Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2022

Supporting Information

Controllable transformation of indoles using iodine(lll)
reagent

Yinxiang Jian,>>" Peng Liang,»>" Xiaoyan Li,>° Huawu Shao**° and Xiaofeng Ma*?°

@ Natural Products Research Centre, Chengdu Institute of Biology, Chinese Academy of Sciences,
610041 Chengdu, People’s Republic of China.

Fax: +028-82890288

E-mail: maxf@cib.ac.cn; shaohw@cib.ac.cn

b School of Chemical Engineering, Institute of Pharmaceutical Engineering Technology and
Application, Key Laboratory of Green Chemistry of Sichuan Institutes of Higher Education, Sichuan
University of Science & Engineering, Xueyuan Street 180, Huixing Road, Zigong, Sichuan 643000,
People’s Republic of China

¢ University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China.

fThese authors contributed equally.


mailto:maxf@cib.ac.cn

Table of contents

1. General INFOrMAaLION ........coiviiiice s 3
2. Experimental Procedures................c.ccccooveovevesenisessnsnnns BRI E L%

3. Substrate synthesis and Data..................c.coccooiiiiiiiii 4
B 2 () (=) 1 o PP 28
5. Copies Of NMR SPECLIA ......ccccccoiiiiiiiiiiiie et ee e e e e e e e e e e e e e e e e s snnneees 28



1. General information

All materials were purchased from commercial sources (Acros, Aldrich, Adamas,
Casmart) and used without any further treatment unless otherwise stated. When
required, unless specifically mentioning, dry solvents were obtained directly prior to use
by distillation from CaH; or sodium/benzophenone. All reactions were performed in
oven-dried glassware under an argon atmosphere unless otherwise noted. Removal of
solvents in vacuo was achieved using both a GreatWall® rotary evaporator (bath
temperatures up to 45 °C) at a pressure of either 15 mmHg (diaphragm pump) or 0.1
mmHg (oil pump), as appropriate, and a high vacuum line at room temperature
Reactions requiring anhydrous conditions were run under a dry atmosphere of nitrogen
or argon. Flash column chromatography (FCC) was performed using silica gel (Qindao
Haiyang, 200-300). Thin layer chromatography (TLC) was performed using aluminium
backed 60F;s. silica plates. Visualisation was achieved by UV fluorescence or a basic
KMnO,4 solution and heat. H nuclear magnetic resonance (!H NMR) spectra were
recorded on a Bruker Avance 400 MHz or 600 MHz spectrometer. 13C NMR spectra were
recorded at 101 MHz or 151 MHz as stated. 'H chemical shifts are reported in ppm
relative to solvent peak, CDCl3z (6 = 7.26 ppm), DMSO-ds (6 = 2.50 ppm), CD30D (6 = 3.30
ppm). 13C chemical shifts are reported in ppm using CDCl3z (8 = 77.16 ppm), DMSO-ds (6 =
39.52 ppm), CD30D (6 = 49.00 ppm). The following abbreviations are used: s = singlet, d
= doublet, t = triplet, q = quartet, m = multiplet, br = broad. High-resolution mass spectra

(HRMS) were recorded on BioTOFQ.

2. Experimental Procedures

General Procedure A: for the conversion of indoles into 3-halo-indoles

X
PIFA (1.2 eq)
R2®R3 X (12eq) _ RL@j\g,Rs
N\ ] CH2C|2, rt N\
, R , R

PIFA (0.24 mmol, 120 mol%) was added dropwise to a solution of indoles (1) (0.20

mmol, 100 mol%) and n-BusNCleH,0 (TBAC) (0.24mmol, 120 mol%) in CH2Cl; (2.0 mL)



with stirring under open-air conditions at room temperature. The resulting solution was
stirred for further 1-3 min. Upon completion as detected by TLC, solvent was removed
by rotary evaporation and the residue was purified though FCC or preparative TLC

(PTLC) to obtain the products (2).

General Procedure B: for the chlorination-oxidation indoles into 3-Cl-2-oxindoles

Cl
PIFA (2.2 eq)
=2 @ TBAC (2260) g2 o
N CH,Cly, rt N
R’ R'

1 3
PIFA (0.44 mmol, 220 mol%) was added dropwise to a solution of indoles (1) (0.20
mmol, 100 mol%) and n-BusNCleH,0 (TBAC) (0.44 mmol, 220 mol%) in CH»Cl; (2.0 mL)
with stirring under open-air conditions at room temperature. The resulting solution was
stirred for further 1-5 min. Upon completion as detected by TLC, solvent was removed
by rotary evaporation and the residue was purified though FCC or preparative TLC

(PTLC) to obtain 3-Cl-2-oxindoles (3).

General Procedure C: for the chlorination-oxidation indoles into 3,3-di-Cl-

2-oxindoles

Cl Ccl
PIFA (3.2 eq)
Rz@ TBAC (3.2eq) g o
N\ CH2CI2, rt N\
1 1
R 4 R
PIFA (0.64 mmol, 320 mol%) was added dropwise to a solution of indoles (0.20 mmol,
100 mol%) and n-BusNCleH,0 (TBAC) (0.64 mmol, 320 mol%) in CH2Cl; (2.0 mL) with
stirring under open-air conditions at room temperature. The resulting solution was
stirred for further 1.5-2 h. Upon completion as detected by TLC, solvent was removed by

rotary evaporation and the residue was purified though FCC or preparative TLC (PTLC)

to obtain 3,3-di-Cl-2-oxindoles (4).

3. Substrate synthesis and Data

3-Chloro-1H-indole (2a)



Iz />>\O

Compound 2a was prepared by the general procedure A: Purified by FCC (eluent: 10%
EtOAc/hexanes) afforded 2a (28.2 mg, 93% yield) as a white solid.

1H NMR (400 MHz, CDCl3) 6 8.10 (br, s, 1H), 7.70 (d, /] = 7.7 Hz, 1H), 7.39 (d, ] = 8.0 Hz,
1H), 7.31 - 7.22 (m, 2H), 7.19 (s, 1H). 13C NMR (101 MHz, CDCl3) & 134.97, 125.40,
123.14,120.84,120.49, 118.28, 111.50, 106.57.

The spectroscopic properties were consistent with our previously reported one.!

3-Chloro-1-methyl-1H-indole (2b)
Cl

8
N

Me
Compound 2b was prepared by the general procedure A: Purified by FCC (eluent: 10%
EtOAc/hexanes) afforded 2b (30.8 mg, 93% yield) as a yellow liquid.
1H NMR (400 MHz, CDCl3) 6 7.67 (d, J = 8.2 Hz, 1H), 7.36 - 7.31 (m, 2H), 7.25 - 7.22 (m,
1H), 7.06 (s, 1H), 3.79 (s, 3H). 13C NMR (101 MHz, CDCl3) 6 135.97, 125.86, 125.36,
122.73, 120.02, 118.50, 109.61, 104.53, 33.07. ESI-HRMS: m/z calcd for CoHoCIN [M +
H]*: 166.0418, found 166.0422.
The spectroscopic properties were consistent with the data available in the literature.?

1-Allyl-3-chloro-1H-indole (2c)

Compound 2¢ was prepared by the general procedure A: Purified by FCC (eluent: 10%
EtOAc/hexanes) afforded 2c¢ (35.3 mg, 92% yield) as a colourless liquid.

1H NMR (400 MHz, CDCl3) 6 7.70 - 7.67 (m, 1H), 7.36 - 7.28 (m, 2H), 7.25 - 7.21 (m, 1H),
7.11 (s, 1H), 6.05 - 5.96 (m, 1H), 5.28 - 5.25 (dd, /= 10.3, 1.3 Hz, 1H), 5.18 - 5.13 (m, 1H),
4.72 (dt,] = 5.4, 1.6 Hz, 2H). 13C NMR (101 MHz, CDCl3) § 135.40, 133.04, 126.05, 124.38,

122.79, 120.19, 118.59, 117.93, 109.96, 105.11, 49.05. ESI-HRMS: m/z calcd for
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C11H1:CIN [M + H]*: 192.0575, found 193.0581.

The spectroscopic properties were consistent with the data available in the literature.?

I

\

Bn

1-Benzyl-3-chloro-1H-indole (2d)

Compound 2d was prepared by the general procedure A: Purified by FCC (eluent: 8%
EtOAc/hexanes) afforded 2d (45.0 mg, 93% yield) as a colourless liquid.

1H NMR (400 MHz, CDCI3) 6 7.71 - 7.69 (m, 1H), 7.42 - 7.41 (m, 1H), 7.36 - 7.32 (m, 4H),
7.30 - 7.21 (m, 2H), 7.18 - 7.15 (m, 2H), 7.13 (s, 1H), 5.30 (s, 2H). 13C NMR (101 MHz,
CDCl3) 6 136.94, 135.63, 129.00, 128.55, 128.02, 127.77,127.04, 126.12, 124.73, 122.97,
120.30, 118.64, 110.06, 105.43, 72.26, 50.36. ESI-HRMS: m/z calcd for CisH13CIN [M +
H]*: 242.0731, found 242.0735.

The spectroscopic properties were consistent with the data available in the literature.?

3-Chloro-5-methyl-1H-indole (2¢)

<
(0]
I=z /;>\O

Compound 2e was prepared by the general procedure A: Purified by FCC (eluent: 8%
EtOAc/hexanes) afforded 2e (31.1 mg, 94% yield) as a light grey solid.

