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1. General
All indolin-2-ones (2a-2j) and other reagents were obtained from commercial suppliers

and used without further purification. 2-halogenated arylglyoxals (la-1h) were
obtained from commercial suppliers or prepared by oxidation of the corresponding o-
haloacetophenone.! Compound 5 is synthesized from isatin and o-bromoacetophenone
though two-step addition and dehydration.? TLC analysis was performed using pre-
coated glass plates. Column chromatography was performed using silica gel (200-300
mesh). *H NMR spectra were recorded on a Varian Mercury 300, 400 or 600 MHz
spectrometer. Chemical shifts are reported in ppm, relative to the internal standard of
tetramethylsilane (TMS). HRMS were obtained on a Thermo Scientific LTQ Orbitrap
XL equipped with an electrospray source. Melting points were determined using XT-4
apparatus and not corrected.

2. Experimental procedures

General procedure for preparation of 3 (3aa as an example)

A sealed tube was charged with 2-bromophenylglyoxal 1a (92 mg, 0.4 mmol), indolin-
2-one 2a (85 mg, 0.64 mmol), and Cs2CO3 (391 mg, 1.2 mmol) at room temperature,
and then degassed DMSO (4 mL) was added. The resulting mixture was stirred at 120 °C
in a sealed vessel under nitrogen atmosphere, after disappearance of the reactant
(monitored by TLC), then added 50 mL water to the mixture, extracted with EtOAc
three times (3 <50 mL). The extract was washed with 30% NaCl solution (V/V), dried
over anhydrous Na>SOs and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (Petroleum ether / ethyl acetate = 10:1)

to yield the desired product 3aa as a dark red solid (63 mg, 72% yield).

General procedure for preparation of 4a-4e

O v -0
' DMF, 80 °C N
Me (0]
3aa 4a, 87%

A sealed tube was charged with 3aa (44 mg, 0.2 mmol), Mel (57 mg, 0.4 mmol), and
K2CO3 (55 mg, 0.4 mmol) at room temperature, and then 3 mL DMF was added. The
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resulting mixture was stirred for about 2 h at 80 < in a sealed vessel, after
disappearance of the reactant (monitored by TLC), then added 30 mL water to the
mixture, extracted with EtOAc three times (3 <30 mL). The extract was washed with
brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (Petroleum ether / ethyl
acetate = 50:1) to yield the desired product 4a as a dark red solid (87%, 40 mg).
8
e
(6]
3aa 4b, 86 %

3aa (44 mg, 0.2 mmol) and Cs>CO3z (130 mg, 0.4 mmol) were dissolved in THF (2 mL).
Benzyl bromide (41 mg, 0.24 mmol) was added into the above solution and reacted for
30 min. The resulting reaction mixture was monitored by TLC. The solution was
extracted with ethyl acetate. The combined organic extracts were washed with brine,
dried over anhydrous Na>SOs, filtered, concentrated and purified on silica gel
chromatography using petroleum ether/EtOAc (3:1) to give the product (dark red solid,
53 mg, 86%).

S0 von (=€)

95 O
N DMF, 0-25 °C N

H e} Ts/

3aa 4c, 91%

3aa (44 mg, 0.2 mmol) was weighed directly into a Schlenk tube, then dry DMF (2 mL)
was added and stirred. NaH (60% dispersion in mineral oil, 16 mg, 0.4 mmol) was
slowly added at 0 °C. After stirring for 30 min, p-toluenesulfonyl chloride (38 mg, 0.2
mmol) was added. The solution was allowed to reach room temperature and it was
stirred overnight. The mixture was diluted with ethyl acetate and washed with a
saturated aqueous solution of ammonium chloride. The aqueous phase was then
extracted three times with ethyl acetate. The combined organic phase was washed with
brine, dried over NaxSO4 and concentrated under reduced pressure. The residue was
purified by column chromatography (petroleum ethe/EtOAc 20:1) affording product 4c

(68 mg, dark orange solid, 91%).
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O O _ NaBH; Q 'O
MeOH, 0 °C-rt ”
(0] OH
3aa 4d, 84%
To a 15 mL round bottom flask, 3aa (44 mg, 0.2 mmol) and ethanol (3 mL) was taken
at 0 <C. Next NaBH4(11.3 mg, 0.3 mmol) was added to the reaction mixture in portions
with stirring. The mixture was then allowed to rt for 12 h. The resulting mixture was
quenched with sat. NaCl (aq), extracted with EtOAc, dried over Na2SOs, concentrated
and purified on silica gel chromatography using petroleum ether/EtOAc (10:1) to give
the product (37 mg, white solid, 84%).
Q* () mavoron {3 L)
N ' diethylene glycol N '
H %

