Supporting Information

Synthesis of Indolyl Phenyl Diketones through Visible Light
Promoted Ni-catalyzed Intramolecular Cyclization/Oxidation

Sequence of Ynones

Yufeng Zhou,"* Yaping Wang"# Peidong Xu,” WeiweiHan,"Heng-Ying Xiongand
Guangwu Zhang"™"

College of Chemistry and Chemical Engineering, Henan University, Kaifeng, 475004, P.R. China.
E-mail: xionghengying@vip.henu.edu.cn; gw.zhangchem@hotmail.com.


mailto:gw.zhangchem@hotmail.com

Table of contents

© © N o g ~ w e

e O o o e
o o~ w b = O

General INFOrMATION. .....cciiieie e S2
IMIAEEITALS. ..ottt nb et e e e enes S3
General procedure for the synthesis of derivatives 1.........cccccovvviiieninienennnnn, S3
Purification and characterization of derivatives 1 ..........ccccoceveniiiniiinicieenn S12
General procedure for the synthesis of derivatives 2..........ccccoveviviieiceivennene, S29
Purification and characterization of derivatives 2. ..........cccceeenineninieninieiennn S29
Procedure for the control eXperiment. ..........ccocoviiiiininieieee e S45
Procedure for the ON-OFF EXPEIIMENTS ......c.cccoiviiiriiinieicese e S48
Procedure for the synthesis of 2a on gram scale...........ccoceveieiiiniiiniiieen, S48
Procedure for the synthesis of derivative 3. ..........c.cooiieienen i, S49
Procedure for the synthesis of derivative 4. ..........cccccooeveiinene s, S50
Procedure for the synthesis of derivative 5. ..., S50
Procedure for the synthesis of derivative 6. .........cccccovevveveiienieece e S51
Testing of the wavelength of the light source used...........cccocevvvienieeincnnnnn, S51
RETEIBNCES. ..ot e e e e nne e enes S52
NMR spectra copies of the products. ...........cccoceveiiiiiieiin e S53

S1



1. General information.

All reactions were carried out using oven-dried glassware and magnetic stirring
under argon unless otherwise stated. Reaction temperatures are reported as the
temperature of the bath surrounding the vessel. Analytical thin layer chromatography
was performed on silica gel aluminum plates with F-254 indicator and visualized by
UV light (254 nm). Column chromatography was performed using 200-300 mesh
silica gel. NMR spectra were recorded on AVANCE |1l HD 400 MHz or Bruker
AVANCE 1II 300 MHz spectrometer. Chemical shifts () are quoted in ppm relative
to TMS (*H) and CFCls (**F). Coupling constants (J) are quoted in Hz. The following
abbreviations were used to show the multiplicities: s: singlet, d: doublet, t: triplet, g:
quadruplet, dd: doublet of doublet, m: multiplet. The residual solvent signals were
used as references (CDCl3: oy = 7.26 ppm, dc = 77.00 ppm or relative to external
CFCl3, or = 0 ppm). High-resolution mass spectrometry (HRMS) was carried out on a
Waters Xevo G2-XS QTof.

The Reaction Equipment

The 15 W blue LED (Amax= 475 nm, AL = 10.0 nm) were purchased from the
Xuzhou Ai Jia electronic technology Co.LTD (diameter: 18 cm, height: 10 cm). The
blue LED irradiance is 20-30 mW/cm® The distance from the light source to the
Schlenk tube is 1.5 cm. The reactions were conducted in incubator (25 <C) with fans.
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Figure S1. The Reaction Equipment
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2. Materials.

Toluene was distilled over sodium/benzophenone and was degassed before using.
Anhydrous THF, DMF were purchased from J&K scientific Ltd. (SuperDry, with
molecular sieves, stabilized with 250 ppm BHT, J&K Seal). Ni(acac), was purchased
from Alfa Aesar, Pd(PPh3).Cl, was purchased from J&K scientific Ltd., Pd(PPhs),
was purchased from Sigma-aldrich, Cul was purchased from Innochem.

3. General procedure for the synthesis of derivatives 1.
List of derivatives 1:

R =CHs, 1b

o o} R = CF3, 1c o R =CHjs, 11 e R R =CF3 10
R=Et 1d R = CF3, 1] — R=F 1p
=7 O = O R =By, 1e = O R = OMe, 1k Z R=Br, 1q
O O R R=OMe, 1f O R=F 1l
NQ NQ R=Cl,1m NQ

R=F 1g NQ R
R=Br, 1h R=Br 1n

R
=
P Z )
Z O R=H, 1w O R =CHa, 1z 7 O
O R = CHj, 1x N R = OMe, 1aa O R = 'Bu, 1ab
O N R = Et, 1y N
R

o O ; !
Bn
1ad 1ae 1af 1ag
o o

General procedure A (1a-1v)
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=——TMS (2.0 eq.)

I )
(i-Pr)oNEt (2.5 eq.) ! Pd(PPhs),Cl, (2 mol%), Cul (2 mol%)
+ Br/\/\/BI‘
NH,

toluene, 110 °C, 24 h NQ EtsN, rt, 10 h, Ar

©\/TMS K,CO3 (2.0 eq.) Q\/

NQ MeOH, rt, 12 h NQ
An oven-dried 1.0 L flask equipped with a stirring bar and a reflux condenser
was charged with 2-iodoaniline (10.95 g, 50.0 mmol, 1.0 equiv.), 1,4-dibromobutane
(16.19 g, 75.0 mmol, 1.5 equiv.), (i-Pr),NEt (16.16 g, 125.0 mmol, 2.5 equiv.) and
toluene (500 mL). The resulting reaction mixture was stirred at 110 <T (heating
mantle) for 24 h. Then the reaction mixture was filtered, and the filtrate was
concentrated under reduced pressure. The residue was diluted with CH,Cl, (100 mL),
and 6 M HCI (50 mL) was added dropwise to the above CH,Cl, solution. The
resulting mixture was stirred for 1 h at room temperature. After that, the mixture was
separated, and aqueous phase was extracted with CH,Cl, (3 <50 mL). The organic
layers were combined and dried over anhydrous Na,SO4, concentrated under reduced

pressure. The resulting crude product was used directly without further purification.

An oven-dried 500 mL flask equipped with a stirring bar was charged with the
crude product obtained last step, Pd(PPh3),Cl, (701.9 mg, 1.0 mmol, 2 mol%), Cul
(190.5 mg, 1.0 mmol, 2 mol%), Trimethylsilylacetylene (9.82 g, 100.0 mmol, 2.0
equiv.) and EtsN (250 mL). Then the resulting reaction mixture was stirred at room
temperature under Ar for 10 h. After reaction completed (monitored by TLC), the
reaction mixture was diluted with petroleum ether (250 mL). Then the mixture was
washed with brine (3 % 50 mL), dried over anhydrous Na,SO,4, and concentrated
under reduced pressure to afford the crude
1-(2-((trimethylsilyl)ethynyl)phenyl)pyrrolidine as a brown oil, which was used
directly without further purification.

An oven-dried 250 mL flask equipped with a stirring bar was charged with the
crude product obtained last step, K,CO3 (13.8 g, 100.0 mmol, 2.0 equiv.) and MeOH
(150 mL). Then the resulting reaction mixture was stirred at room temperature for 12
h. After reaction completed (monitored by TLC), the reaction mixture was diluted
with CH,CI; (100 mL). The mixture was washed with brine (3 <50 mL), dried over
anhydrous Na,SO,, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (height 15 cm, width 6.5 cm,
eluent: petroleum ether) to afford the desired product as a yellow oil (6.70 g, 78%).
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1-(2-ethynylphenyl)pyrrolidine! *H NMR (300 MHz, CDCls) 6 7.40 (d, J =
7.8 Hz, 1H), 7.22 — 7.14 (m, 1H), 6.70 — 6.62 (m, 2H), 3.56 (t, J = 6.3 Hz, 4H), 3.24
(s, 1H), 1.99 — 1.90 (m, 4H).

 a 0

Pd(PPhs),Cl, (2 mol%), Cul (2 mol%) = R
N T RLT © O
Q T EtsN, rt, Ar, 10 h NQ

1a-1av

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with Pd(PPh3),Cl, (14.0 mg, 0.02 mmol, 2 mol%), Cul (3.8 mg, 0.02 mmol, 2 mol%),
1-(2-ethynylphenyl)pyrrolidine (171.2 mg, 1.0 mmol, 1.0 equiv.), corresponding
benzoyl chloride (1.3 mmol, 1.3 equiv.) and EtzN (10 mL). The resulting reaction
mixture was stirred at room temperature under Ar for 10 h. After reaction completed,
the reaction mixture was concentrated under reduced pressure. Then the residue was
purified by flash column chromatography on silica gel to afford the products
la-1lavi?.

General procedure B (1w-1aa)™

NH, NH,

@\ NBS (1.5 eq.), benzene Br\©\
| t, 24 h |

An oven-dried 1.0 L flask equipped with a stirring bar was charged with aniline
(21.90 g, 100.0 mmol, 1.0 equiv.), NBS (26.70 g, 150.0 mmol, 1.5 equiv.), and
benzene (600 mL). The resulting reaction mixture was stirred at room temperature for
24 h. After reaction completed, the mixture concentrated under reduced pressure.
Then the residue was purified by flash column chromatography on silica gel (height
15 cm, width 6.5 cm, eluent: petroleum ether) to afford the desired product as a white
solid (7.15 g, 24%).

2-bromo-5-iodoanilin® *H NMR (400 MHz, CDCls) & 7.13 — 7.06 (m, 2H),
6.91 (dd, J = 8.4, 2.0 Hz, 1H), 4.09 (s, 2H).
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B(OH),
NH,

NH, N L)
Br. ‘ /7R Br Br/\/\/Br N
Br.
X
| Pd(PPhg)4 (5 mol%), K2CO3 (3.0 eq.) | R KI(2.0eq.), K,CO3 (2.0 eq.) O

THF/H,0, 80 °C, 24 h, Ar = CH3CN, 90 °C, 24 h O R
1 ]
1) =—TMS (2.0 eq.),

Pd(PPhs),Cl, (5 mol%),
Cul (5 mol%), EtzN, 90 °C, 12 h, Ar O A
2) K,CO3 (2.0 eq.), MeOH d(PPh3),Cl, (5 mol%)
rt, 12 h Cul (5 mol%) R

Et3N, rt, 12 h, Ar 1w-1aa

An oven-dried 250 mL flask equipped with a stirring bar and a reflux condenser
was charged with 2-bromo-5-iodoaniline (2.98 g, 10.0 mmol, 1.0 equiv.), phenylboric
acid (15.0 mmol, 1.5 equiv.), Pd(PPh3)s (577.8 mg, 0.5 mmol, 0.05 equiv.), K,CO3
(4.15 g, 30.0 mmol, 3.0 equiv.), THF (60 mL), and H,O (20 mL). The resulting
reaction mixture was stirred at 80 <C (heating mantle) under Ar for 24 h. After
reaction completed (monitored by TLC), the reaction mixture was extracted with ethyl
acetate (3 < 35 mL). The organic layers were combined and dried over anhydrous
Na,SO,. After filtrated, the filtrate was concentrated under reduced pressure, and the
residue was purified by flash column chromatography on silica gel to afford the
aniline 1.

An oven-dried 100 mL flask equipped with a stirring bar and a reflux condenser
was charged with aniline intermediate I (7.0 mmol, 1.0 equiv.), 1,4-dibromobutane
(3.02 g, 14.0 mmol, 2.0 equiv.), KI (2.32 g, 14.0 mmol, 2.0 equiv.), K,CO3 (1.93 g,
14.0 mmol, 2.0 equiv.), and CH3CN (30 mL). Then the resulting reaction mixture was
stirred at 90 <C (heating mantle) for 24 h. After reaction completed (monitored by
TLC), the mixture was cooled down to room temperature and concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica
gel to afford the pyrrolidine product II.

An oven-dried 100 mL flask equipped with a stirring bar and a reflux condenser
was charged with the pyrrolidine intermediate IT (2.0 mmol, 1.0 equiv.), Pd(PPh3),Cl,
(70.2 mg, 0.1 mmol, 0.05 equiv.), Cul (19.0 mg, 0.1 mmol, 0.05 equiv.),
Trimethylsilylacetylene (216.1 mg, 2.2 mmol, 1.1 equiv.) and EtzN (20 mL). Then the
resulting reaction mixture was stirred at 90 <C (heating mantle) under Ar for 12 h.
After reaction completed, the mixture was cooled down to room temperature and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford the silylated arylacetylene.
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An oven-dried 100 mL flask equipped with a stirring bar was charged with the
silylated arylacetylene intermediate (1.5 mmol, 1.0 equiv.), K;CO3 (414.6 mg, 3.0
mmol, 2.0 equiv.) and MeOH (10 mL). Then the resulting reaction mixture was stirred
at room temperature for 12 h. After reaction completed, the mixture concentrated
under reduced pressure. The residue was purified by flash column chromatography on
silica gel to afford the terminal alkyne III.

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with the terminal alkyne intermediate III (1.0 mmol, 1.0 equiv.), Pd(PPhs3).Cl; (35.1
mg, 0.05 mmol, 0.05 equiv.), Cul (9.5 mg, 0.05 mmol, 0.05 equiv.), Benzoyl chloride
(154.6 mg, 1.1 mmol, 1.1 equiv.) and Et3N (5 mL). The resulting reaction mixture was
stirred at room temperature under Ar for 12 h. After reaction completed, the mixture
was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel to afford the desired products 1w-1aa.

General procedure C (1ab-1ae):

@[NHZ NIS (1.05 eq.), DMSO /@[NHZ
Br rt, 18 h | Br

An oven-dried 1.0 L flask equipped with a stirring bar was charged with aniline
(5.16 ¢, 30.0 mmol, 1.0 equiv.), NIS (10.12 g, 45.0 mmol, 1.5 equiv.), and DMSO
(250 mL). Then the resulting reaction mixture was stirred at room temperature for 18

h. After reaction completed, the reaction mixture was quenched with aqueous
NaHCO;3 (500 mL), and the brown suspension was filtered off and washed with water
(100 mL), and the mixture was extracted with ethyl acetate (3 <50 mL). The organic
layers were combined and dried over anhydrous Na,SO,. After filtrated, the filtrate
was concentrated under reduced pressure, and the residue was purified by flash
column chromatography on silica gel (height 15 cm, width 6.5 cm, eluent:
petroleum ether/ethyl acetate, gradient: 50:1 to 10:1) to afford 2-bromo-4-iodoaniline
as a brown solid (7.04 g, 79%).

2-bromo-4-iodoanilinel” *H NMR (400 MHz, CDCls) & 7.68 (d, J = 2.0 Hz,
1H), 7.35 (dd, J = 8.4, 2.0 Hz, 1H), 6.53 (d, J = 8.4 Hz, 1H), 4.11 (s, 2H).

S7



S o
L i
| Br

AN Br
Pd(PPh3), (5 mol%), K,CO3 (3.0 eq.) Br | R KI(2.0eq.), K,CO3 (2.0 eq.) O R
THF/H,0, 80 °C, 24 h CH3CN, 90 °C, 24 h

1) =—TMS (2.0 eq.),
Pd(PPh3),Cl, (5 mol%), G‘l ©)k@
Cul (5 mol%), EtzN, 90 °C, 12 h, Ar
_— X
2) K,CO3 (2.0 eq.), MeOH, Y = \ R Pd(PPh3),Cl, (5 mol%)

rt, 12 h, Ar Cul (5 mol%)
EtN, rt, 12 h, Ar

1ab-1ae

The synthesis of lab-lae was following the procedure B starting from
2-bromo-4-iodoaniline obtained above.

The synthesis of 1af
| ) | =—TMS (2.0 eq.)
(i-Pr);NEt (2.5 eq.) Pd(PPh3),Cl, (2 mol%), Cul (2 mol%)
+ BnBr Bn
NH, toluene, 110 °C, 24 h N EtsN, rt, 10 h, Ar
Bn
o]
o)
T™S cl

= Z

= K,COs (2.0 eq.) ©\// ©A = O

_Bn -Bn O B
N MeOH, rt, 12 h N Pd(PPh;),Cl, (5 mol%) N” "
Bn Bn Cul (2 mol%) Bn

EtN, rt, 12 h, Ar

The synthesis of laf was following the procedure A starting from
2-bromo-4-iodoaniline obtained above.

The synthesis of 1ag-1ah®!

=—TMS (2.0 eq.)