1H NMR (400 MHz, CDCl3) 6 7.96 (br, s, 1H), 7.48 - 7.47 (m, 1H), 7.29 - 7.26 (m, 1H), 7.15
(d,J =2.6 Hz, 1H), 7.13 - 7.11 (m, 1H), 2.52 (s, 3H). 13C NMR (101 MHz, CDCl3) 6 133.44,
130.07, 125.69, 124.95, 121.01, 117.87, 111.29, 106.09, 21.54. ESI-HRMS: m/z calcd for
CoH7CIN [M - H]: 164.0273, found 164.0273.

The spectroscopic properties were consistent with the data available in the literature.3

3-Chloro-4-methyl-1H-indole (2f)
Me Cl

o

H
Compound 2f was prepared by the general procedure A: Purified by FCC (eluent: 8%

EtOAc/hexanes) afforded 2f (30.1 mg, 91% yield) as a light grey solid.
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1H NMR (400 MHz, CDCl3) 6 8.02 (br, s, 1H), 7.22 - 7.20 (m, 1H), 7.16- 7.12 (m, 2H), 6.94
- 6.92(m, 1H), 2.85 (s, 3H). 13C NMR (101 MHz, CDCl3) § 135.46, 130.99, 123.29, 122.06,
121.18, 109.59, 106.87, 19.25. ESI-HRMS: m/z calcd for CoHoCIN [M + H]*: 166.0418,
found 166.0421.

The spectroscopic properties were consistent with the data available in the literature.*

3-Chloro-6-methyl-1H-indole (2g)

Me

I=z />>\O

Compound 2g was prepared by the general procedure A: Purified by FCC (eluent: 10%
EtOAc/hexanes) afforded 2g (27.7 mg, 85% yield) as a grey solid.
1H NMR (400 MHz, CDCl3) 6 7.93 (br; s, 1H), 7.56 (d, J = 8.1 Hz, 1H), 7.17 (s, 1H), 7.11 (d, ]
= 2.4 Hz, 1H), 7.07 (d, ] = 8.2 Hz, 1H), 2.51 (s, 3H). 13C NMR (101 MHz, CDCl3) & 135.55,
133.22,123.45,122.44, 120.24, 118.03, 111.46, 106.55, 21.82. ESI-HRMS: m/z calcd for
CoHoCIN [M + H]*: 166.0418, found 166.0421.
3-Chloro-6-methoxy-1H-indole (2h)

Cl

Iz />>\

MeO

Compound 2h was prepared by the general procedure A: Purified by FCC (eluent: 10%
EtOAc/hexanes) afforded 2h (22.9 mg, 80% yield) as a white solid.

1H NMR (400 MHz, CDCls) § 7.96 (br, s, 1H), 7.53 (d, J = 8.7 Hz, 1H), 7.07 (d, ] = 2.4 Hz,
1H), 6.90 (dd, /= 8.7, 2.0 Hz, 1H), 6.84 (d, / = 1.8 Hz, 1H), 3.87 (s, 3H). 13C NMR (101 MHz,
CDCl3) 6 157.39, 135.89,119.98, 119.64, 119.10, 110.86, 106.63, 94.82, 55.81. ESI-HRMS:
m/z calcd for CoHoCIN [M + H]*: 182.0367, found 182.0369.
3-Chloro-7-methoxy-1H-indole (2i)

Cl

Iz __

OMe

Compound 2i was prepared by the general procedure A: Purified by FCC (eluent: 10%
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EtOAc/hexanes) afforded 2i (31.2 mg, 86% yield) as a colourless liquid.

1H NMR (400 MHz, CDCl3) 6 8.33 (br, s, 1H), 7.32 - 7.29 (m, 1H), 7.19 - 7.14 (m, 2H), 6.73
(d, J = 7.7 Hz, 1H), 4.00 (s, 3H). 13C NMR (101 MHz, CDCl3) 6 146.19, 126.74, 125.77,
121.00, 120.58, 110.93, 106.85, 102.80, 55.52. ESI-HRMS: m/z calcd for CoHoCIN [M +
H]+: 182.0367, found 182.0368.

The spectroscopic properties were consistent with the data available in the literature.3

3-Chloro-4-nitro-1H-indole (2j)

5

H
Compound 2j was prepared by the general procedure A: Purified by FCC (eluent: 12.5%

EtOAc/hexanes) afforded 2j (35.0 mg, 89% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-ds) 6 12.29 (br, s, 1H), 7.88 (d, / = 2.3 Hz, 1H), 7.84 (dd, /] = 8.2,
0.8 Hz, 1H), 7.78 (d, /] = 7.8 Hz, 1H), 7.33 (td, J = 8.0, 1.1 Hz, 1H). 13C NMR (101 MHz,
DMSO-ds) 6 141.24, 137.38, 128.11, 121.18, 118.30, 117.07, 115.24, 102.72. ESI-HRMS:
m/z calcd for CgHsCIN20; [M + H]*: 197.0112, found 197.0116.
3-Chloro-5-nitro-1H-indole (2Kk)

Cl

Compound 2Kk was prepared by the general procedure A: Purified by FCC (eluent: 12.5%

Iz __

EtOAc/hexanes) afforded 2k (34.2 mg, 87% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-ds) 6 12.11 (br, s, 1H), 8.36 (d, / = 2.3 Hz, 1H), 8.04 (dd, /] = 9.0,
2.3 Hz, 1H), 7.82 (d, /= 2.6 Hz, 1H), 7.60 (d,/ = 9.0 Hz, 1H). 13C NMR (101 MHz, DMSO-ds)
6 141.20, 137.93, 126.53, 123.94, 117.41, 114.09, 112.95, 105.66. ESI-HRMS: m/z calcd
for CsH4CIN202 [M - H]: 194.9967, found 194.9971.

The spectroscopic properties were consistent with the data available in the literature.®

3-Chloro-6-nitro-1H-indole (21)



Cl

Iz />>\

O,N
Compound 21 was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 21 (35.4 mg, 92% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-ds) 6 12.13 (br; s, 1H), 8.35 (d, / = 2.0 Hz, 1H), 7.96 - 7.93 (m,
2H), 7.62 (d, ] = 8.8 Hz, 1H). 13C NMR (101 MHz, DMSO0-ds) 6 142.80, 133.27, 129.25,
128.89, 117.57, 114.78, 109.07, 104.28. ESI-HRMS: m/z calcd for CgH4CIN20; [M - H]:
194.9967, found 194.9967.

3-Chloro-7-nitro-1H-indole (2m)

Iz __

NO,

Compound 2m was prepared by the general procedure A: Purified by FCC (eluent:
12.5% EtOAc/hexanes) afforded 2m (33.8 mg, 86% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-ds) 6 12.13 (br, s, 1H), 8.19 (dd, J = 8.0, 0.6 Hz, 1H), 8.01 (d, ] =
7.8 Hz, 1H), 7.71 (d, ] = 2.7 Hz, 1H), 7.34(t, ] = 7.9 Hz, 1H). 13C NMR (101 MHz, DMSO-d5)
6 132.97, 128.66, 127.10, 125.85, 125.75, 119.87, 119.59, 105.49. ESI-HRMS: m/z calcd
for CgH4CIN;02 [M - H]: 194.9967, found 194.9970.

The spectroscopic properties were consistent with the data available in the literature.¢

3-Chloro-1H-indole-5-carbonitrile (2n)

Cl

NC
\©j\g
N

H

Compound 2n was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2n (31.8 mg, 90% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-ds) & 11.95 (br, s, 1H), 7.98 (s, 1H), 7.75 (d, ] = 2.3 Hz, 1H), 7.60
(d,J=8.5Hz, 1H), 7.51 (d,J = 8.5 Hz, 1H). 13C NMR (101 MHz, DMSO-ds) § 136.66, 125.36,
124.93, 124.49, 12292, 120.17, 113.64, 104.21, 102.14. ESI-HRMS: m/z calcd for

CoHeCINz [M + H]*: 177.0214, found 177.0214.
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3-Chloro-1H-indole-6-carbonitrile (20)

o
NC N

H

Compound 20 was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 20 (31.1 mg, 88% yield) as a grey solid.

1H NMR (400 MHz, DMSO-ds) 6 11.98 (s, 1H), 7.96 (s, 1H), 7.84 (d, ] = 2.8 Hz, 1H), 7.63 (d,
J = 8.3 Hz, 1H), 7.43 (dd, J = 8.3, 1.3 Hz, 1H). 13C NMR (101 MHz, DMSO-ds) 6 133.69,
127.40,127.04,122.35,120.11, 118.32, 117.34, 104.06, 103.87. ESI-HRMS: m/z calcd for
CoHeCIN [M + H]*: 177.0214, found 177.0216.

3-Chloro-1H-indole-7-carbonitrile (2p)

Iz __

CN
Compound 2p was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2p (31.8 mg, 90% yield) as a white solid.
1H NMR (400 MHz, DMSO-d¢) 6 12.33 (br, s, 1H), 7.85 - 7.80 (m, 1H), 7.72 - 7.68 (m, 2H),
7.25 (dd, J = 15.5, 7.9 Hz, 1H). 13C NMR (101 MHz, DMSO-d¢) 6 134.31, 127.83, 127.78,
125.61, 124.74, 124.70, 122.99,122.95, 119.98, 119.94, 116.80, 104.67, 94.73. ESI-HRMS:
m/z calcd for CoH4CIN; [M - H]: 175.0068, found 175.0067.