80 °C-180 °C H
3aa de, 82%

A mixture of 3aa (44 mg ,0.2 mmol) and 0.5 ml of hydrazine monohydraye in 10 mL
of diethylene glycol was stirred at 80 °C for 1 h and then heated for 1 h at 180 °C. The
resulting mixture was cooled to room temperature, treated with a solution of 0.6 g (11
mmol) of KOH in 2.5 mL of water, and was stirred at 180 °C for 2 h. The resulting
mixture was quenched with sat. NaCl (aq), extracted with EtOAc, dried over Na2SOs,
concentrated and purified on silica gel chromatography using petroleum ether/EtOAC

(10:1) to give the product (34 mg, white solid, 82%).
General procedure for preparation of 5

e} (0]
1 diethylamine (10 %) 0 O
o + EtOH, rt, 12 h
N Br  2)Conc. HCI, reflux, 2 h HN Br

O
A mixture of isatin (7.35 g, 50 mmol) and 2-bromoacetophenone (10 g, 50 mmol) was

dissolved in ethanol (50 mL) and diethylamine (365 mg, 5 mmol) was added. The
mixture was allowed to stand overnight at room temperature. The resulting reaction
mixture was monitored by TLC. The white solid (16.39 g, 95%) was obtained after
filtration, The above-mentioned white solid (6.92 g, 20 mmol), ethanol (50 mL) and

dilute HCI solution (25%, 100 mL) were taken and the reaction mixture was refluxed
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for 2 h. After completion, the reaction mixture was filtered to yield red solid (4.33 g,

66 %).

3. X-ray crystal data of compound 4e

The purified compound 4e is dissolved in a mixed solvent of dichloromethane and
petroleum ether, and placed in a dark cabinet to slowly evaporate. After two days,
colourless particles crystal ware obtained. Single Crystal X-ray diffraction data were

collected using a Bruker-AXS D8 Quest diffractometer (Mo Ka, A= 0.71073 A).

Figure S1 X-ray crystal structure of 4e (CCDC: 2102218).

Table S1. Crystal data and structure refinement for 4e

CCDC Number 2102218

Identification code 4e

Empirical formula C15H11N

Formula weight 205.25

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pna2:

Unit cell dimensions a=17.526 A a=90°
b=22.025A B=90<
c=5.561A y=90%

Volume 2146.7 A3

Z 8
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Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 24.994<
Absorption correction

Refinement method
Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

1.270 Mg/m3

0.074 mm-1
864
0.200 x 0.200 x 0.200 mm3

1.485t0 24.994<

-20<=h<=20, -25<=k<=26, -6<=I<=6
56737

3779 [R(int) = 0.1516]

100.0 %

Semi-empirical from equivalents

Full-matrix least-squares on F2
3779/15/ 241
1.033

R1 =0.0996, wR2 = 0.2158
R1 =0.2063, wR2 = 0.2647
1.8(10)

n/a

0.158 and -0.210 e.A-3
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4. Spectral data of compound 3aa-3ah,3ba-3he, 4a-4e, 5 and 7.

o

H O

indeno[2,1-b]indol-6(5H)-one (3aa)3:

Yield 72% (63 mg); dark red solid, mp 261-262 °C; *H NMR (600 MHz, DMSO-ds): 6
=12.10 (s, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.37-7.26 (m, 3H),
7.24 (d, J = 7.2 Hz, 1H), 7.16 (t, J = 7.2 Hz, 1H) , 7.04 (t, J = 7.2 Hz, 1H); *C NMR
(150 MHz, DMSO-ds): 0 =183.6, 143.0, 140.1, 136.5, 136.4, 134.2, 133.9, 126.7, 126.2,

123.1, 121.8, 121.4, 120.7, 119.4, 114.3. HRMS (ESI): m/z [M + HJ* calcd for

C1sH10NO+: 220.0757; found: 220.0756.