©i' K2CO3 (2.5 eq.) ©i' Pd(PPhs),Cl, (2 mol%), Cul (2 mol%)

+ R—I

R
NH, CH4CN, reflux, 12 h N EtsN, rt, 10 h, Ar
R=M R
e or Et | o
o)
T™S cl

_— Z

~ KoCOs (2.0 60) - y 7 O

R -R O R

N MeOH, rt, 12 h N Pd(PPhg),Cly (5 mol%) N

R R Cul (5 mol%) R

Et3N, rt, 12 h, Ar lag-1ah

To a mixture of 2-iodoaniline (10 mmol) and K,CO3; (3.45g, 25 mmol) in
CH3CN was added iodoethane (5.2g, 30 mmol) dropwise. The reaction was stirred at
reflux (heating mantle) for 12 hours. After cooling down to room temperature, the
mixture was treated with water and was extracted with Et,O. The extraction was
washed by brine and dried with Na,SO,4. The solvent was then evaporated in vacuo
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and the residue was purified by using silicon gel to afford aniline intermediate I

An oven-dried 500 mL flask equipped with a stirring bar was charged with the
crude product obtained last step, Pd(PPh3),Cl, (140.4 mg, 0.2 mmol, 2 mol%), Cul
(38.1 mg, 0.2 mmol, 2 mol%), Trimethylsilylacetylene (1.96 g, 20.0 mmol, 2.0 equiv.)
and Etz3N (50 mL). Then the resulting reaction mixture was stirred at room
temperature under Ar for 10 h. After reaction completed (monitored by TLC), the
reaction mixture was diluted with petroleum ether (50 mL). Then the mixture was
washed with brine (3 < 10 mL), dried over anhydrous Na,SO,4, and concentrated
under reduced pressure to afford the crude
1-(2-((trimethylsilyl)ethynyl)phenyl)pyrrolidine as a brown oil, which was used
directly without further purification.

An oven-dried 250 mL flask equipped with a stirring bar was charged with the
crude product obtained last step, K,CO3 (2.76 g, 20.0 mmol, 2.0 equiv.) and MeOH
(20 mL). Then the resulting reaction mixture was stirred at room temperature for 12 h.
After reaction completed (monitored by TLC), the reaction mixture was diluted with
CH,CI; (20 mL). The mixture was washed with brine (3 > 10 mL), dried over
anhydrous Na;SO., and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel to afford the desired products
lag-lah.

The synthesis of lai

=—TMS (2.0 eq.)

| .
@i (i-Pr);NEt (2.5 eq.) ©i' Pd(PPhs),Cl, (2 mol%), Cul (2 mol%)
.
Br " gy
NH; toluene, 110 °C, 24 h "O EtN, rt, 10 h, Ar

0]

s §CI o}
= pZ
©\/ K2CO3 (2.0 eq.) ©\// =Z O
"O MeOH, it, 12 h '\O Pd(PPhs),Cl, (2 mol%), Cul (2 mol%) O N
EtsN, rt, Ar, 10 h O

1ai

The synthesis of lai was following the procedure A starting from
2-bromo-4-iodoaniline obtained above.

The synthesis of 1aj

=
©\/ Pd(PPhs),Cl, (2 mol%), Cul (2 mol%) O
.
o o

THF/EGN, rt, Ar, 12 h NQ o |
o | 7

AN
W,
(@] /O

O
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An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with trimethylgalloyl chloride (276.8 mg, 1.2 mmol, 1.2 equiv.) and THF (5 mL), and
the mixture was stirred at room temperature under Ar for 30 min. Then Pd(PPhs).Cl,
(140 mg, 0.02 mmol, 2 mol%), Cul (3.8 mg, 0.02 mmol, 2 mol%),
1-(2-ethynylphenyl)pyrrolidine (171.2 mg, 1.0 mmol, 1.0 equiv.) and EtsN (5 mL)
were added to the above mixture. The resulting reaction mixture was stirred at room
temperature under Ar for 12 h. After reaction completed, the mixture was filtrated
through a pad of celite, and the filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel to afford the
desired product 1aj.

The synthesis of lak

0 o
NHMe, (3.0 eq.) SOCI2 (5.0 eq.), DMF
OH ————> OH
cl THF, rt, 12 h, Ar N toluene, 80 °C,4h N
-
o

P o pZ
©\// \/Q)ku Pd(PPh3),Cly (2 mol%), Cul (2 mol%) N
+ >
NQ N THF/Et3N, rt, Ar, 12 h NQ

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 4-(chloromethyl)benzoic acid (853.0 mg, 5.0 mmol, 1.0 equiv.), NHMe; (0.76
mL, 15.0 mmol, 3.0 equiv.) and THF (10 mL). Then the resulting mixture was stirred
at room temperature under Ar for 12 h. The volume of the reaction was reduced in
vacuo and the desired product precipitated as a white solid. The precipitate was
collected by filtration, washed with cold EtOH, and dried to afford
4-((dimethylamino)methyl)benzoic acid® as a white solid (35%, 310.1 mg). ‘H
NMR (300 MHz, D,0) § 7.76 — 7.59 (m, 2H), 7.28 (t, J = 7.8 Hz, 2H), 4.09 (s, 2H),
2.65 (s, 6H).

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 4-((dimethylamino)methyl)benzoic acid (215.1 mg, 1.2 mmol, 1.0 equiv.), SOCI,
(0.44 mL, 6.0 mmol, 5.0 equiv.), toluene (5 mL), and a few drops of DMF were added
to the reaction mixture as the catalyst. The reaction was carried out at 80 °C (heating
mantle) for 4 h. After reaction completed, the mixture was cooled down to room
temperature and concentrated under vacuum. The resulting crude product was used
directly without further purification.

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with the crude acyl chloride (1.2 mmol, 1.2 equiv.) and THF (5 mL), and the mixture

was stirred at room temperature under Ar for 30 min. Then Pd(PPhs).Cl, (14.0 mg,
510



0.02 mmol, 2 mol%), Cul (38 mg, 0.02 mmol, 2 mol%),
1-(2-ethynylphenyl)pyrrolidine (171.2 mg, 1.0 mmol, 1.0 equiv.) and EtsN (5 mL)
were added to the above mixture. The resulting reaction mixture was stirred at room
temperature under Ar for 12 h. After reaction completed, the mixture was filtrated
through a pad of celite, and the filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel to afford the
desired product 1ak.

The synthesis of lal

)ﬁ J/so<:|2 (5.0 eq.) DMF )b\ J/
H toluene, 80 °C, 4 h

©\/ )K©\ J/ Pd(PPhs),Cl, (2 mol%), Cul (2 mol%) ‘\/K‘\ J/
THE/EGN, tt, Ar, 12 h

1al

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with Probenecid (342.1 mg, 1.2 mmol, 1.0 equiv.), SOCI; (0.44 mL, 6.0 mmol, 5.0
equiv.), toluene (5 mL), and a few drops of DMF were added to the reaction mixture
as the catalyst. The reaction was carried out at 80 °C (heating mantle) for 4 h. After
reaction completed, the mixture was cooled down to room temperature and
concentrated under vacuum. The resulting crude product was used directly without
further purification.

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with the crude acyl chloride (1.2 mmol, 1.2 equiv.) and THF (5 mL), and the mixture
was stirred at room temperature under Ar for 30 min. Then Pd(PPhs).Cl, (14.0 mg,
0.02 mmol, 2 mol%), Cul (3.8 mg, 0.02 mmol, 2 mol%),
1-(2-ethynylphenyl)pyrrolidine (171.2 mg, 1.0 mmol, 1.0 equiv.) and EtsN (5 mL)
were added to the above mixture. The resulting reaction mixture was stirred at room
temperature under Ar for 12 h. After reaction completed, the mixture was filtrated
through a pad of celite, and the filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel to afford the
desired product 1al.
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The synthesis of 1am.

SOCl, (5.0 eq.) DMF

_ >

toluene, 80 °C, 4 h CI

Pd(PPh3),Cl; (2 mol%), Cul (2 mol%)

THF/Et3N, rt, Ar, 12 h

Following the procedure for the synthesis of lal

4. Purification and characterization of derivatives 1

1-phenyl-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one la. The product was
purified by flash column chromatography on silica gel (height 16 cm, width 2.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: PE to 100:1) as an orange oil (starting
from 1-(2-ethynylphenyl)pyrrolidine, 78%, 213.6 mg). R; (petroleum ether/ethyl
acetate = 100:1): 0.19. *H NMR (300 MHz, CDCl3) & 8.29 — 8.09 (m, 2H), 7.62 —
7.47 (m, 4H), 7.31 — 7.25 (m, 1H), 6.68 (t, J = 7.5 Hz, 2H), 3.67 (t, J = 6.6 Hz, 4H),
2.07 — 1.90 (m, 4H). *C{*H} NMR (75 MHz, CDCl3) 5 177.9, 151.5, 137.4, 137.1,
133.5, 132.1, 129.2, 128.4, 116.2, 114.0, 103.2, 97.6, 92.1, 50.5, 25.8. HRMS (ESI)
calced for C19H1gNO™ m/z 276.1383 [M+H]", Found 276.1384.

1b

3-(2-(pyrrolidin-1-yl)phenyl)-1-(p-tolyl)prop-2-yn-1-one 1b. The product was

purified by flash column chromatography on silica gel (height 16 cm, width 2.5 cm,

eluent: petroleum ether/ethyl acetate, gradient: PE to 100:1) as an orange solid

(starting from 1-(2-ethynylphenyl)pyrrolidine, 70%, 203.2 mg). R; (petroleum

ether/ethyl acetate = 100:1): 0.14. *H NMR (400 MHz, CDCls) 5 8.09 (d, J = 8.0 Hz,

2H), 7.56 (dd, J = 8.0, 1.6 Hz, 1H), 7.32 — 7.25 (m, 3H), 6.74 — 6.62 (m, 2H), 3.68 (t,
s12



J = 6.4 Hz, 4H), 2.45 (s, 3H), 2.06 — 1.90 (m, 4H). *C{*H} NMR (75 MHz, CDCls) &
177.7,151.5, 144.5, 137.1, 135.1, 132.0, 129.3, 129.2, 116.2, 114.0, 103.5, 96.9, 92.1,
50.5, 25.8, 21.7. HRMS (ESI) calcd for CyHoNO™ m/z 290.1539 [M+H]", Found
290.1541.

1c

3-(2-(pyrrolidin-1-yl)phenyl)-1-(4-(trifluoromethyl)phenyl)prop-2-yn-1-one  1c.
The product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 1-(2-ethynylphenyl)pyrrolidine, 73%, 249.1 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.26. 'H NMR (300 MHz, CDCls) & 8.28 (d, J = 8.1 Hz,
2H), 7.77 (d, J = 8.4 Hz, 2H), 7.55 (dd, J = 8.1, 1.8 Hz, 1H), 7.35 - 7.26 (m, 1H), 6.74
— 6.60 (m, 2H), 3.68 (t, J = 6.6 Hz, 4H), 2.07 — 1.93 (m, 4H). **F NMR (471 MHz,
CDCly) & -63.5 (s). *C{*H} NMR (75 MHz, CDCls) 5 176.5, 151.8, 140.0, 137.3,
134.6 (g, J = 32.3 Hz), 132.6, 129.4, 125.6 (q, J = 3.8 Hz), 123.6 (q, J = 271.5 Hz),
116.3, 114.1, 102.6, 99.5, 92.1, 50.6, 25.8. HRMS (ESI) calcd for CyoH17F3NO* m/z
344.1257 [M+H]", Found 344.1262.

1d

1-(4-ethylphenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1d. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange oil
(starting from 1-(2-ethynylphenyl)pyrrolidine, 72%, 218.6 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.27. *H NMR (300 MHz, CDCls) & 8.11 (d, J = 8.1 Hz,
2H), 7.55 (dd, J = 8.1, 1.8 Hz, 1H), 7.34 — 7.27 (m, 3H), 6.72 — 6.63 (m, 2H), 3.67 (t,
J=6.6 Hz, 4H), 2.74 (9, J = 7.5 Hz, 2H), 2.06 — 1.95 (m, 4H), 1.28 (t, J = 7.5 Hz, 3H).
BC{*H} NMR (75 MHz, CDCls) & 177.7, 151.5, 150.7, 137.1, 135.3, 132.0, 129.4,
128.0, 116.2, 114.0, 103.4, 97.0, 92.1, 50.5, 29.0, 25.8, 15.2. HRMS (ESI) calcd for
C21H2NO™ m/z 304.1696 [M+H]", Found 304.1690.
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1e

1-(4-(tert-butyl)phenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one  1le. The
product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
oil (starting from 1-(2-ethynylphenyl)pyrrolidine, 76%, 251.1 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.32. *H NMR (300 MHz, CDCls) & 8.13 (d, J = 8.4 Hz,
2H), 7.58 — 7.50 (m, 3H), 7.30 — 7.24 (m, 1H), 6.75 — 6.61 (m, 2H), 3.67 (t, J = 6.6 Hz,
4H), 2.10 — 1.89 (m, 4H), 1.37 (s, 9H). *C{*H} NMR (75 MHz, CDCls) & 177.7,
157.4, 151.5, 137.1, 135.0, 132.0, 129.2, 125.5, 116.2, 113.9, 103.4, 97.0, 92.1, 50.5,
35.2, 31.1, 25.8. HRMS (ESI) calcd for C3HsNO™ m/z 332.2009 [M+H]*, Found
332.2016.

1-(4-methoxyphenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1f. The
product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 100:1 to 20:1) as an
orange oil (starting from 1-(2-ethynylphenyl)pyrrolidine, 62%, 190.4 mg). R:
(petroleum ether/ethyl acetate = 20:1): 0.28. '"H NMR (300 MHz, CDCl3) & 8.16 (d, J
=8.7 Hz, 2H), 7.54 (dd, J = 8.4, 1.8 Hz, 1H), 7.29 — 7.24 (m, 1H), 6.97 (d, J = 8.7 Hz,
2H), 6.71 — 6.63 (m, 2H), 3.89 (s, 3H), 3.66 (t, J = 6.6 Hz, 4H), 2.04 — 1.93 (m, 4H).
BCc{*H} NMR (75 MHz, CDCls)  176.7, 164.0, 151.5, 136.9, 131.9, 131.5, 130.7,
116.2, 113.9, 113.7, 103.6, 96.5, 91.8, 55.5, 50.5, 25.8. HRMS (ESI) calcd for
C20H20NO," m/z 306.1489 [M+H]", Found 306.1493.

19

1-(4-fluorophenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1g. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
S14



cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange oil
(starting from 1-(2-ethynylphenyl)pyrrolidine, 68%, 198.4 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.21. *H NMR (300 MHz, CDCls) & 8.20 (dd, J = 9.0, 5.4
Hz, 2H), 7.53 (dd, J = 8.0, 1.8 Hz, 1H), 7.31 - 7.25 (m, 1H), 7.17 (t, J = 8.4 Hz, 2H),
6.75 — 6.61 (m, 2H), 3.66 (t, J = 6.6 Hz, 4H), 2.10 — 1.89 (m, 4H). °*F NMR (471
MHz, CDCls) & -104.8 (s). *C{*H} NMR (75 MHz, CDCls) & 176.3, 166.1 (d, J =
253.5 Hz), 151.6, 137.0, 133.9 (d, J = 3.0 Hz), 132.2, 131.8 (d, J = 9.0 Hz), 116.2,
115.6 (d, J = 21.8 Hz), 114.0, 103.0, 98.0, 91.8, 50.5, 25.8. HRMS (ESI) calcd for
C19H17FNO™ m/z 294.1289 [M+H]", Found 294.1299.

1h

1-(4-bromophenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1h. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 80%, 282.9 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.25. 'H NMR (300 MHz, CDCls) & 8.03 (d, J = 8.7 Hz,
2H), 7.64 (d, J = 8.4 Hz, 2H), 7.53 (dd, J = 7.5, 1.8 Hz, 1H), 7.33 — 7.27 (m, 1H), 6.76
—6.57 (m, 2H), 3.66 (t, J = 6.6 Hz, 4H), 2.14 — 1.92 (m, 4H). *C{*H} NMR (75 MHz,
CDCIl3) 6 176.7, 151.6, 137.1, 136.2, 132.4, 131.8, 130.6, 128.8, 116.2, 114.1, 102.9,
98.4, 91.9, 50.6, 25.8. HRMS (ESI) calcd for CigH17BrNO™ m/z 354.0488 [M+H]",
Found 354.0481.

1i

3-(2-(pyrrolidin-1-yl)phenyl)-1-(m-tolyl)prop-2-yn-1-one 1i. The product was
purified by flash column chromatography on silica gel (height 16 cm, width 2.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: PE to 100:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 83%, 239.6 mg). R; (petroleum
ether/ethyl acetate = 100:1): 0.14. *H NMR (300 MHz, CDCl3) § 8.10 — 7.87 (m, 2H),
7.56 (dd, J = 8.1, 1.8 Hz, 1H), 7.41 — 7.35 (m, 2H), 7.31 — 7.24 (m, 1H), 6.68 (t, J =
7.2 Hz, 2H), 3.68 (t, J = 6.6 Hz, 4H), 2.45 (s, 3H), 2.07 — 1.92 (m, 4H). *C{*H}
NMR (75 MHz, CDCl3) 6 178.1, 151.5, 138.2, 137.4, 137.2, 134.4, 132.1, 129.5,
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128.4, 126.6, 116.2, 114.0, 103.3, 97.3, 92.2, 50.5, 25.8, 21.3. HRMS (ESI) calcd for
C20H20N0+ m/z 290.1539 [M+H]+, Found 290.1538.