4-Bromo-3-chloro-1H-indole (2q)

Br Cl
\
i N
H

Compound 2q was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2q (40.6 mg, 88% yield) as a grey solid.

1H NMR (400 MHz, CDCl3) 6 8.19 (br, s, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.29 - 7.29 (m, 1H),
7.21 - 7.20 (m, 1H), 7.06 - 7.02 (m, 1H). 13C NMR (101 MHz, CDCl3) 8§ 136.22, 125.43,
123.99, 123.06, 122.62, 113.31, 111.21. ESI-HRMS: m/z calcd for CgH4BrCIN [M - H]-:

227.9221, found 227.9226.

10



The spectroscopic properties were consistent with the data available in the literature.*

5-Bromo-3-chloro-1H-indole (2r)

Cl
Bf@ﬁ

Compound 2r was prepared by the general procedure A: Purified by FCC (eluent: 12.5%

Iz __

EtOAc/hexanes) afforded 2r (42.4 mg, 92% yield) as a yellow solid.

1H NMR (400 MHz, CDCl3) 6 8.13 (br, s, 1H), 7.78 (d, ] = 1.8 Hz, 1H), 7.32 (dd, = 8.7, 1.9
Hz, 1H), 7.21 (d, J = 8.7 Hz, 1H), 7.15 (d, / = 2.6 Hz, 1H). 13C NMR (101 MHz, CDCl3) &
133.67,127.13,126.21,122.18,121.02, 113.86, 113.11, 106.05. ESI-HRMS: m/z calcd for
CgH4BrCIN [M - H]-: 227.9221, found 227.9225.

The spectroscopic properties were consistent with the data available in the literature.®

7-Bromo-3-chloro-1H-indole (2s)

Iz _

Br
Compound 2s was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2s (38.7 mg, 84% yield) as a colourless liquid.
1H NMR (400 MHz, CDCl3) & 8.26 (br; s, 1H), 7.60 (d, ] = 8.0 Hz, 1H), 7.42 - 7.40 (m, 1H),
7.26 - 7.23 (m, 1H), 7.19 (t,] = 7.8 Hz, 1H). 13C NMR (101 MHz, CDCI3) § 133.65, 126.68,
125.58,121.72,121.69, 117.80, 107.70, 105.13. ESI-HRMS: m/z calcd for CsH4BrCIN [M -
H]: 227.9221, found 227.9222.

3-Chloro-5-fluoro-1H-indole (2t)

T]
Iz /:>\O

Compound 2t was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2t (30.5 mg, 90% yield) as a yellow solid.
1H NMR (400 MHz, CDCl3) 6 8.13 (br; s, 1H), 7.33 - 7.29 (m, 2H), 7.23 (d, ] = 2.6 Hz, 1H),

7.03 (td, ] = 9.1, 2.5 Hz, 1H). 13C NMR (101 MHz, CDCls) & 158.41 (d, ] = 237.4 Hz, 1C),
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131.58, 125.98 (d, ] = 10.1 Hz, 1C), 122.73, 112.53 (d, ] = 9.6 Hz, 1C), 111.95 (d, ] = 27.3
Hz, 1C), 106.63 (d, ] = 5.1 Hz, 1C), 103.46 (d, ] = 25.3 Hz, 1C). ESI-HRMS: m/z calcd for
CsH4FCIN [M - H]: 168.0022, found 168.0023.

The spectroscopic properties were consistent with the data available in the literature.’

Jon
Cl N

H

3,6-Dichloro-1H-indole (2u)

Compound 2u was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2u (33.1 mg, 89% yield) as a grey solid.

1H NMR (400 MHz, CDCI3) 6 8.07 (br; s, 1H), 7.54 (d, J = 8.5 Hz, 1H), 7.35 (dd, /= 1.3, 0.4
Hz, 1H), 7.18 - 7.15 (m, 2H). 13C NMR (101 MHz, CDCl3) § 135.33, 129.32, 124.19, 121.60,
121.46, 119.41, 111.53, 106.96. ESI-HRMS: m/z calcd for CsH4CLN [M - H]: 183.9726,
found 183.9729.

The spectroscopic properties were consistent with the data available in the literature.*

3-Chloro-5-iodo-1H-indole (2v)

Iz /:>\O

Compound 2v was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2v (51.1 mg, 92% yield) as a grey solid.

1H NMR (400 MHz, CDCl3) 6 8.11 (br, s, 1H), 7.98 (d, ] = 0.9 Hz, 1H), 7.50 - 7.47 (m, 1H),
7.13 - 7.10 (m, 2H). 13C NMR (101 MHz, CDCl3) 6 134.12,131.63, 127.84, 127.32, 127.29,
121.75, 113.54, 105.71, 83.93. ESI-HRMS: m/z calcd for CgH4ICIN [M - H]: 275.9082,
found 275.9084.

The spectroscopic properties were consistent with the data available in the literature.*

3-Chloro-1H-indole-4-carbaldehyde (2w)
CHO

A\

N
H

Compound 2w was prepared by the general procedure A: Purified by FCC (eluent:
12



12.5% EtOAc/hexanes) afforded 2w (33.8 mg, 94% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-ds) 6 11.94 (br, s, 1H), 11.02 (s, 1H), 7.82 - 7.76 (m, 2H), 7.71
(d,J=7.5Hz, 1H), 7.33 (td, / = 7.9, 3.4 Hz, 1H). 13C NMR (101 MHz, DMSO-ds) 6 189.82,
136.55,128.08,126.73, 123.44, 121.76, 120.42, 118.65, 102.18. ESI-HRMS: m/z calcd for
CoH,CINO [M + H]*: 180.0211, found 180.0213.
(E)-3-Chloro-4-(2-nitrovinyl)-1H-indole (2x)

NO,

=
Cl

Iz _

Compound 2x was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2x (41.0 mg, 92% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-ds) 6 11.83 (br, s, 1H), 9.18 (d,/ = 13.4 Hz, 1H), 8.20 (d,/ = 13.4
Hz, 1H), 7.76 - 7.74 (m, 2H), 7.63 (d, /] = 8.1 Hz, 1H), 7.25 (t,/ = 7.9 Hz, 1H). 13C NMR (101
MHz, DMSO-ds) 6 137.25, 135.90, 135.35, 126.21, 122.46, 122.40, 121.05, 120.60, 116.59,
102.50. ESI-HRMS: m/z calcd for C10HsCIN202 [M + H]*: 223.0269, found 223.0271.

1-Chloro-5,6-dihydro-4H-pyrrolo|[3,2,1-ij|jquinoline (2y)
Cl

Compound 2y was prepared by the general procedure A: Purified by FCC (eluent: 8%
EtOAc/hexanes) afforded 2y (34.9 mg, 91% yield) as a yellow solid.

1H NMR (400 MHz, CDCl3) 6 7.44 (dd, J = 8.2, 2.1 Hz, 1H), 7.10 (d,J = 1.9 Hz, 1H), 7.05 (s,
1H), 6.97 (d,J = 7.1 Hz, 1H), 4.11 (t,] = 5.7 Hz, 2H), 3.01 (t, / = 6.1 Hz, 2H), 2.27 - 2.22 (m,
2H). 13C NMR (101 MHz, CDCl3) & 133.35, 123.43, 122.82,121.98, 120.42, 119.49, 115.84,
104.43, 44.23, 24.53, 22.86. ESI-HRMS: m/z calcd for C11H1:CIN [M + H]*: 192.0580,
found 192.0585.

3-Chloro-2-methyl-1H-indole (2z)
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Cl
N
H

Compound 2z was prepared by the general procedure A: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 2z (28.5 mg, 86% yield) as a yellow solid.

1H NMR (400 MHz, CDCl3) 6 7.90 (br, s, 1H), 7.60 - 7.57 (m, 1H), 7.30 - 7.27 (m, 1H), 7.22

- 7.20 (m, 2H), 2.44 (s, 3H). 13C NMR (101 MHz, CDCIs) 6 134.16, 130.63, 126.32, 122.22,
120.33, 117.54, 110.79, 103.59, 11.32. ESI-HRMS: m/z calcd for CoH;CIN [M - H]-:
164.0273, found 164.0277.

