equiv, 0.35 g) dropwise at 0 °C. The
mixture was stirred 12 hours. Then quenched with saturated solution of Na,S,0; to
remove excess of bromine and extracted three times with DCM. The organic layer was
dried over MgSO, and concentrated to give the dibrominated acid. The product was
dissolved in THF and Piperidine (9.80 mmol, 4.9 equiv, 967 puL) was added in one
portion at 0 °C. The solution was stirred for 24 h at room temperature and then quenched
with aq. HCI (5 M). The product was extracted with ethyl acetate. The collected organic
layers were dried over MgSO, and concentrated to give the 2-bromo-3-methylbut-2-

enoic acid 2i as a yellow powder (1.78 mmol, 0.30 g, 85% yield).

0 0
Ph o/_ Ph o/_ co,Et (1) NaOH CO,H
Ph—P= _Be _ ppp= __PhCHO =< DOMICHOH ~ —(
_
Ph bCM Bh Br 100 °C PH  Br (2) HCI PH  Br
B-1 B-2 2

Carboethoxymethylidenetriphenyl-phosphorane (10 mmol, 3.50 g) was dissolved
in DCM (20 mL) and the solution was cooled to 5 °C in ice-water bath. A solution of
bromine (10 mmol, 1.60 g) in DCM (10 mL) was slowly added dropwise, and the batch

was stirred overnight. The organic phase was washed with water (20 mL), and then
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twice with NaHCOj solution (20 mL) until HBr was neutralized. The DCM phase was
dried over Na,SO,4 and concentrated in vacuo. The residue was recrystallized from
acetone/n-hexane (2:1) (27 mL). The crystals were dried in vacuo to afford B-1 as a
yellow solid, yield 69% (3.02 g).

A mixture of aldehyde (5 mmol) and B-1 (5 mmol) was added to a two-neck round
bottom flask with a magnetic stirrer under nitrogen atmosphere. The mixture was heated
to 100 °C. A homogeneous melt formed, and the ensuing mixture was kept at 100 °C
for 8 h. After cooling to room temperature, the mixture was subjected to column
chromatography on silica gel to get B-2.

B-2 (5 mmol) was dissolved in DCM/CH;0H (9:1) (30 mL), and the solution was
cooled to 5 °C in ice-water bath. NaOH (15 mmol, 0.60 g) was added, and the mixture
was stirred for 12 h at room temperature. The solvents were then removed under
vacuum, the residue was diluted with water, and the aqueous solution was extracted
with diethyl ether in order to remove the remaining ester. The aqueous phase was then
cooled, acidified to pH 2-3 with dilute HCI, and extracted with Et,O. The combined

organic layer was dried over Na,SO,, and the solvent was removed to afford 2.

(1.1 equiv)

>
fj\ Ot [
2 1
R NaH (1.1 equiv) R

THF, 0 °C-RT, overnight

CO,Et

R2
C-1

NaH (1.1 equiv, 60% dispersion in mineral oil) and THF were added to a dried
Schlenk tube equipped with a magnetic stir bar under a positive stream of argon. The
reaction mixture was cooled to 0 °C and the phosphorus species (1.1 equiv) was added
slowly (Warning: strong hydrogen evolution occurs). The reaction mixture was stirred
at room temperature for 30 minutes and the corresponding ketone (1.0 equiv) was
added. The reaction mixture was stirred at room temperature overnight and then
carefully quenched with a saturated NaHCO; solution. The reaction mixture was
transferred to a separation funnel using EtOAc/water. The aqueous phase was extracted

with EtOAc (x3). The combined organic phases were washed with brine (x1), dried
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over MgSQy,, filtered and concentrated under reduced pressure. Final purification was

accomplished by silica gel column chromatography to get the product C-1.

CO,Et Br Br-__CO,Et (1)KOH, EtOH Br-__CO,H
Bl'z Br. K2003 | 50-55 OC, 40 min |
| —2 5 CO,Et ——22=38
RITOR? CCly R R? acetone R"OR?  (2HCI R" "R
c-1 C-2 c-3 2

To a solution of C-1 (10 mmol) in CCl, (10 mL) at 0 °C was added a solution of
Br; (10 mmol, 1.60 g) in CCly (25 mL) over a period of 2.5 h. When the addition was
complete, the solution was allowed to warm slowly to room temperature, and stirred
overnight. After evaporation of the solvent, C-2 was obtained (quant) as an oil which
was used without further purification.

A solution of C-2 (10 mmol) in acetone (55 mL) in the presence of K,CO5 (2.10
g) was refluxed for 48 h. After filtration and evaporation of the solvent, the product C-3
was isolated by flash chromatography.

A mixture of C-3 (5§ mmol), 10 mL of ethanol and 10 mL of 20% potassium
hydroxide solution was heated at 50-55 °C for 40 minutes. After the solution had been
cooled, 5 mL of con-centrated hydrochloric acid was added dropwise, and the mixture
was allowed to stand 1.3 hour. The aqueous phase extracted with Et,0. The combined

organic layer was dried over Na,SO,, and the solvent was removed to afford 2.

Ar

Pd(OAc),, AgOAC
r I cosEt

HOAc, 110 °C A

Ar—l + X CO.Et
E-1

To a suspension of AgOAc (15.5 mmol, 2.59 g) and Pd(OAc), (0.05 mmol, 11.20

mg) in AcOH (15 mL) was added iodo-benzene (15.5 mmol, 1.73 mL) and ethyl
acrylate (5.0 mmol, 0.54 mL). The mixture was stirred under an atmosphere of argon,
at 110 °C for 6 h then allowed cool at RT and diluted with EtOAc (20 mL). The mixture
was filtered through a pad of Celite, washed with EtOAc (200 mL) and the filtrate
concen-trated in vacuo. Purification by column chromatography (hexane : EtOAc = 15

: 1) afforded ethyl 3,3-diphenylacrylate as a yellow oil.
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COLEt Br Br.__CO,Et (1)KOH, EtOH BrICOQH
|

i Bry Br>8\CO2Et KoCO3 | 50 - 55 °C, 40 min
Ar Ar DCM AF Ar acetone Ar Ar (2HCI Ar Ar

E-1 E-2 E-3 2

To a solution of E-1 (10 mmol) in DCM (10 mL) at 0 °C was added a solution of
Br, (10 mmol, 1.60 g) in DCM (25 mL) carefully. When the addition was complete, the
solution was allowed to warm slowly to room temperature, and stirred overnight. After
evaporation of the solvent, E-2 was obtained which was used without further
purification. The same procedure was applied to E-1 to produce E-2 in quantitative
yield.

A solution of E-2 (10 mmol) in acetone (55 mL) in the presence of K,CO; (30
mmol) was refluxed for 24 h. After filtration and evaporation of the solvent, the product
E-3 was isolated by flash chromatography.

A mixture of E-3 (5 mmol), 10 mL of ethanol and 10 mL of 20% potassium
hydroxide solution was heated at 50-55 °C for 40 minutes. After the solution had been
cooled, 5 mL of con-centrated hydrochloric acid was added dropwise, and the mixture
was allowed to stand 1.3 hour. The aqueous phase extracted with Et,O. The combined
organic layer was dried over Na,SO,, and the solvent was removed to afford 2.

2.7 General Procedure for the Synthesis of Substrates F3 [11]

___Tol, Pd(dba),, X-Phos
reflux Ar, 24 h t-BuOK, Tol,100 °C

. Br PdCl,, L
= NazCOjs, Np, 1t, 2 h
OBoc 82->3 T2 O N\B

A mixture of isochroman-1,3-dione (4.0 mmol, 0.64 g), benzylamine (4.8 mmol,
0.51 g), and toluene (2.5 mL) was refluxed for 24 h under argon. Afterwards the
resulting mixture was cooled to room temperature, transferred to silica gel column
directly and purified by column chromatography on silica gel (eluent: petroleum
ether/EtOAc = 6:1) affording the corresponding product F1.
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To a Schlenk tube were added 2-benzyl-isoquinoline-1,3(2H,4H)-dione F1 (0.5
mmol, 125.64 mg), iodobenzene (0.6 mmol, 122.42 mg), Pd(dba), (0.01 mmol, 5.75
mg), 3% mol X-Phos (0.015 mmol, 7.15 mg), and -BuOK (0.6 mmol, 67.33 mg). The
mixture was subjected to a vacuum and was back filled with nitrogen 5 times to remove
air; then fresh distilled degassed toluene (0.5 mL) was added. The tube was sealed and
heated to 100 °C for 12 h, and then 1 mL of NH4CI (saturated) was added to quench the
reaction. The combined organic layers were dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica
gel (eluent: petroleum ether/EtOAc = 20:1) affording the corresponding product F2

To a solution of 2-benzyl-4-phenylisoquinoline-1,3(2H,4H)-dione F2 (0.2 mmol,
65.48 mg), PdCl, (0.005mmol, 0.89 mg), N,N'-((1R,2R)-1,2-diphenylethane-1,2-
diyl)bis(2-(diphenylphosphaneyl)benzamide) (0.01 mmol, 7.89 mg), Na,CO; (0.4
mmol, 42.40 mg) in anhydrous THF (2 mL) was reacted at 25 °C under N, atmosphere.
After 10 minutes, 2-bromoallyl fert-butyl carbonate (0.4 mmol, 94.84 mg) was added,
and the mixture was stirred at the same temperature for 2 h until F2 was completely
consumed (monitored by TLC). To the mixture, saturated aqueous NH,4Cl solution was
added, and the mixture was extracted with EtOAc. The combined organic layers were
dried over Na,SQO,, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (eluent: petroleum ether/EtOAc = 20:1) affording
the corresponding product F3 (87%, 77.66 mg)

3 Typical Procedures
3.1 Typical Procedures for the Synthesis of Isoquinolinedione-Fused

Benzocycloheptanones 3

R5
R4
o 0 , VY g
NWF@ . R Br PdCly(PPhs), (5 mol%) o)
1 ) — . >
R R2 Rg_gzo K,CO3 (3 equiv) N
| Hd DMF, 110 °C, Ny, 6 h R - R?
o)
1 2 3

The mixture of N-benzyl-2-iodo-N-methacryloylbenzamide 1a (0.2 mmol, 1.0
equiv, 81.05 mg), 2-bromo-3,3-diphenylacrylic acid 2a (0.26 mmol, 1.3 equiv, 78.82
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mg), PdCI,(PPhs), (0.01 mmol, 5 mol%, 7.01 mg), and K,CO; (0.6 mmol, 3.0 equiv,
82.93 mg) in DMF (2 mL) was stirred under nitrogen atmosphere at 110 °C for 6 h (oil
bath temperature). After the completion of the reaction (monitored by TLC), the
reaction mixture was filtered and the filtrate was washed by H,O and saturated salt
solution and then evaporated under reduced pressure, the crude product was purified by
column chromatography (eluent: petroleum ether/EtOAc = 10:1) to provide the desired
product 3aa (88%, 80.18 mg).