®

O N CF
3

5,
3-(2-(pyrrolidin-1-yl)phenyl)-1-(3-(trifluoromethyl)phenyl)prop-2-yn-1-one  1j.
The product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 1-(2-ethynylphenyl)pyrrolidine, 65%, 224.3 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.25. *H NMR (300 MHz, CDCl3) & 8.43 (s, 1H), 8.35 (d,
J=7.8Hz 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.65 (t, J = 7.8 Hz, 1H), 7.56 (dd, J = 7.5,
1.8 Hz, 1H), 7.34 — 7.26 (m, 1H), 6.78 — 6.59 (m, 2H), 3.68 (t, J = 6.6 Hz, 4H), 2.09 —
1.89 (m, 4H). *F NMR (471 MHz, CDCls) & -63.3 (s). *C{*H} NMR (75 MHz,
CDCl3) § 176.1, 151.6, 137.9, 137.4, 132.6, 132.0, 131.0 (g, J = 33.8 Hz), 129.7 (q, J
=3.8 Hz), 129.2, 126.0, 123.7 (q, J = 270.8 Hz), 116.3, 114.1, 102.5, 99.4, 91.9, 50.5,
25.8. HRMS (ESI) calcd for CyoH17FsNO™ m/z 344.1257 [M+H]", Found 344.1265.

4 (-
NQ OMe

1k

1-(3-methoxyphenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one ~ 1k.  The
product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 100:1 to 20:1) as an
orange oil (starting from 1-(2-ethynylphenyl)pyrrolidine, 57%, 173.8 mg). R¢
(petroleum ether/ethyl acetate = 20:1): 0.30. *H NMR (300 MHz, CDCls) & 8.06 —
7.93 (m, 2H), 7.56 (dd, J = 7.8, 1.5 Hz, 1H), 7.42 — 7.37 (m, 2H), 7.31 — 7.26 (m, 1H),
6.71 — 6.61 (m, 2H), 3.68 (t, J = 6.6 Hz, 4H), 2.45 (s, 3H), 2.05 — 1.93 (m, 4H).
BC{H} NMR (75 MHz, CDCl3) & 178.1, 151.5, 138.3, 137.5, 137.2, 134.4, 132.1,
129.6, 128.4, 126.6, 116.3, 114.0, 103.4, 97.3, 92.2, 50.5, 25.8, 21.3. HRMS (ESI)
caled for CooH2oNO," m/z 306.1489 [M+H]", Found 306.1499.
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1-(3-fluorophenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1l. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange oil
(starting from 1-(2-ethynylphenyl)pyrrolidine, 72%, 211.7 mg). R: (petroleum
ether/ethyl acetate = 50:1): 0.20. *H NMR (300 MHz, CDCls) & 7.98 (d, J = 7.8 Hz,
1H), 7.84 (d, J = 9.3 Hz, 1H), 7.59 — 7.42 (m, 2H), 7.36 — 7.27 (m, 2H), 6.77 — 6.60
(m, 2H), 3.67 (t, J = 6.5 Hz, 4H), 2.07 — 1.90 (m, 4H). **F NMR (471 MHz, CDCls) &
-112.6 (s). *C{*H} NMR (75 MHz, CDCl;) & 176.2 (d, J = 2.3 Hz), 162.6 (d, J =
246.8 Hz), 151.5, 139.4 (d, J = 6.8 Hz), 137.1, 132.3, 130.1 (d, J = 8.3 Hz), 124.9 (d,
J=3.0Hz), 120.4 (d, J = 21.0 Hz), 116.2, 115.4 (d, J = 22.5 Hz), 114.0, 102.7, 98.5,
91.9, 50.4, 25.7. HRMS (ESI) calcd for Cy9H;;FNO™ m/z 294.1289 [M+H]", Found
294.1280.

1m

1-(3-chlorophenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1m. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 75%, 232.2 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.23. 'H NMR (300 MHz, CDCls) & 8.21 — 8.11 (m, 1H),
8.08 —8.02 (m, 1H), 7.59 — 7.52 (m, 2H), 7.44 (t, J = 7.8 Hz, 1H), 7.32 - 7.27 (m, 1H),
6.72 — 6.62 (m, 2H), 3.67 (t, J = 6.6 Hz, 4H), 2.05 — 1.94 (m, 4H). *C{*H} NMR (75
MHz, CDCl3) 6 176.3, 151.6, 139.0, 137.3, 134.7, 133.4, 132.5, 129.8, 129.2, 127.2,
116.3, 114.1, 102.7, 98.8, 92.0, 50.6, 25.8. HRMS (ESI) calcd for Cy9H;,CINO*™ m/z
310.0993 [M+H]", Found 310.0987.
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.
1-(3-bromophenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1n. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 69%, 241.9 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.25. *H NMR (300 MHz, CDCls) & 8.29 (t, J = 1.8 Hz,
1H), 8.10 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.55 (dd, J = 7.8, 1.5 Hz, 1H),
7.42 —7.28 (m, 2H), 6.72 — 6.64 (m, 2H), 3.68 (t, J = 6.6 Hz, 4H), 2.05 — 1.96 (m, 4H).
BC{H} NMR (75 MHz, CDCls) & 176.1, 151.6, 139.1, 137.4, 136.2, 132.5, 132.1,
130.1, 127.5, 122.7, 116.3, 114.1, 102.7, 98.9, 91.9, 50.5, 25.8. HRMS (ESI) calcd
for C19H17BrNO™ m/z 354.0488 [M+H]", Found 354.0489.

3-(2-(pyrrolidin-1-yl)phenyl)-1-(2-(trifluoromethyl)phenyl)prop-2-yn-1-one  1o.
The product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 1-(2-ethynylphenyl)pyrrolidine, 70%, 240.6 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.27. *H NMR (300 MHz, CDCls) & 8.01 (d, J = 6.9 Hz,
1H), 7.79 (d, J = 7.2 Hz, 1H), 7.71 — 7.57 (m, 2H), 7.45 (dd, J = 7.8, 1.8 Hz, 1H), 7.30
—7.23 (m, 1H), 6.79 — 6.45 (m, 2H), 3.60 (t, J = 6.6 Hz, 4H), 2.06 — 1.82 (m, 4H). °F
NMR (471 MHz, CDCl3)  -58.9 (s). *C{*H} NMR (75 MHz, CDCl3) § 177.7, 151.7,
137.3, 132.7, 131.6, 131.3, 130.5, 127.1 (q, J = 5.3 Hz), 123.4 (q, J = 272.3 Hz),
116.1, 114.0, 102.3, 100.0, 93.4, 50.5, 25.8, two carbons were overlapped. HRMS
(ESI) calcd for CooH17FsNO™ m/z 344.1257 [M+H]", Found 344.1254.

1-(2-fluorophenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1p. The product
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was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 100:1) as an orange oil
(starting from 1-(2-ethynylphenyl)pyrrolidine, 77%, 226.7 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.20. 'H NMR (300 MHz, CDCls) & 8.06 (td, J = 7.8, 1.8
Hz, 1H), 7.62 — 7.49 (m, 2H), 7.30 — 7.23 (m, 2H), 7.17 (dd, J = 10.8, 8.1 Hz, 1H),
6.65 (t, J = 7.8 Hz, 2H), 3.66 (t, J = 6.6 Hz, 4H), 2.07 — 1.90 (m, 4H). *F NMR (471
MHz, CDCls) & -112.7 (s). *C{*H} NMR (75 MHz, CDCls)  173.9, 161.8 (d, J =
258.8 Hz), 151.5, 137.3, 134.8 (d, J = 9.0 Hz), 132.3, 131.3, 126.1 (d, J = 8.3 H2z),
124.0 (d, J = 3.8 Hz), 116.8 (d, J = 22.5 Hz), 116.0, 113.9, 102.8, 98.1 (d, J = 2.3 Hz),
93.8, 50.4, 25.7. HRMS (ESI) calcd for Cy9H;;FNO™ m/z 294.1289 [M+H]", Found
294.1282.

1-(2-bromophenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1q. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 63%, 224.3 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.25. *H NMR (300 MHz, CDCl3) § 7.96 (dd, J= 7.8, 1.8
Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.52 — 7.22 (m, 4H), 6.76 — 6.53 (m, 2H), 3.63 (t, J
= 6.6 Hz, 4H), 2.09 — 1.85 (m, 4H). *C{*"H} NMR (75 MHz, CDCls) § 177.5, 151.6,
138.2, 137.2, 134.6, 132.6, 132.5, 131.9, 127.2, 120.7, 116.0, 113.9, 102.6, 99.8, 93.2,
50.5, 25.7. HRMS (ESI) calcd for CigH17BrNO™ m/z 354.0488 [M+H]*, Found
354.0482.

1-(naphthalen-1-yl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1r. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 77%, 249.3 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.19. *H NMR (300 MHz, CDCls) & 8.74 (s, 1H), 8.20 (d,
J =8.7 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H), 7.94 — 7.86 (m, 2H), 7.66 — 7.54 (m, 3H),
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7.30 (t, J = 8.4 Hz, 1H), 6.83 — 6.52 (m, 2H), 3.70 (t, J = 5.4 Hz, 4H), 2.00 (t, J = 5.4
Hz, 4H). *C{*H} NMR (75 MHz, CDCl3) & 177.7, 151.5, 137.2, 135.8, 134.9, 132.4,
132.1, 131.8, 129.6, 128.6, 128.3, 127.8, 126.7, 123.9, 116.2, 114.0, 103.3, 97.6, 92.2,
50.5, 25.8. HRMS (ESI) calcd for Cy3HxNO™ m/z 326.1539 [M+H]*, Found
326.1549.

1-(naphthalen-2-yl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1s. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 78%, 254.6 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.20. *H NMR (300 MHz, CDCl3) & 8.75 (s, 1H), 8.20 (d,
J =8.7 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H), 7.95 — 7.86 (m, 2H), 7.66 — 7.54 (m, 3H),
7.30 (t, J = 7.8 Hz, 1H), 6.80 — 6.59 (m, 2H), 3.72 (t, J = 6.6 Hz, 4H), 2.02 (t, J = 6.6
Hz, 4H). *C{*H} NMR (75 MHz, CDCls) § 177.9, 151.6, 137.2, 135.9, 135.0, 132.5,
132.2, 131.9, 129.7, 128.7, 128.4, 127.9, 126.8, 124.0, 116.3, 114.0, 103.4, 97.6, 92.3,
50.6, 25.8. HRMS (ESI) calcd for CyHxoNO™ m/z 326.1539 [M+H]*, Found
326.1543.

3-(2-(pyrrolidin-1-yl)phenyl)-1-(thiophen-2-yl)prop-2-yn-1-one 1t. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid
(starting from 1-(2-ethynylphenyl)pyrrolidine, 71%, 200.4 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.20. *H NMR (300 MHz, CDCl3) & 7.94 (d, J = 3.6 Hz,
1H), 7.68 (d, J = 4.8 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.30 (s, 1H), 7.17 (t, J = 4.5
Hz, 1H), 6.67 (t, J = 8.1 Hz, 2H), 3.67 (t, J = 6.3 Hz, 4H), 1.99 (t, J = 6.3 Hz, 4H).
BC{H} NMR (75 MHz, CDCl3) & 169.8, 151.4, 145.5, 137.2, 134.2, 133.7, 132.2,
128.2, 116.2, 114.0, 103.0, 96.2, 91.5, 50.5, 25.8. HRMS (ESI) calcd for C;7H;NOS”
m/z 282.0947 [M+H]", Found 282.0950.
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1-(benzo[b]thiophen-2-yl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1u. The
product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 1-(2-ethynylphenyl)pyrrolidine, 73%, 240.5 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.21. *H NMR (300 MHz, CDCls) § 8.19 (s, 1H), 7.93 (d,
J=78Hz 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.52 — 7.40 (m,
2H), 7.33 - 7.28 (m, 1H), 6.80 — 6.60 (m, 2H), 3.69 (t, J = 6.3 Hz, 4H), 2.01 (t, J = 6.3
Hz, 4H). ®*C{*H} NMR (75 MHz, CDCls) § 171.1, 151.6, 144.9, 142.8, 138.8, 137.2,
132.3, 131.2, 127.6, 126.1, 125.1, 123.0, 116.3, 114.0, 102.9, 97.2, 91.5, 50.6, 25.8.
HRMS (ESI) calcd for C;H1gNOS™ m/z 332.1104 [M+H]", Found 332.1110.

(0] %

C/N

1v

1-(anthracen-9-yl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-one 1v. The product
was purified by flash column chromatography on silica gel (height 16 cm, width 2.5
cm, eluent: petroleum ether/ethyl acetate, gradient: 50:1 to 5:1) as an orange solid
(starting from 1-(2-ethynylphenylpyrrolidine, 13%, 48.9 mg). R; (petroleum
ether/ethyl acetate = 50:1): 0.21.*"H NMR (400 MHz, CDCl5) & 8.68 (dd, J = 7.6, 1.6
Hz, 2H), 8.54 (dd, J = 7.6, 1.6 Hz, 2H), 7.71 — 7.58 (m, 5H), 7.31 — 7.25 (m, 2H),
6.84 — 6.77 (m, 2H), 3.71 (t, J = 6.4 Hz, 4H), 1.99 — 1.95 (m, 4H). “C{*H} NMR
(101 MHz, CDCl3) & 150.2, 135.5, 132.7, 129.8, 128.6, 127.3, 127.0, 126.5, 125.2,
118.5, 117.2, 114.4, 109.1, 103.1, 89.2, 50.6, 25.6, two carbons were overlapped.
HRMS (ESI) calcd for Cy7H2,NO™ m/z 376.1696 [M+H]", Found 376.1690. 1v was
contaminated with 8% of an inseparable impurity.
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1-phenyl-3-(3-(pyrrolidin-1-yl)-[1,1'-biphenyl]-4-yl)prop-2-yn-1-one  1w. The
product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 2-bromo-5-iodoanilin, overall yield 4%, 143.9 mg). Ry (petroleum
ether/ethyl acetate = 50:1): 0.36. *H NMR (300 MHz, CDCls) & 8.21 (d, J = 7.8 Hz,
2H), 7.62 (t, J = 8.1 Hz, 4H), 7.55 — 7.38 (m, 5H), 6.93 (d, J = 8.1 Hz, 1H), 6.86 (s,
1H), 3.75 (t, J = 6.0 Hz, 4H), 2.03 (t, J = 6.3 Hz, 4H). *C{'*H} NMR (101 MHz,
CDCl3) 6 177.9, 151.8, 145.1, 140.8, 137.6, 137.5, 133.5, 129.2, 128.8, 128.5, 128.0,
127.2, 115.6, 112.6, 102.4, 97.7, 92.7, 50.6, 25.8. HRMS (ESI) calcd for CysH»,NO™
m/z 352.1696 [M+H]", Found 352.1699.

(0]
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3-(4'-methyl-3-(pyrrolidin-1-yl)-[1,1'-biphenyl]-4-yl)-1-phenylprop-2-yn-1-one 1x.
The product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 2-bromo-5-iodoanilin, overall yield 4%, 146.3 mg). R (petroleum
ether/ethyl acetate = 50:1): 0.32. *H NMR (300 MHz, CDCls) & 8.20 (d, J = 7.3 Hz,
2H), 7.67 — 7.57 (m, 2H), 7.57 — 7.45 (m, 4H), 7.27 (s, 2H), 6.91 (d, J = 8.2 Hz, 1H),
6.84 (s, 1H), 3.74 (t, J = 6.3 Hz, 4H), 2.41 (s, 3H), 2.02 (t, J = 6.4 Hz, 4H). “C{*H}
NMR (75 MHz, CDCl3) 6 177.8, 151.7, 144.9, 137.8, 137.7, 137.5, 137.4, 133.5,

129.4, 129.1, 128.4, 126.9, 115.3, 112.1, 101.9, 97.9, 92.6, 50.5, 25.7, 21.1. HRMS
(ESI) calcd for Co6HosNO™ m/z 366.1852 [M+H]", Found 366.1861.

3-(4'-ethyl-3-(pyrrolidin-1-yl)-[1,1'-biphenyl]-4-yl)-1-phenylprop-2-yn-1-one  1ly.
The product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 2-bromo-5-iodoanilin, overall yield 3%, 128.9 mg). Ry (petroleum
ether/ethyl acetate = 50:1): 0.30. *H NMR (300 MHz, CDCls) & 8.20 (d, J = 7.2 Hz,
2H), 7.64 — 7.58 (m, 2H), 7.56 — 7.49 (m, 4H), 7.29 (d, J = 7.8 Hz, 2H), 6.91 (d, J =
7.8 Hz, 1H), 6.84 (s, 1H), 3.74 (t, J = 6.0 Hz, 4H), 2.71 (q, J = 7.5 Hz, 2H), 2.02 (t, J
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= 6.0 Hz, 4H), 1.28 (t, J = 7.5 Hz, 3H). “*C{*H} NMR (75 MHz, CDCls) § 177.8,
151.7, 145.0, 144.2, 138.1, 137.6, 137.4, 133.5, 129.1, 128.4, 128.2, 127.0, 115.4,
112.2, 101.9, 97.9, 92.6, 50.6, 28.5, 25.8, 15.6. HRMS (ESI) calcd for C7H6NO* m/z
380.2009 [M+H]"*, Found 380.2005.