The spectroscopic properties were consistent with the data available in the literature.*

Methyl 3-chloro-1H-indole-2-carboxylate (2aa)

Cl

@—cowm
N

H

Compound 2aa was prepared by the general procedure A: Purified by FCC (eluent:
12.5% EtOAc/hexanes) afforded 2aa (30.6 mg, 73% yield) as a yellow solid.
1H NMR (400 MHz, CDCl3) 6 9.09 (s, 1H), 7.72 (d, ] = 8.1 Hz, 1H), 7.44 - 7.36 (m, 2H), 7.26
- 7.20 (m, 1H), 4.01 (s, 3H). 13C NMR (101 MHz, CDCl3) 6 161.58, 134.89, 126.69, 126.19,
122.19,121.36,120.28, 112.55, 112.13, 52.28. ESI-HRMS: m/z calcd for C10HoCINO; [M +
H]*: 210.0316, found 210.0316.
The spectroscopic properties were consistent with the data available in the literature.”
3-Chloro-2-phenyl-1H-indole (2ab)

Cl

-0

N
Compound 2ab was prepared by the general procedure A: Purified by FCC (eluent:
12.5% EtOAc/hexanes) afforded 2ab (41.4 mg, 91% yield) as a yellow solid.
1H NMR (400 MHz, CDCl3) 6 8.16 (br, s, 1H), 7.83 (d, /] = 7.6 Hz, 2H), 7.69 (d, ] = 7.6 Hz,
1H), 7.52 (t,] = 7.6 Hz, 2H), 7.40 (dd, J = 15.3, 7.7 Hz, 2H), 7.30 - 7.21 (m, 2H). 13C NMR

(101 MHz, CDCl3) 6 134.63, 132.34, 130.88, 128.93, 128.29, 127.31, 127.28, 123.52,
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120.81, 118.50, 111.21, 103.72. ESI-HRMS: m/z calcd for C14HoCIN [M - H]: 226.0429,
found 226.0430.
The spectroscopic properties were consistent with the data available in the literature.*

3-Chloro-1H-pyrrolo[2,3-b]pyridine (2ac)

Cl
NS
N
N" R

Compound 2ac was prepared by the general procedure A: Purified by FCC (eluent:
12.5% EtOAc/hexanes) afforded 2ac (24.4 mg, 80% yield) as a white solid.

1H NMR (400 MHz, DMSO-ds) 6 12.05 (br, s, 1H), 8.32 (dd, J = 4.7, 1.4 Hz, 1H), 7.95 (dd, J
= 7.9, 1.5 Hz, 1H), 7.66 (s, 1H), 7.17 (ddd, ] = 7.9, 4.7, 1.6 Hz, 1H). 13C NMR (101 MHz,
DMSO-ds) 6 146.11, 143.31, 126.31, 123.37, 117.54, 116.14, 102.11. ESI-HRMS: m/z
calcd for C7HeCIN2 [M + H]*: 153.0214, found 153.0214.

The spectroscopic properties were consistent with the data available in the literature.8

3-Bromo-1H-indole (2ae)

Br

g%

H

Compound 2ae was prepared by the general procedure A: Purified by FCC (eluent: 8%
EtOAc/hexanes) afforded 2ae (35.3 mg, 90% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-d¢) 6 11.49 (br, s, 1H), 7.56 (d, ] = 2.6 Hz, 1H), 7.45 (t,/ = 8.6 Hz,
2H), 7.23-7.17 (m, 1H), 7.16-7.11 (m, 1H). 13C NMR (101 MHz, DMSO-ds) 6 135.84,
126.58,125.23,122.68,120.33, 118.38, 112.56, 89.18. ESI-HRMS: m/z calcd for CgHsBrN
[M - H]: 193.9611, found 193.9610.

The spectroscopic properties were consistent with the data available in the literature.®

3-lodo-1H-indole (2af)

IZ; /2\_

Compound 2af was prepared by the general procedure A: Purified by FCC (eluent: 8%

EtOAc/hexanes) afforded 2af (40.4 mg, 83% yield) as a grey solid.
15



1H NMR (400 MHz, DMSO-ds) 6 11.55 (br, s, 1H), 7.57 (d, J = 2.5 Hz, 1H), 7.46-7.42 (m,
1H), 7.33-7.28 (m, 1H), 7.21-7.15 (m, 1H), 7.15-7.09 (m, 1H). 13C NMR (101 MHz,
DMSO0-ds) 6 136.40, 130.13, 129.82, 122.64, 120.40, 120.27, 112.38, 56.39.

ESI-HRMS: m/z calcd for CgHsIN [M - H]-: 241.9472, found 241.9477.
The spectroscopic properties were consistent with the data available in the literature.®

3-Chloro-1-methylindolin-2-one (3a)

Compound 3a was prepared by the general procedure B: Purified by FCC (eluent: 17%
EtOAc/hexanes) afforded 3a (28.3 mg, 78% yield) as a white solid.

1H NMR (400 MHz, CDCl3) 6 7.42 (dd, J = 7.5, 1.3 Hz, 1H), 7.36 (tt, ] = 7.8, 1.0 Hz, 1H),
7.12 (td, J = 7.6, 1.0 Hz, 1H), 6.84 (d, J = 7.8 Hz, 1H), 5.13 (s, 1H), 3.23 (s, 3H). 13C NMR
(101 MHz, CDCl3) 6172.19, 143.96, 130.64, 125.76, 123.53, 108.83, 51.62, 26.80.
ESI-HRMS: m/z calcd for CoH7CINO [M - H]-: 180.0222, found 180.0220.

The spectroscopic properties were consistent with the data available in the literature.’

1-Allyl-3-chloroindolin-2-one (3b)
Cl

o
!

Compound 3b was prepared by the general procedure B: Purified by FCC (eluent: 17%
EtOAc/hexanes) afforded 3b (29.1 mg, 70% yield) as a white solid.

1H NMR (400 MHz, CDCl3) 6 7.43 (d,/ = 7.4 Hz, 1H), 7.33 (t,J=7.8 Hz, 1H), 7.11 (t, /= 7.6
Hz, 1H), 6.84 (d, / = 7.9 Hz, 1H), 5.84 (ddd, J = 22.0, 10.5, 5.3 Hz, 1H), 5.33 - 5.20 (m, 2H),
5.16 (s, 1H), 4.35 (d, / = 5.2 Hz, 2H). 13C NMR (101 MHz, DMSO-ds) § 171.81, 143.29,
131.86, 130.77, 126.18, 125.96, 123.45, 117.54, 110.23, 52.05, 42.23. ESI-HRMS: m/z
calcd for C11H11CINO [M + H]+: 208.0524, found 208.0530.

The spectroscopic properties were consistent with the data available in the literature.10
1-Benzyl-3-chloroindolin-2-one (3c)
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Ly
v

Compound 3c was prepared by the general procedure B: Purified by FCC (eluent: 12.5%
EtOAc/hexanes) afforded 3¢ (40.7 mg, 79% yield) as a white solid. *H NMR (400 MHz,
CDCl3) 6 7.43 (d, /= 7.5 Hz, 1H), 7.36 - 7.27 (m, 5H), 7.23 (d, J = 7.9 Hz, 1H), 7.08 (td, ] =
7.6, 1.0 Hz, 1H), 6.73 (d, ] = 7.9 Hz, 1H), 5.22 (s, 1H), 4.92 (d, J = 3.7 Hz, 2H). 13C NMR
(101 MHz, CDCl3) 6 172.39, 143.11, 135.16, 130.54, 129.05, 128.04, 127.44, 125.86,
123.56,109.86, 51.64, 44.31.

The spectroscopic properties were consistent with the data available in the literature.

3-Chloro-4-methylindolin-2-one (3d)
Me Cl

Y S

H
Compound 3d was prepared by the general procedure B: Purified by FCC (eluent: 17%

EtOAc/hexanes) afforded 3d (23.3 mg, 64% yield) as a white solid.
1H NMR (400 MHz, DMSO-de) 6 10.71 (s, 1H), 7.19 (t, ] = 7.8 Hz, 1H), 6.82 (d, /] = 7.8 Hz,
1H), 6.70 (d, J = 7.7 Hz, 1H), 5.57 (s, 1H), 2.30 (s, 3H). 13C NMR (101 MHz, DMSO-ds) 6
173.01, 142.49, 136.23, 130.38, 124.29, 123.70, 107.69, 52.06, 17.69. ESI-HRMS: m/z
calcd for CoH7CINO [M - H]: 180.0222, found 180.0218.
The spectroscopic properties were consistent with the data available in the literature.1?
3-Chloro-5-methylindolin-2-one (3e)

Cl

Me
(0]
N
H

Compound 3e was prepared by the general procedure B: Purified by FCC (eluent: 17%
EtOAc/hexanes) afforded 3e (23.9 mg, 66% yield) as a brown solid.
1H NMR (400 MHz, CDCl3) 6 8.38 (br; s, 1H), 7.23 (s, 1H), 7.10 (d, /= 8.0 Hz, 1H), 6.80 (d, J

= 8.0 Hz, 1H), 5.12 (s, 1H), 2.34 (s, 3H). 13C NMR (101 MHz, CDCls) § 174.32, 138.56,
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133.32,131.02,126.73, 126.37, 110.35, 52.15, 21.16. ESI-HRMS: m/z calcd for CoHoCINO
[M + H]J*: 182.0367, found 182.0369.
The spectroscopic properties were consistent with the data available in the literature.?
3-Chloro-6-methylindolin-2-one (3f)

Cl

J@E%
Me ”

Compound 3f was prepared by the general procedure B: Purified by FCC (eluent: 17%
EtOAc/hexanes) afforded 3f (25.4 mg, 70% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-de) 6 10.64 (s, 1H), 7.18 (s, 1H), 7.09 (d,J = 7.8 Hz, 1H), 6.76 (d,
J =79 Hz, 1H), 5.52 (s, 1H), 2.26 (s, 3H). 13C NMR (101 MHz, DMSO-ds) 6173.10, 139.88,
131.33,130.50, 126.49, 126.11, 109.86, 52.34, 20.49. ESI-HRMS: m/z calcd for CoH;CINO
[M - H]: 180.0222, found 180.0223.
The spectroscopic properties were consistent with the data available in the literature.13
3-Chloro-7-methylindolin-2-one (3g)
Cl
o
N
H
Me
Compound 3g was prepared by the general procedure B: Purified by FCC (eluent: 17%
EtOAc/hexanes) afforded 3g (30.5 mg, 84% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-ds) 6 10.80 (br, s, 1H), 7.19 (d,J = 7.4 Hz, 1H), 7.12 (d, /] = 7.7
Hz, 1H), 6.96 (t,] = 7.6 Hz, 1H), 5.57 (s, 1H), 2.21 (s, 3H). 13C NMR (101 MHz, DMSO-ds) &
174.05, 141.42, 131.89, 126.59, 123.35, 122.70, 120.12, 53.03, 16.74. ESI-HRMS: m/z
calcd for CoH7CINO [M - H]: 180.0222, found 180.0217.
The spectroscopic properties were consistent with the data available in the literature.1*
5-(Benzyloxy)-3-chloroindolin-2-one (3h)
Cl
BnO
o)
N
H
Compound 3h was prepared by the general procedure B: Purified by PTLC
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(developing solvent: 40% EtOAc/hexanes) afforded 3h (33.4 mg, 61% yield) as a yellow
solid.