Me

o

N
2-methylindeno[2,1-b]indol-6(5H)-one (3ab):

Yield 73% (68 mg); dark red solid, mp 212-213 °C; *H NMR (600 MHz, DMSO-ds):

0 =11.95 (s, 1H), 7.61 (s, 1H), 7.35-7.25 (m, 3H), 7.21 (d, J = 7.2 Hz, 1H), 7.10 (d, J

= 8.4 Hz, 1H), 7.02 (t, J = 7.8 Hz, 1H), 2.40 (s, 3H); *C NMR (150 MHz, DMSO-de):

0 =183.5, 141.5, 140.2, 136.5, 136.4, 134.1, 133.3, 130.8, 128.1, 126.5, 123.0, 120.9,

120.5,119.2, 113.9, 21.1; HRMS (ESI): m/z calcd for C1sH1aNO* (M+H)* : 234.0913;

found: 234.0914.
MeO

e
N

H o
2-methoxyindeno[2,1-b]Jindol-6(5H)-one (3ac):

Yield 68% (68 mg); dark red solid, mp 236-237 ‘C; 'HNMR (600 MHz, DMSO-dg):
§=11.96 (s, 1H), 7.42 (d, J = 7.2 Hz, 1H), 7.32-7.25 (m, 3H), 7.21 (d, J = 7.2 Hz, 1H),
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7.01 (t, J = 7.8 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 3.84 (s, 3H); *C NMR (150 MHz,
DMSO-ds):  =183.3, 155.2, 140.2, 138.4, 136.7, 136.4, 134.1, 133.2, 126.4, 123.0,
121.0, 119.4, 117.8, 115.1, 101.2, 55.5; HRMS (ESI): m/z calcd for CisH11NO;Na*

(M+Na)*: 272.0682; found: 272.0678.
F

e
N Lo

0

2-fluoroindeno[2,1-b]indol-6(5H)-one (3ad):

Yield 47% (45 mg); dark red solid. mp 293-294°C; *H NMR (600 MHz, DMSO-ds): & = 12.10 (s,
1H), 7.51 (d, J = 9.6 Hz, 1H), 7.33-7.30 (m, 1H), 7.26-7.17 (m, 2H), 7.14 (d, J = 7.2 Hz, 1H), 7.04
(t,J=9.0 Hz, 1H), 6.94 (t, J = 7.2 Hz, 1H); 3C NMR (150 MHz, DMSO-ds): 6 =183.6, 158.2
(d, J=235.0 Hz), 139.9, 139.6, 138.2, 136.0, 134.2, 133.4 (d, J = 5.4 Hz), 126.5, 123.1,
120.5 (d, J = 10.7 Hz), 119.4, 115.5 (d, J = 9.8 Hz), 114.7 (d, J = 26.9 Hz), 105.5 (d, J
= 23.5 Hz); HRMS (ESI): m/z calcd for CisHsFNONa*™ (M+Na)* : 260.0482; found:

260.0484.
Cl

O
H L

o]
2-chloroindeno[2,1-b]indol-6(5H)-one (3ae):
Yield 62% (63 mg); brown solid, mp 287-288 °C; 'H NMR (600 MHz, DMSO-de): &
=12.21 (s, 1H), 7.86 (s, 1H), 7.39-7.29 (m, 2H), 7.25 (t, J = 7.2 Hz, 1H), 7.18 (t, J =
7.8 Hz, 2H), 6.99 (t, J = 7.2 Hz, 1H); 3C NMR (150 MHz, DMSO-de): § =183.6, 141.2,
139.6, 137.8, 135.9, 134.3, 132.9, 126.7, 126.4, 125.9, 123.2,121.3, 120.3, 119.7, 115.8;

HRMS (ESI): m/z calcd for C1sHyCINO* (M+H)" ; 254.0367; found: 254.0368.
Br

o e

N
H

2-bromoindeno[2,1-b]indol-6(5H)-one (3af):
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Yield 65% (77 mg); dark red solid, mp 294-295 C; *H NMR (600 MHz, DMSO-dg):
§=12.19 (s, 1H), 7.97 (s, 1H), 7.40-7.25 (m, 3H), 7.23 (t, J = 7.2 Hz, 1H), 7.16 (d, J =
7.2 Hz, 1H), 6.97 (t, J = 7.2 Hz, 1H); C NMR (150 MHz, DMSO-ds): 6 =183.5,141.3,
139.6, 137.6, 135.9, 134.2,132.7,128.3, 126.7,123.4,123.1,121.9, 119.6, 116.1, 114.4;
HRMS (ESI): m/z calcd for C1sHeBrNO* (M+H)*: 297.9862; found: 297.9862.