(0]
Z T
Me
70
3-(3"-methyl-3-(pyrrolidin-1-yl)-[1,1'-biphenyl]-4-yl)-1-phenylprop-2-yn-1-one 1z.
The product was purified by flash column chromatography on silica gel (height 16 cm,

1z

width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange
solid (starting from 2-bromo-5-iodoanilin, overall yield 4%, 138.7 mg). R (petroleum
ether/ethyl acetate = 50:1): 0.29. 'H NMR (300 MHz, CDCls) & 8.20 (d, J = 7.5 Hz,
2H), 7.66 — 7.58 (m, 2H), 7.52 (t, J = 7.5 Hz, 2H), 7.43 — 7.31 (m, 3H), 7.20 (d, J =
7.2 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.84 (s, 1H), 3.74 (t, J = 6.3 Hz, 4H), 2.43 (s,
3H), 2.02 (t, J = 6.3 Hz, 4H). *C{*H} NMR (75 MHz, CDCl3) § 177.9, 151.7, 145.2,
140.8, 138.4, 137.5, 137.4, 133.5, 129.2, 128.7, 128.6, 128.5, 127.9, 124.3, 115.6,
112.5, 102.2, 97.8, 92.6, 50.6, 25.8, 21.5. HRMS (ESI) calcd for CasHosNO*™ m/z
366.1852 [M+H]", Found 366.1863.
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3-(3'-methoxy-3-(pyrrolidin-1-yl)-[1,1'-biphenyl]-4-yl)-1-phenylprop-2-yn-1-one
laa. The product was purified by flash column chromatography on silica gel (height
16 cm, width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 50:1 to 10:1) as
an orange solid (starting from 2-bromo-5-iodoanilin, overall yield 4%, 152.4 mg). Rs
(petroleum ether/ethyl acetate = 20:1): 0.28. *H NMR (300 MHz, CDCl3) & 8.25 (d, J
=7.5 Hz, 1H), 7.68 — 7.61 (m, 2H), 7.55 (t, J = 7.5 Hz, 2H), 7.41 (t, J = 7.8 Hz, 2H),
7.24 — 7.18 (m, 2H), 6.99 — 6.93 (m, 2H), 6.88 (s, 1H), 3.90 (s, 3H), 3.77 (t, J = 6.0
Hz, 4H), 2.04 (t, J = 6.3 Hz, 4H). *C{*H} NMR (75 MHz, CDCls) § 177.7, 159.7,
1515, 144.7, 142.2, 137.5, 137.3, 133.5, 129.7, 129.1, 128.4, 119.5, 115.4, 112.9,

112.9, 112.4, 102.2, 97.6, 92.5, 55.2, 50.5, 25.7. HRMS (ESI) calcd for CosH2aNO,"
m/z 382.1802 [M+H]", Found 382.1797.
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3-(4'-(tert-butyl)-4-(pyrrolidin-1-yl)-[1,1'-biphenyl]-3-yl)-1-phenylprop-2-yn-1-on
e lab. The product was purified by flash column chromatography on silica gel (height
16 cm, width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an
orange solid (starting from 2-bromo-4-iodoanilin, overall yield 4%, 142.5 mg). R¢
(petroleum ether/ethyl acetate = 50:1): 0.33. 'H NMR (300 MHz, CDCl3) & 8.20 (d, J
= 7.5 Hz, 2H), 7.78 (s, 1H), 7.62 — 7.45 (m, 8H), 6.74 (d, J = 8.7 Hz, 1H), 3.75 — 3.67
(m, 4H), 2.05 — 1.97 (m, 4H), 1.36 (s, 9H). *C{*H} NMR (126 MHz, CDCl3) & 177.9,
150.7, 149.5, 137.4, 136.9, 135.0, 133.6, 130.9, 129.2, 129.1, 128.5, 125.8, 125.7,
114.5, 103.5, 97.5, 91.9, 50.6, 34.5, 31.4, 25.9. HRMS (ESI) calcd for CogH3NO™ m/z
408.2322 [M+H]", Found 408.2338.

Cl 2
o ©
[
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3-(4'-chloro-4-(pyrrolidin-1-yl)-[1,1'-biphenyl]-3-yl)-1-phenylprop-2-yn-1-one
lac. The product was purified by flash column chromatography on silica gel (height
16 cm, width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an
orange solid (starting from 2-bromo-4-iodoanilin, overall yield 4%, 150.2 mg). Rt
(petroleum ether/ethyl acetate = 50:1): 0.35. '"H NMR (300 MHz, CDCl3) & 8.19 (d, J
=7.5Hz, 2H), 7.73 (d, J = 2.1 Hz, 1H), 7.61 (d, J = 6.9 Hz, 1H), 7.54 — 7.45 (m, 5H),
7.37 (d, J =8.4 Hz, 2H), 6.71 (d, J =9.0 Hz, 1H), 3.71 (t, J = 6.0 Hz, 4H), 2.01 (t, J =
6.0 Hz, 4H). BC{*H} NMR (75 MHz, CDCls) & 177.9, 150.7, 138.1, 137.2, 134.9,
133.7, 132.3, 130.6, 129.2, 128.8, 128.5, 127.6, 127.2, 114.6, 103.3, 97.1, 91.9, 50.6,
25.8. HRMS (ESI) calcd for CsH2:CINO™ m/z 386.1306 [M+H]", Found 386.1314.

3-(3'-chloro-4-(pyrrolidin-1-yl)-[1,1'-biphenyl]-3-yl)-1-phenylprop-2-yn-1-one
lad. The product was purified by flash column chromatography on silica gel (height
16 cm, width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an
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orange solid (starting from 2-bromo-4-iodoanilin, overall yield 4%, 154.4 mg). R¢
(petroleum ether/ethyl acetate = 50:1): 0.18. *H NMR (300 MHz, CDCl3) & 8.19 (d, J
=75 Hz, 2H), 7.74 (d, J = 2.1 Hz, 1H), 7.64 — 7.59 (m, 1H), 7.54 — 7.40 (m, 5H),
7.35—7.25 (m, 2H), 6.70 (d, J = 9.0 Hz, 1H), 3.71 (t, J = 6.3 Hz, 4H), 2.00 (t, J = 6.3
Hz, 4H). *C{*H} NMR (75 MHz, CDCl3) § 177.9, 150.9, 141.5, 137.3, 135.1, 134.6,
133.7, 130.7, 130.0, 129.2, 128.5, 127.4, 126.4, 126.1, 124.1, 114.6, 103.4, 97.0, 91.9,
50.6, 25.8. HRMS (ESI) calcd for CysH»CINO™ m/z 386.1306 [M+H]*, Found
386.1303.

3-(3",5"-dimethyl-4-(pyrrolidin-1-yl)-[1,1'-biphenyl]-3-yI)-1-phenylprop-2-yn-1-0
ne lae. The product was purified by flash column chromatography on silica gel
(height 16 cm, width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: PE to
50:1) as an orange solid (starting from 2-bromo-4-iodoaniline, overall yield 6%, 227.5
mg). R; (petroleum ether/ethyl acetate = 50:1): 0.25. *H NMR (300 MHz, CDCls) &
8.20 (d, J = 7.8 Hz, 2H), 7.77 (d, J = 1.8 Hz, 1H), 7.64 — 7.45 (m, 4H), 7.18 (s, 2H),
6.96 (s, 1H), 6.73 (d, J = 9.0 Hz, 1H), 3.72 (t, J = 6.0 Hz, 4H), 2.39 (s, 6H), 2.02 (t, J
= 6.0 Hz, 4H). ®C{*H} NMR (75 MHz, CDCls) & 150.7, 139.7, 138.3, 135.2, 133.7,
131.1, 129.3, 129.2, 128.9, 128.5, 128.2, 124.1, 114.4, 103.3, 97.6, 91.9, 50.6, 25.9,
21.4, C=0 was not detected. HRMS (ESI) calcd for C,;HsNO™ m/z 380.2009
[M+H]", Found 380.2014.

1af

3-(2-(dibenzylamino)phenyl)-1-phenylprop-2-yn-1-one laf. The product was
purified by flash column chromatography on silica gel (height 16 cm, width 2.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid (31%,
124.5 mg). R; (petroleum ether/ethyl acetate = 3:1): 0.25. *H NMR (300 MHz, CDCl5)
8 8.22 (d, J = 7.6 Hz, 2H), 7.71 (d, J = 7.6 Hz, 1H), 7.59 (t, J = 7.2 Hz, 1H), 7.43 (t, J
= 7.6 Hz, 2H), 7.30 — 7.23 (m, 11H), 6.98 (t, J = 7.2 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H),
4.47 (s, 4H). *C{*H} NMR (101 MHz, CDCls) & 178.0, 154.7, 137.5, 137.1, 136.2,
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133.8, 131.6, 129.5, 128.5, 128.4, 128.3, 127.2, 121.5, 121.1, 113.4, 93.1, 92.6, 56.0.
HRMS (ESI) calcd for CoHo4NO™ m/z 402.1852 [M+H]", Found 402.1852.

3-(2-(dimethylamino)phenyl)-1-phenylprop-2-yn-1-one lag. The product was
purified by flash column chromatography on silica gel (height 16 cm, width 2.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 50:1 to 5:1) as an orange liquid
(starting from 2-bromo-4-iodoaniline, overall yield 18%, 443.2 mg). R; (petroleum
ether/ethyl acetate = 5:1): 0.26. *H NMR (400 MHz, CDCls) § 8.32 — 8.20 (m, 2H),
7.65 —7.59 (m, 2H), 7.55 — 7.49 (m, 2H), 7.39 — 7.33 (m, 1H), 6.97 — 6.85 (m, 2H),
3.05 (s, 6H). *C{*H} NMR (101 MHz, CDCl3) & 178.1, 156.7, 137.2, 136.2, 133.8,
131.9, 129.5, 128.5, 120.0, 116.9, 110.6, 94.0, 92.8, 43.6. HRMS (ESI) calcd for
C19H2NO™ m/z 250.1226 [M+H]", Found 250.1231.

3-(2-(diethylamino)phenyl)-1-phenylprop-2-yn-1-one lah. The product was
purified by flash column chromatography on silica gel (height 16 cm, width 2.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 50:1 to 5:1) as an orange solid (starting
from 2-bromo-4-iodoaniline, overall yield 14%, 308.6 mg). R; (petroleum ether/ethyl
acetate = 5:1): 0.21. 'H NMR (400 MHz, CDCl3)  8.29 (d, J = 6.8 Hz, 2H), 7.64 —
7.57 (m, 2H), 7.53 — 7.46 (m, 2H), 7.37 — 7.31 (m, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.89
(t, J = 7.6 Hz, 1H), 3.41 (q, J = 7.1 Hz, 4H), 1.14 (t, J = 7.2 Hz, 6H). *C{*H} NMR
(101 MHz, CDCI3) 6 178.1, 154.7, 137.3, 136.1, 133.7, 131.6, 129.6, 128.4, 120.2,
119.5, 112.3, 94.4, 91.9, 46.2, 12.4. HRMS (ESI) calcd for C19H2oNO™ m/z 278.1539
[M+H]", Found 278.1538.
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1-phenyl-3-(2-(piperidin-1-yl)phenyl)prop-2-yn-1-one lai. The product was
purified by flash column chromatography on silica gel (height 16 cm, width 2.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: PE to 50:1) as an orange solid (69%,
198.6 mg). R¢ (petroleum ether/ethyl acetate = 3:1): 0.25. R; (petroleum ether/ethyl
acetate = 50:1): 0.24. *H NMR (300 MHz, CDCls) & 8.31 (d, J = 7.4 Hz, 2H), 7.66 —
7.58 (m, 2H), 7.55 — 7.47 (m, 2H), 7.42 — 7.35 (m, 1H), 7.04 — 6.93 (m, 2H), 3.23 —
3.11 (m, 4H), 1.82 — 1.72 (m, 4H), 1.63 — 1.54 (m, 2H). *C{*"H} NMR (75 MHz,
CDCls) 6 178.0, 157.6, 137.1, 135.5, 133.8, 131.9, 129.8, 128.4, 121.3, 118.3, 113.6,
93.2,92.2,53.4, 26.2, 24.1. HRMS (ESI) calcd for CxoHoNO™ m/z 290.1539 [M+H]",
Found 290.1543.

3-(2-(pyrrolidin-1-yl)phenyl)-1-(3,4,5-trimethoxyphenyl)prop-2-yn-1-one 1aj. The
product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as an orange
solid (50%, 181.3 mg). Ry (petroleum ether/ethyl acetate = 3:1): 0.25. *H NMR (400
MHz, CDCl3) & 7.54 — 7.44 (m, 3H), 7.29 (d, J = 8.4 Hz, 1H), 6.77 — 6.59 (m, 2H),
4.00 — 3.90 (m, 9H), 3.67 (t, J = 6.4 Hz, 4H), 1.99 (t, J = 6.4 Hz, 4H). “C{*H} NMR
(101 MHz, CDCl3) 8 176.8, 153.0, 151.6, 143.0, 136.9, 132.8, 132.1, 116.3, 114.0,
106.5, 103.4, 97.4, 91.9, 61.0, 56.2, 50.6, 25.9. HRMS (ESI) calcd for CyH24NO,"
m/z 366.1700 [M+H]", Found 366.1702.

1-(4-((dimethylamino)methyl)phenyl)-3-(2-(pyrrolidin-1-yl)phenyl)prop-2-yn-1-o0
ne lak. The product was purified by flash column chromatography on silica gel
(height 16 cm, width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
1:1) as an orange oil (59%, 195.0 mg). R¢ (petroleum ether/ethyl acetate = 3:1): 0.46.
'H NMR (400 MHz, CDCl3) & 8.12 (d, J = 8.0 Hz, 2H), 7.53 (dd, J = 8.0, 1.6 Hz, 1H),
7.45 (d, J = 8.0 Hz, 2H), 7.27 — 7.21 (m, 1H), 6.72 — 6.57 (m, 2H), 3.63 (t, J = 6.4 Hz,
4H), 3.50 (s, 2H), 2.26 (s, 6H), 2.02 — 1.86 (m, 4H). *C{*H} NMR (101 MHz, CDCls)
o 177.6, 151.5, 145.3, 137.1, 136.5, 132.1, 129.3, 129.0, 116.2, 114.0, 103.4, 97.3,
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92.1, 64.0, 50.5, 45.5, 25.8. HRMS (ESI) calcd for CpHxsN,O* miz 333.1961
[M+H]*, Found 333.1964.
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N,N-dipropyl-4-(3-(2-(pyrrolidin-1-yl)phenyl)propioloyl)benzenesulfonamide 1al.
The product was purified by flash column chromatography on silica gel (height 16 cm,
width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as an orange
solid (24%, 105.3 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.20. *H NMR (300
MHz, CDCl3) § 8.27 (d, J = 8.1 Hz, 2H), 7.93 (d, J = 8.1 Hz, 2H), 7.54 (d, J = 7.5 Hz,
1H), 7.35—7.26 (m, 1H), 6.67 (t, J = 7.2 Hz, 2H), 3.66 (t, J = 6.0 Hz, 4H), 3.11 (t, J =
7.5 Hz, 4H), 2.00 (t, J = 6.3 Hz, 4H), 1.62 — 1.47 (m, 4H), 0.87 (t, J = 7.5 Hz, 6H).
BC{H} NMR (75 MHz, CDCls) 5 176.2, 151.8, 144.4, 140.0, 137.2, 132.6, 129.6,
127.1, 116.3, 114.1, 102.5, 99.7, 92.2, 50.6, 49.9, 25.8, 21.9, 11.1. HRMS (ESI) calcd
for CsH31N203S" m/z 439.2050 [M+H]", Found 439.2046.

1am

3-methyl-2-phenyl-5-(3-(2-(pyrrolidin-1-yl)phenyl)propioloyl)-4H-chromen-4-on
e lam. The product was purified by flash column chromatography on silica gel
(height 16 cm, width 2.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 50:1 to
5:1) as an orange solid (64%, 277.3 mg). R¢ (petroleum ether/ethyl acetate = 5:1): 0.21.
'H NMR (300 MHz, CDCl3) & 8.47 (d, J = 7.8 Hz, 1H), 8.35 (d, J = 7.8 Hz, 1H), 7.85
—7.77 (m, 2H), 7.52 — 7.39 (m, 4H), 7.19 (t, J = 8.1 Hz, 1H), 7.06 (d, J = 7.8 Hz, 1H),
6.55 (d, J = 8.7 Hz, 1H), 6.48 (t, J = 7.5 Hz, 1H), 3.56 (t, J = 6.3 Hz, 4H), 2.25 (s, 3H),
1.91 (t, J = 6.3 Hz, 4H). C{*H} NMR (75 MHz, CDCl3) & 178.1, 174.6, 161.1,
154.0, 151.6, 136.9, 135.9, 132.6, 132.2, 130.9, 130.4, 129.3, 128.3, 127.8, 124.0,
123.1, 117.7, 116.0, 113.7, 102.6, 98.7, 93.9, 50.4, 25.7, 11.8. HRMS (ESI) calcd for
C2oH24NO3" m/z 434.1751 [M+H]", Found 434.1748.
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5. General procedure for the synthesis of derivatives 2.