1H NMR (400 MHz, CDCl3) 6 8.27 (s, 1H), 7.48 - 7.30 (m, 5H), 7.08 (d, J = 2.5 Hz, 1H), 6.91
(dd, J = 8.5, 2.5 Hz, 1H), 6.81 (d, J = 8.5 Hz, 1H), 5.12 (s, 1H), 5.05 (d, J = 2.4 Hz, 2H). 13C
NMR (101 MHz, DMSO-ds) & 173.48, 154.69, 137.53, 136.26, 128.88, 128.29, 128.13,
128.02, 116.99, 113.58, 111.18, 70.33, 53.00. ESI-HRMS: m/z calcd for C1sH11CINO; [M -
H]: 272.0484, found 272.0485.

3-Chloro-2-oxoindoline-5-carbonitrile (3i)

Cl

NC
O
N

H

Compound 3i was prepared by the general procedure B: Purified by PTLC (developing
solvent: 40% EtOAc/hexanes) afforded 3i (21.6 mg, 56% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-ds) 6 11.29 (br, s, 1H), 7.88 (s, 1H), 7.80 (dd, / = 8.1, 1.0 Hz, 1H),
7.05 (d, J = 8.2 Hz, 1H), 5.65 (s, 1H). 13C NMR (101 MHz, DMSO-ds) & 173.53, 147.20,
135.97, 129.72, 128.21, 119.34, 111.55, 104.89, 51.45. ESI-HRMS: m/z calcd for
CoH4CIN20 [M - H]: 191.0018, found 191.0016.
3-Chloro-5-nitroindolin-2-one (3j)

Cl

O,N
0
N
H

Compound 3j was prepared by the general procedure B: Purified by PTLC (developing
solvent: 40% EtOAc/hexanes) afforded 3j (24.7 mg, 58% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-ds) 6 11.52 (br, s, 1H), 8.27 (dd, J = 8.7, 1.8 Hz, 1H), 8.23 (s, 1H),
7.10 (d, J = 8.6 Hz, 1H), 5.72 (s, 1H). 13C NMR (101 MHz, DMSO0-ds) § 173.92, 149.24,
142.97, 128.04, 127.79, 121.69, 110.98, 51.54. ESI-HRMS: m/z calcd for CsH4CIN203 [M -
HJ: 210.9916, found 210.9913.

The spectroscopic properties were consistent with the data available in the literature.®

4-Bromo-3-chloroindolin-2-one (3Kk)
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Br Cl

O o

H
Compound 3k was prepared by the general procedure B: Purified by PTLC

(developing solvent: 33% EtOAc/hexanes) afforded 3k (39.4 mg, 80% yield) as a yellow
solid.

H NMR (400 MHz, DMSO-ds) 6 10.98 (s, 2H), 7.28 - 7.19 (m, 2H), 6.89 (dd, / = 7.5, 1.2 Hz,
2H), 5.48 (s, 1H). 13C NMR (101 MHz, DMSO-ds) § 172.01, 144.43, 132.38, 125.60, 125.40,
119.97, 109.52, 52.81. ESI-HRMS: m/z calcd for CgH4BrCINO [M - H]: 243.9170, found
243.9179.

The spectroscopic properties were consistent with the data available in the literature.13

5-Bromo-3-chloroindolin-2-one (31)

Cl

Br
(0]
N

H
Compound 31 was prepared by the general procedure B: Purified by PTLC (developing
solvent: 33% EtOAc/hexanes) afforded 31 (30.1 mg, 61% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-de) 6 10.90 (s, 1H), 7.54 (d, / = 2.0 Hz, 1H), 7.48 (dd, / = 8.3, 2.0
Hz, 1H), 6.84 (d, /] = 8.3 Hz, 1H), 5.58 (s, 1H). 3C NMR (101 MHz, DMSO-ds) & 172.74,
141.72, 133.00, 128.88, 128.37, 113.73, 112.15, 51.62. ESI-HRMS: m/z calcd for
CgH4BrCINO [M - H]: 243.9170, found 243.9160.
The spectroscopic properties were consistent with the data available in the literature.®
7-Bromo-3-chloroindolin-2-one (3m)
Cl
o
N
Br i
Compound 3m was prepared by the general procedure B: Purified by PTLC
(developing solvent: 33% EtOAc/hexanes) afforded 3m (42.4 mg, 86% yield) as a grey
solid.

1H NMR (400 MHz, DMSO-ds) § 11.10 (br, s, 1H), 7.51 (dd, J = 8.2, 0.5 Hz, 1H), 7.39 (d, ] =
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7.4 Hz, 1H), 7.03 - 6.99 (m, 1H), 5.71 (s, 1H). 13C NMR (101 MHz, DMSO0-d¢) & 173.40,
142.26, 133.54, 128.67, 125.22, 124.43, 102.70, 53.05. ESI-HRMS: m/z calcd for
CsH4BrCINO [M - H]: 243.9170, found 243.9169.
1-Chloro-5,6-dihydro-4H-pyrrolo[3,2,1-ijjquinolin-2(1H)-one (3n)

Cl

N~ ~O

Compound 3n was prepared by the general procedure B: Purified by PTLC
(developing solvent: 20% EtOAc/hexanes) afforded 3n (19.5 mg, 47% yield) as a grey
solid.

1H NMR (400 MHz, CDCl3) 6 7.28 - 7.25 (m, 1H), 7.13 (d,J = 7.7 Hz, 1H), 7.02 (t, ] = 7.6 Hz,
1H), 5.14 (s, 1H), 3.77 - 3.73 (m, 2H), 2.79 (t, ] = 6.1 Hz, 2H), 2.06 - 2.02 (m, 2H).13C
NMR (101 MHz, CDCl3) § 171.04, 139.79, 129.32, 124.46, 123.30, 122.91, 120.92, 52.63,
39.33, 24.35, 21.00. ESI-HRMS: m/z calcd for C11H10CINONa [M + Na]*: 208.0524, found
208.0526; [M + Na]*: 230.0343, found 230.0346.
3-Chloro-1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one (30)

Cl

=
| o]

Sy H
Compound 30 was prepared by the general procedure B: Purified by PTLC
(developing solvent: 50% EtOAc/hexanes) afforded 30 (19.9 mg, 59% yield) as a yellow
solid.
1H NMR (400 MHz, DMSO-d¢) 6 11.45 (br, s, 1H), 8.19 - 8.18 (m, 1H), 7.78 - 7.76 (m, 1H),
7.07 (dd,J = 7.4, 5.3 Hz, 1H), 5.66 (s, 1H). 13C NMR (101 MHz, DMSO-ds) 6 173.24, 157.30,
149.32, 133.97, 121.64, 118.94, 51.84. ESI-HRMS: m/z calcd for C;H4CIN.0 [M - H]J-:
167.0018, found 167.0018.
3,3,5-Trichloroindolin-2-one (4a)
Cl ‘o
0]
@u

Compound 4a was prepared by the general procedure C: Purified by PTLC (developing
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solvent: 20% EtOAc/hexanes) afforded 4a (40.8 mg, 86% yield) as a yellow solid.
'H NMR (400 MHz, CDCl3) § 9.37 (br, s, 1H), 7.60 (d, J = 2.1 Hz, 1H), 7.35 (dd, ] = 8.4, 2.1
Hz, 1H), 7.00 (d, J = 8.4 Hz, 1H).13C NMR (101 MHz, CDCI3) 6 171.06, 136.51, 132.22,
131.12,129.94,125.57,112.78, 74.07.
The spectroscopic properties were consistent with the data available in the literature.1®
5-Bromo-3,3-dichloroindolin-2-one (4b)

Br “ cl

O
@u
Compound 4b was prepared by the general procedure C: Purified by PTLC (developing
solvent: 20% EtOAc/hexanes) afforded 4b (53.2 mg, 95% yield) as a yellow solid.
1H NMR (400 MHz, DMSO-ds) & 11.47 (br, s, 1H), 7.88 (s, 1H), 7.60 (dd, J = 6.4 Hz, 1H),
6.94 (dd, / = 8.4, 1.6 Hz, 1H).13C NMR (101 MHz, DMSO-ds) 6 168.68, 138.45, 135.19,
130.74,127.54,114.92, 113.40, 74.18.
The spectroscopic properties were consistent with the data available in the literature.1!
3,3-Dichloro-5-nitroindolin-2-one (4c)
Cl cl

O,N
0
N

H

Compound 4c was prepared by the general procedure C: Purified by PTLC
(developing solvent: 50% EtOAc/hexanes) afforded 4c (46.7 mg, 94% yield) as a yellow
solid.
1H NMR (400 MHz, DMSO-d¢) 6 12.05 (br, s, 1H), 8.48 (d, ] = 2.3 Hz, 1H), 8.34 (dd, / = 8.7,
2.4 Hz, 1H), 7.20 (d, ] = 8.7 Hz, 1H).13C NMR (101 MHz, CDCl3) 6 170.61, 144.58, 143.77,
130.53,128.49,121.40,111.71, 73.03.
The spectroscopic properties were consistent with the data available in the literature.16
3,3-Dichloro-5-nitrile-2-one (4d)

Cl cl

NC
O
N

H
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Compound 4d was prepared by the general procedure C: Purified by PTLC
(developing solvent: 20% EtOAc/hexanes) afforded 4d (36.8 mg, 81% yield) as a yellow
solid.