3.2 General Procedure for the Synthesis of Indolo[2,1-a]isoquinolinone-Fused

Benzocycloheptanones 5

R! '
Ph>:<Br PdCl,(PPhgz), (5 mol%)
N + : _
= Ph COOH  K2COg3 (3 equiv)
© DMF, 110 °C, Ny, 6 h

4 2 5

To a Schlenk tube were added alkene-tethered aryl iodides 4a (0.2 mmol, 1.0
equiv, 77.44 mg), 2-bromo-3,3-diphenylacrylic acid 2a (0.26 mmol, 1.3 equiv, 78.82
mg), PdCIy(PPhs), (0.01 mmol, 5 mol%, 7.01 mg), and K,CO; (0.6 mmol, 3.0 equiv,
82.93 mg) in DMF (2 mL) was stirred under nitrogen atmosphere at 110 °C for 6 h (oil
bath temperature). After the completion of the reaction (monitored by TLC), the
reaction mixture was filtered and the filtrate was washed by H,O and saturated salt
solution and then evaporated under reduced pressure, the crude product was purified by
column chromatography (eluent: petroleum ether/EtOAc = 10:1) to provide the desired
product 5aa (62%, 54.26 mg).

3.3 General Procedure for the Synthesis of 3aa from 1 mmol Scale of 1a

Ph
Ph
o 0 A
Ph _ Br PACIy(PPha), (5 mol%) 0
N * >_< K,COs3 (3 equiv)
Bn Ph COOH 223 N.
I DMF, 110 °C, N,, 6 h Bn
0

The mixture of N-benzyl-2-iodo-N-methacryloylbenzamide 1a (1 mmol, 1.0
equiv, 405.24 mg), 2-bromo-3,3-diphenylacrylic acid 2a (1.3 mmol, 1.3 equiv, 394.10
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mg), PACI,(PPh;), (0.05 mmol, 5 mol%, 35.10 mg), and K,CO3; (3 mmol, 3.0 equiv,
414.63 mg) in DMF (8 mL) was stirred under nitrogen atmosphere at 110 °C for 6 h
(oil bath temperature). After the completion of the reaction (monitored by TLC), the
reaction mixture was filtered and the filtrate was washed by H,O and saturated salt
solution and then evaporated under reduced pressure, the crude product was purified by
column chromatography (eluent: petroleum ether/EtOAc = 10:1) to provide the desired

product 3aa (76%, 346.22 mg).

4 Mechanistic Studies
4.1 Synthesis of 7 from (2)-2t

|
0 Ph  Br PdCly(PPhs), (5 mol%)
@N + = K,CO3 (3 equiv)
| Ph COOH  DMF, 110°C, Ny, 6 h

6 2a

The mixture of N-(2-iodophenyl)-N-methyl-2-phenylacrylamide 6 (0.2 mmol, 1.0
equiv, 72.44 mg), 2-bromo-3,3-diphenylacrylic acid 2a (0.26 mmol, 1.3 equiv, 78.82
mg), PACIy(PPhs), (0.01 mmol, 5 mol%, 7.01 mg), and K,CO; (0.6 mmol, 3.0 equiv,
82.93 mg) in DMF (2 mL) was stirred under nitrogen atmosphere at 110 °C for 6 h (oil
bath temperature). After the completion of the reaction (monitored by TLC), the
reaction mixture was filtered and the filtrate was washed by H,O and saturated salt
solution and then evaporated under reduced pressure, the crude product was purified by
column chromatography (eluent: petroleum ether/EtOAc = 10:1) to provide the desired

product 7 (58%, 47.97 mg).
4.2 Synthesis of (£)-3at from (£)-2t

O O
Br (@)
PdCl,(PPhs), (5 mol%)
N -
@fkénk[( * A coon KoCOs (3 equiv) N
|
1a

DMF, 110 °C, N, 6 h I Bn

(2)-3at
To a Schlenk tube were added N-benzyl-2-iodo-N-methacryloylbenzamide 1a (0.2

(2)-2t

mmol, 1.0 equiv, 81.05 mg), (£)-2-bromobut-2-enoic acid (£)-2t (0.26 mmol, 1.3 equiv,
42.90 mg), PdCl,(PPh;), (0.01 mmol, 5 mol%, 7.01 mg), and K,CO; (0.6 mmol, 3.0
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equiv, 82.93 mg) in DMF (2 mL) was stirred under nitrogen atmosphere at 110 °C for
6 h (oil bath temperature). After the completion of the reaction (monitored by TLC),
the reaction mixture was filtered and the filtrate was washed by H,O and saturated salt
solution and then evaporated under reduced pressure, the crude product was purified by
column chromatography (eluent: petroleum ether/EtOAc = 10:1) to provide the desired

product (Z)-3at (52%, 33.01 mg).
4.3 Synthesis of 3at from 2t

O O
Br (0] o]
N)J\”/ M PdClz(PPhg)z (5 mol%) =
©ffén * e""/\COOH K2COj3 (3 equiv) NI N.
1a 2t ©

DMF, 110 °C, Ny, 6 h
3at

To a Schlenk tube were added N-benzyl-2-iodo-N-methacryloylbenzamide 1a (0.2
mmol, 1.0 equiv, 81.05 mg), 2-bromobut-2-enoic acid 2t (0.26 mmol, 1.3 equiv, 42.90
mg, Z:E=10:1), PACly(PPh;), (0.01 mmol, 5 mol%, 7.01 mg), and K,CO; (0.6 mmol,
3.0 equiv, 82.93 mg) in DMF (2 mL) was stirred under nitrogen atmosphere at 110 °C
for 6 h (oil bath temperature). After the completion of the reaction (monitored by TLC),
the reaction mixture was filtered and the filtrate was washed by H,O and saturated salt
solution and then evaporated under reduced pressure, the crude product was purified by
column chromatography (eluent: petroleum ether/EtOAc = 10:1) to provide the desired
product 3at (53%, 36.18 mg, Z:E = 4:1).

4.4 Synthesis of 3ih from 8

oBr _PdCh(PPhs), (5 mol%)
O K,COs (3 equiv)
N DMF, 110 °C, Ny, 6 h

8 3ih

The mixture of 2-benzyl-4-(2-bromoallyl)-4-phenylisoquinoline-1,3(2H,4H)-
dione 8 (0.1 mmol, 1.0 equiv, 44.63 mg), PACl,(PPh;), (0.005 mmol, 5 mol%, 3.51
mg), and K,COj3 (0.3 mmol, 3.0 equiv, 41.46 mg) in DMF (2 mL) was stirred under

nitrogen atmosphere at 110 °C for 6 h (oil bath temperature). However, the target
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product was not monitored by TLC.
5 Crystal Culture Procedure of Product 3ia

To a round-bottom flask (25 mL) was added 2-benzyl-5-(diphenylmethylene)-3a-
phenyl-4,5-dihydrocyclopenta[de]isoquinoline-1,3(2H,3aH)-dione  3ia (10 mg).
Dichloromethane (1.0 mL) were added slowly to make it dissolve completely. Then
petroleum ether (5.0 mL) was added. Finally, the round-bottom flask was sealed with a
rubber stopper, and connected the air with a syringe needle. Putting the flask in a dry
and ventilated place to make the organic solvent volatilize slowly. After a few days, the

crystal of 3ia were separated out.
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6 Characterization Data

Ph

2-benzyl-5-(diphenylmethylene)-3a-methyl-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3aa): white solid, isolated
yield 88%  (80.18 mg), 91% (8291 mg); (N-benzyl-2-bromo-N-
methacryloylbenzamide was used); (eluent: petroleum ether/EtOAc =10:1); mp: 187.6-
191.9 °C (uncorrected); "TH NMR (500 MHz, CDCl3) 6=7.69 (d,J= 8.0 Hz, 1H), 7.42-
7.38 (m, 5H), 7.33-7.22 (m, 10H), 7.05 (t, J = 7.5 Hz, 1H), 6.45 (d, J = 8.0 Hz, 1H),
5.17 (d, J=8.0 Hz, 2H), 5.04 (d, J = 8.0 Hz, 2H), 3.52 (d, /= 15.0 Hz, 1H), 3.01 (d, J
= 15.0 Hz, 1H), 1.49 (s, 3H); 3C NMR (125 MHz, CDCl3) 8 = 177.4, 164.8, 150.5,
141.7, 141.6, 140.4, 139.0, 137.3, 134.7, 129.6, 129.4, 129.1, 128.9, 128.7, 128.5,
128.3, 128.1, 127.9, 127.5, 127.4, 126.2, 122.9, 49.3, 45.2, 43.6, 30.1. HRMS (ESI-
TOF) m/z: [M+H]" Calcd for C3,H,sNO,* 456.1958; found 456.1965.

2-benzyl-5-(di-p-tolylmethylene)-3a-methyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ab): pale yellow solid,
isolated yield 95% (91.89 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 203.3-
208.6 °C (uncorrected); "TH NMR (500 MHz, CDCl;) 6 =7.68 (d, J= 7.5 Hz, 1H), 7.40
(d, J=17.0 Hz, 2H), 7.29-7.13 (m, 10H), 7.06-7.02 (m, 2H), 6.51 (d, J = 7.5 Hz, 1H),
5.17 (d, J=14.0 Hz, 1H), 5.04 (d, /= 14.0 Hz, 1H), 3.50 (d, J= 15.0 Hz, 1H), 3.00 (d,
J=15.0 Hz, 1H), 2.40 (s, 3H), 2.35 (s, 3H), 1.48 (s, 3H); 13C NMR (125 MHz, CDCl3)

0=177.5, 164.9, 150.5, 140.4, 139.4, 139.1, 138.8, 137.6, 137.4, 137.3, 133.9, 129.6,
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129.5, 129.3, 129.0, 128.8, 128.7, 128.4, 128.2, 127.3, 125.9, 122.9, 49.3, 45.4, 43.6,
30.0, 21.3, 21.2. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C34H;(NO," 484.2271;
found 484.2264.

2-benzyl-5-(bis(4-methoxyphenyl)methylene)-3a-methyl-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ac): yellow solid, isolated
yield 71% (73.22 mg); (eluent: petroleum ether/EtOAc = 7:1); mp: >250 °C
(uncorrected); "TH NMR (500 MHz, CDCl3) 6 = 7.71 (d, J= 7.5 Hz, 1H), 7.43-7.40 (m,
3H), 7.36 (d, J=2.0 Hz, 1H), 7.30- 7.09 (m, 8H), 6.92 (d, /= 8.5 Hz, 1H), 6.87 (d, J =
8.5 Hz, 1H), 6.58 (d, /= 7.5 Hz, 1H), 5.17 (d, J = 14.0 Hz, 1H), 5.04 (d, J = 14.0 Hz,
1H), 3.95 (s, 3H), 3.91 (s, 3H), 3.49 (d, J = 15.0 Hz, 1H), 2.96 (d, J = 15.0 Hz, 1H),
1.49 (s, 3H); 3C NMR (125 MHz, CDCl3) 6 =177.2, 164.6, 155.6, 155.2, 150.5, 138.6,
137.2, 136.7, 135.2, 135.1, 134.7, 134.3, 133.8, 129.9, 129.3, 129.0, 128.6, 128.4,
128.3,127.3,126.3,123.0, 112.1, 111.9, 111.5,111.3, 56.2, 56.2,49.3, 45.4, 43.6, 30.1.
HRMS (ESI-TOF) m/z: [M+H]" Caled for C34H3;NO," 516.2169; found 516.2175.