(0] . (0]
Ni(acac), (10 mol%), blue LED
= Ar' Se0, (1.5eq.) 0 Ar'
@ Y DMF, rt, Ar, 5 h @ N—R
R

N
\—R

=z

S~

1 R 2

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 1 (0.2 mmol, 1.0 equiv.), Ni(acac), (5.1 mg, 0.02 mmol, 0.1 equiv.), SeO; (33.3
mg, 0.3 mmol, 1.5 equiv.) and DMF (2 mL) under Ar. The reaction mixture was
stirred at room temperature under the irradiation of 15 W blue LED for 5 h. Then the
volatiles were removed, and the residue was purified by flash column chromatography
on silica gel to afford the desired products 2.

6. Purification and characterization of derivatives 2.
o}
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e
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2a
1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-phenylethane-1,2-dione 2a. Starting
from la. The product was purified by flash column chromatography on silica gel
(height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow solid (76%, 43.9 mg). R¢ (petroleum ether/ethyl acetate = 5:1): 0.22.
'H NMR (300 MHz, CDCls)  8.35 (d, J = 6.0 Hz, 1H), 8.15 — 8.01 (m, 2H), 7.63 (t,
J=7.2Hz, 1H), 7.49 (t, J = 7.5 Hz, 2H), 7.36 — 7.24 (m, 3H), 4.09 (t, J = 7.2 Hz, 2H),
2.99 (t, J = 7.5 Hz, 2H), 2.66 — 2.48 (m, 2H). ®*C{*H} NMR (75 MHz, CDCls) 5
195.1, 188.2, 155.5, 134.3, 133.19, 133.17, 130.6, 130.0, 128.8, 123.18, 123.17, 122.3,
110.1, 106.4, 44.7, 26.5, 26.3. HRMS (ESI) calcd for CigH1sNO>" m/z 290.1176
[M+H]", Found 290.1171.

O
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1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(p-tolyl)ethane-1,2-dione 2b.
Starting from 1b. The product was purified by flash column chromatography on silica
gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1
to 5:1) as a yellow solid (70%, 42.3 mg). R (petroleum ether/ethyl acetate = 5:1): 0.23.
'H NMR (300 MHz, CDCl3) & 8.34 (d, J = 4.8 Hz, 1H), 7.95 (d, J = 8.1 Hz, 2H), 7.34
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—7.25 (m, 5H), 4.09 (t, J = 7.2 Hz, 2H), 2.98 (t, J = 7.5 Hz, 2H), 2.63 — 2.50 (m, 2H),
2.42 (s, 3H). *C{*H} NMR (75 MHz, CDCl3) & 195.0, 188.5, 155.4, 145.4, 133.2,
130.8, 130.7, 130.2, 129.6, 123.2, 123.2, 122.5, 110.0, 106.5, 44.8, 26.6, 26.4, 21.9.
HRMS (ESI) calcd for CyoH;7NNaO," m/z 326.1151 [M+Na]", Found 326.1161.
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1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(4-(trifluoromethyl)phenyl)ethane-
1,2-dione 2c. Starting from 1c. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (57%, 40.7 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.22. *H NMR (300 MHz, CDCls) & 8.34 (s,
1H), 8.19 (d, J = 8.1 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.41 - 7.27 (m, 3H), 4.14 (t, J
= 7.2 Hz, 2H), 3.03 (t, J = 7.5 Hz, 2H), 2.72 — 2.56 (m, 2H). *F NMR (471 MHz,
CDCl3) & -63.8 (s). *C{*H} NMR (101 MHz, CDCls) & 193.5, 186.8, 155.8, 136.0,
135.3 (q, J = 33.3 Hz), 133.3, 130.7, 130.4, 125.9 (q, J = 4.0 Hz), 123.5 (q, J = 274.7
Hz), 123.5, 123.5, 122.4, 110.2, 106.3, 44.8, 26.8, 26.3. HRMS (ESI) calcd for
C20H14FsNNaO," m/z 380.0869 [M+Na]*, Found 380.0877.

2d

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(4-ethylphenyl)ethane-1,2-dione 2d.
Starting from 1d. The product was purified by flash column chromatography on silica
gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1
to 5:1) as a yellow solid (73%, 46.3 mg). R (petroleum ether/ethyl acetate = 5:1): 0.21.
'H NMR (300 MHz, CDCls) & 8.36 (s, 1H), 7.98 (d, J = 8.1 Hz, 2H), 7.40 — 7.26 (m,
5H), 4.11 (t, J = 7.2 Hz, 2H), 3.01 (t, J = 7.5 Hz, 2H), 2.72 (q, J = 7.5 Hz, 2H), 2.64 —
2.52 (m, 2H), 1.26 (t, J = 7.5 Hz, 3H). *C{*H} NMR (101 MHz, CDCls) & 195.0,
188.5, 155.5, 151.5, 133.2, 131.0, 130.7, 130.3, 128.4, 123.2, 123.1, 122.5, 110.0,
106.5, 44.7, 29.1, 26.6, 26.3, 15.0. HRMS (ESI) calcd for C,;H;gNNaO," m/z
340.1308 [M+Na]", Found 340.1307.
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1-(4-(tert-butyl)phenyl)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-di
one 2e. Starting from le. The product was purified by flash column chromatography
on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate,
gradient: 20:1 to 5:1) as a yellow solid (71%, 49.0 mg). R; (petroleum ether/ethyl
acetate = 5:1): 0.24. *H NMR (300 MHz, CDCls) & 8.35 (d, J = 6.6 Hz, 1H), 7.99 (d,
J=8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.34 — 7.25 (m, 3H), 4.12 (t, J = 7.2 Hz, 2H),
3.03 (t, J = 7.5 Hz, 2H), 2.67 — 2.51 (m, 2H), 1.34 (s, 9H). *C{*H} NMR (101 MHz,
CDCls) 6 195.0, 188.5, 158.2, 155.5, 133.2, 130.8, 130.7, 130.0, 125.8, 123.2, 123.1,
122.5, 110.0, 106.5, 44.7, 35.3, 31.0, 26.6, 26.4. HRMS (ESI) calcd for
C23H23NNaO;" m/z 368.1621 [M+Na]", Found 368.1624.

O

o

O \N O OMe
2f

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(4-methoxyphenyl)ethane-1,2-dion
e 2f. Starting from 1f. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (64%, 40.8 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.14. '"H NMR (300 MHz, CDCls) & 8.34 (s, 1H), 8.03 (d, J = 8.7 Hz, 2H), 7.34 —
7.25 (m, 3H), 6.95 (d, J = 8.7 Hz, 2H), 4.10 (t, J = 7.2 Hz, 2H), 3.87 (s, 3H), 2.99 (t, J
= 7.2 Hz, 2H), 2.65 — 2.51 (m, 2H). *C{*H} NMR (101 MHz, CDCls) § 194.0, 188.7,
164.5, 155.4, 133.2, 132.4, 130.7, 126.2, 123.1, 123.1, 122.4, 114.2, 110.0, 106.5,
55.5, 44.7, 26.5, 26.3. HRMS (ESI) calcd for CyH1sNO3" m/z 320.1281 [M+H]",
Found 320.1281.

2g
1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(4-fluorophenyl)ethane-1,2-dione
2g. Starting from 1g. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (65%, 39.9 mg). Rs (petroleum ether/ethyl acetate = 5:1):

S31



0.24. '"H NMR (300 MHz, CDCl3) & 8.33 (s, 1H), 8.17 — 8.05 (m, 2H), 7.36 — 7.26 (m,
3H), 7.16 (t, J = 8.4 Hz, 2H), 4.12 (t, J = 7.2 Hz, 2H), 3.01 (t, J = 7.5 Hz, 2H), 2.67 —
2.53 (m, 2H). *F NMR (376 MHz, CDCls) § -103.1 (s). “C{*H} NMR (101 MHz,
CDCl3) & 193.4, 187.7, 166.5 (d, J = 258.6 Hz), 155.6, 133.2, 132.8 (d, J = 10.1 Hz),
130.7, 129.7 (d, J = 3.0 Hz), 123.3, 123.3, 122.4, 116.1 (d, J = 22.2 Hz), 110.1, 106.4,
44.8, 26.7, 26.3. HRMS (ESI) calcd for C19H;sFNO," m/z 308.1081 [M+H]", Found
308.1089.

(0]

(0]

ack
2h

1-(4-bromophenyl)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione
2h. Starting from 1h. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (62%, 45.5 mg). Rt (petroleum ether/ethyl acetate = 5:1):
0.22. 'H NMR (300 MHz, CDCl3) & 8.32 (s, 1H), 8.09 — 7.87 (m, 2H), 7.69 — 7.42 (m,
2H), 7.38 — 7.22 (m, 3H), 4.10 (t, J = 7.2 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 2.69 -
2.45 (m, 2H). ®*C{*H} NMR (75 MHz, CDCls) § 193.7, 187.4, 155.6, 140.8, 133.2,
132.2,131.6, 131.4, 131.4, 129.2, 123.3, 122.4, 110.1, 106.3, 44.8, 26.7, 26.3. HRMS
(ESI) calcd for C19H1,BrNNaO," m/z 390.0100 [M+Na]*, Found 390.0094.

2i

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(m-tolyl)ethane-1,2-dione 2.
Starting from 1i. The product was purified by flash column chromatography on silica
gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1
to 5:1) as a yellow solid (70%, 42.4 mg). R; (petroleum ether/ethyl acetate = 5:1): 0.23.
'H NMR (300 MHz, CDCl3) & 8.36 (d, J = 6.3 Hz, 1H), 7.93 — 7.79 (m, 2H), 7.55 —
7.12 (m, 5H), 4.11 (t, J = 7.2 Hz, 2H), 3.00 (t, J = 7.5 Hz, 2H), 2.65 — 2.51 (m, 2H),
2.40 (s, 3H). *C{*H} NMR (101 MHz, CDCls) 5 195.4, 188.4, 155.5, 138.7, 135.1,
133.18, 133.18, 130.7, 130.4, 128.7, 127.2, 123.17, 123.15, 122.4, 110.0, 106.4, 44.7,
26.5, 26.3, 21.2. HRMS (ESI) calcd for CyHiyNNaO," m/z 326.1151 [M+Na]",
Found 326.1148.
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1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(3-(trifluoromethyl)phenyl)ethane-
1,2-dione 2j. Starting from 1j. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (65%, 46.4 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.22. *"H NMR (300 MHz, CDCls) & 8.55 — 8.05
(m, 3H), 7.88 (d, J = 7.8 Hz, 1H), 7.63 (t, J = 7.8 Hz, 1H), 7.48 — 7.25 (m, 3H), 4.14 (t,
J=7.2 Hz, 2H), 3.05 (t, J = 7.5 Hz, 2H), 2.77 — 2.50 (m, 2H). °F NMR (376 MHz,
CDCl3) & -63.8 (s). *C{*H} NMR (101 MHz, CDCls) & 193.1, 186.7, 155.8, 134.0,
133.4, 133.3, 131.6 (q, J = 33.3 Hz), 130.7, 130.5 (q, J = 4.0 Hz), 129.5, 126.6 (q, J =
4.0 Hz), 123.53 (q, J = 273.7 Hz), 123.48, 123.46, 122.5, 110.2, 106.3, 44.8, 26.8,
26.3. HRMS (ESI) calcd for CoH1sF3NO," m/z 358.1049 [M+H]", Found 358.1050.

o}

o O OMe

PN
2k

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(3-methoxyphenyl)ethane-1,2-dion
e 2k. Starting from 1k. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (70%, 44.7 mg). Rt (petroleum ether/ethyl acetate = 5:1):
0.15. '"H NMR (400 MHz, CDCls) & 8.36 (s, 1H), 7.87 (d, J = 6.0 Hz, 2H), 7.47 —
7.27 (m, 5H), 4.13 (t, J = 7.2 Hz, 2H), 3.02 (t, J = 7.2 Hz, 2H), 2.66 — 2.54 (m, 2H),
2.40 (s, 3H). *C{*H} NMR (75 MHz, CDCls) & 195.5, 188.4, 155.5, 138.7, 135.2,
133.2, 130.7, 130.4, 128.8, 127.3, 123.2, 123.2, 122.5, 110.0, 106.5, 46.0, 44.8, 26.6,
26.4, one carbon was overlapped. HRMS (ESI) calcd for CyH:isNNaOs* m/z
342.1101 [M+Na]", Found 342.1104.

2|
1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(3-fluorophenyl)ethane-1,2-dione
2l. Starting from 11. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
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20:1 to 5:1) as a yellow solid (65%, 39.9 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.24. *H NMR (300 MHz, CDCls) & 8.33 (s, 1H), 7.84 (d, J = 7.5 Hz, 1H), 7.77 (d, J
=8.7 Hz, 1H), 7.53 — 7.41 (m, 1H), 7.37 — 7.24 (m, 4H), 4.13 (t, J = 7.2 Hz, 2H), 3.01
(t, J = 7.5 Hz, 2H), 2.68 — 2.50 (m, 2H). **F NMR (376 MHz, CDCls) § -111.7 (s).
BC{H} NMR (101 MHz, CDCls) & 193.6, 187.2, 162.9 (d, J = 250.5 Hz), 155.7,
135.4 (d, J = 6.1 Hz), 133.3, 130.7, 130.6 (d, J = 7.1 Hz), 126.1 (d, J = 3.0 Hz), 123.4,
123.4, 122.4,121.4 (d, J = 22.2 Hz), 116.3 (d, J = 22.2 Hz), 110.1, 106.3, 44.8, 26.7,
26.3. HRMS (ESI) caled for CigHisFNNaO," m/z 330.0901 [M+Na]®, Found
330.0904.

2m

1-(3-chlorophenyl)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione
2m. Starting from 1m. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (63%, 40.7 mg). Rt (petroleum ether/ethyl acetate = 5:1):
0.22. *H NMR (300 MHz, CDCls) & 8.33 (s, 1H), 8.05 (s, 1H), 7.94 (d, J = 7.5 Hz,
1H), 7.59 (d, J = 8.1 Hz, 1H), 7.43 (t, J = 7.8 Hz, 1H), 7.37 — 7.27 (m, 3H), 4.13 (t, J
= 7.2 Hz, 2H), 3.02 (t, J = 7.2 Hz, 2H), 2.67 — 2.55 (m, 2H). *C{*H} NMR (75 MHz,
CDCl3) 6 193.5, 187.1, 155.7, 135.2, 134.9, 134.2, 133.3, 130.7, 130.2, 129.7, 128.3,
123.4, 123.4, 1225, 110.1, 106.3, 44.8, 26.7, 26.3. HRMS (ESI) calcd for
C19H15CINO," m/z 324.0786 [M+H]", Found 324.0779.

2n

1-(3-bromophenyl)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione

2n. Starting from 1n. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (64%, 47.1 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.23. *H NMR (300 MHz, CDCl3) & 8.33 (s, 1H), 8.20 (t, J = 1.5 Hz, 1H), 7.99 (d, J =
7.8 Hz, 1H), 7.74 (d, J = 8.7 Hz, 1H), 7.41 — 7.26 (m, 4H), 4.12 (t, J = 7.2 Hz, 2H),
3.01 (t, J = 7.5 Hz, 2H), 2.68 — 2.52 (m, 2H). *C{*"H} NMR (101 MHz, CDCls) &
193.4, 187.0, 155.7, 137.1, 135.0, 133.2, 132.6, 130.6, 130.4, 128.7, 123.4, 123.3,
123.1, 122.4, 110.1, 106.2, 44.8, 26.7, 26.3. HRMS (ESI) calcd for C19H;5BrNO,"

m/z 368.0281 [M+H]", Found 368.0272.
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1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(2-(trifluoromethyl)phenyl)ethane-
1,2-dione 20. Starting from 1o. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (60%, 42.8 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.22. *"H NMR (300 MHz, CDCls)  8.39 (d, J =
5.7 Hz, 1H), 7.97 — 7.62 (m, 4H), 7.43 — 7.25 (m, 3H), 4.20 (t, J = 6.6 Hz, 2H), 3.29 (t,
J = 7.2 Hz, 2H), 2.86 — 2.55 (m, 2H). *°F NMR (376 MHz, CDCl3) & -58.9 (s).
B3C{*H} NMR (101 MHz, CDCls) & 193.8, 184.8, 156.1, 135.5 (q, J = 1.0 Hz), 133.2,
131.7, 131.6, 131.3, 131.1, 128.7 (q, J = 33.3 Hz), 126.9 (9, J = 5.1 Hz), 123.5(q, J =
274.7 Hz), 123.31, 123.25, 122.6, 110.1, 105.9, 44.8, 27.4, 26.3. HRMS (ESI) calcd
for CoH1sF3NO," m/z 358.1049 [M+H]", Found 358.1052.