1H NMR (400 MHz, CD30D) 6 8.01 (d, /= 1.6 Hz, 1H), 7.77 (dd, J = 8.3, 1.7 Hz, 1H), 7.11 (d,
J = 8.2 Hz, 1H). 13C NMR (101 MHz, CDs0D) 6 171.08, 144.58, 137.95, 131.97, 129.87,
119.01, 113.17, 108.09, 74.36. ESI-HRMS: m/z calcd for CoH4Cl;N;ONa [M + Na]*:
248.9593, found 248.9552.

Methyl 3,3-dichloro-2-oxoindoline-6-carboxylate (4e)

Cl ¢
L 5
MeO,C ”

Compound 4e was prepared by the general procedure C: Purified by PTLC (developing
solvent: 33% EtOAc/hexanes) afforded 4e (49.9 mg, 96% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-d¢) 6 11.54 (br, s, 1H), 7.81 (dd, /= 7.9, 0.9 Hz, 1H), 7.76 - 7.74
(m, 1H), 7.43 (s, 1H), 3.87 (s, 3H). 13C NMR (101 MHz, DMSO-ds) 6 168.72, 165.08,
139.55, 139.37, 133.03, 125.16, 124.67, 111.31, 74.15, 52.61. ESI-HRMS: m/z calcd for
C10HsClzNO3 [M + H]*: 259.9876, found 259.9879.

3,3-Dichloro-5-methylindolin-2-one (4f)

Cl
Me Cl
O

N

H
Compound 4f was prepared by the general procedure C: Purified by PTLC (developing
solvent: 20% EtOAc/hexanes) afforded 4f (25.9 mg, 60% yield) as a yellow solid.
H NMR (400 MHz, DMSO0-ds) & 11.20 (br, s, 1H), 7.48 (d, / = 1.7 Hz, 1H), 7.23 - 7.20 (m,
1H), 6.85 (d, J = 8.0 Hz, 1H), 2.30 (s, 3H). 13C NMR (101 MHz, CDCIs) § 171.10, 135.48,
134.37,132.57,129.80, 125.70,111.10, 74.93, 29.84.

The spectroscopic properties were consistent with the data available in the literature.16

1,1-Dichloro-5,6-dihydro-4H-pyrrolo[3,2,1-ijf]quinolin-2(1H)-one (4g)
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Cl
Cl

Compound 4g was prepared by the general procedure C: Purified by PTLC (developing
solvent: 20% EtOAc/hexanes) afforded 4g (30.0 mg, 62% yield) as a white solid.

1H NMR (400 MHz, CDCl3) 6 7.42 (d,J = 7.5 Hz, 1H), 7.15 (d, /= 7.7 Hz, 1H), 7.06 (t, ] = 7.6
Hz, 1H), 3.76 (t, / = 5.9 Hz, 2H), 2.78 (t, /] = 6.1 Hz, 2H), 2.05 (p, J = 6.0 Hz, 2H).13C NMR
(101 MHz, CDCl3) 6 167.86, 136.64, 130.71, 128.09, 123.71, 122.36, 121.45, 75.52, 39.59,
24.27, 20.83. ESI-HRMS: m/z calcd for Ci11HyCI;NONa [M + Na]*: 242.0134, found
242.0131; [M + Na]*: 263.9953, found 263.9950.
3,3-Dichloro-1-(prop-2-yn-1-yl)indolin-2-one (4h)

Cl ¢

vad
Ve

Compound 4h was prepared by the general procedure C: Purified by PTLC
(developing solvent: 20% EtOAc/hexanes) afforded 4h (40.8 mg, 85% yield) as a yellow
liquid.

1H NMR (400 MHz, CDCls) & 7.65 - 7.62 (m, 1H), 7.45 - 7.39 (m, 1H), 7.21 (t, ] = 7.6 Hz,
1H), 7.10-7.04 (dd, ] = 16.0, 8.2 Hz, 1H), 4.52 (d, J = 2.7 Hz, 2H), 2.32 (s, 1H). 13C NMR
(101 MHz, CDCl3) 6 168.01, 138.86, 131.98, 129.16, 124.96, 124.67,110.31, 75.59, 74.13,
73.75, 30.39. ESI-HRMS: m/z calcd for C1:HgCI2NO [M + H]*: 239.9977, found 239.9974.
The spectroscopic properties were consistent with the data available in the literature.15
This compound contains about 23% overchloridized impurity as detected by 13C NMR.
Spectroscopic data for overchloridized impurity. 13C NMR (101 MHz, CDCl3) 6 167.56,
137.35, 131.96, 130.49, 130.11, 125.36, 111.58, 75.20, 74.19, 73.38, 30.54. ESI-HRMS:
m/z calcd for C11H7CIsNO [M + H]*: 273.9593, found 273.9589.

3,3-Dichloro-1-(3-hydroxypropyl)indolin-2-one (4i)

24



Cl ¢

HO

Compound 4i was prepared by the general procedure C: Purified by PTLC (developing
solvent: 50% EtOAc/hexanes) afforded 4i (42.7 mg, 82% yield) as a brown liquid.

1H NMR (400 MHz, CDCI3) § 7.64 (d,/ = 7.6 Hz, 1H), 7.40 (t,J = 7.8 Hz, 1H), 7.19 (t, /= 7.6
Hz, 1H), 6.95 (d,J = 7.9 Hz, 1H), 3.90 (t,] = 6.5 Hz, 2H), 3.65 (t, ] = 5.7 Hz, 2H), 2.35 (br, s,
1H), 1.93 (p,/ = 6.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) 6 170.06, 139.89, 132.09, 129.64,
125.15, 124.49, 109.58, 74.31, 58.75, 37.34, 29.79. ESI-HRMS: m/z calcd for
C11H11CI2NO2Na [M + Na]*: 282.0059, found 282.0056.

1-Allyl-3,3-dichloroindolin-2-one (4j)
Cl ¢
CL
?

Compound 4j was prepared by the general procedure C: Purified by PTLC (developing
solvent: 20% EtOAc/hexanes) afforded 4j (16.0 mg, 33% yield) as a yellow liquid.

1H NMR (400 MHz, CDCl3) 6 7.64 (d, J = 7.7 Hz, 1H), 7.37 (t,/ = 7.8 Hz, 1H), 7.18(t,/ = 7.6
Hz, 1H), 6.85 (d,J = 7.9 Hz, 1H), 5.88 - 5.80 (m, 1H), 5.28 - 5.24 (m, 2H), 4.36 (d,/ = 5.3
Hz, 2H). 13C NMR (101 MHz, CDCl3) 6 168.83, 140.00, 131.90, 130.16, 129.42, 125.00,
124.29,118.47,110.12, 74.37, 43.09. ESI-HRMS: m/z calcd for C11H9CI,NONa [M + Na]*:
263.9953, found 263.9954.

The spectroscopic properties were consistent with the data available in the literature.1s

3,3-Dichloro-1,3-dihydro-2H-pyrrolo[3,2-b]pyridin-2-one (4Kk)
Cl
N Cl
N
| o)
Z N
H
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Compound 4k was prepared by the general procedure C: Purified by PTLC (developing
solvent: 50% EtOAc/hexanes) afforded 4k (37.4 mg, 92% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-ds) 6 11.54 (br, s, 1H), 8.33 (d, J = 1.6 Hz, 1H), 7.44 - 7.42 (m,
2H). 13C NMR (101 MHz, DMSO-ds) 6 167.56, 146.12, 144.30, 135.05, 127.09, 119.17,
73.90. ESI-HRMS: m/z calcd for C7H4Cl:N,ONa [M + Na]+*: 224.9593, found 224.9551.

3,3-Dichloro-1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one (41)

Cl cl
X
(S0
~

Compound 41 was prepared by the general procedure C: Purified by PTLC (developing
solvent: 50% EtOAc/hexanes) afforded 41 (36.5 mg, 90% yield) as a yellow solid.