2-benzyl-5-(bis(4-fluorophenyl)methylene)-3a-methyl-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ad): pale yellow solid,
isolated yield 86% (84.54 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 202.2-

207.6 °C (uncorrected); "TH NMR (500 MHz, CDCls) 6 =7.83 (d, J= 7.5 Hz, 1H), 7.69
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(d, J=7.5 Hz, 1H), 7.46- 7.44 (m, 5H), 7.30 (t, J = 7.0 Hz, 3H), 7.25-7.22 (m, 2H),
7.10 (t,J = 8.5 Hz, 4H), 5.18 (d, /= 14.0 Hz, 1H), 5.08 (d, J = 14.0 Hz, 1H), 3.46 (dd,
J=15.5,2.5 Hz, 1H), 3.20 (dd, J = 15.5, 1.0 Hz, 1H), 1.43 (s, 3H); 3C NMR (125
MHz, CDCl;) 6 = 177.3, 164.7, 161.9 (d, C-F, 'Jcr= 247.0 Hz), 148.9, 139.7, 137 .4,
137.3 (d, C-F, 3Jcr = 7.6 Hz), 132.9 (d, C-F, “Jcr = 3.3 Hz2),132.9, 130.2 (d, C-F, 3Jc.
r=7.9 Hz), 129.2, 128.8, 128.4, 127.4, 126.7, 125.1, 123.3 (d, C-F, 3Jcr = 8.8 Hz),
115.6 (d, C-F, 3Jcr=21.3 Hz), 50.3, 43.7, 42.2, 31.2. HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C3,H,4F,NO,* 492.1770; found 492.1765.

2-benzyl-5-(bis(4-chlorophenyl)methylene)-3a-methyl-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ae): pale yellow solid,
isolated yield 84% (88.11 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 210.6-
215.3 °C (uncorrected); "TH NMR (500 MHz, CDCl5) 6 =7.72 (d, J= 8.0 Hz, 1H), 7.38
(dd, J=15.0, 8.0 Hz, 4H), 7.29 (d, J = 8.5 Hz, 2H), 7.25-7.16 (m, 7H), 7.08 (t,J = 7.5
Hz, 1H), 6.59 (d, J = 8.0 Hz, 1H), 5.14 (d, J=14.0 Hz, 1H), 5.02 (d, J = 14.0 Hz, 1H),
3.51(d,J=15.0 Hz, 1H), 2.98 (d, J=15.0 Hz, 1H), 1.49 (s, 3H); 13C NMR (125 MHz,
CDCl3) 6 =176.8, 164.4, 150.6, 139.6, 139.4, 138.3, 137.5, 137.1, 135.8, 133.9, 133 .4,
131.0, 130.3, 129.2, 129.1, 128.5, 128.3, 128.3, 128.2, 127.2, 126.5, 123.0, 49.2, 45.3,
43.4,29.9. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C5,Hp,C1,NO,* 524.1179; found
524.1107.
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2-benzyl-5-(bis(4-bromophenyl)methylene)-3a-methyl-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3af): pale yellow solid,
isolated yield 56% (68.70 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 214.0-
220.3 °C (uncorrected); "TH NMR (500 MHz, CDCl;) 6 = 7.84 (d, J= 6.5 Hz, 1H), 7.70
(d, J=17.0 Hz, 1H), 7.54-7.43 (m, 5H), 7.36-7.30 (m, 8H), 7.04 (s, 1H), 5.18 (d, J =
14.0 Hz, 1H), 5.08 (d, /= 14.0 Hz, 1H), 3.46 (d, J = 15.5 Hz, 1H), 3.20 (d, /= 16.0 Hz,
1H), 1.43 (s, 3H); 3C NMR (125 MHz, CDCl5) 6 = 177.2, 164.7, 149.0, 139.6, 138.5,
137.3, 135.6, 131.8, 130.0, 129.3, 128.8, 128.4, 127.5, 126.9, 125.2, 123.3, 123.2,
121.4,50.3,43.8,42.3,31.2. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C3,Hp4Br,NO,*
612.0168; found 612.0173.

2-benzyl-5-(di-m-tolylmethylene)-3a-methyl-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ag): pale yellow soild,
isolated yield 91% (88.02 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 205.9-
210.7 °C (uncorrected); "TH NMR (500 MHz, CDCl;) 6 =7.69 (d, J= 7.5 Hz, 1H), 7.41
(d, J =17.5 Hz, 2H), 7.30-7.20 (m, 8H), 7.09-7.03 (m, 4H), 6.44 (d, J = 8.0 Hz, 1H),
5.17 (d,J=14.0 Hz, 1H), 5.04 (d, /= 14.0 Hz, 1H), 3.49 (d, J= 15.0 Hz, 1H), 2.99 (d,
J=15.0 Hz, 1H), 2.34 (s, 3H), 2.33 (s, 3H), 1.49 (s, 3H); 13C NMR (125 MHz, CDCl3)
0 =177.5, 164.9, 150.5, 141.6, 140.7, 139.2, 137.7, 137.4, 134.3, 130.0, 129.5, 129.4,
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128.7, 128.7, 128.5, 128.4, 128.0, 127.4, 126.6, 126.2, 126.0, 122.8, 49.3, 45.1, 43.6,
30.1, 21.5, 21.4. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C34H;(NO," 484.2271;
found 484.2221.

0]

N.
Bn

@)
2-benzyl-3a-methyl-5-methylene-4,5-dihydrocyclopenta|de]isoquinoline-

1,3(2H,3aH)-dione (3ah): white solid, isolated yield 46% (27.91 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 89.5-94.8 °C (uncorrected); 'H NMR (500 MHz,
CDCl3) 6 =17.84 (d, J= 8.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.43-7.40 (m, 3H), 7.29
(t,J=17.5Hz, 2H), 7.24 (d, J= 7.5 Hz, 1H), 5.64 (d, /= 2.5 Hz, 1H), 5.33 (d,J=2.5
Hz, 1H), 5.15 (d, J=14.0 Hz, 1H), 5.07 (d, /= 14.0 Hz, 1H), 3.20 (d, /= 15.5 Hz, 1H),
2.88 (d, J=15.5 Hz, 1H), 1.44 (s, 3H); 13C NMR (125 MHz, CDCl3) 8 = 177.3, 164.
8, 149.8, 144.7, 138.3, 137.3, 129.0, 128.7, 128.4, 127.4, 127.0, 125.6, 123.3, 108.4,
49.4, 43.7, 43.3, 30.4. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C,,H;sNO,*
304.1332; found 304.1367.

N
o)

N.
Bn

)
2-benzyl-3a-methyl-5-(propan-2-ylidene)-4,5-dihydrocyclopenta|de]isoquinoline-

1,3(2H,3aH)-dione (3ai): white solid, isolated yield 85% (56.34 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 89.3-92.5 °C (uncorrected); 'H NMR (500 MHz,
CDClL) 6=17.74 (d,J=7.5 Hz, 1H), 7.65 (d, /= 7.5 Hz, 1H), 7.42 (d, J = 7.5 Hz, 2H),
7.30-7.21 (t, J= 8.0 Hz, 1H), 7.25 (m, 3H), 5.16 (d, /= 14.0 Hz, 1H), 5.06 (d, /= 14.0
Hz, 1H), 3.02 (d, /= 14.0 Hz, 1H), 2.9 (d, /= 14.0 Hz, 1H), 2.11 (s, 3H), 1.94 (s, 3H),
1.41 (s, 3H); 13C NMR (125 MHz, CDCl3) $=177.7, 165.0, 150.1, 139.0, 137.4, 131.8,
130.2, 128.7, 128.6, 128.3, 127.3, 124.8, 123.0, 48.7, 43.5, 42.0, 30.6, 23.6, 21.6.
HRMS (ESI-TOF) m/z: [M+H]* Caled for C,H,NO," 332.1645; found 332.1651.
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2-benzyl-5-(heptan-4-ylidene)-3a-methyl-4,5-dihydrocyclopenta|de]isoquinoline-
1,3(2H,3aH)-dione (3aj): white solid, isolated yield 72% (55.80 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 108.8-133.5 °C (uncorrected); 'TH NMR (500
MHz, CDCl3) 6 =7.76 (d,J="7.5 Hz, 1H), 7.57 (d, J= 8.0 Hz, 1H), 7.43-7.36 (m, 3H),
7.29-7.20 (m, 3H), 5.16 (d, J = 14.0 Hz, 1H), 5.06 (d, J = 14.0 Hz, 1H), 3.03 (d, J =
14.5 Hz, 1H), 2.95 (d, J=14.5 Hz, 1H), 2.55-2.49 (m, 1 H), 2.35-2.29 (m, 1H), 2.19 (t,
J=1.5Hz, 2H), 1.62-1.48 (m, 4H) 1.41 (s, 3H), 1.03 (t, J = 7.5 Hz, 3H), 0.97 (t, J =
7.5 Hz, 3H); 3C NMR (125 MHz, CDCl;) 8 = 177.7, 165.0, 150.1, 141.5, 138.6, 137.3,
130.6, 128.7, 128.6, 128.6, 128.3, 127.3, 124.9, 123.0, 48.6, 43.5,41.7,37.3,34.9, 30.2,
21.4, 21.3, 14.3, 14.2. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C,sH;(NO,*
388.2271; found 388.2271.

2-benzyl-5-cyclopentylidene-3a-methyl-4,5-dihydrocyclopenta|de]isoquinoline-

1,3(2H,3aH)-dione (3ak): white solid, isolated yield 78% (55.76 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 169.7-172.8 °C (uncorrected); '"H NMR (500
MHz, CDCl3) 6 =7.74 (d,J= 8.0 Hz, 1H), 7.54 (d, J= 7.5 Hz, 1H), 7.43-7.37 (m, 3H),
7.28 (t,J=7.0 Hz, 2H), 7.22 (t,J = 7.5 Hz, 1H), 5.16 (d, /= 14.0 Hz, 1H), 5.07 (d, J =
14.0 Hz, 1H), 3.08 (d, /= 15.0 Hz, 1H), 2.76 (d, J=15.0 Hz, 1H), 2.67 (d, /= 18.0 Hz,
1H), 2.50-2.47 (m, 2H), 2.38 (d, /= 18.0 Hz, 1H), 1.94-1.1 (m, 1H), 1.85-1.68 (m, 3H),
1.42 (s, 3H); 3C NMR (125 MHz, CDCl3) 6=177.7, 165.1, 149.7, 143.0, 139.1, 137.5,
128.8,128.7,128.3,127.6,127.3, 126.7, 124.7, 123.0,49.3, 43.6,41.9, 33.5,32.0, 31.2,
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27.6, 26.2. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C,4H,4NO,* 358.1802; found
358.1805.