O

N
H %
3-chloroindeno[2,1-b]indol-6(5H)-one (3ag):

Yield 54% (55 mg); brown solid, mp 292-293 ‘C; 'H NMR (600 MHz, DMSO-dg): 6
=12.07 (s, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.27 (s, 1H), 7.18 (t, J = 7.2 Hz, 1H), 7.12 (t,
J=6.0 Hz, 2H), 7.01 (d, J = 8.4 Hz, 1H), 6.94 (t, J = 7.2 Hz, 1H): $3C NMR (150 MHz,
DMSO-de): 6 = 183.2, 142.9, 139.5, 137.3, 136.1, 134.0, 133.6, 130.3, 126.7, 123.0,
122.5, 122.2, 119.3, 119.2, 113.5; HRMS (ESI): m/z calcd for C1sHgCINO™ (M+H)™:
254.0367; found : 254.0367.

Me0OC O | O

” O

methyl 6-0xo0-5,6-dihydroindeno[2,1-b]indole-3-carboxylate (3ah):

Yield 64% (71 mg); dark red solid, mp 281-282°C; *H NMR (600 MHz, DMSO-ds): 6
=12.35 (s, 1H), 7.85 (s, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 8.4 Hz, 1H), 7.33-
7.21 (m, 2H), 7.18 (d, J = 6.6 Hz, 1H), 6.99 (t, J = 7.2 Hz, 1H), 3.83 (s, 3H); 3C NMR
(150 MHz, DMSO-ds): 0 =183.7, 166.3, 141.9, 139.7,139.4, 135.9, 134.5, 132.7, 126.8,
126.2, 123.4, 123.3, 121.6, 121.1, 119.6, 116.1, 52.1; HRMS (ESI): m/z calcd for

C17H12NO3* (M+H)™: 278.0812; found: 278.0812.
Cl
' O
0]

N
H
1-chloroindeno[2,1-b]indol-6(5H)-one (3aj):
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Yield 9% (9 mg); dark red solid, mp: >300°C; *H NMR (400 MHz, DMSO-dg): § =
12.44 (s, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.34-7.26 (m, 2H), 7.25-7.14 (m, 3H), 7.03 (t,
J=7.6 Hz, 1H); °C NMR (100 MHz, DMSO-ds): 6 =183.5, 143.6, 139.3, 137.5, 135.8,
134.6, 131.9, 126.8, 126.6, 125.2, 123.4, 121.8, 121.2, 120.3, 113.4; HRMS (ESI): m/z
calcd for C1sH9CINO* (M+H)*: 254.0367; found: 254.0368.

" sl

N
9-methoxyindeno[2,1-b]indol-6(5H)-one (3ba)

Yield 51% (51 mg); dark red solid, mp 260-261 “C; 'H NMR (400 MHz, DMSO-ds):
§=12.05 (s, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.38 (d, J= 8.4 Hz, 1H), 7.24 (t, J= 7.6 Hz,
1H), 7.18 (d, J = 8.0 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 6.97 (s, 1H), 6.46-6.41 (m,1H),
3.82(s, 3H); '*C NMR (75 MHz, DMSO-ds) : 6 = 182.9, 164.7, 142.6, 142.5, 137.9,
131.4,128.7,125.6,125.1,121.7,121.3,120.7, 114.1, 108.6, 107.8, 55.7; HRMS (ESI):
m/z calcd for C16H12NO2* (M+H)* : 250.0863; found: 250.0864.

O ’O OMe

N

H oo

8-methoxyindeno[2,1-b]indol-6(5H)-one (3ca)

Yield 73% (73 mg); dark red solid, mp 279-280°C; '"H NMR (600 MHz, DMSO-dj): &
=11.95 (s, 1H), 7.80 (d, J= 7.8 Hz, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.29-7.21 (m, 2H),
7.12 (t, J=7.2 Hz, 1H), 6.83 (s, 1H), 6.79-6.71 (m, 1H), 3.76 (s, 3H); '3C NMR (150
MHz, DMSO-ds): 6 = 182.9, 158.7, 143.0, 138.6, 136.0, 135.1, 131.7, 126.3, 121.6,
121.5,120.3, 120.0, 115.6, 114.2, 112.0, 55.5; HRMS (ESI): m/z calcd for C16H12NO>"
(M+H)*: 250.0863; found: 250.0864.