1H NMR (400 MHz, DMSO-d¢) § 12.09 (br, s, 1H), 8.31 (d, / = 5.0 Hz, 1H), 8.11 (d,J = 7.5
Hz, 1H), 7.21 (t, ] = 6.3 Hz, 1H). 13C NMR (101 MHz, DMSO-ds) 6 168.74, 153.41, 151.11,
133.24, 123.35, 119.72, 73.97. ESI-HRMS: m/z calcd for C;HsCI:N,O [M + H]*: 202.9773,
found 202.9776.

The spectroscopic properties were consistent with the data available in the literature.!

Benzyl 2-(3,3,5-trichloro-2-oxoindolin-1-yl)acetate (10)

Cl
O
N

\\KOBn

0]
Compound 10 was prepared by the general procedure C: Purified by PTLC
(developing solvent: 20% EtOAc/hexanes) afforded 10 (60.8 mg, 79% yield) as a white
solid.
1H NMR (400 MHz, DMSO-ds) 6 7.90 (d, J = 2.0 Hz, 1H), 7.58 (dd, = 8.5, 2.0 Hz, 1H), 7.39
- 7.32 (m, 5H), 7.29 (d, J = 8.5 Hz, 1H), 5.19 (s, 2H), 4.80 (s, 2H). 13C NMR (101 MHz,
DMSO0-d¢) 6§ 167.92, 166.91, 138.53, 135.33, 132.36, 129.52, 128.60, 128.46, 128.29,
128.02, 124.83, 112.48, 73.30, 66.90, 54.89, 41.99. ESI-HRMS: m/z calcd for
C17H12C13NOsNa [M + Na]+*: 405.9775, found 405.9783.
3-Chloro-4-(2-hydroxyethyl)indolin-2-one (12)
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OH
Cl

O

N
Compound 12 was prepared by the general procedure B: Purified by PTLC
(developing solvent: 20% EtOAc/hexanes) afforded 12 (21.6 mg, 51% yield) as a brown
solid.
1H NMR (400 MHz, CD30D) 6 7.27 (t,] = 7.8 Hz, 1H), 6.97 (d, /] = 7.8 Hz, 1H), 6.78 (d, ] =
7.8 Hz, 1H), 5.40 (s, 1H), 3.89 (ddd, J = 10.7, 7.5, 5.7 Hz, 1H), 3.79 (dt, / = 10.7, 7.5 Hz, 1H),
3.08 (dt,J = 14.6, 7.5 Hz, 1H), 2.93 - 2.84 (m, 1H). 13C NMR (101 MHz, CD3:0D) § 174.62,
142.22, 137.94, 130.30, 125.01, 123.76, 108.12, 61.69, 51.82, 34.86. ESI-HRMS: m/z
calcd for C1oH9CINO; [M - H]: 210.0327, found 210.0321.
The spectroscopic properties were consistent with our previously reported one.!

4-(2-Hydroxyethyl)indolin-2-one (13)
HO

)
k
To a solution of 12 (20.3 mg, 0.10 mmol) in MeOH (3 mL) was added 20% Pd-C (5.0 mg).
The mixture was stirred at room temperature under H; atmosphere for 2 h. Upon
completion as detected by TLC, the mixture was filtered over diatomaceous earth, and
concentrated in vacuo, purified by silica gel flash column chromatography (50%
EtOAc/hexanes) to afford compound 13 (15.9 mg, 90% yield) as a yellow solid.
1H NMR (400 MHz, CD30D) 6 7.15 (t,J = 7.8 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 6.75 (d, ] =
7.7 Hz, 1H), 3.78 (t, /] = 6.9 Hz, 2H), 3.50 (s, 2H), 2.78 (t, / = 6.8 Hz, 2H). 13C NMR (101
MHz, CD;0D) 6 178.53, 142.92, 135.42, 127.61, 124.89, 122.65, 107.44, 61.64, 35.96,
34.74. ESI-HRMS: m/z calcd for C1oH12NO2 [M + H]+: 178.0863, found 178.0860.

The spectroscopic properties were consistent with the data available in the literature.1”
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5. Copies of NMR Spectra

1H NMR (400MHz, CDCl3) spectra of 3-chloro-1H-indole (2a)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-1H-indole (2a)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-1-methyl-1H-indole (2b)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-1-methyl-1H-indole (2b)
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1H NMR (400MHz, CDCl3) spectra of 1-allyl-3-chloro-1H-indole (2c)
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1H NMR (400MHz, CDCl3) spectra of 1-benzyl-3-chloro-1H-indole (2d)
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13C NMR (101MHz, CDCl;) spectra of 1-benzyl-3-chloro-1H-indole (2d)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-4-methyl-1H-indole (2e€)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-4-methyl-1H-indole (2e)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-5-methyl-1H-indole (2f)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-5-methyl-1H-indole (2f)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-6-methyl-1H-indole (2g)
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13C NMR (101MHz, CDCl3) spectra of 3-chloro-6-methyl-1H-indole (2g)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-6-methoxy-1H-indole (2h)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-6-methoxy-1H-indole (2h)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-7-methoxy-1H-indole (2i)
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13C NMR (101MHz, CDCl;) spectra of 3-chloro-7-methoxy-1H-indole (2i)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-4-nitro-1H-indole (2j)
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13C NMR (101MHz, CDCl;) spectra of 3-chloro-4-nitro-1H-indole (2j)
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1H NMR (400MHz, DMSO0-d;) spectra of 3-chloro-5-nitro-1H-indole (2Kk)
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13C NMR (101MHz, DMSO-ds) spectra of 3-chloro-5-nitro-1H-indole (2k)
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1H NMR (400MHz, DMSO0-d;) spectra of 3-chloro-6-nitro-1H-indole (21)
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13C NMR (101MHz, DMSO-ds) spectra of 3-chloro-6-nitro-1H-indole (21)
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1H NMR (400MHz, DMSO0-d;) spectra of 3-chloro-7-nitro-1H-indole (2m)
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13C NMR (101MHz, DMSO-ds) spectra of 3-chloro-7-nitro-1H-indole (2m)
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1H NMR (400MHz, DMSO0-d;) spectra of 3-chloro-1H-indole-5-carbonitrile (2n)
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1BC NMR (101MHz, DMSO-ds) spectra of 3-chloro-1H-indole-5-carbonitrile (2n)
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1H NMR (400MHz, DMSO0-d;) spectra of 3-chloro-1H-indole-6-carbonitrile (20)
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13C NMR (101MHz, DMSO-ds) spectra of 3-chloro-1H-indole-6-carbonitrile (20)
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1H NMR (400MHz, DMSO0-d;) spectra of 3-chloro-1H-indole-7-carbonitrile (2p)
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13C NMR (101MHz, DMSO0-d;) spectra of 3-chloro-1H-indole-7-carbonitrile (2p)
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1H NMR (400MHz, CDCl3) spectra of 4-bromo-3-chloro-1H-indole (2q)
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13C NMR (101MHz, CDCI3) spectra of 4-bromo-3-chloro-1H-indole (2q)
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1H NMR (400MHz, CDCl3) spectra of 5-bromo-3-chloro-1H-indole (2r)
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13C NMR (101MHz, CDCI3) spectra of 5-bromo-3-chloro-1H-indole (2r)
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1H NMR (400MHz, CDCl3) spectra of 7-bromo-3-chloro-1H-indole (2s)
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13C NMR (101MHz, CDCI3) spectra of 7-bromo-3-chloro-1H-indole (2s)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-5-fluoro-1H-indole (2t)
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13C NMR (101MHz, CDCl;) spectra of 3-chloro-5-fluoro-1H-indole (2t)
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1H NMR (400MHz, CDCl3) spectra of 3,6-dichloro-1H-indole (2u)

9TST'L
Y8S1°L
0I91°L
C8LI'L
9T81°L

L

LLYEL
movm.hw
60S€°L
ovmm.bx
CSSS'L
81L0°'8 —

0191°L
Nw:s\
9281°L

09T L —

LLYEL I
S6veL
60S¢L N.

OVESL —
¢SSS'L—

—

CLYO’

620"

o

—
7.10

AT

7.40 7.35 7.30 7.25 7.20 7.15

T = T T T . T T T T

7.60 7.55 7.50 7.45

£1 (ppm)

_J

Rewvoe
00001
T620°1

Wmmho.o

(ppm)

1

69



13C NMR (101MHz, CDCI3) spectra of 3,6-dichloro-1H-indole (2u)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-5-iodo-1H-indole (2v)
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13C NMR (101MHz, CDCl3) spectra of 3-chloro-5-iodo-1H-indole (2v)
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1H NMR (400MHz, DMS0-d;) spectra of 3-chloro-1H-indole-4-carbaldehyde (2w)
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1BC NMR (101MHz, DMSO-ds) spectra of 3-chloro-1H-indole-4-carbaldehyde (2w)
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1H NMR (400MHz, DMSO0-d;) spectra of (E)-3-chloro-4-(2-nitrovinyl)-1H-indole (2x)
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13C NMR (101MHz, DMSO-ds) spectra of (E)-3-chloro-4-(2-nitrovinyl)-1H-indole (2x)
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1H NMR (400MHz, CDCl3) spectra of 1-chloro-5,6-dihydro-4H-pyrrolo[3,2,1-ijj]quinoline (2y)
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13C NMR (101MHz, CDCI3) spectra of 1-chloro-5,6-dihydro-4H-pyrrolo[3,2,1-ijjj]quinoline (2y)
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1H NMR (400MHz, CDCl3) and 13C NMR (101MHz, CDCI;) spectra of 3-chloro-2-methyl-1H-indole (2z)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-2-methyl-1H-indole (2z)
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1H NMR (400MHz, CDCl3) spectra of methyl 3-chloro-1H-indole-2-carboxylate (2aa)
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13C NMR (101MHz, CDCIl;) spectra of methyl 3-chloro-1H-indole-2-carboxylate (2aa)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-2-phenyl-1H-indole (2ab)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-2-phenyl-1H-indole (2ab)
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1H NMR (400MHz, DMS0-d;) spectra of 3-chloro-1H-pyrrolo[2,3-b]pyridine (2ac)
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13C NMR (101MHz, DMSO-ds) spectra of 3-chloro-1H-pyrrolo[2,3-b]pyridine (2ac)