2p

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(2-fluorophenyl)ethane-1,2-dione
2p. Starting from 1p. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (57%, 35.0 mg). Rt (petroleum ether/ethyl acetate = 5:1):
0.24. 'H NMR (300 MHz, CDCls) & 8.54 — 8.12 (m, 1H), 8.02 (t, J = 7.2 Hz, 1H),
7.66 —7.52 (m, 1H), 7.38 — 7.27 (m, 3H), 7.16 — 6.95 (m, 2H), 4.12 (t, J = 7.2 Hz, 2H),
3.09 (t, J = 7.5 Hz, 2H), 2.67 — 2.50 (m, 2H). *°F NMR (376 MHz, CDCls) § -108.9
(s). ®*C{*H} NMR (75 MHz, CDCls) 5 196.4, 186.6, 143.2, 140.2, 135.7, 132.9, 132.0,
130.7, 130.3, 129.2, 127.8, 127.3 (d, J = 6.8 Hz), 122.8 (d, J = 5.3 Hz), 109.7, 106.5,
44.6, 27.2, 26.4, one carbon was overlapped. HRMS (ESI) calcd for CigHisFNO,"
m/z 308.1081 [M+H]", Found 308.1084.

O Br
1O
N
(O

2q
1-(2-bromophenyl)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione
2q. Starting from 1q. The product was purified by flash column chromatography on
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silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (60%, 44.0 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.22. *H NMR (400 MHz, CDCls) & 8.31 (d, J = 3.6 Hz, 1H), 7.78 (dd, J = 7.6, 2.0
Hz, 1H), 7.62 (dd, J = 7.6, 1.2 Hz, 1H), 7.45 — 7.34 (m, 2H), 7.31 — 7.24 (m, 3H),
413 (t, J = 7.2 Hz, 2H), 3.19 (t, J = 7.2 Hz, 2H), 2.68 — 2.56 (m, 2H). *C{*H} NMR
(101 MHz, CDCl3) & 194.5, 185.6, 155.6, 136.5, 133.8, 133.5, 133.2, 132.6, 131.2,
1275, 123.1, 123.1, 122.5, 121.4, 110.0, 106.2, 44.8, 27.3, 26.4. HRMS (ESI) calcd
for C19H1sBrNO," m/z 368.0281 [M+H]", Found 368.0290.

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(naphthalen-1-yl)ethane-1,2-dione
2r. Starting from 1r. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (67%, 45.4 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.22. 'H NMR (300 MHz, CDCls) 6 9.33 (d, J = 8.7 Hz, 1H), 8.37 (s, 1H), 8.11 (t, J =
8.1 Hz, 2H), 7.94 (d, J = 8.1 Hz, 1H), 7.73 (t, J = 7.8 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H),
7.47 (t, J=7.5Hz, 1H), 7.37 — 7.27 (m, 3H), 4.14 (t, J = 7.2 Hz, 2H), 3.02 (t, J = 7.2
Hz, 2H), 2.63 — 2.44 (m, 2H). C{*H} NMR (75 MHz, CDCl3) & 197.8, 188.7, 155.5,
135.3, 134.8, 134.1, 133.2, 131.4, 129.1, 128.8, 128.7, 126.8, 126.1, 124.5, 123.2,
123.2,122.5, 110.0, 106.7, 44.8, 26.6, 26.4, one carbon was overlapped. HRMS (ESI)
calced for Co3H1sNO," m/z 340.1332 [M+H]", Found 340.1329.

2s

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(naphthalen-2-yl)ethane-1,2-dione

2s. Starting from 1s. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (65%, 44.1 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.22. *H NMR (300 MHz, CDCls) & 8.55 (s, 1H), 8.41 (s, 1H), 8.16 (d, J = 8.4 Hz,
1H), 8.04 — 7.77 (m, 3H), 7.69 — 7.47 (m, 2H), 7.44 — 7.27 (m, 3H), 4.10 (t, J = 7.2 Hz,
2H), 3.00 (t, J = 7.2 Hz, 2H), 2.63 — 2.44 (m, 2H). *C{*H} NMR (75 MHz, CDCl5) &
195.4, 188.4, 155.6, 136.2, 133.4, 133.2, 132.4, 130.7, 130.5, 129.9, 129.1, 128.9,
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127.8, 126.9, 124.0, 123.3, 123.2, 122.5, 110.1, 106.6, 44.8, 26.6, 26.3. HRMS (ESI)
calcd for Cp3H1sNO," m/z 340.1332 [M+H]", Found 340.1332.

O
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2t
1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(thiophen-2-yl)ethane-1,2-dione 2t.
Starting from 1t. The product was purified by flash column chromatography on silica
gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1
to 5:1) as a yellow solid (74%, 43.7 mg). R (petroleum ether/ethyl acetate = 5:1): 0.19.
'H NMR (300 MHz, CDCl3) 8 8.37 (d, J = 7.2 Hz, 1H), 7.90 (d, J = 3.9 Hz, 1H), 7.78
(d, J=5.1 Hz, 1H), 7.40 — 7.26 (m, 3H), 7.16 (t, J = 4.2 Hz, 1H), 4.12 (t, J = 7.2 Hz,
2H), 3.12 (t, J = 7.5 Hz, 2H), 2.69 — 2.51 (m, 2H). *C{*H} NMR (75 MHz, CDCls) &
186.9, 186.0, 155.9, 140.1, 136.3, 136.0, 133.2, 131.0, 128.6, 123.2, 123.2, 122.5,
110.0, 105.9, 44.8, 27.0, 26.3. HRMS (ESI) calcd for C17H14NO,S™ m/z 296.0740
[M+H]", Found 296.0739.

2u

1-(benzo[b]thiophen-2-yl)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-
dione 2u. Starting from 1u. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (53%, 36.6 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.22. *H NMR (300 MHz, CDCls) & 8.40 (d, J =
6.3 Hz, 1H), 8.16 (s, 1H), 7.99 — 7.79 (m, 2H), 7.58 — 7.27 (m, 5H), 4.12 (t, J = 7.2
Hz, 2H), 3.13 (t, J = 7.5 Hz, 2H), 2.68 — 2.53 (m, 2H). *C{*H} NMR (75 MHz,
CDCl3) 6 188.8, 185.7, 156.0, 143.3, 139.8, 139.1, 134.3, 133.2, 130.9, 128.1, 126.5,
125.2, 123.4, 123.3, 123.0, 122.6, 110.1, 106.0, 44.8, 27.0, 26.3. HRMS (ESI) calcd
for C21H1sNNaO,S"™ m/z 368.0716 [M+Na]*, Found 368.0715.

o o)
4
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1-(anthracen-9-yl)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione
2v. Starting from 1v. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (50%, 38.9 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.19. *H NMR (300 MHz, CDCls) & 8.14 (s, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.58 (t, J =
7.5 Hz, 1H), 7.51 — 7.39 (m, 2H), 7.32 (d, J = 7.2 Hz, 2H), 7.26 — 7.21 (m, 3H), 7.20
—6.81 (m, 3H), 4.11 (t, J = 7.2 Hz, 2H), 3.09 (t, J = 7.5 Hz, 2H), 2.69 — 2.47 (m, 2H).
BC{H} NMR (75 MHz, CDCls) 5 196.4, 186.6, 143.2, 140.2, 135.7, 132.9, 132.0,
130.7,130.3, 129.2, 127.8, 127.3, 127.2, 122.8, 122.8, 122.5, 109.7, 106.5, 44.6, 27.2,
26.4.

2w

1-phenyl-2-(6-phenyl-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione
2w. Starting from 1w. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (71%, 51.8 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.21. '"H NMR (300 MHz, CDCls) & 8.38 (s, 1H), 8.08 (d, J = 7.2 Hz, 2H), 7.73 —
7.31 (m, 10H), 4.17 (t, J = 6.9 Hz, 2H), 3.03 (t, J = 6.3 Hz, 2H), 2.72 — 2.50 (m, 2H).
BC{*H} NMR (75 MHz, CDCls) & 195.1, 188.1, 156.1, 141.5, 136.8, 134.3, 133.8,
133.2, 130.1, 128.9, 128.8, 127.3, 127.0, 122.9, 122.6, 108.5, 106.5, 44.8, 26.7, 26.4,
one carbon was overlapped. HRMS (ESI) calcd for CysHooNO," m/z 366.1489
[M+H]", Found 366.1490.

1-phenyl-2-(6-(p-tolyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione

2x. Starting from 1x. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (73%, 55.4 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.22. '"H NMR (300 MHz, CDCls) & 8.37 (s, 1H), 8.08 (d, J = 7.8 Hz, 2H), 7.69 —
7.42 (m, 7TH), 7.27 (d, J = 7.5 Hz, 2H), 4.17 (t, J = 6.9 Hz, 2H), 3.03 (t, J = 6.9 Hz,
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2H), 2.74 — 2.53 (m, 2H), 2.41 (s, 3H). *C{*H} NMR (75 MHz, CDCls) & 195.2,
188.1, 156.0, 138.6, 136.8, 136.8, 134.3, 133.9, 133.2, 130.1, 129.7, 129.5, 128.9,
127.1, 122.8, 122.6, 108.3, 106.5, 44.8, 26.7, 26.4, 21.1. HRMS (ESI) calcd for
C26H22NO," m/z 380.1645 [M+H]", Found 380.1642.

1-(6-(4-ethylphenyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-phenylethane-1,
2-dione 2y. Starting from 1ly. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (78%, 61.3 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.20. *H NMR (300 MHz, CDCl3) & 8.32 (s,
1H), 8.04 (d, J = 7.8 Hz, 2H), 7.77 — 7.34 (m, 7H), 7.28 — 7.22 (m, 2H), 4.13 (t, J =
7.2 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 2.76 — 2.51 (m, 4H), 1.35 (t, J = 7.2 Hz, 3H).
BC{*H} NMR (75 MHz, CDCls) & 195.2, 188.1, 156.0, 143.2, 138.8, 136.8, 134.3,
133.8, 133.2, 130.0, 129.7, 128.9, 128.3, 127.2, 122.8, 122.5, 108.3, 106.5, 46.1, 44.8,
28.5, 26.7, 26.4. HRMS (ESI) calcd for C,;H24NO," m/z 394.1802 [M+H]", Found
394.1811.

1-phenyl-2-(6-(m-tolyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dione
2z. Starting from 1z. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
20:1 to 5:1) as a yellow solid (51%, 38.7 mg). Rs (petroleum ether/ethyl acetate = 5:1):
0.21. *"H NMR (300 MHz, CDCls) 5 8.38 (s, 1H), 8.08 (d, J = 7.5 Hz, 2H), 7.67 —
7.45 (m, 7H), 7.35 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 1H), 4.17 (t, J = 7.2 Hz,
2H), 3.03 (t, J = 7.2 Hz, 2H), 2.69 — 2.56 (m, 2H), 2.45 (s, 3H). *C{*H} NMR (75
MHz, CDCls3) & 195.2, 188.1, 156.0, 141.4, 138.4, 136.9, 134.3, 133.8, 133.2, 130.1,
128.9, 128.7, 128.1, 127.8, 124.4, 122.9, 108.5, 44.8, 26.7, 26.4, 21.6, three carbons
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were overlapped. HRMS (ESI) calcd for CysH2oNO,™ m/z 380.1645 [M+H]", Found
380.1635.

2aa

1-(6-(3-methoxyphenyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-phenylethan
e-1,2-dione 2aa. Starting from laa. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 3:1) as a yellow solid (60%, 47.4 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.16. *H NMR (300 MHz, CDCl3) & 8.38 (s,
1H), 8.08 (d, J = 7.5 Hz, 2H), 7.66 — 7.47 (m, 5H), 7.38 (t, J = 7.5 Hz, 1H), 7.25 -
7.16 (m, 2H), 6.91 (d, J = 6.9 Hz, 1H), 4.16 (t, J = 6.9 Hz, 2H), 3.89 (s, 3H), 3.03 (t, J
= 6.9 Hz, 2H), 2.67 — 2.54 (m, 2H). *C{*H} NMR (75 MHz, CDCls) & 195.1, 188.1,
159.9, 156.1, 143.0, 142.2, 136.6, 134.3, 133.7, 133.2, 130.0, 129.8, 128.9, 122.9,
122.6, 119.8, 113.2, 112.3, 108.6, 106.4, 55.3, 44.8, 26.7, 26.4. HRMS (ESI) calcd
for Ca6H2NO3" m/z 396.1594 [M+H]", Found 396.1603.

(0]
TU
(-
2ab

1-(7-(4-(tert-butyl)phenyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-phenyleth
ane-1,2-dione 2ab. Starting from lab. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (63%, 53.1 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.22. *H NMR (300 MHz, CDCls) & 8.63 (s,
1H), 8.08 (d, J = 7.8 Hz, 2H), 7.69 — 7.59 (m, 3H), 7.56 — 7.45 (m, 5H), 7.32 (d, J =
8.4 Hz, 1H), 4.15 (t, J = 6.9 Hz, 2H), 3.02 (t, J = 6.9 Hz, 2H), 2.69 — 2.52 (m, 2H),
1.38 (s, 9H). *C{*H} NMR (75 MHz, CDCls) § 195.1, 188.1, 155.9, 149.8, 138.8,
136.6, 134.3, 133.2, 132.5, 131.3, 130.1, 128.9, 127.1, 125.6, 122.7, 120.9, 110.2,
106.7, 44.9, 345, 31.4, 26.7, 26.4. HRMS (ESI) calcd for CyoH,;NNaO," m/z
444.1934 [M+Na]", Found 444.1928.
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1-(7-(4-chlorophenyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-phenylethane-1
,2-dione 2ac. Starting from lac. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (61%, 48.7 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.23. 'H NMR (300 MHz, CDCl3) & 8.60 (s,
1H), 8.08 (d, J = 7.8 Hz, 2H), 7.62 (d, J = 8.1 Hz, 3H), 7.50 (t, J = 8.1 Hz, 3H), 7.41
(d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.4 Hz, 1H), 4.15 (t, J = 7.2 Hz, 2H), 3.02 (t, J = 7.5
Hz, 2H), 2.69 — 2.53 (m, 2H). *C{*H} NMR (75 MHz, CDCl3) & 195.0, 188.2, 156.2,
140.2, 135.5, 134.4, 133.2, 132.8, 132.8, 131.4, 130.1, 128.9, 128.8, 128.7, 122.6,
121.0, 110.4, 106.7, 44.9, 26.7, 26.4. HRMS (ESI) calcd for CysH1oCINO," m/z
400.1099 [M+H]", Found 400.1108.

2ad

1-(7-(3-chlorophenyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-phenylethane-1
,2-dione 2ad. Starting from lad. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (60%, 47.9 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.23. *H NMR (300 MHz, CDCls) & 8.61 (s,
1H), 8.08 (d, J = 7.8 Hz, 2H), 7.78 — 7.44 (m, 6H), 7.43 — 7.27 (m, 3H), 4.16 (t, J =
7.2 Hz, 2H), 3.03 (t, J = 7.5 Hz, 2H), 2.71 — 2.52 (m, 2H). ®*C{*H} NMR (75 MHz,
CDCl3) 6 195.0, 188.2, 156.2, 143.6, 135.3, 134.5, 134.4, 133.2, 132.9, 131.4, 130.1,
129.9, 128.9, 127.5, 126.8, 125.7, 122.7, 121.2, 110.4, 106.8, 44.9, 26.7, 26.4. HRMS
(ESI) calcd for CpsH1oCINO,™ m/z 400.1099 [M+H]*, Found 400.1103.

(0]
" L O
0
(-
Me
2ae

1-(7-(3,5-dimethylphenyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-phenyletha
ne-1,2-dione 2ae. Starting from lae. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
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ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow solid (64%, 50.3 mg). Rs
(petroleum ether/ethyl acetate = 5:1): 0.20. *H NMR (300 MHz, CDCl3) & 8.63 (s,
1H), 8.09 (d, J = 7.8 Hz, 2H), 7.64 (t, J = 7.2 Hz, 1H), 7.59 — 7.41 (m, 3H), 7.38 —
7.26 (m, 3H), 6.99 (s, 1H), 4.13 (t, J = 6.6 Hz, 2H), 3.00 (t, J = 6.9 Hz, 2H), 2.70 —
2.52 (m, 2H), 2.40 (s, 6H). *C{*H} NMR (75 MHz, CDCls) & 195.1, 188.2, 155.9,
141.6, 138.1, 137.0, 134.3, 133.2, 132.6, 131.2, 130.1, 128.9, 128.5, 125.4, 122.9,
121.0, 110.1, 106.7, 44.9, 26.7, 26.4, 21.4. HRMS (ESI) calcd for C,7H.4NO," m/z
394.1802 [M+H]", Found 394.1808.

Bn
2af

1-(1-benzyl-2-phenyl-1H-indol-3-yl)-2-phenylethane-1,2-dione 2af. Starting from
laf. The product was purified by flash column chromatography on silica gel (height
16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
yellow solid (79%, 65.9 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.51. *"H NMR
(400 MHz, CDCls) 6 8.60 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 7.6 Hz, 2H), 7.47 (t, J = 7.6
Hz, 1H), 7.39 (t, J = 7.2 Hz, 1H), 7.34 — 7.16 (m, 8H), 7.02 (d, J = 4.4 Hz, 4H), 6.88
(d, J = 4.8 Hz, 2H), 5.12 (s, 2H). *C{*H} NMR (101 MHz, CDCl3) & 193.6, 191.2,
149.9, 136.6, 136.0, 133.6, 133.4, 131.0, 129.7, 129.3, 128.7, 128.7, 128.2, 127.8,
127.6, 126.6, 126.0, 124.3, 123.7, 122.7, 113.0, 110.9, 47.8. HRMS (ESI) calcd for
Ca9H22NO," m/z 416.1645 [M+H]", Found 416.1656.