N l ' OMe

H o

7-methoxyindeno[2,1-b]indol-6(5H)-one (3da)*
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Yield 65% (65 mg); brown solid, mp: 250-251°C; '"H NMR (400 MHz, DMSO-ds): 6 =
11.97 (s, 1H), 7.78 (d, J= 8.0 Hz, 1H), 7.36 (d, J= 8.4 Hz, 1H), 7.31-7.25 (m, 1H),
722 (t, J= 7.6 Hz, 1H), 7.12 (t, J= 8.0 Hz, 1H), 6.97 (d,J= 6.8 Hz, 1H), 6.78
(d, J= 8.8 Hz, 1H), 3.83 (s, 3H); '3C NMR (100 MHz, DMSO-ds): § = 182.3, 157.0,
142.4,142.0,137.0,136.8,131.0,125.4,121.7,121.0,120.8,119.7,114.2,113.2, 112.9,

55.5; HRMS (ESI): m/z calcd for Ci6Hi2NO>" (M+H)": 250.0863; found: 250.0864.
MeO

0
N OMe

H %

2,7-dimethoxyindeno[2,1-b]indol-6(5H)-one (3dc)

Yield 67% (75 mg); brown solid, mp: 264°C; *H NMR (400 MHz, DMSO-ds): 6 =
11.81 (s, 1H), 7.31-7.20 (m, 3H), 7.03 (d, J = 6.8 Hz, 1H), 6.88 (dd, J = 2.4, 9.2 Hz,
1H), 6.76 (d, J = 8.8 Hz, 1H), 3.82 (s, 3H), 3.81 (s, 3H); *C NMR (100 MHz, DMSO-
de): 6 = 182.0, 157.0, 155.1, 142.2, 137.7, 137.2, 136.5, 130.3, 121.1, 119.8, 116.7,

114.9, 112.9, 112.8, 101.2, 55.43, 55.39; HRMS (ESI): m/z calcd for C17H14NO3s*
(M+H)*: 280.0968; found: 280.0969.

O~
M Ly

(@)
8-fluoroindeno[2,1-b]indol-6(5H)-one (3ea)
Yield 53% (50 mg); dark red solid, mp: 261-262°C; *H NMR (600 MHz, DMSO-ds): &
=12.10 (s, 1H), 7.81 (d, J = 8.4 Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.35-7.30 (m, 1H),
7.28 (t, J = 7.8 Hz, 1H), 7.15 (t, J = 7.2 Hz, 1H), 7.11-7.00 (m, 2H); *C NMR (150
MHz, DMSO-de): 6 =181.7,161.5 (d, J = 243.2 Hz), 143.1, 139.0 (d, J = 6.1 Hz), 136 .4,
136.0, 133.9, 126.5, 121.9, 121.5, 120.4, 120.2 (d, J = 6.9 Hz), 118.7 (d, J = 22.0 Hz),
114.2, 112.0 (d, J = 24.7 Hz); HRMS (ESI): m/z calcd for CisHeFNO* (M+H)*:
238.0663; found: 238.0664.
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oo
)
N

H o

8-chloroindeno[2,1-b]indol-6(5H)-one (3fa):

Yield 62% (63 mg); dark red solid, mp: 292-293°C; *H NMR (600 MHz, DMSO-ds): &
=12.14 (s, 1H), 7.76 (d, J = 7.8 Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.33-7.19 (m, 3H),
7.14 (t,J = 7.8 Hz, 1H), 7.11 (s, 1H); 3C NMR (150 MHz, DMSO-de): § =181.8, 143.1,
138.5, 138.4,136.4, 133.5, 133.0, 130.9, 126.5, 123.2,122.0, 121.4, 120.5, 120.3,114.3;

HRMS (ESI): m/z calcd for C15sHyCINO™ (M+H)": 254.0367; found: 254.0368.

E
O
H Lo

o]
9-fluoroindeno[2,1-b]indol-6(5H)-one (3ga)
Yield 71% (67 mg); Gray solid, mp: 273-274°C;; 'H NMR (600 MHz, DMSO-ds): J =
12.19 (s, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.34-7.20 (m, 3H),
7.17 (t, J = 7.8 Hz, 1H), 6.76 (t, J = 9.0 Hz, 1H); *C NMR (150 MHz, DMSO-ds): J =
182.2,166.5 (d, J=249.2 Hz), 143.4 (d,J=10.7 Hz) , 142.8, 137.4, 132.4,131.6, 126.2,
125.0 (d, J = 10.2 Hz), 122.0, 121.4, 120.6, 114.2, 111.4 (d, J = 22.9 Hz) , 108.4 (d, J
= 26.1 Hz); HRMS (ESI): m/z calcd for CisHeFNO* (M+H)": 238.0663; found:
238.0663.