2-benzyl-5-cyclohexylidene-3a-methyl-4,5-dihydrocyclopenta[de]isoquinoline-
1,3(2H,3aH)-dione (3al): white liquid, isolated yield 88% (65.38 mg); (eluent:
petroleum ether/EtOAc = 10:1); TH NMR (500 MHz, CDCl;) 6 = 7.73 (d, J = 7.5 Hz,
1H), 7.69 (d,J=7.5 Hz, 1H), 7.42 (d, J= 7.5 Hz, 2H), 7.35 (t, /= 7.5 Hz, 1H), 7.29 (t,
J=17.5Hz, 2H), 7.23 (t, J= 7.5 Hz, 1H), 5.16 (d, J = 14.0 Hz, 1H), 5.06 (d, J = 14.0
Hz, 1H), 2.99-2.98 (m, 2H), 2.69-2.63 (m, 2H), 2.39-2.27 (m, 2H), 1.68-1.62 (m, 6H),
1.44 (s, 3H); 3C NMR (125 MHz, CDCl3) 6=177.7, 165.1, 150.4, 140.7, 139.1, 137 .4,
129.0,128.7, 128.5,128.3,127.3, 126.9, 124.9, 123.0, 48.6, 43.5,42.1,33.4,31.1,29.8,
28.0, 27.9, 26.3. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C,sH,sNO,* 372.1958;
found 372.1965.

(@)

N.
Bn

O
2-benzyl-5-cycloheptylidene-3a-methyl-4,5-dihydrocyclopenta|de]isoquinoline-

1,3(2H,3aH)-dione (3am): white liquid, isolated yield 85% (65.54 mg); (eluent:
petroleum ether/EtOAc = 10:1); TH NMR (500 MHz, CDCl;) 6 = 7.75 (d, J = 8.0 Hz,
1H), 7.63 (d, J= 7.5 Hz, 1H), 7.42-7.35 (m, 4H), 7.29-7.21 (m, 2H), 5.16 (d, /= 14.0
Hz, 1H), 5.06 (d, J=14.0 Hz, 1H), 3.03 (d, /= 14.5 Hz, 1H), 2.93 (d, /= 14.5 Hz, 1H),
2.81-2.77 (m, 1H), 2.64-2.56 (m, 1H), 2.48-2.39 (m, 2H), 1.90-1.61 (m, 8H), 1.42 (s,
3H); 3C NMR (125 MHz, CDCl3) 8 = 177.8, 165.1, 150.2, 142.4, 138.8, 137.4, 130.2,
129.0, 128.7, 128.6, 128.4, 127.3, 124.9, 123.0, 48.8, 43.6, 41.6, 34.2, 32.8, 30.6, 29.7,

S23



29.3, 29.3, 27.6, 27.1. HRMS (ESI-TOF) m/z: [M+H]* Caled for CrgHosNO,*
386.2115; found 386.2115.

2-benzyl-5-cyclododecylidene-3a-methyl-4,5-dihydrocyclopenta|de]isoquinoline-

1,3(2H,3aH)-dione (3an): white solid, isolated yield 72% (65.61 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 168.7-172.9 °C (uncorrected); 'TH NMR (500
MHz, CDCl;) 6 =7.75 (d, J = 7.5 Hz, 1H), 7.65 (d, J= 7.5 Hz, 1H), 7.41 (d,J=7.5
Hz, 2H), 7.37 (t,J= 7.5 Hz, 1H), 7.28 (t,J= 7.5 Hz, 2H), 7.22 (t,J= 7.5 Hz, 1H), 5.16
(d, /J=14.0 Hz, 1H), 5.06 (d, J = 14.0 Hz, 1H), 3.04 (d, /= 14.5 Hz, 1H), 2.95 (d, J =
14.0 Hz, 1H), 2.60-2.54 (m, 1H), 2.44-2.39 (m, 1H), 2.31-2.26 (m, 1H), 2.19-2.13 (m,
1H), 1.69-1.59 (m, 4H), 1.50-1.34 (m, 17H); '3C NMR (125 MHz, CDCls) 6 = 177.7,
165.1, 150.2, 141.3, 138.9, 137.4, 131.0, 128.7, 128.6, 128.5, 128.3, 127.3, 125.0,
123.0, 48.6, 43.5, 42.4, 31.0, 29.9, 28.6, 25.7, 25.7, 23.7, 23.5, 23.2, 23.1, 22.2, 22.1.

HRMS (ESI-TOF) m/z: [M+H]* Calcd for C3;H3sNO,™ 456.2897; found 456.2903.
0

0]
N.
Bn
0]

2-benzyl-3a-methyl-5-(tetrahydro-4 H-pyran-4-ylidene)-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3a0): white liquid, isolated
yield 80% (59.75 mg); (eluent: petroleum ether/EtOAc = 10:1); 'H NMR (500 MHz,
CDCl3) 6=17.77 (d,J= 6.5 Hz, 1H), 7.65 (d, /= 7.0 Hz, 1H), 7.42-7.35 (m, 3H), 7.28-
7.22 (m, 3H), 5.15 (d, J = 14.0 Hz, 1H), 5.06 (d, J = 14.0 Hz, 1H), 3.89-3.87 (m, 2H),
3.73-3.67 (m, 2H), 2.99 (q, J = 14.5 Hz, 2H), 2.82-2.79 (m, 2H), 2.52-2.46 (m, 2H),
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1.45 (s, 3H); 3C NMR (125 MHz, CDCl3) 6 =177.4,164.9, 150.5, 138.4, 137.3, 134.1,
129.2, 128.8, 128.7, 128.3, 127.3, 125.5, 123.3, 68.5, 68.3, 48.7, 43.6, 41.8, 33.2, 31.5,
29.9. HRMS (ESI-TOF) m/z: [M+H]" Caled for C,3H,yNOs;* 374.1751; found

374.1758.
S

0]

N.
Bn

0]
2-benzyl-3a-methyl-5-(tetrahydro-4 H-thiopyran-4-ylidene)-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ap): white liquid, isolated
yield 78% (60.76 mg); (eluent: petroleum ether/EtOAc = 10:1); '"H NMR (500 MHz,
CDCl3) 6=17.78 (d,J=6.5 Hz, 1H), 7.65 (d, J=7.0 Hz, 1H), 7.39 (d, /= 10.0 Hz, 3H),
7.29-7.24 (m, 3H), 5.15 (d, /= 14.0 Hz, 1H), 5.06 (d, J = 14.0 Hz, 1H), 3.12-2.95 (m,
4H), 2.81-2.71 (m, 6H), 1.44 (s, 3H); 3C NMR (125 MHz, CDCl3) 6 = 177.4, 164.9,
150.6, 138.3, 137.3, 136.9, 129.8, 129.2, 128.7, 128.7, 128.4, 127.4, 125.6, 123.3, 48.7,
43.6, 42.2, 35.0, 32.9, 30.3, 30.1, 29.9. HRMS (ESI-TOF) m/z: [M+H]* Calcd for
Cy4H24NO,S™ 390.1522; found 390.1522.

5-(adamantan-2-ylidene)-2-benzyl-3a-methyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3aq): pale yellow solid,
isolated yield 93% (78.78 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 169.5-
173.3 °C (uncorrected); 'TH NMR (500 MHz, CDCl;) 6 =7.72 (d, J= 7.5 Hz, 1H), 7.64
(d, J=17.5Hz, 1H), 7.41 (d, J= 7.5 Hz, 2H), 7.34 (t, J= 7.5 Hz, 1H), 7.28 (t,J=7.0
Hz, 2H), 7.22 (t,J = 7.5 Hz, 1H), 5.16 (d, J = 14.0 Hz, 1H), 5.06 (d, /= 14.0 Hz, 1H),

3.55 (s, 1H), 2.98 (d, J = 14.0 Hz, 1H), 2.93 (d, J = 14.0 Hz, 1H), 2.81 (s, 1H), 2.03-
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1.89 (m, 10H), 1.80 (d, J = 12.5 Hz, 2H), 1.45 (s, 3H); 3C NMR (125 MHz, CDCl5) §
= 177.7, 165.1, 150.3, 148.9, 139.2, 137.4, 128.8, 128.6, 128.5, 128.3, 127.3, 124.7,
123.0, 122.9, 48.6, 43.5, 41.6, 39.6, 39.6, 38.6, 38.4, 36.8, 36.2, 33. 8, 29.6, 27.8, 27.8.
HRMS (ESI-TOF) m/z: [M+H]" Calcd for CaoH3oNO,"424.2271; found 424.2271.

2-benzyl-5-benzylidene-3a-methyl-4,5-dihydrocyclopenta|de]isoquinoline-
1,3(2H,3aH)-dione (3ar): yellow liquid, isolated yield 89% (67.54 mg, Z:E = 1:2);
(eluent: petroleum ether/EtOAc = 10:1); 'H NMR (500 MHz, CDCl;) 6 = 7.83-7.77
(m, 2H), 7.70 (d, /= 7.5 Hz, 1H), 7.44-7.39 (m, 11H), 7.30-7.25 (m, 6H), 7.12 (s, 1H),
6.83 (s, 1H), 5.17 (t, J=12.0 Hz, 2H), 5.08 (d, /= 14.0 Hz, 1H), 3.49 (d, /= 15.5 Hz,
1H), 3.33-3.24 (m, 1H), 1.55 (s, 2H), 1.42 (s, 3H); 3C NMR (125 MHz, CDCls) &
=177.3, 177.2, 164.8, 164.7, 151.4, 148.9, 139.9, 137.7, 137.4, 137.3, 137.0, 136.9,
136.7, 129.2, 128.7, 128.7, 128.6, 128.6, 128.5, 128.4, 128.3, 128.1, 127.6, 127.5,
127.4,127.0, 126.6, 126.5, 125.1, 124.4, 123.2, 50.3, 48.9, 45.4, 43.7,43.6, 42.3, 31.2,
30.0. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C,sHp,NO,* 380.1645; found
380.1653.

2-benzyl-3a-methyl-5-(phenyl(p-tolyl)methylene)-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3as): yellow solid, isolated
yield 82% (77.01 mg, Z:E = 1:1); (eluent: petroleum ether/EtOAc = 10:1); mp: 209.4-
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216.8 °C (uncorrected); 'TH NMR (500 MHz, CDCls) 6 = 7.69 (s, 2H), 7.41-7.38 (m,
8H), 7.32-7.25 (m, 13H), 7.18-7.14 (m, 8H), 7.07-7.02 (m, 2H), 6.54 (d, J = 7.0 Hz,
1H), 6.42 (d,J=7.0 Hz, 1H), 5.17 (d, J=13.5 Hz, 2H), 5.04 (d, /= 14.0 Hz, 2H), 3.54-
3.49 (m, 2H), 3.04-2.97 (m, 2H), 2.41 (s, 3H), 2.36 (s, 3H), 1.49 (s, 6H); 13C NMR (125
MHz, CDCl3) 6 = 177.5, 164.9, 150.5, 150.5, 141.9, 141.8, 140.4, 140.3, 139.2, 138.8,
138.6, 137.6, 137.5, 137.3, 134.4, 134.2, 129.7, 129.6, 129.5, 129.4, 129.3, 129.1,
129.0, 128.9, 128.8, 128.7, 128.6, 128.4, 128.2, 128.1, 127.8, 127.5, 127.4, 126.0,
126.0, 122.9, 49.3, 49.3, 45.3, 45.3, 43.6, 30.1, 21.3, 21.2. HRMS (ESI-TOF) m/z:

[M+H]* Calcd for C33HpsNO,™ 470.2115; found 470.2127.
Ph

2-benzyl-5-(diphenylmethylene)-7-fluoro-3a-methyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ba): pale yellow liquid,
isolated yield 92% (87.13 mg); (N-benzyl-2-bromo-5-fluoro-N-
methacryloylbenzamide was used); (eluent: petroleum ether/EtOAc = 10:1); 'H NMR
(500 MHz, CDCl;) 6 = 7.41-7.40 (m, 5H), 7.38-7.32 (m, 3H), 7.30-7.21 (m, 8H), 6.08
(dd, J=10.0, 2.5 Hz, 1H), 5.16 (d, J=14.0 Hz, 1H), 5.03 (d, /=14.0 Hz, 1H ) 3.55 (d,
J=15.0 Hz, 1H), 3.03 (d, /= 15.0 Hz, 1H), 1.48 (s, 3H); 13C NMR (125 MHz, CDCl;)
d=177.0, 163.8, 162.8 (d, C-F, lJcr = 244.4 Hz), 146.0, 146.0, 141.8, 141.2 (d, C-F,
3Jcr=8.5Hz), 141.0, 137.1, 133.8 (d, C-F, 4Jcr = 3.0 Hz), 129.4, 129.1, 129.0, 128.7,
128.4, 128.2, 128.2, 127.8, 127.5, 123.8 (d, C-F, 3Jcr =9.3 Hz), 116.8 (d, C-F, 2Jcr =
25.6 Hz), 112.7 (d, C-F, 2Jc.p=25.9 Hz), 48.8, 45.4, 43.8, 30.1. HRMS (ESI-TOF) m/z:

[M+H]* Calcd for C5,H,sFNO,™ 474.1864; found 474.1872.
Ph
A

Ph

0

N.
Cl Bn

0]

2-benzyl-7-chloro-5-(diphenylmethylene)-3a-methyl-4,5-
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dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ca): pale yellow liquid,
isolated yield 82% (80.36 mg); (cluent: petroleum ether/EtOAc = 10:1); 'TH NMR (500
MHz, CDCl3) 6 =7.66 (d, J=2.0 Hz, 1H), 7.43-7.39 (m, 5H), 7.33 (d, /= 8.0 Hz, 2H),
7.31-7.23 (m, 8H), 6.31 (s, 1H), 5.15 (d, J = 14.0 Hz, 1H), 5.03 (d, J = 14.0 Hz, 1H),
3.53(d,J=15.0 Hz, 1H), 3.02 (d, /= 15.0 Hz, 1H), 1.48 (s, 3H); '3C NMR (125 MHz,
CDCl3) 6=176.8, 163.7, 148.6, 141.9, 141.2, 141.0, 140.9, 137.0, 134.5, 133.6, 129.4,
129.1, 129.1, 128.7, 128.4, 128.3, 128.2, 127.9, 127.5, 125.8, 123.8, 48.9, 45.3, 43.8,
30.0. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;H,sCINO," 490.1568; found

490.1571.
Ph
Ph
A\
(@)
Br N\Bn

O
2-benzyl-7-bromo-5-(diphenylmethylene)-3a-methyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3da): pale yellow liquid,
isolated yield 48% (51.31 mg); (eluent: petroleum ether/EtOAc = 10:1); 'TH NMR (500
MHz, CDCl3) 6 =7.81 (s, 1H), 7.43-7.28 (m, 10H), 7.24 (m, SH), 6.45 (s, 1H), 5.15 (d,
J=14.0 Hz, 1H), 5.03 (d, J= 14.0 Hz, 1H), 3.52 (d, J=15.0 Hz, 1H), 3.00 (d, J=15.0
Hz, 1H), 1.48 (s, 3H); 3C NMR (125 MHz, CDCl3) & = 176.8, 163.6, 149.1, 142.0,
141.2, 141.0, 137.1, 133.5, 132.3, 129.4, 129.1, 129.1, 128.8, 128.7, 128.4, 128.3,
128.2, 127.9, 127.5, 124.2, 122.2, 49.0, 45.2, 43.8, 29.9. HRMS (ESI-TOF) m/z:

[M+H]* Calcd for C5,H»sBrNO,* 534.1063; found 534.1075.
Ph

2-benzyl-5-(diphenylmethylene)-3a,7-dimethyl-4,5-
dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ea): pale yellow solid,
isolated yield 88% (82.65 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 178.4-

182.2°C (uncorrected); 'TH NMR (500 MHz, CDCl3) 6 = 7.52 (s, 1H), 7.44-7.36 (m,
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5H), 7.33 (t,J= 7.0 Hz, 2H), 7.28-7.22 (m, 8H), 6.21 (s, 1H), 5.16 (d, /= 14.0 Hz, 1H),
5.03 (d, J = 14.0 Hz, 1H), 3.50 (d, J = 15.0 Hz, 1H), 3.00 (d, /= 15.0 Hz, 1H), 2.11 (s,
3H), 1.48 (s, 3H); 3C NMR (125 MHz, CDCl;) § = 177.7, 165.0, 148.1, 141.7, 140.1,
139.2, 138.3, 137.4, 134.9, 130.2, 129.7, 129.1, 128.9, 128.7, 128.4, 128.2, 127.8,
127.5,127.3, 126.6, 122.5, 49.0, 45.5, 43.6, 30.2, 21.6. HRMS (ESI-TOF) m/z: [M+H]"

Calcd for C33HysNO,™ 470.2115; found 470.2135.
Ph
N\

Ph

0]

N.
MeO Bn

O
2-benzyl-5-(diphenylmethylene)-7-methoxy-3a-methyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3fa): pale yellow solid,
isolated yield 98% (95.17 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 156.3-
159.9 °C (uncorrected); 'TH NMR (500 MHz, CDCls) 6 = 7.42-7.37 (m, 5H), 7.34-7.21
(m, 11H), 5.97 (s, 1H), 5.16 (d, J = 14.0 Hz, 1H), 5.03 (d, J = 14.0 Hz, 1H), 3.54 (m,
4H), 3.01 (d, J = 15.0 Hz, 1H), 1.47 (s, 3H); 13C NMR (125 MHz, CDCl;) = 177.6,
164.7,160.0 143.1, 141.5, 141.5, 140.5, 140.3, 137.3, 134.7, 129.6, 129.0, 128.9, 128.7,
128.3, 128.1, 127.9, 127.5, 127.3, 123.1, 116.1, 110.7, 55.5, 48.6, 45.5, 43.7, 30.2.
HRMS (ESI-TOF) m/z: [M+H]* Calcd for C,4HsNO3™ 480.2064; found 480.2075.

2-benzyl-5-(diphenylmethylene)-3a,8-dimethyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ga): pale yellow solid,
isolated yield 92% (86.40 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 160.1-
162.4 °C (uncorrected); "TH NMR (500 MHz, CDCl;) & = 7.42-7.21 (m, 15H), 6.82 (d,
J=28.0 Hz, 1H), 6.32 (d, /= 8.0 Hz, 1H), 5.18 (d, J = 14.0 Hz, 1H), 5.00 (d, J = 14.0
Hz, 1H), 3.53 (d,J=15.0 Hz, 1H), 2.98 (d, /= 15.0 Hz, 1H), 2.61 (s, 3H), 1.47 (s, 3H);

I3C NMR (125 MHz, CDCl3) 6=177.2,165.2,151.2, 141.8, 140.3, 139.1, 137.5, 136.8,
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134.6, 131.3, 129.7, 129.1, 128.9, 128.8, 128.6, 128.3, 128.1, 127.7, 127.3, 127. 3,
120.8, 49.5, 45.1, 43.5, 30.2, 20.9. HRMS (ESI-TOF) m/z: [M+H]" Calcd for

C33H2sNO," 470.2115; found 470.2118.
Ph

2-benzyl-5-(diphenylmethylene)-3a,6-dimethyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ha): pale yellow solid,
isolated yield 77% (72.32mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 200.6-
205.5 °C (uncorrected); 'TH NMR (500 MHz, CDCl3) 6 =7.74 (d,J= 8.0 Hz, 1H), 7.47-
7.26 (m, 14H), 7.09-7.04 (m, 2H), 5.20 (d, J= 14.0 Hz, 1H), 5.08 (d, J = 14.0 Hz, 1H),
3.46 (d, J = 13.0 Hz, 1H), 2.98 (d, J = 13.5 Hz, 1H), 1.59 (s, 3H), 1.45 (s, 3H); 13C
NMR (125 MHz, CDCl;) 6 = 177.5, 165.0, 150.8, 143.1, 143.0, 142.0, 140.5, 138.5,
137.4, 135.9, 131.5, 130.8, 123.0, 129.7, 129.0, 128.7, 128.3, 128.1, 127.7, 127.5,
127.3,126.4,120.4,49.6,49.5,43.5,27.9, 20.9. HRMS (ESI-TOF) m/z: [M+H]* Calcd

for C33H,3NO,"470.2115; found 470.2125.
Ph
N\

Ph

Ph
0]

N.
Bn

o
2-benzyl-5-(diphenylmethylene)-3a-phenyl-4,5-

dihydrocyclopenta|de]isoquinoline-1,3(2H,3aH)-dione (3ia): white solid, isolated
yield 84% (86.96 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 214.4-220.5 °C
(uncorrected); "TH NMR (500 MHz, CDCl;) 6 = 7.78 (d, J= 7.5 Hz, 1H), 7.36-7.38 (m,
3H), 7.28-7.09 (m, 14H), 7.05 (d, J = 6.5 Hz, 2H), 6.94 (d, /= 7.5 Hz, 2H), 6.54 (d, J
=17.5 Hz, 1H), 5.04 (d, J = 14.5 Hz, 1H), 4.93 (d, J = 14.5 Hz, 1H), 3.94 (d, /= 15.0
Hz, 1H), 3.34 (d, J = 15.0 Hz, 1H); 3C NMR (125 MHz, CDCl;) 8 = 175.3, 164.8,
146.5, 141.7, 141.6, 141.5, 141.0, 140.1, 136.8, 134.3, 129.6, 129.3, 129.1, 128.9,

128.9,128.7,128.2,128.0, 128.0, 127.9, 127.8, 127.5, 127.0, 126.3, 126.1, 124.9, 57.5,
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47.5, 43.9. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;7H,sNO,* 518.2115; found
518.2123.

2-benzyl-5-methylene-3a-phenyl-4,5-dihydrocyclopentade]isoquinoline-
1,3(2H,3aH)-dione (3ih): white liquid, isolated yield 31% (22.66 mg); (eluent:
petroleum ether/EtOAc = 30:1); TH NMR (500 MHz, CDCl;) 6 = 7.94 (d, J= 7.5 Hz,
1H), 7.73 (d, J= 7.5 Hz, 1H), 7.55 (t, J= 8.0 Hz, 1H), 7.21-7.09 (m, 6H), 7.04 (d, J =
7.5 Hz, 2H), 6.86 (d, J=7.5 Hz, 2H), 5.57 (d, J=2.5 Hz, 1H), 5.19 (d, /= 2.5 Hz, 1H),
4.99 (q,J=14.0 Hz, 2H), 3.61 (dt, J = 15.5, 2.5 Hz, 1H), 3.21 (d, /= 15.5 Hz, 1H); 13C
NMR (125 MHz, CDCl;) 6 = 175.0, 164.7, 145.7, 144.3, 141.8, 140.0, 136.7, 129.6,
128.7, 128.1, 128.0, 127.8, 127.0, 126.9, 126.1, 125.6, 125.3, 108.3, 57.6, 45.8, 44.0.
HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C,5sHy)NO,™ 366.1489; found 366.1495.