1-(1-methyl-1H-indol-3-yl)-2-phenylethane-1,2-dione 2ag. Starting from lag, 12 h.
The product was purified by flash column chromatography on silica gel (height 16 cm,
width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 50:1 to 5:1) as a yellow
solid (73%, 38.4 mg). R; (petroleum ether/ethyl acetate = 5:1): 0.24. '"H NMR (400
MHz, CDCls) § 8.56— 8.37 (m, 1H), 8.16 — 8.00 (m, 2H), 7.80 (s, 1H), 7.67 — 7.59 (m,
1H), 7.49 (t, J = 7.6 Hz, 2H), 7.43 — 7.33 (m, 3H), 3.83 (s, 3H). “C{*H} NMR (101
MHz, CDCl3) 6 193.7, 187.5, 139.5, 137.7, 134.3, 133.4, 130.3, 128.7, 126.3, 124.2,
123.5,122.7, 112.8, 110.0, 33.8. HRMS (ESI) calcd for C;7H13NNaO," m/z 286.0838
[M+Na]", Found 286.0838.
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1-(1-ethyl-2-methyl-1H-indol-3-yl)-2-phenylethane-1,2-dione 2ah. Starting from
lah, 12 h. The product was purified by flash column chromatography on silica gel
(height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 50:1 to
3:1) as a yellow solid (62%, 36.1 mg). R (petroleum ether/ethyl acetate = 5:1): 0.26.
'H NMR (400 MHz, CDCls) & 8.05 (d, J = 7.6 Hz, 2H), 7.86 (d, J = 8.0 Hz, 1H), 7.61
(t, J=7.6 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H), 7.33 (d, J = 8.0 Hz, 1H), 7.25 — 7.13 (m,
2H), 4.20 (q, J = 7.2 Hz, 2H), 2.68 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H). *C{*H} NMR
(101 MHz, CDCls) 6 195.4, 190.0, 146.7, 136.0, 134.3, 133.4, 130.1, 128.9, 126.4,
123.0, 123.0, 121.0, 110.7, 109.6, 38.2, 14.6, 12.5. HRMS (ESI) calcd for
C19H17NNaO," m/z 314.1151 [M+Na]", Found 314.1153.

O
1O
AN
(-

2ai

1-phenyl-2-(6,7,8,9-tetrahydropyrido[1,2-a]indol-10-yl)ethane-1,2-dione 2ai.
Starting from 1ai, 24 h. The product was purified by flash column chromatography on
silica gel (height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
50:1 to 5:1) as a brown solid (79%, 47.9 mg). R; (petroleum ether/ethyl acetate = 5:1):
0.22.'H NMR (400 MHz, CDCls) & 8.12 — 7.92 (m, 3H), 7.69 — 7.61 (m, 1H), 7.52 (t,
J=8.0 Hz, 2H), 7.36 — 7.20 (m, 3H), 4.12 (t, J = 6.0 Hz, 2H), 3.20 (t, J = 6.4 Hz, 2H),
2.19 — 2.03 (m, 2H), 1.98 — 1.83 (m, 2H). “C{*H} NMR (101 MHz, CDCls) & 195.5,
189.3, 148.4, 136.5, 134.3, 133.3, 130.0, 128.9, 126.2, 123.4, 122.8, 120.9, 109.6,
109.3, 42.7, 24.9, 22.0, 19.6. HRMS (ESI) calcd for CyHi1sNO," m/z 304.1332
[M+H]", Found 304.1343.

23j
1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(3,4,5-trimethoxyphenyl)ethane-1,
2-dione 2aj. Starting from 1l1aj. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
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ether/ethyl acetate, gradient: 20:1 to 3:1) as a yellow solid (65%, 49.3 mg). Rs
(petroleum ether/ethyl acetate = 3:1): 0.43. 'H NMR (400 MHz, CDCls) & 8.36 (s,
1H), 7.37 —7.23 (m, 5H), 4.13 (t, J = 7.2 Hz, 2H), 3.96 (s, 3H), 3.90 (s, 6H), 3.04 (t, J
= 7.6 Hz, 2H), 2.67 — 2.54 (m, J = 7.4 Hz, 2H). *C{*H} NMR (101 MHz, CDCl;) &
194.0, 187.9, 155.6, 153.3, 143.6, 133.1, 130.7, 128.2, 123.2, 123.1, 122.4, 110.0,
107.2, 106.4, 60.9, 56.3, 44.7, 26.6, 26.3. HRMS (ESI) calcd for C,5HNOs™ m/z
380.1492 [M+H]", Found 380.1502.

o}

(0] O |
N
0
2ak

1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(4-((dimethylamino)methyl)phenyl
)ethane-1,2-dione 2ak. Starting from lak. The product was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 20:1 to 3:1) as a yellow solid (88%, 60.9 mg). Rs
(petroleum ether/ethyl acetate = 3:1): 0.43. *H NMR (400 MHz, CDCls) & 8.38 (s,
1H), 7.94 (d, J = 8.8 Hz, 2H), 7.35 — 7.23 (m, 3H), 6.66 (d, J = 8.8 Hz, 2H), 4.09 (t, J
= 7.2 Hz, 2H), 3.20 — 2.88 (m, 10H), 2.62 — 2.50 (m, 2H). *C{*H} NMR (101 MHz,
CDCl3) 6 193.7, 189.8, 155.3, 154.1, 133.1, 132.2, 130.8, 122.9, 122.8, 122.4, 120.8,
110.8, 109.9, 106.7, 44.6, 40.0, 26.4, 26.3. one carbon was overlapped. HRMS (ESI)
caled for CooH2sN,O3" m/z 347.1754 [M+H]", Found 347.1756.
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4-(2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-oxoacetyl)-N,N-dipropylbenzen
esulfonamide 2al. Starting from 1al, 40 °C (heating mantle), 12 h. The product was
purified by flash column chromatography on silica gel (height 16 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 50:1 to 5:1) as a yellow solid (74%,
66.9 mg). R¢ (petroleum ether/ethyl acetate = 5:1): 0.15. *H NMR (400 MHz, CDCl5)
8 8.32 (s, 1H), 8.17 (d, J = 8.0 Hz, 2H), 7.91 (d, J = 8.4 Hz, 2H), 7.37 — 7.24 (m, 3H),
413 (t, J = 7.2 Hz, 2H), 3.10 (t, J = 7.6 Hz, 4H), 3.01 (t, J = 7.6 Hz, 2H), 2.67 — 2.53
(m, 2H), 1.62 — 1.49 (m, 4H), 0.87 (t, J = 7.2 Hz, 6H). *C{*H} NMR (101 MHz,
CDCl3) 6 193.3, 186.8, 155.9, 145.1, 136.0, 133.3, 130.6, 127.3, 123.5, 122.4, 110.2,
106.3, 50.0, 44.9, 26.8, 26.3, 22.0, 11.1, two carbon was overlapped. HRMS (ESI)
caled for CosH2oN,04S™ m/z 453.1843 [M+H]", Found 453.1848.
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1-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-(3-methyl-4-oxo-2-phenyl-4H-chro

men-5-yl)ethane-1,2-dione 2am. Starting from 1am, 24 h. The product was purified
by flash column chromatography on silica gel (height 16 cm, width 1.5 cm, eluent:
petroleum ether/ethyl acetate, gradient: 50:1 to 3:1) as a yellow solid (41%, 36.6 mg).
R; (petroleum ether/ethyl acetate = 5:1): 0.12. *H NMR (400 MHz, CDCls) & 8.51 (dd,
J=8.0, 1.6 Hz, 1H), 8.29 (d, J = 6.8 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.31 (dd, J =
9.2, 5.2 Hz, 2H), 7.25 — 7.21 (m, 1H), 7.16 — 7.02 (m, 3H), 6.71 (s, 2H), 3.92 (t, J =
7.2 Hz, 2H), 2.90 (t, J = 7.6 Hz, 2H), 2.43 — 2.31 (m, 2H), 2.07 (s, 3H). *C{*H}
NMR (101 MHz, CDCl3) 8 192.9, 186.1, 177.9, 161.0, 154.6, 135.6, 133.4, 131.9,
131.6, 129.5, 128.6, 127.5, 125.6, 124.8, 123.3, 123.1, 122.8, 118.1, 110.0, 105.7,
44.6, 26.7, 26.3, 11.6, three carbons were overlapped. HRMS (ESI) calcd for
Ca9H2:NNaO4 m/z 470.1363 [M+Na]”, Found 470.1371.

7. Procedure for the control experiment.

o o)

Ni(acac), (10 mol%), in dark o)
R Se0, (1.5 eq.) Ph
DMF, rt, 5 h, Ar N
O N

1a 2a, 0%

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 1a (55.1 mg, 0.2 mmol, 1.0 equiv.), Ni(acac), (5.1 mg, 0.02 mmol, 0.1 equiv.),
Se0, (33.3 mg, 0.3 mmol, 1.5 equiv.) and DMF (2 mL) under Ar. The reaction
mixture was stirred at room temperature in dark for 5 h. No product was detected by

the TLC.
Ni(acac),, blue LED o
== Ph Se0, (1.5 eq.) Ph
N
N DMF, rt, 5 h

Q radical scavenger (1.0 eq.) N

1a TEMPO: 2a, 40%
BHT: 2a, 21%
ASYM: 2a, 30%

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 1a (55.1 mg, 0.2 mmol, 1.0 equiv.), Ni(acac), (5.1 mg, 0.02 mmol, 0.1 equiv.),
SeO; (33.3 mg, 0.3 mmol, 1.5 equiv.) and DMF (2 mL), followed by radical
scavenger (TEMPO, 31.3 mg, 0.2 mmol, 1.0 equiv.; or BHT, 44.1 mg, 0.2 mmol, 1.0
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equiv.; or ASYM, 36.1 mg, 0.2 mmol, 1.0 equiv.). The Schlenk tube was vacuumed
and purged with air three times before it was tightly screw capped. The reaction
mixture was stirred at room temperature under the irradiation of 15 W blue LED for 5
h. Then the volatiles were removed, and the residue was purified by flash column
chromatography on silica gel eluting with petroleum ether and ethyl acetate (5:1) to
afford the desired product 2a (when with TEMPO, 23.1 mg, 40%; when with BHT,
12.1 mg, 21%; when with ASYM, 17.3 mg, 30%).

Ni(acac),, blue LED o
=~ Ph Se0, (1.5 eq.) Ph
N DMF, rt, 5 h N
Q radical scavenger (4.0 eq.) N

1a TEMPO: 2a, 34%
BHT: 2a, 26%
ASYM: 2a, 32%

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 1a (55.1 mg, 0.2 mmol, 1.0 equiv.), Ni(acac), (5.1 mg, 0.02 mmol, 0.1 equiv.),
SeO; (33.3 mg, 0.3 mmol, 1.5 equiv.) and DMF (2 mL), followed by radical
scavenger (TEMPO, 125.2 mg, 0.8 mmol, 4.0 equiv.; or BHT, 176.4 mg, 0.8 mmol,
4.0 equiv.; or ASYM, 144.4 mg, 0.8 mmol, 4.0 equiv.). The Schlenk tube was
vacuumed and purged with air three times before it was tightly screw capped. The
reaction mixture was stirred at room temperature under the irradiation of 15 W blue
LED for 5 h. Then the volatiles were removed, and the residue was purified by flash
column chromatography on silica gel eluting with petroleum ether and ethyl acetate
(5:1) to afford the desired product 2a (when with TEMPO, 19.7 mg, 34%; when with
BHT, 15.0 mg, 26%; when with ASYM, 18.5 mg, 32%).

o o}
Ph  Ni(acac)2 (10 mol%), blue LED °© Ph
N SeO, (1.5 eq.) N
N DMF, tt, Ar, 5 h N
G 2a, 83%

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with intermediate G (0.2 mmol, 1.0 equiv.), Ni(acac); (5.1 mg, 0.02 mmol, 0.1 equiv.),
Se0; (33.3 mg, 0.3 mmol, 1.5 equiv.) and DMF (2 mL) under Ar. The reaction
mixture was stirred at room temperature under the irradiation of 15 W blue LED for 5
h. Then the volatiles were removed, and the residue was purified by flash column
chromatography on silica gel to afford the desired products 2a.

2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-1-phenylethan-1-one G. G was
isolated from reaction mixture after reaction was set up for 1 h. *H NMR (300 MHz,
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CDCl3) 6 8.07 (d, J = 7.8 Hz, 2H), 7.68 — 7.38 (m, 4H), 7.27 — 7.06 (m, 3H), 4.35 (s,
2H), 4.02 (t, J = 6.9 Hz, 2H), 2.91 (t, J = 7.2 Hz, 2H), 2.65 — 2.49 (m, 2H). *C{'H}
NMR (75 MHz, CDCls) & 197.6, 142.7, 136.7, 132.8, 132.5, 132.1, 128.5, 128.5,
120.3, 119.0, 118.2, 109.4, 98.1, 43.6, 35.4, 27.6, 23.6. HRMS (ESI) calcd for
C1oH1sNO* m/z 276.1383 [M+H]", Found 276.1377.

EPR experiment

o OH
=" ""Ph
Ph =
©/\ q\ Ni(acac), (10 mol%) ©\/\
+ *N
N o blue LED, DMF, rt, SeO,, 5 min o N
1a DMPO N
(0.2 M) (100 mM)
C-DMPO

Figure S2. EPR experiment

Spectrophotometric experiments

FL. Intensity(a.u.)

580 [ili] 1] [ 1] GED EA0

Wavelengthi{nm)

Figure S3. Fluorescent spectra of 1a (1.00<10™ M) with the addition of various concentration of
Ni** in DMF.
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8. Procedure for the ON-OFF Experiments

(0} ) 10
Ni(acac), (10 mol%), blue LED
=~ "Ph Se0, (1.5 eq.) o Ph
DMF, rt, Ar N
O \
1a 2a

Ten la as substrate reactions were carried under irradiation of blue LED at room
temperature. After 1 h, the blue LED was turned off, one reaction tube was removed
from the light source for LC analysis. The remaining nine were kept stirring for
another 1 h under blue LED irradiation off. Then another tube was removed for
analysis. The remaining eight continued irradiation under blue light for another 1 h.
The experiments were cycled as described above.

100 -
90—-
80—-
70—- /
60—- / :
] =
50 - _

1 o S o
40 / T
301 e = S T

m—s . . OFF;
204 /0 o lorFl

Yield/%

104 EOFFE

o 1 2 3 4 5 6 7 8 9 10
Time/h
Figure S4. ON/OFF experiments.

9. Procedure for the synthesis of 2a on gram scale.

Ni(acac), (10 mol%), blue LED 0
=~ "Ph Se0, (1.5 eq.) 0 Ph
DMF, rt, Ar, 36 h N
O y
1a 2a

An oven-dried 500 mL Schlenk tube equipped with a stirring bar was charged
with 1a (6.0 mmol, 1.0 equiv.), SeO, (998.6 mg, 9.0 mmol, 1.5 equiv.) and DMF (240
mL) under Ar. The mixture was degassed for 1 h. Then, the Ni(acac), (154.1 mg, 0.6
mmol, 0.1 equiv.) was added. The reaction mixture was stirred at room temperature
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under the irradiation of 15 W blue LED for 36 h. The volatiles were removed, and the
residue was purified by flash column chromatography on silica gel to afford the
desired product 2a.

In reaction End of reaction

Figure S5. Procedure for the synthesis of 2a on gram scale.
10. Procedure for the synthesis of derivative 3.

Ph

Ph
PhMgBr (3.0 eq.)

-78°Ctort., Ar, 12 h N

2a 3

To a solution of 2a (0.2 mmol, 1.0 equiv.) in anhydrous THF (2 mL) at —78 <C,
PhMgBr (1 M in THF, 3.0 equiv.) was added dropwise. The reaction mixture was
stirred at room temperature for 12 h. After quenching with H,O (5 mL), the mixture
was extracted with EtOAc (3 %10 mL), and the combined organic layer was washed
with brine (20 mL), then dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by flash column chromatography on
silica gel (height 23 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient:
50:1 to 5:1) to afford the corresponding product 3 as a yellow solid (69%, 50.7 mg).
Rt (petroleum ether/ethyl acetate = 5:1): 0.24.

2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-2-hydroxy-1,2-diphenylethan-1-one.
'H NMR (400 MHz, CDCls3) & 8.21 — 8.10 (m, 1H), 7.54 — 7.44 (m, 4H), 7.38 — 7.27
(m, 6H), 7.24 — 7.15 (m, 3H), 5.09 (s, 1H), 4.03 (t, J = 7.2 Hz, 2H), 2.54 (t, J = 7.2 Hz,
2H), 2.46 — 2.32 (m, 2H). *C{*"H} NMR (101 MHz, CDCl3) & 194.9, 153.7, 142.7,
134.3, 132.8, 131.9, 130.0, 128.8, 128.3, 128.1, 127.7, 123.3, 122.6, 122.5, 109.8,
109.6, 107.6, 84.2, 44.4, 28.4, 26.3. HRMS (ESI) calcd for CosH,NO," m/z 368.1645
[M+H]", Found 368.1654.
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11. Procedure for the synthesis of derivative 4.