o]
O
H L

o]
9-chloroindeno[2,1-b]indol-6(5H)-one  (3ha)
Yield 67% (68 mg); dark red solid, mp: >300°C; *H NMR (600 MHz, DMSO-ds): J =
12.21 (s, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.50-7.36 (M, 2H), 7.29 (t, J = 7.2 Hz, 1H),
7.22-7.12 (m, 2H), 7.05 (t, J = 7.2 Hz, 1H); 3C NMR (150 MHz, DMSO-ds): § =182.2,
142.9,142.2,139.0,137.0,134.9, 132.4,126.4, 125.9, 124.2, 122.1, 121.6, 120.6, 119.7,
114.3; HRMS (ESI) m/z: calcd for C1sHeCINO™ (M+H)*: 254.0367; found: 254.0368.
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cl F
Wl

H L

o)

2-chloro-9-fluoroindeno[2,1-b]indol-6(5H)-one  (3ge)

Yield 60% (65 mg); dark red solid, mp: >300°C; *H NMR (400 MHz, DMSO-ds): J =
12.13 (s, 1H), 7.76 (s, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.10-7.04 (m, 3H), 6.57 (s, 1H);
13C NMR (150 MHz, DMSO-de): 6 = 182.0, 167.3 (d, J = 249.8 Hz), 142.8 (d, J = 10.3
Hz), 141.0, 138.5, 131.9, 130.5, 126.6, 125.8,124.9 (d, J =9.2 Hz) , 121.1, 120.3, 115.6,

111.4 (d, J = 22.6 Hz) , 108.6 (d, J = 26.0 Hz); HRMS (ESI): m/z calcd for

CisHsFCINO™ (M+H)*: 272.0273; found: 272.0275.
Br

E
O
M L

o]
2-bromo-9-fluoroindeno[2,1-b]indol-6(5H)-one  (3gf)
Yield 58% (73 mg); dark red solid, mp: >300°C; *H NMR (400 MHz, DMSO-ds): J =
12.37 (s, 1H), 8.21 (s, 1H), 7.44-7.24 (m, 4H), 6.77 (t, J = 7.6 Hz, 1H); 3C NMR (150
MHz, DMSO-de): ¢ = 182.1, 166.5 (d, J = 249.5 Hz), 142.9 (d, J = 10.8 Hz), 141.2,
138.4,131.9,130.4,128.4, 125.1 (d, J =10.1 Hz), 123.5,121.8, 116.1, 114.7, 111.5 (d,
J=22.9Hz),108.8 (d, J =26.1 Hz); HRMS (ESI): m/z calcd for C15sHsFBrNO* (M+H)":
315.9768; found: 315.9768.

A

3-chloro-9-fluoroindeno[2,1-b]indol-6(5H)-one  (3gg)

Yield 55% (60 mg); dark red solid, mp: >300°C; *H NMR (400 MHz, DMSO-ds): J =
12.27 (s, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.36 (s, 1H), 7.28-7.20 (m, 2H), 7.14 (d, J = 8.8
Hz, 1H), 6.76 (t, J = 8.0 Hz, 1H); 3C NMR (150 MHz, DMSO-ds): § = 181.9, 167.3 (d,
J =249.3 Hz), 142.9, 142.8, 138.2, 132.0, 131.4, 130.4, 125.1 (d, J = 8.8 Hz), 122.7,
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122.5,119.2, 113.6, 111.7 (d, J = 22.4 Hz), 108.7 (d, J = 26.1 Hz); HRMS (ESI): m/z
calcd for CisHgsFCINO™* (M+H)*: 272.0273; found: 272.0274.

MeOOC O .O

N
H

methyl 9-fluoro-6-oxo0-5,6-dihydroindeno[2,1-b]indole-3-carboxylate (3gh)

Yield 61% (72 mg); dark red solid, mp: >300°C; *H NMR (400 MHz, DMSO-ds): J =
12.50 (s, 1H), 7.92 (t, J = 8.4 Hz, 2H), 7.63 (d, J = 8.8 Hz, 1H), 7.30-7.24 (m, 2H), 6.78
(t, J = 8.8 Hz, 1H), 3.87 (s, 3H); 3C NMR (150 MHz, DMSO-ds): J = 182.2, 166.6 (d,
J =250.1 Hz), 166.2, 143.0 (d, J = 10.4 Hz), 141.7, 140.1, 131.9, 130.4, 126.2, 125.4
(d, J=10.4 Hz), 123.2, 121.7, 121.1, 116.0, 111.7 (d, J = 22.4 Hz), 108.7 (d, J = 25.8
Hz), 52.1; HRMS (ESI): m/z calcd for Ci7H11FNO3z* (M+H)": 296.0718; found:

296.0718.
Cl

O
H Lo

o]
2-chloro-8-fluoroindeno[2,1-b]indol-6(5H)-one  (3ee)
Yield 42% (45 mg); dark red solid, mp: >300°C; *H NMR (400 MHz, DMSO-ds): & =
12.25 (s, 1H), 7.92 (s, 1H), 7.44-7.30 (m, 2H), 7.24 (d, J = 8.8 Hz, 1H), 7.08 (t, J = 8.8
Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H); *C NMR (150 MHz, DMSO-ds): § = 181.7, 161.6
(d, J=243.4 Hz), 141.2, 138.4 (d, J = 6.3 Hz), 137.7, 135.5, 132.9, 126.4 (d, J = 30.7
Hz), 121.0, 120.7 (d, J = 6.6 Hz), 120.5, 119.0, 118.9, 115.8, 112.0 (d, J = 24.5 Hz);
HRMS (ESI): m/z calcd for C1sHgFCINO™ (M+H)™: 272.0273; found: 272.0271.

Cl
o
|
A
H o
2,8-dichloroindeno[2,1-b]indol-6(5H)-one  (3fe)
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Yield 45% (52 mg); dark red solid, mp: >300°C; *H NMR (400 MHz, DMSO-ds): 6 =
12.33 (s, 1H), 7.96 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.39-7.33 (m, 2H), 7.25 (d, J = 8.8
Hz, 1H), 7.16 (s, 1H); *C NMR (150 MHz, DMSO-dg): 6 = 181.9, 141.3, 138.1, 137.9,
137.7, 133.3, 132.5, 131.1, 126.7, 126.4, 123.4, 121.1, 120.9, 120.6, 115.9; HRMS

(ESI): m/z calcd for C15HsCI.NO* (M+H)*: 287.9978; found: 287.9980.
of

Cl
el
H L

o)
2,9-dichloroindeno[2,1-b]indol-6(5H)-one  (3he)
Yield 64% (73 mg); dark red solid, mp: >300°C; *H NMR (600 MHz, DMSO-ds): 6 =
12.31 (s, 1H), 7.98 (s, 1H), 7.47 (s, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.21 (d, J = 6.6 Hz,
1H), 7.12 (d, J = 6.0 Hz, 1H), 7.01-6.99 (m, 1H); 3C NMR (150 MHz, DMSO-ds): 6 =
182.1,141.6,141.1,139.1, 138.2, 134.3, 131.3, 126.7, 126.1, 125.8, 124.2, 121.2, 120.6,

120.0, 115.7; HRMS (ESI): m/z calcd for C1sHsCI2NO*™ (M+H)*: 287.9978; found:
287.9977.

Mé 0
5-methylindeno[2,1-b]indol-6(5H)-one (4a)*

Dark red solid; mp: 146-147 ‘C; 'H NMR (400 MHz, CDCl3): 6 = 7.51 (d, J= 8.0 Hz,
1H), 7.20 (t, J = 6.4 Hz, 2H), 7.17-7.12 (m, 2H), 7.09 (t, /= 7.6 Hz, 1H), 6.95 (d, J =
7.2 Hz, 1H), 6.90 (t, J = 7.6 Hz, 1H), 3.72 (s, 3H); 1*C NMR (150 MHz, CDCl3): 6 =
184.3,143.6, 140.1, 136.9, 136.5, 133.6, 133.1, 126.1, 125.6, 123.1, 121.6, 121.3, 120.9,
118.7, 111.1, 30.2. HRMS (ESI): m/z calcd for CisHi1NONa" (M+Na)": 256.0733;
found: 256.0732.

ph— 0
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5-benzylindeno[2,1-b]indol-6(5H)-one (4b)

Dark red solid; mp:137-138 ‘C; *H NMR (400 MHz, DMSO-dg): 6 = 7.84 (d, J = 8.4
Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.36-7.22 (m, 9H), 7.17 (t, J = 7.6 Hz, 1H), 7.03 (t,
J=7.6 Hz, 1H), 5.47 (s, 2H); 3C NMR (100 MHz, DMSO-ds): 6 = 183.7, 143.0, 139.4,
137.1,136.3, 135.8, 134.4, 133.4, 128.7,127.7,127.2,126.9, 126.4, 123.3, 122.3, 121.8,
120.7, 119.6, 112.8, 47.1; HRMS (ESI): m/z calcd for C22HisNO* (M+H)*: 310.1226;
found: 310.1225.