Ph

5-(diphenylmethylene)-2,3a-dimethyl-4,5-dihydrocyclopenta|de]isoquinoline-
1,3(2H,3aH)-dione (3ja): white solid, isolated yield 85% (64.51 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 164.2-167.6 °C (uncorrected); '"H NMR (500
MHz, CDCl3) 6 =7.71 (d,J= 7.5 Hz, 1H), 7.40-7.38 (m, 3H), 7.34 (d, /= 8.0 Hz, 2H),
7.29-7.27 (m, SH), 7.06 (t, J = 8.0 Hz, 1H), 6.46 (d, J = 8.0 Hz, 1H), 3.50 (d, /= 15.0
Hz, 1H), 3.32 (s, 3H), 3.03 (d, /= 15.0 Hz, 1H), 1.55 (s, 3H); 3C NMR (125 MHz,
CDCly) 6 =177.7, 165.1, 150.6, 141.7, 141.6, 140.3, 139.0, 134.7, 129.6, 129.3, 129.1,
128.9, 128.2, 128.1, 127.8, 127.5, 126.0, 122.8, 49.2, 45.3, 30.2, 27.3. HRMS (ESI-
TOF) m/z: [M+H]" Calcd for C,sH,,NO,* 380.1645; found 380.1649.
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2-allyl-5-(diphenylmethylene)-3a-methyl-4,5-dihydrocyclopentalde]isoquinoline-
1,3(2H,3aH)-dione (3ka): white solid, isolated yield 42% (34.06 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 162.3-167.3 °C (uncorrected); 'TH NMR (500
MHz, CDCl;) 6 =7.71 (d, J= 8.0 Hz, 1H), 7.39-7.25 (m, 11H), 7.06 (t, /= 8.0 Hz, 1H),
6.47 (d, J=17.5 Hz, 1H), 5.83-5.89 (m, 1H), 5.25-5.15 (m, 2H), 4.61 (dd, /= 14.5, 6.0
Hz, 1H), 4.46 (dd, J = 14.5, 4.5 Hz, 1H), 3.52 (d, J = 15.0 Hz, 1H), 3.02 (d, J=15.0
Hz, 1H), 1.55 (s, 3H); 3C NMR (125 MHz, CDCl3) & = 177.1, 164.6, 150.6, 141.7,
141.6, 140.4, 139.1, 134.8, 132.3, 129.6, 129.4, 129.1, 129.0, 128.3, 128.2, 127.9,
127.5, 126.1, 122.9, 117.6, 49.3, 45.3, 42.4, 30.2. HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C,5H,4NO,* 406.1802; found 406.1809.

Ph

Ph\

N\
Bn

@)
2-benzyl-5-(diphenylmethylene)-3a-methyl-3,3a,4,5-
tetrahydrocyclopentade]isoquinolin-1(2H)-one (31a): white solid, isolated yield 72%
(63.59 mg); (eluent: petroleum ether/EtOAc =10:1); mp: 165.9-169.7 °C (uncorrected);
TH NMR (500 MHz, CDCl3) 6 = 7.70 (d, J = 7.5 Hz, 1H), 7.36-7.20 (m, 15H), 6.98 (t,
J=7.5Hz, 1H), 6.40 (d, /= 8.0 Hz, 1H), 4.84 (d, J = 14.5 Hz, 1H), 4.70 (d, J=14.5
Hz, 1H), 3.57 (d, /= 12.0 Hz, 1H), 3.30 (d, /= 12.0 Hz, 1H), 2.96 (d, J= 14.5 Hz, 1H),
2.69 (d, J=14.5 Hz, 1H), 1.16 (s, 3H); 3C NMR (125 MHz, CDCl;) 6 = 163.8, 153.2,
142.4, 141.9, 138.4, 138.2, 137.3, 137.1, 129.7, 129.0, 128.8, 128.5, 127.9, 127.5,
127.5, 127.4, 127.0, 125.6, 125.4, 58.1, 50.9, 48.3, 39.5, 24.5. HRMS (ESI-TOF) m/z:
[M+H]" Calcd for C3,HpgNO™ 442.2165; found 442.2168.
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2-benzyl-5-(diphenylmethylene)-3a-methyl-1,3a,4,5-
tetrahydrocyclopentade]isoquinolin-3(2H)-one (3ma): pale yellow liquid, isolated
yield 59% (52.10 mg); (eluent: petroleum ether/EtOAc = 10:1); '"H NMR (500 MHz,
CDCl;) 6 =7.36-7.23 (m, 15H), 6.85 (s, 2H), 6.20 (d, /= 5.6 Hz, 1H), 4.83 (d,J=15.0
Hz, 1H), 4.68-4.58 (m, 2H), 4.16 (d, J = 15.5 Hz, 1H), 3.61 (d, J = 15.5 Hz, 1H), 2.97
(d, J = 15.5 Hz, 1H), 1.41 (s, 3H); 3C NMR (125 MHz, CDCl3) § = 174.9, 147.1,
142.1, 142.0, 138.7, 138.2, 136.9, 136.6, 129.7, 129.0, 128.5, 128.5, 127.8, 127.5,
127.2,127.1,126.8,126.7,123.7,122.9,50.1,49.7, 47.6, 45.9, 23.7. HRMS (ESI-TOF)
m/z: [M+H]" Calcd for C3,H,sNO™ 442.2165; found 442.2170.

4-(diphenylmethylene)-5a-methyl-5,5a-dihydrocyclopenta[de]indolo[2,1-
alisoquinolin-6(4H)-one (5aa): white solid, isolated yield 62% (54.21 mg); (eluent:
petroleum ether/EtOAc = 10:1); mp: 231.3-235.5 °C (uncorrected); "H NMR (500
MHz, CDCl;) 6 =8.44 (d,J=8.5 Hz, 1H), 7.57 (d, J= 8.0 Hz, 1H), 7.43-7.28 (m, 13H),
7.01 (t, J= 7.5 Hz, 1H), 6.94 (s, 1H), 6.23 (d, J = 7.5 Hz, 1H), 3.60 (d, J = 14.5 Hz,
1H), 3.07 (d, /= 15.0 Hz, 1H), 1.56 (s, 3H); 13C NMR (125 MHz, CDCl3) 6 = 174.3,
146.2, 142.1, 142.0, 139.7, 139.2, 136.3, 135.8, 135.5, 130.6, 129.8, 129.2, 128.8,
128.2,128.1,127.7,127.3, 125.5, 124.6, 124.0, 123.0, 121.9, 120.6, 115.8, 103.4, 50.7,
44.8, 29.1. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C;;HpyNO* 438.1852; found
438.1854.

4-(diphenylmethylene)-5a,10-dimethyl-5,5a-dihydrocyclopentade]indolo|2,1-
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alisoquinolin-6(4H)-one (Sba): pale yellow solid, isolated yield 66% (38.17 mg);
(eluent: petroleum ether/EtOAc = 10:1); mp: 231.7-234 °C (uncorrected); "TH NMR
(500 MHz, CDCl3) 6 = 8.29 (d, J = 8.5 Hz, 1H), 7.37-7.28 (m, 12H), 7.14 (d, J = 8.0
Hz, 1H), 6.96 (s, 1H), 6.81 (s, 1H), 6.20 (d, J= 8.5 Hz, 1H), 3.55 (d, /= 15.0 Hz, 1H),
3.04 (d, J=15.0 Hz, 1H), 2.43 (s, 3H), 1.52 (s, 3H); 13C NMR (125 MHz, CDCl;) 6 =
173.9, 146.2, 142.1, 142.0, 139.6, 139.1, 136.3, 135.9, 133.6, 133.5, 130.7, 129.8,
129.1,128.8, 128.1, 127.6, 127.3, 126.7, 124.4, 123.0, 121.8, 120.6, 115.4, 103.2, 50.5,
44.8, 29.0, 21.4. HRMS (ESI-TOF) m/z: [M+H]" Calcd for Cs3H,sNO™ 452.2009;
found 452.2016.

4-(diphenylmethylene)-10-fluoro-5a-methyl-5,5a-
dihydrocyclopenta|de]indolo[2,1-a]isoquinolin-6(4H)-one (3ca): pale yellow solid,
isolated yield 42% (38.26 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: > 250 °C
(uncorrected); "TH NMR (500 MHz, CDCls) 6 = 8.36 (s, 1H), 7.39-7.19 (m, 11H), 7.20
(d, J=8.0 Hz, 1H), 7.05-7.00 (m, 2H), 6.86 (s, 1H), 6.23 (d, /= 7.0 Hz, 1H), 3.57 (d,
J=15.0 Hz, 1H), 3.05 (d, /= 15.0 Hz, 1H), 1.55 (s, 3H); 13C NMR (125 MHz, CDCl;)
3 =174.0, 159.9 (d, C-F, Jcr = 238.8 Hz), 146.4, 142.0 (d, C-F, 3Jcr = 12.8 Hz),
139.9, 139.2, 137.8, 135.6, 131.8,131.6 (d, C-F, 3Jcr = 10.0 Hz), 129.8, 129.1, 128.9,
128.3, 128.2, 127.7, 127.4, 124.9, 122.6, 122.0, 116.7 (d, C-F, *Jcr = 8.9 Hz), 113.0
(d, C-F, 2Jcr = 24.5 Hz), 106.1, 102.9 (d, C-F, *Jcr = 4 Hz), 50.5, 44.8, 29.1. HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C33H,3FNO™ 456.1758; found 456.1768.

10-chloro-4-(diphenylmethylene)-5a-methyl-5,5a-
dihydrocyclopenta|de]indolo[2,1-a]isoquinolin-6(4H)-one (5da): pale yellow solid,
isolated yield 50% (47.20 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: > 250 °C
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(uncorrected); '"H NMR (500 MHz, CDCl3) 6 = 8.34 (d, /= 8.5 Hz, 1H), 7.53 (d, J =
2.0 Hz, 1H), 7.41-7.39 (m, 3H), 7.35 (d, /= 7.5 Hz, 2H), 7.31-7.26 (m, 7H), 7.02 (t, J
=7.5Hz, 1H), 6.87 (s, 1H), 6.25 (d, J= 7.5 Hz, 1H), 3.58 (d, /= 14.5 Hz, 1H), 3.06 (d,
J=14.5 Hz, 1H), 1.56 (s, 3H); 3C NMR (125 MHz, CDCl;) & =174.1, 146.3, 142.0,
141.9, 140.0, 139.3, 137.6, 135.6, 133.8, 131.8, 129.8, 129.1, 128.9, 128.3, 128.2,
127.7, 127.4, 125.5, 125.0, 122.5, 122.1, 120.2, 116.7, 102.4, 50.6, 44.8, 29.1. HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C3,H;CINO™ 472.1468; found 472.1496.