Ay

&

o NH, MeOH
+ —_—
NH, 80 °C, 12 h, Ar

2a 4

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 2a (57.9 mg, 0.2 mmol, 0.1 equiv.), o-Phenylenediamine (43.3 mg, 0.4 mmol,
2.0 equiv.), and MeOH (2 mL). Then the resulting reaction mixture was stirred at
80 <C under Ar for 12 h. After that, the volatiles were removed under reduced
pressure, and the residue was purified by flash column chromatography on silica gel
(height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) to afford the desired product 4 as a white solid (91%, 65.9 mg). R (petroleum
ether/ethyl acetate = 10:1): 0.17.

9-(3-phenylquinoxalin-2-yl)-2,3-dihydro-1H-pyrrolo[1,2-a]indole 4. 'H NMR
(300 MHz, CDCls3) 4 8.14 (d, J = 8.6 Hz, 2H), 8.05 (d, J = 8.5 Hz, 1H), 7.80 — 7.63 (m,
4H), 7.35 (d, J = 5.2 Hz, 3H), 7.29 — 7.15 (m, 3H), 4.00 (t, J = 6.9 Hz, 2H), 2.38 —
2.24 (m, 2H), 2.09 (t, J = 7.2 Hz, 2H). *C{*H} NMR (75 MHz, CDCl3) § 153.5,
149.8, 145.8, 141.5, 140.3, 139.9, 133.2, 131.8, 129.5, 129.5, 129.0, 128.8, 128.7,
128.6, 128.4, 121.4, 120.9, 120.5, 109.4, 106.3, 43.9, 27.7, 24.9. HRMS (ESI) calcd
for CasHaoN3" m/z 362.1652 [M+H]", Found 362.1648.

12. Procedure for the synthesis of derivative 5.

9 (0]
o] Ph hn-NH2 Ph
N + HOAC (50 mol%) N
&; © EtOH, 90 °C, Ar, 18 h N
2a

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 2a (57.8 mg, 0.2 mmol, 1.0 equiv.), phenylhydrazine (43.3 mg, 0.26 mmol, 1.5
equiv.), HOAc (6.0 mg, 0.1 mmol, 50 mol%) and EtOH (2 mL). Then the resulting
reaction mixture was stirred at 90 <C under Ar for 18 h. After that, the volatiles were
removed under reduced pressure, and the residue was purified by flash column
chromatography on silica gel (height 16 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 100:1 to 10:1) to afford the desired product 5 as a yellow
solid (74%, 65.9 mq). R¢ (petroleum ether/ethyl acetate = 5:1): 0.51.
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(2)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)-1-phenyl-2-(2-phenylhydrazono)
ethan-1-one. '"H NMR (400 MHz, CDCls) & 8.77 (s, 1H), 8.49 (d, J = 8.0 Hz, 1H),
7.77 (d, J = 7.6 Hz, 2H), 7.40 — 7.23 (m, 8H), 7.18 (d, J = 8.0 Hz, 2H), 6.90 (t, J = 7.6
Hz, 1H), 4.06 (t, J = 7.2 Hz, 2H), 2.77 (t, J = 7.6 Hz, 2H), 2.56 — 2.36 (t, J = 7.5 Hz,
2H). C{*H} NMR (101 MHz, CDCls) & 187.6, 155.0, 144.5, 143.6, 135.6, 133.3,
130.7, 129.2, 128.5, 128.1, 126.1, 123.3, 122.6, 120.6, 113.2, 110.1, 109.4, 44.7, 26.3,
26.1. HRMS (ESI) calcd for CasH2,N3O* m/z 380.1757 [M+H]", Found 380.1768.

13. Procedure for the synthesis of derivative 6.

OH),
Pd(PPh3),4 (2 mol%), Na,CO3 (3.1 eq.)

toluene:MeOH = 3:2, 90 °C, 12 h, Ar

2q 6
An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged
with 3p (73.6 mg, 0.2 mmol, 1.0 equiv.), phenylboronic acid (36.6 mg, 0.3 mmol, 1.5
equiv.), Pd(PPhs)4 (4.6 mg, 0.004 mmol, 2 mol%), Na,COj3 (65.7 mg, 0.62 mmol, 3.1
equiv.), and toluene/MeOH (3:2, 3 mL). Then the resulting mixture was stirred at 90 °C
under Ar for 12 h. After reaction completed, water (2 mL) was added to the mixture
which was further extracted with ethyl acetate (3 <10 mL). The organic layers were
combined, dried over anhydrous Na,SQ,, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel
(height 16 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 30:0 to
10:1) to afford the desired product 6 as a white solid (84%, 61.3 mg). Ry (petroleum
ether/ethyl acetate = 10:1): 0.19.

1-([1,1'-biphenyl]-2-y)-2-(2,3-dihydro-1H-pyrrolo[1,2-a]indol-9-yl)ethane-1,2-dio
ne 6.'"H NMR (300 MHz, CDCls) & 8.14 (s, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.58 (t, J =
7.5 Hz, 1H), 7.51 — 7.38 (m, 2H), 7.32 (d, J = 7.2 Hz, 2H), 7.23 (d, J = 3.0 Hz, 3H),
7.18 - 6.92 (m, 3H), 4.11 (t, J = 7.2 Hz, 2H), 3.09 (t, J = 7.5 Hz, 2H), 2.68 — 2.51 (m,
2H). *C{*H} NMR (75 MHz, CDCls) & 196.4, 186.6, 155.3, 143.2, 140.2, 135.7,
132.9, 132.0, 130.7, 130.3, 129.2, 127.8, 127.3, 127.2, 122.8, 122.8, 122.5, 109.7,
106.5, 44.6, 27.2, 26.4, one carbon was overlapped. HRMS (ESI) calcd for
C2sH20NO," m/z 366.1489 [M+H]", Found 366.1494.

14. Testing of the wavelength of the light source used

S51



DRSP-I500V_______

eSS AR
UVBSRERAE (uli/em’)
)

BERE
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16. NMR spectra copies of the products.

3) spectra of compound 1a:
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'H NMR (400 MHz, CDCl5) spectra of compound 1b:
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'H NMR (300 MHz, CDCl5) spectra of compound 1c:
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BC{*H} NMR (75 MHz, CDCls) spectra of compound 1c:
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'H NMR (300 MHz, CDCls) spectra of compound 1d:
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BC{"H} NMR (75 MHz, CDClIs) spectra of compound 1d:
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BC{*H} NMR (75 MHz, CDClIs) spectra of compound 1e:

gsz’
Ve~
zsE~

G005 —

1’26 —
06—
v'e0L —

6°€LL —
29l —

g5zl —
26z~
ozcel ~
0'SEL~
LLeL —

S5 —

vLSL—

Ll —

=
O tBu
o

1e

R D

£1 (ppm)

'H NMR (300 MHz, CDCls) spectra of compound 1f:
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'H NMR (300 MHz, CDClIs) spectra of compound 1g:
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BE{'H} NMR (471 MHz, CDCls) spectra of compound 1g:

<
o
i, e -
r T T T T T T T T T T T T T T T
0 0 10 0 30 10 0 60 70 80 90 100 110 120 130 140 50 160 170

BC{*H} NMR (75 MHz, CDClIs) spectra of compound 1g:

8
4

o
e my 2 NEgdes owWes 8 2 @ © o
~ © © n MOMOMHOHOOHOON - - - o «© - o w0
= S 2 222222 pafhahaiha < ® o bl «
I N\ NG [
00 190 180 170 160 150 140 I‘SU 120 110 100 90 80 70 60 50 40

£1 (ppm)

S60



'H NMR (300 MHz, CDCl5) spectra of compound 1h:
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'H NMR (300 MHz, CDCl5) spectra of compound 1i:
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'H NMR (300 MHz, CDCl5) spectra of compound 1j:
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BC{"H} NMR (75 MHz, CDClIs) spectra of compound 1j:
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'H NMR (300 MHz, CDCls) spectra of compound 1k:
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BC{"H} NMR (75 MHz, CDCls) spectra of compound 1k:
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YE{'H} NMR (471 MHz, CDCls) spectra of compound 1I:
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'H NMR (300 MHz, CDCl5) spectra of compound 1m:
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'H NMR (300 MHz, CDCl5) spectra of compound 1n:
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'H NMR (300 MHz, CDCl5) spectra of compound 10:
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BC{*H} NMR (75 MHz, CDClIs) spectra of compound 1o0:
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BE{'H} NMR (471 MHz, CDCls) spectra of compound 1p:
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'H NMR (300 MHz, CDCl5) spectra of compound 1q:
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'H NMR (300 MHz, CDCls) spectra of compound 1r:
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'H NMR (300 MHz, CDCl5) spectra of compound 1s:
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'H NMR (300 MHz, CDCl5) spectra of compound 1t:
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'H NMR (300 MHz, CDCl5) spectra of compound 1u:
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'H NMR (400 MHz, CDCl5) spectra of compound 1v:
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'H NMR (300 MHz, CDCl5) spectra of compound 1w:
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'H NMR (300 MHz, CDCl5) spectra of compound 1x:
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'H NMR (300 MHz, CDCl5) spectra of compound 1y:
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'H NMR (300 MHz, CDCls) spectra of compound 1z:
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'H NMR (300 MHz, CDCl5) spectra of compound 1aa:
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'H NMR (300 MHz, CDCl5) spectra of compound 1ab:
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'H NMR (300 MHz, CDCls) spectra of compound 1ac:
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'H NMR (300 MHz, CDCl5) spectra of compound 1ad:
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'H NMR (300 MHz, CDCls) spectra of compound 1ae:
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'H NMR (300 MHz, CDCl5) spectra of compound 1af:
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'H NMR (400 MHz, CDCl5) spectra of compound 1ag:
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'H NMR (400 MHz, CDCl5) spectra of compound 1ah:
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'H NMR (400 MHz, CDCl5) spectra of compound 1ai:
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'H NMR (400 MHz, CDCl5) spectra of compound 1aj
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'H NMR (400 MHz, CDCl5) spectra of compound 1ak:
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'H NMR (300 MHz, CDCl5) spectra of compound 1al:
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'H NMR (300 MHz, CDCl5) spectra of compound lam:
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'H NMR (300 MHz, CDCl5) spectra of compound 2a:
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'H NMR (300 MHz, CDCl5) spectra of compound 2b:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2c:
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'H NMR (300 MHz, CDCls) spectra of compound 2d:
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BC{"H} NMR (101 MHz, CDCls) spectra of compound 2d:

o v 0 NON®OTN=© ow
W © 0 = O-FoBOBA o © ~ o™ <
o ®© w v OOOHANNN - o < PO OC 0
- - - rrrevvex - - < NN -
(. Il N/ = SNV
W
"o 200 190 150 170 160 150 140 150 120 1o 100 Jo 7o o 1o 3o Jo To b

T NO

< <

N

1.34

.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50
£1 (ppm)

S99



BC{*H} NMR (101 MHz, CDCls) spectra of compound 2e:
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'H NMR (300 MHz, CDClIs) spectra of compound 2f:
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BC{"H} NMR (101 MHz, CDCls
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spectra of compound 2f:
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BE{'H} NMR (376 MHz, CDCls) spectra of compound 2g:
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'H NMR (300 MHz, CDCl5) spectra of compound 2h:
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'H NMR (300 MHz, CDCl5) spectra of compound 2i:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2i:
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'H NMR (300 MHz, CDCl;
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pectra of compound 2j:

MO NWLNO
- Soo0®©®©®

BBONNNNNNNNNN < < < ©ooaNN
SV N - RN
O
o) l CFs
N
‘!iib N
2j
2 RLE Y IPRRFY
S > O < = 2
- P o o o
"o 10 1.0 o 90 s 8o To 6 0 "o A Lo 35 o 25 B 1 d.

©
©

T
70 80 90 100 110
£1 (ppm)

5105



BC{*H} NMR (101 MHz, CDCls) spectra of compound 2j:
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'H NMR (400 MHz, CDCls) spectra of compound 2k:
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BC{"H} NMR (75 MHz, CDCls) spectra of compound 2k:
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BE{'H} NMR (376 MHz, CDCls) spectra of compound 2I:
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'H NMR (300 MHz, CDCl5) spectra of compound 2m:
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'H NMR (300 MHz, CDCl5) spectra of compound 2n:
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'H NMR (300 MHz, CDCl5) spectra of compound 20:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 20:
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BE{'H} NMR (376 MHz, CDCls) spectra of compound 2p:
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'H NMR (400 MHz, CDCl5) spectra of compound 2q:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2q;
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'H NMR (300 MHz, CDCl5) spectra of compound 2r:
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BC{*H} NMR (75 MHz, CDClIs) spectra of compound 2r:

9z~
99z

8y —

290} —
00LL—

gzel
zeet
zeet
Svel /

1'9ZL ~o
8'9zL

L8zl
8'82l
LezL
vIElL
zeel
L'veL
8vel
€'Sel
G'SSL—

1881 —

8,61 —

£1 (ppm)

S115



'H NMR (300 MHz, CDCl5) spectra of compound 2s:
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BC{*H} NMR (75 MHz, CDClIs) spectra of compound 2s:
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'H NMR (300 MHz, CDCl5) spectra of compound 2t:
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'H NMR (300 MHz, CDCl5) spectra of compound 2u:
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'H NMR (300 MHz, CDCl5) spectra of compound 2v:
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'H NMR (300 MHz, CDCl5) spectra of compound 2w:
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'H NMR (300 MHz, CDCl5) spectra of compound 2x:
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'H NMR (300 MHz, CDCl5) spectra of compound 2y:
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BC{*H} NMR (75 MHz, CDClIs) spectra of compound 2y:
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'H NMR (300 MHz, CDCls) spectra of compound 2z:
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'H NMR (300 MHz, CDCl5) spectra of compound 2aa:
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'H NMR (300 MHz, CDCls) spectra of compound 2ac:
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BC{*H} NMR (75 MHz, CDClI3) spectra of compound 2ac:

v'oT~
roz”

6'vy —

190} —
voLL—

oLz~
9zeL

'8zl
m.mNrW.
6'8CL \‘
LoglL
Vel
8zel
8zel
zeel
vvelL
g'sel
covl
2951 /S

288l —

0561 —

o

ReSgs

182h\
88zl —
eeet’

Logr —

viel —

8ZeL~\
8zeL
zeel

el —

gseL —

2ac

f1 (ppm)

| l“n ‘I ‘l

i

£1 (ppm)

5126



'H NMR (300 MHz, CDCl5) spectra of compound 2ad:
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'H NMR (300 MHz, CDCls) spectra of compound 2ae:

i)
o~
- o

AN

Me

2ae

1.0:
3.0
3.0

°f
] zoo{
024
|
| ooy

o
-
-
o
<,
E
o
o
5

5

T
5.0

£1 (ppm)

4.5

BC{*H} NMR (75 MHz, CDClI3) spectra of compound 2ae:

-~ o~ o O O0OMNMNONTOOTOO «~ N~
0 © 0 CONTONTOOOWANT O O o NS
¢ = b ICSS0OLIINANNZ o 3 €8x
I R N I
" ulil
Me Ii
2ae
‘IO ZbU 190 1‘80 1‘70 1‘60 1‘50 140 I‘SU 1‘/‘0 I‘l() lbO %‘)O 40 '}0 GLO 1‘0 IS‘O QO 1‘0

£1 (ppm)

5128



'H NMR (400 MHz, CDCl5) spectra of compound 2af:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2af:
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'H NMR (400 MHz, CDCl5) spectra of compound 2ag:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2ag:
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'H NMR (400 MHz, CDCl5) spectra of compound 2ah:
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BC{"H} NMR (101 MHz, CDCls) spectra of compound 2ah:
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'H NMR (400 MHz, CDCl5) spectra of compound 2ai:
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'H NMR (400 MHz, CDCl5) spectra of compound 2aj:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2aj:
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'H NMR (400 MHz, CDCl5) spectra of compound 2ak:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2ak:
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'H NMR (400 MHz, CDCl5) spectra of compound 2al:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 2al:
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'H NMR (400 MHz, CDCl5) spectra of compound 2am:
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BC{"H} NMR (101 MHz, CDCls) spectra of compound 2am:
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'H NMR (300 MHz, CDCl5) spectra of compound G:
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'H NMR (400 MHz, CDCl5) spectra of compound 3:
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BC{*H} NMR (101 MHz, CDCls) spectra of compound 3:
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'H NMR (300 MHz, CDCls) spectra of compound 4:

.02
60¢C
e

22N

62C ¢
[4x4
ve'e
9€°C

16'€
oo.vw
20y

6L°L
0z'L
ccL
9zT'L
8Z'L

veL—7F
9€°L /
192 —

2L L
€LL
VAV

08
108
€L'8
9L'8

Hoz
Fioe

Hoz

Fuee
Bvoe

Roov
0L
WMO.N

£1 (ppm)

BC{*H} NMR (75 MHz, CDClIs) spectra of compound 4:
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*'H NMR (400 MHz, CDCls) spectra of compound 5:
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'H NMR (300 MHz, CDCl5) spectra of compound 6:
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BC{*H} NMR (75 MHz, CDClIs) spectra of compound 6:
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