O

TS/N o]

5-tosylindeno[2,1-b]indol-6(5H)-one (4¢)"

Dark orange solid; mp:216-217°C; *H-NMR (400 MHz, CDCls): 6 =8.28 (d, J = 8.8
Hz, 1H), 8.02 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H),
7.40-7.21 (m, 6H), 7.13 (t, J = 7.6 Hz, 1H), 2.35 (s, 3H); 1*C NMR (100 MHz, CDCla):
6=180.3, 145.6, 142.6, 142.4, 136.9, 135.7, 135.3, 134.6, 133.6, 129.9, 128.8, 128.4,

127.3,124.7, 124.0, 122.5, 121.7, 120.0, 115.6, 21.6.

ave
g OH
5,6-dihydroindeno[2,1-b]indol-6-0l (4d)
White solid; mp: 203-204°C; 'H NMR (400 MHz, DMSO-ds): 6 = 11.71 (s, 1H), 7.82
(d,J=7.2Hz, 1H),7.52 (d,J =7.6 Hz, 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.27 (t, J = 7.6
Hz, 1H), 7.17-7.09 (m, 2H), 7.05 (t, J = 7.2 Hz, 1H), 5.89 (d, J = 8.4 Hz, 1H), 5.45 (d,
J=8.4Hz, 1H); °C NMR (100 MHz, DMSO-de): 6=149.6, 147.9, 140.8, 138.5, 128.2,
124.4,123.0, 121.3, 121.2, 119.9, 119.2, 118.6, 117.8, 112.7, 68.5; HRMS (ESI): m/z
calcd for C1sH12NO™ (M+H)*: 222.0913; found: 222.0913.
SR,
AL

H

5,6-dihydroindeno[2,1-b]indole (4e)’
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White solid; mp: 206-207 °C;; *H NMR (400 MHz, DMSO-ds): 6 = 11.57 (s, 1H), 7.87-
7.83 (M, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.47-7.42 (m, 2H), 7.28 (t, J = 7.6 Hz, 1H), 7.14-
7.11 (m, 2H), 7.04 (t, J = 7.6 Hz, 1H), 3.82 (s, 2H); 3C NMR (100 MHz, DMSO-d):
5 = 147.4, 142.6, 140.7, 139.8, 126.7, 124.8, 122.0, 121.4, 120.7, 120.0, 119.5, 118.7,
117.8, 112.2, 30.7.

)

HN Br
0

(E)-3-(2-(2-bromophenyl)-2-oxoethylidene)indolin-2-one (5)°

Red solid; mp: 157-158°C; '"H NMR (300 MHz, DMSO-ds): J = 10.84 (s, 1H), 8.36
(d, J=7.8 Hz, 1H), 7.82-7.68 (m, 2H), 7.60-7.46 (m, 2H), 7.40 (t, /= 7.8 Hz, 1H), 7.34
(s, 1H), 7.01 (t, J=7.8 Hz, 1H), 6.90 (d, J= 7.8 Hz, 1H); '3*C NMR (75 MHz, DMSO-
des): 0 = 192.8, 168.2, 145.5, 140.5, 136.8, 133.8, 133.6, 133.1, 130.1, 128.2, 127.5,

126.4,121.9, 119.9, 118.9, 110.5.
O

1,0

HN

&

3-(4-acetylphenyl)-3-methylindolin-2-one (7)

White solid; mp: 206-207 °C; 'H NMR (400 MHz, CDCl3): 6 = 9.61 (s, 1H), 7.91
(d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.25-7.20 (m, 1H), 7.12-7.01 (m, 2H),
6.99 (d, J = 8.0 Hz, 1H), 2.56 (s, 3H), 1.84 (s, 3H); *C NMR (100 MHz, CDCls): 6 =
197.7,181.8, 145.8, 140.4, 135.9, 134.8, 128.6, 128.3, 126.9, 124.1, 122.9, 110.5,
52.9, 26.6, 23.2; HRMS (ESI): m/z calcd for C17H16NO2" (M+H)™: 266.1176; found:
266.1175.
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6. Spectral copies of 'H NMR, and *C NMR
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