10-bromo-4-(diphenylmethylene)-5a-methyl-5,5a-
dihydrocyclopenta|de]indolo[2,1-a]isoquinolin-6(4H)-one (Sea): yellow solid,
isolated yield 36% (37.18 mg); (eluent: petroleum ether/EtOAc = 10:1); mp: 236.7-
240.1 °C (uncorrected); "TH NMR (500 MHz, CDCl;) 6 = 8.28 (d, J= 8.0 Hz, 1H), 7.67
(s, 1H), 7.39-7.29 (m, 12H), 7.00 (s, 1H), 6.84 (s, 1H), 6.24 (d, J = 7.5 Hz, 1H), 3.57
(d, J = 14.5 Hz, 1H), 3.05 (d, J = 14.5 Hz, 1H), 1.55 (s, 3H); 3C NMR (125 MHz,
CDCly) 6 =174.1, 146.3, 142.0, 141.9, 140.0, 139.3, 137.5, 135.6, 134.2, 132.3, 129.8,
129.1, 128.9, 128.3, 128.2, 127.7, 127.4, 125.0, 123.2, 122.4, 122.1, 117.3, 117.1,
102.2,50.6,44.8,29.1. HRMS (ESI-TOF) m/z: [M]* Calcd for C3,H,,BrNO* 515.0885;
found 515.0880.

4-(diphenylmethylene)-5a,9,11-trimethyl-5,5a-dihydrocyclopentade]indolo[2,1-

alisoquinolin-6(4H)-one (5fa): pale yellow solid, isolated yield 55% (51.22 mg);
(eluent: petroleum ether/EtOAc = 10:1); mp: > 250 °C (uncorrected); 'TH NMR (500
MHz, CDCl3) 6 =8.11 (s, 1H), 7.39-7.25 (m, 11H), 7.00-6.93 (m, 3H), 6.20 (d, J=17.5
Hz, 1H), 3.59 (d, J=15.0 Hz, 1H), 3.05 (d, /= 15.0 Hz, 1H), 2.52 (s, 3H), 2.46 (s, 3H),
1.54 (s, 3H); 3C NMR (125 MHz, CDCl;) 6 = 174.3, 146.0, 142.2, 142.1, 139.6, 139.1,
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136.0, 135.9, 135.7, 135.2, 129.8, 129.7, 129.2, 128.8, 128.2, 127.8, 127.6, 127.3,
126.0,124.2,123.3,121.7, 113.5, 102.0, 50.7, 44.8, 29.0, 21.9, 18.4. HRMS (ESI-TOF)
m/z: [M+H]" Calcd for C34H,sNO™ 466.2165; found 466.2176.

4-(diphenylmethylene)-5a-methyl-4,5,5a,6-tetrahydrocyclopenta|de]indolo[2,1-
alisoquinoline (5ga): yellow solid, isolated yield 65% (55.06 mg); (eluent: petroleum
ether/EtOAc = 10:1); mp: 224.6-228.2 °C (uncorrected); 'TH NMR (500 MHz, CDCls)
0 =17.63 (d, J="7.5 Hz, 1H), 7.40-7.30 (m, 11H), 7.24 (s, 1H), 7.21 (s, 1H), 7.10 (s,
1H), 6.96 (s, 1H), 6.87 (s, 1H), 6.24 (d,J=7.5 Hz, 1H), 4.43 (d, /J=11.0 Hz, 1H), 3.86
(d,/J=11.0 Hz, 1H), 3.21 (d, J= 14.5 Hz, 1H), 2.89 (d, J= 14.5 Hz, 1H), 1.21 (s, 3H);
I3C NMR (125 MHz, CDCl3) 8 = 147.5,142.8,142.2, 138.8, 138.1, 137.8, 137.3, 134.2,
129.9, 129.2, 129.0, 128.8, 128.0, 127.8, 127.5, 127.0, 125.6, 123.9, 122.0, 121.8,
120.8,119.8,108.9,96.9, 52.4, 48.1, 41.8, 24.8. HRMS (ESI-TOF) m/z: [M+H]* Calcd
for C5,H,sNO*424.2060; found 424.2067.

3-(diphenylmethylene)-1'-methyl-2,3-dihydrospiro[indene-1,3'-indolin]-2'-one:

white solid, isolated yield 58% (47.97 mg); (eluent: petroleum ether/EtOAc = 15:1);
mp: 210.2-212.3 °C (uncorrected); TH NMR (500 MHz, CDCls) 6 = 7.39-7.34 (m, 5H),
7.27-7.23 (m, 5H), 7.16 (t,J=7.0 Hz, 1H), 7.11 (d, J="7.5 Hz, 1H), 7.02-7.00 (m, 2H),
6.91 (t, J= 8.0 Hz, 1H), 6.86 (d, J= 8.0 Hz, 1H), 6.72 (d, J= 7.5 Hz, 1H), 6.54 (d, J =
8.0 Hz, 1H), 3.57 (d, J = 15.0 Hz, 1H), 3.25 (s, 3H), 3.17 (d, J = 15.0 Hz, 1H); 13C
NMR (125 MHz, CDCl;) 6 = 178.9, 147.3, 143.1, 142.9, 142.1, 141.7, 137.2, 136.5,
134.1, 129.9, 129.2, 128.8, 128.2, 128.2, 128.0, 127.4, 127.3, 126.9, 125.4, 123.3,
123.1, 123.0, 108.0, 58.0, 46.5, 26.5. HRMS (ESI-TOF) m/z: [M+H]" Calcd for
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C30H24NO™ 414.1852; found 414.1855.

N
o)

N.
Bn

O
(Z)-2-benzyl-5-ethylidene-3a-methyl-4,5-dihydrocyclopenta|delisoquinoline-

1,3(2H,3aH)-dione ((Z)-3at): white liquid, isolated yield 52% (33.01 mg); (eluent:
petroleum ether/EtOAc = 15:1); TH NMR (500 MHz, CDCl5) 6 = 7.81 (d, J = 8.0 Hz,
1H), 7.72 (d, J=7.5 Hz, 1H), 7.41 (t,J = 7.5 Hz, 3H), 7.30-7.21 (m, 4H), 5.91 (qd, J =
7.0, 2.5 Hz, 1H), 5.15 (d, J = 14.0 Hz, 1H), 5.06 (d, J = 14.0 Hz, 1H), 3.16 (d, J=14.5
Hz, 1H), 2.77 (d, J = 14.5 Hz, 1H), 2.04 (dd, J = 7.5, 2.5 Hz, 3H), 1.43 (s, 3H); 13C
NMR (125 MHz, CDCl;) 6 = 177.4, 164.9, 150.8, 137.9, 137.4, 136.3, 129.1, 128.7,
128.4,127.4,125.9, 123.2, 122.3, 48.9, 44.6, 43.6, 29.7, 14.8.

2-benzyl-5-ethylidene-3a-methyl-4,5-dihydrocyclopenta|de]isoquinoline-
1,3(2H,3aH)-dione (3at): white liquid, isolated yield 53% (33.64 mg, Z:E = 4:1);
(eluent: petroleum ether/EtOAc = 15:1); 'TH NMR (500 MHz, CDCl;) 6 = 7.81 (d, J =
7.5 Hz, 1H), 7.76 (d, J = 7.5Hz, 0.25H), 7.72 (d, J = 8.0 Hz, 1H), 7.53 (d, /= 7.5 Hz,
0.25H), 7.43-7.34 (m, 4H), 7.30-7.21 (m, 3H), 6.19 (qd, J = 7.0, 2.5 Hz, 0.25H), 5.91
(qd, J=7.0, 2.5 Hz, 1H), 5.15 (d, J = 14.0 Hz, 1.25H), 5.06 (d, J = 14.0 Hz, 1.25H),
3.15(d, J=14.5 Hz, 1H), 3.02 (d, J = 15.0 Hz, 0.25H), 2.94 (d, J = 15.0 Hz, 0.25H),
2.77 (d, J = 14.5 Hz, 1H), 2.04 (dd, J = 7.0, 2.5 Hz, 3H), 1.87 (dd, J = 7.0, 1.5 Hz,
0.75H), 1.43 (s, 3.75H); 3C NMR (125 MHz, CDCl5) 8 = 177.5, 177.4, 164.9, 150.8,
148.9, 139.0, 137.9, 137.4, 136.3, 129.0, 128.8, 128.7, 128.3, 127.3, 125.9, 125.8,
124.7,123.2, 123.1, 122.3, 120.0, 49.4, 48.9, 44.6, 43.6, 43.6, 39.4, 31.0, 29.6, 15.2,
14.8. HRMS (ESI-TOF) m/z: [M+H]* Calcd for C,Hy)NO," 318.1489; found
318.1499.
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2-benzyl-4-(2-bromoallyl)-4-phenylisoquinoline-1,3(2H,4 H)-dione (8) ''°l: white
solid, isolated yield 87% (77.66 mg); (eluent: petroleum ether/EtOAc =30:1); 'TH NMR
(500 MHz, CDCl;) 6 = 8.34 (d, J = 8.0 Hz, 1H), 7.56 (t, J= 7.5 Hz, 1H), 7.48 (t, J =
7.5 Hz, 1H), 7.34-7.33 (m, 2H), 7.24-7.17 (m, 6H), 7.12 (d, J = 7.5 Hz, 1H), 7.06-7.04
(m, 2H), 5.27 (d, J = 14.0 Hz, 1H), 5.20-5.18 (m, 2H), 5.05 (d, /= 14.0 Hz, 1H), 4.28
(d,J=14.5Hz, 1H),3.42 (d,J=14.5 Hz, 1H); 3C NMR (125 MHz, CDCl3) § =173 .4,
164.0, 142.8, 140.7, 136.5, 133.7, 129.0, 128.9, 128.8, 128.4, 128.1, 127.9, 127.8,
127.3,127.0, 126.8, 126.2, 121.8, 55.3, 49.5, 44.1.

Zer Z >COOH

2-bromo-3-phenylacrylic acid (2r): white solid (Z:E£ = 1:1.3), 'H NMR (500 MHz,
CDCl;) 6 = 10.95 (s, 2.3H), 8.33 (s, 1H), 7.89-7.89 (m, 2H), 7.52 (s, 1.3H), 7.44-7.42

(m, 3H), 7.33 (s, 7H).
HOOC.__Br HOOC.__Br

Sactisae
SAGOAS
2-bromo-3-phenyl-3-(p-tolyl)acrylic acid (2s): white solid (Z:E=1:1), 'TH NMR (500

MHz, CDCls) & = 7.88-7.53 (m, 2H), 7.36-7.32 (m, 4H), 7.30-7.26 (m, 4H), 7.18-7.16

(m, 6H), 7.10-7.05 (m, 4H), 2.36 (s, 3H), 2.33 (s, 3H).
Br Br

+
%\COOH \/\COOH

2-bromobut-2-enoic acid (2t): white solid (Z:£ = 10:1); "TH NMR (500 MHz, CDCl;)
0=10.72 (s, 1.1H), 7.56 (q, /= 7.0 Hz, 1H), 6.98 (q, /= 7.0 Hz, 1H), 2.11 (d, J="7.5
Hz, 0.3H), 2.00 (d, /= 7.0 Hz, 3H).

Br

\/\COOH
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(Z)-2-bromobut-2-enoic acid ((£)-2t): white solid; "TH NMR (500 MHz, CDCl3) 6 =
9.43 (s, 1H), 7.56 (q, J = 7.0 Hz, 1H), 2.01 (s, 3H); 3C NMR (125 MHz, CDCls) § =
167.7, 144.6, 116.6, 18.2.
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8 Scanned 'H NMR and 13C NMR Spectra of All Compounds

'"H NMR of 3aa (500 MHz, CDCl3) and *C NMR of 3aa (125 MHz, CDCl;)
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"H NMR of 3ab (500 MHz, CDCl;) and '3C NMR of 3ab (125 MHz, CDCl3)

000°0-—

6LF L—

[A1 A
vove"

[4: AN
zioe”

18P E~
16e”

NNo.m
ono.m;./.
¢SLST
om_am\

106'9~,
2597
ze0'L
1904
290 L%
er s f
WIVE §
G812
v1T L]
[STAAVA
1€T 1]
66211
€T L]
18T L1
16€' L]
L L]
699'L
cg9'/!

iy
oo
Qo
-

F oo

&~ 007
Negol
B 20T
¥ 00}

10.0

£1 (ppm)

s0C'le
13 _,Nv.

9p0'0E—

LI9EP~
18€°Gh
gLeer—

9L 9L

Noog.w.\
ST LL

88ech
8.8'GCL
ceeLch
90z'8Ch
#5E'8CL
169821
86L°8CL
1v06CL
gleezh
0es6CL
Z8G'6CL
Si8'€EL
SreLEL
Y LEL

055°2€L
or8'8EL
960°6€L
98€'6EL
L6€°0VL
69¥°0GL—

_—

cL8 POl —

vLvLLL—

T
110

T
12

T T
0 140 130

T
150

T
160

T
190

200

£l (ppm)

S42



"H NMR of 3ac (500 MHz, CDCl;) and '3C NMR of 3ac (125 MHz, CDCl3)
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'H NMR of 3ad (500 MHz, CDCl;) and 3C NMR of 3ad (125 MHz, CDCls)
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"H NMR of 3ae (500 MHz, CDCl;) and '3C NMR of 3ae (125 MHz, CDCl3)
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"H NMR of 3af (500 MHz, CDCl;) and 13C NMR of 3af (125 MHz, CDCl;)
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"H NMR of 3ag (500 MHz, CDCl3) and '*C NMR of 3ag (125 MHz, CDCl;)
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"H NMR of 3ah(500 MHz, CDCl3) and '*C NMR of 3ah (125 MHz, CDCl;)
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"H NMR of 3ai (500 MHz, CDCl;) and '3C NMR of 3ai (125 MHz, CDCl;)
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"H NMR of 3aj (500 MHz, CDCl;) and 13C NMR of 3aj (125 MHz, CDCl;)
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"H NMR of 3ak (500 MHz, CDCl;) and '3C NMR of 3ak (125 MHz, CDCl3)
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"H NMR of 3al (500 MHz, CDCl;) and '3C NMR of 3al (125 MHz, CDCl;)
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"H NMR of 3am (500 MHz, CDCl;) and '3C NMR of 3am (125 MHz, CDCl;)
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"H NMR of 3an (500 MHz, CDCl;) and '3C NMR of 3an (125 MHz, CDCl3)
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"H NMR of 3ao0 (500 MHz, CDCl3) and '*C NMR of 3ao (125 MHz, CDCl;)
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"H NMR of 3ap (500 MHz, CDCl;) and '3C NMR of 3ap (125 MHz, CDCl3)
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"H NMR of 3aq (500 MHz, CDCl;) and '3C NMR of 3aq (125 MHz, CDCl3)
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"H NMR of 3ar (500 MHz, CDCl;) and '3C NMR of 3ar (125 MHz, CDCl3)
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'"H NMR of 3as (500 MHz, CDCls) and '*C NMR of 3as (125 MHz, CDCls)
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"H NMR of 3ba (500 MHz, CDCl;) and '3C NMR of 3ba (125 MHz, CDCl3)

0000—

08r’L—

ZEN
oe”

£E6E~
£95€

v_.o.m
wvo.m%
[44%
ON_,,m\

£90'9
1909
£80'9
180'9
el
62Tl
€Tl
eveL
862744
1921
z8z LY
1622
£ze2
8€€°.
66€°2
09€°2

€82
LieL]
6621
pov°L]
[

Ph

Ph

N‘Bn

Floe

FO0'L

Fo0'}

vioL
00’1

o0’

/818
fooe
o0's

£1 (pom)

8€1°0€—

8GL'EP~
0LF'SP~
LLL8Y

S¥L'9L
000°LL
vee'LL
or9zZiL
LP8THL
¢599LL
1687911
geLect
66.°€T1
09 'Lct
cle’Ltl
161821
9ge'8el
18€'8¢T1
gtLgct
120621
ZoL'6ct
0.€6C)
g6L°€el
618cEl
Nwo.hm—/
196°0v1

9EL'LpL

voT'ivl

S9L'lvl

moo.wv__&
Zcoort

€82°191

mm».mmvw

908°€9l
0eg'eol

Ye0'LLL—

Ph

Ph

N"Bn

60

T
110

T
120

T T
0 140 130

T
15

T
160

T
190

9

f1 (ppm}

S60



"H NMR of 3¢a (500 MHz, CDCl;) and '3C NMR of 3ca (125 MHz, CDCl3)
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"H NMR of 3da (500 MHz, CDCl;) and '3C NMR of 3da (125 MHz, CDCl3)
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"H NMR of 3ea (500 MHz, CDCl;) and '3C NMR of 3ea (125 MHz, CDCl3)
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"H NMR of 3fa (500 MHz, CDCl;) and 13C NMR of 3fa (125 MHz, CDCI
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"H NMR of 3ga (500 MHz, CDCl3) and '*C NMR of 3ga (125 MHz, CDCl;)

0000-— ] E
&
i G88'0e—
- = E 00'€ 2 12T 08—
|U
e 8TG'Er—
160Gy
i 175 Br—
ogz— SR
6962~ wL F El
66627 i e
€15 e~ e ELF
ey = F 00°} =5
cpge & .nm tﬂ.mhv
100'LL
N |U .
o = SST 1L
= w
a2 FS 1187021
s T . 95zT4ZL
" ] o0ge’Lz)
A o s Froygzs GL9LTL
191G~ = F Lo = 610821
e 87921
1S BZL
0118Z1
[ 1988211
2 290621
80€'9 . 00624
i — o, BveLEL
s 629VEI"
HEo F ol oom.mmpw
1289 : | = 605'LEL
YIT N o 6L 6EL
ip 833Kﬁ
it I 18L°1¥L
Ly GBLIGL—
052 L
95z /] F3
29z ] °
mmm”% 161691 —
00e' /] [
vies] ]
bt | ¥l LLL—
%m.& &
z9eL
Ve Mot
90t /| :
Lev s
=

130 120
f1 (ppm)
S65

140

0

5

00 190 180 170 160 1




"H NMR of 3ha (500 MHz, CDCl;) and '3C NMR of 3ha (125 MHz, CDCl3)
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"H NMR of 3ia (500 MHz, CDCl;) and '3C NMR of 3ia (125 MHz, CDCl;)
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"H NMR of 3ih (500 MHz, CDCl;) and '3C NMR of 3ih (125 MHz, CDCl;)
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"H NMR of 3ja (500 MHz, CDCl;) and 13C NMR of 3ja (125 MHz, CDCl;)
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"H NMR of 3ka (500 MHz, CDCl;) and '3C NMR of 3ka (125 MHz, CDCl3)
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"H NMR of 3la (500 MHz, CDCl;) and '3C NMR of 3la (125 MHz, CDCl;)
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"H NMR of 3ma (500 MHz, CDCl;) and '3C NMR of 3ma (125 MHz, CDCl3)
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"H NMR of 5aa (500 MHz, CDCl3) and '*C NMR of 5aa (125 MHz, CDCl;)
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"H NMR of 5ba (500 MHz, CDCl;) and '3C NMR of 5ba (125 MHz, CDCl3)
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"H NMR of 5¢a (500 MHz, CDCl;) and '3C NMR of 5ca (125 MHz, CDCl3)
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"H NMR of 5da (500 MHz, CDCl;) and '3C NMR of 5da (125 MHz, CDCl3)
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"H NMR of 5ea (500 MHz, CDCl;) and '3C NMR of Sea (125 MHz, CDCl3)
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"H NMR of 5fa (500 MHz, CDCl;) and 13C NMR of 5fa (125 MHz, CDCl;)
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"H NMR of 5ga (500 MHz, CDCl3) and '*C NMR of 5ga (125 MHz, CDCl;)
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"H NMR of 7 (500 MHz, CDCl;) and '3C NMR of 7 (125 MHz, CDCl;)
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'H NMR of (2)-3at (500 MHz, CDCl3) and 3C NMR of (2)-3at (125 MHz, CDCl5)
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NOESY of product Z-3at

2 H 3
H3C
NOE N
H 0]
1
N
O

NOE of product Z-3at: By analyzing the NOESY, we found that only 1-H and 2-H
have NOE-related signals, while 3-H has no NOE-related signals with 2-H. This
phenomenon illustrates: the methyl group is cis to the phenyl group. Therefore, the

structure of the product is identified as Z configuration.
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U u A “ g |
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Figure S1 NOE of product Z-3at.

S82



"H NMR of 3at (500 MHz, CDCl;) and 13C NMR of 3at (125 MHz, CDCl;)
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"H NMR of 8 (500 MHz, CDCl;) and '3C NMR of 8 (125 MHz, CDCl;)
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"H NMR of 2r (500 MHz, CDCls)
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"H NMR of 2s (500 MHz, CDCl;)
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"H NMR of 2t (500 MHz, CDCl5)

0000—

G66'L
6002
S0L'e
0zhe

656'9
mBm%
0669
G00'L

6€5°L
€6G°L
198°L

1861

COOH

"

COOH
. \:(

Br

=#00¢ +

*1€0

Foro

oot

AN?

0.0

0.5

£l (ppm)

S87



"H NMR of Z-2t (500 MHz, CDCl;) and '*C NMR of Z-2t (125 MHz, CDCl;)
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9 Crystal Structure of 3ia (CCDC: 2084415)

Figure S2 X-ray crystal structure of 3ia. The thermal ellipsoids are 50% probability

level.

Table S1 Crystal data and structure refinement for exp 1537.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A
b/A
c/A

o

o/
p/e
v/°

exp 1537
C30H23NO
413.49
100.00(10)
orthorhombic
Pn2;a
14.3078(2)
9.09519(16)
33.7020(6)
90
90
90
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Volume/A3 4385.72(13)

4 8
Pealcg/cm’ 1.252
wmm-! 0.582
F(000) 1744.0
Crystal size/mm? 0.3x0.3x0.3
Radiation CuKa (A =1.54184)
20 range for data collection/° 5.244 to 143.85
Index ranges -17<h<10,-7<k<10,-24<1<41
Reflections collected 10487

Independent reflections 6016 [Riy = 0.0189, Rigma = 0.0291]

Data/restraints/parameters 6016/1/579
Goodness-of-fit on F? 1.041
Final R indexes [[>=2c (I)] R;=0.0434, wR, =0.1163
Final R indexes [all data] R;=0.0451, wR, =0.1182
Largest diff. peak/hole / ¢ A3 0.39/-0.23
Flack parameter 0.0(2)
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