&)
3
@)
%)
>
—_— — 0~ < < — A
= Q= = a
O o O N~ O IS} \
<+ < AN — = =) o
—_—— — — o
Cl \ / NEONY
= N\
|
N N
H
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

86



1H NMR (400MHz, DMSO0-d¢) spectra of 3-bromo-1H-indole (2ae)
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13C NMR (101MHz, DMSO-d) spectra of 3-bromo-1H-indole (2ae)
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1H-indole (2af)

1H NMR (400MHz, DMSO0-d¢) spectra of 3-iodo
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13C NMR (101MHz, DMSO-d;) spectra of 3-iodo-1H-indole (2af)
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1H NMR (400MHz, CDCl3) spectra of 3-chloro-1-methylindolin-2-one (3a)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-1-methylindolin-2-one (3a)
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1H NMR (400MHz, CDCl3) spectra of 1-allyl-3-chloroindolin-2-one (3b)
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13C NMR (101MHz, DMSO-d) spectra of 1-allyl-3-chloroindolin-2-one (3b)
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1H NMR (400MHz, CDCl3) spectra of 1-benzyl-3-chloroindolin-2-one (3c)
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13C NMR (101MHz, CDCI3) spectra of 1-benzyl-3-chloroindolin-2-one (3c)
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1H NMR (400MHz, DMSO0-dg) spectra of 3-chloro-4-methylindolin-2-one (3d)
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1BC NMR (101MHz, DMSO-ds) spectra of 3-chloro-4-methylindolin-2-one (3d)
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1H NMR (400MHz,CDCI;) spectra of 3-chloro-5-methylindolin-2-one (3e)
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13C NMR (101MHz, CDCI3) spectra of 3-chloro-5-methylindolin-2-one (3e)
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1H NMR (400MHz, DMS0-d;) spectra of 3-chloro-6-methylindolin-2-one (3f)
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13C NMR (101MHz, DMSO-ds) spectra of 3-chloro-6-methylindolin-2-one (3f)
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1H NMR (400MHz, DMSO-d¢) spectra of 3-chloro-7-methylindolin-2-one (3g)
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13C NMR (101MHz, DMSO0-d;) spectra of 3-chloro-7-methylindolin-2-one (3g)
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1H NMR (400MHz, CDCl3) spectra of 5-(benzyloxy)-3-chloroindolin-2-one (3h)
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13C NMR (101MHz, DMSO0-d;) spectra of 5-(benzyloxy)-3-chloroindolin-2-one (3h)

= = R LRSS o =
= z HE ERESRES = =
[ | Ve e I ]
Cl
BnO
0
N
H
L |
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10
f1 (ppm)

106



1H NMR (400MHz, DMSO0-ds) spectra of 3-chloro-2-oxoindoline-5-carbonitrile (3i)
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13C NMR (101MHz, DMSO-d;) spectra of 3-chloro-2-oxoindoline-5-carbonitrile (3i)
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1H NMR (400MHz, DMSO-ds) spectra of 3-chloro-5-nitroindolin-2-one (3j)
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13C NMR (101MHz, DMSO-dg) spectra of 3-chloro-5-nitroindolin-2-one (3j)
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1H NMR (400MHz, DMS0-d;) spectra of 4-bromo-3-chloroindolin-2-one (3k)
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1BC NMR (101MHz, DMSO-ds) spectra of 4-bromo-3-chloroindolin-2-one (3Kk)
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1H NMR (400MHz, DMS0-d;) spectra of 5-bromo-3-chloroindolin-2-one (31)
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1BC NMR (101MHz, DMSO-ds) spectra of 5-bromo-3-chloroindolin-2-one (31)
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1H NMR (400MHz, DMSO-ds) spectra of 7-bromo-3-chloroindolin-2-one (3m)

0467
h186
5173
4982
49649

1992
JH0H
0326
02849
00y
94935
9894

5, 7054

Cl
O
N
H
Br
|| I ", 1 n ‘Jl‘)\ ]
1 W ¥
2 =22 g
T I=I T T T T T T T I__'-I T T T T '_ T T T T T T T T T T v T T T T T
10. 5 9.0 5.0 7.0 6. 0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

115



13C NMR (101MHz, DMSO-d) spectra of 7-bromo-3-chloroindolin-2-one (3m)
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1H NMR (400MHz, CDCl3) spectra of 1-chloro-5,6-dihydro-4H-pyrrolo[3,2,1-ijjquinolin-2(1H)-one (3n)
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13C NMR (101MHz, CDCl;) spectra of 1-chloro-5,6-dihydro-4H-pyrrolo[3,2,1-ijjquinolin-2(1H)-one (3n)

N
jaa)
Q
[a
< A NV O~ o
<) &~ o a0 © o n n o
— o AT Ao - N “a 0 <
~ A NANAQ ~ I o < —
— — — o — o~ v o (o e\l
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)

118



1H NMR (400MHz, DMSO-d¢) spectra of 3-chloro-1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one (30)
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13C NMR (101MHz, DMSO-d;) spectra of 3-chloro-1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one (30)
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1H NMR (400MHz, CDCl3) spectra of 3,3,5-trichloroindolin-2-one (4a)
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13C NMR (101MHz, CDCl;) spectra of 3,3,5-trichloroindolin-2-one (4a)
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1H NMR (400MHz, DMS0-d;) spectra of 5-bromo-3,3-dichloroindolin-2-one (4b)
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1BC NMR (101MHz, DMSO-ds) spectra of 5-bromo-3,3-dichloroindolin-2-one (4b)

)
3
o
n
=
) oo < INE=] A
© = o *® N
) 0% S~ < = 0
) A AN —— < o
- —_— o — - = ~ )
Nl Y4
Cl
Br Cl
(0]
N
H
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

124



1H NMR (400MHz, DMSO0-d;) spectra of 3,3-dichloro-5-nitroindolin-2-one (4c)
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1BCNMR (101MHz, DMSO-ds) spectra of 3,3-dichloro-5-nitroindolin-2-one (4c)
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1H NMR (400MHz, CD30D) and 13C NMR (101MHz, CD30D) spectra of 3,3-dichloro-5-nitrile-2-one (4d)
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13C NMR (101MHz, CD30D) spectra of 3,3-dichloro-5-nitrile-2-one (4d)

© 0 0N~ -N®

o n oo® o+ O © TO-ON©

< ¥ NTO 0 0 @ © T NGNIOM

~ ¥+ ood - <O < DHDDG O DD

- - <<« - ~ SRR R R R

|
|
|
) n

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)

128



1H NMR (400MHz, DMS0-d;) spectra of methyl 3,3-dichloro-2-oxoindoline-6-carboxylate (4e)
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13C NMR (101MHz, DMSO-d;) spectra of methyl 3,3-dichloro-2-oxoindoline-6-carboxylate (4€)
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1H NMR (400MHz, DMS0-ds) and 13C NMR (101MHz, CDCl3) spectra of 3,3-dichloro-5-methylindolin-2-one (4f)
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13C NMR (101MHz, CDCI3) spectra of 3,3-dichloro-5-methylindolin-2-one (4f)
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1H NMR (400MHz, CDCl3) spectra of 1,1-dichloro-5,6-dihydro-4H-pyrrolo[3,2,1-ijjjquinolin-2(1H)-one (4g)
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13C NMR (101MHz, CDCl;3) spectra of 1,1-dichloro-5,6-dihydro-4H-pyrrolo|[3,2,1-ijjquinolin-2(1H)-one (4g)
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1H NMR (400MHz, DMSO0-d;) spectra of 3,3-dichloro-1-(prop-2-yn-1-yl)indolin- 2-one (4h)
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1H NMR (400MHz, CDCl3) spectra of 3,3-dichloro-1-(3-hydroxypropyl)indolin-2-one (4i)
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13C NMR (101MHz, CDCl;) spectra of 3,3-dichloro-1-(3-hydroxypropyl)indolin-2-one (4i)
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1H NMR (400MHz, CDCl3) spectra of 1-allyl-3,3-dichloroindolin-2-one (4j)
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13C NMR (101MHz, CDCIl;) spectra of 1-allyl-3,3-dichloroindolin-2-one (4j)
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1H NMR (400MHz, DMSO0-d;) spectra of 3,3-dichloro-1,3-dihydro-2H-pyrrolo[3,2-b]pyridin-2-one (4Kk)
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13C NMR (101MHz, DMSO-ds) spectra of 3,3-dichloro-1,3-dihydro-2H-pyrrolo[3,2-b]pyridin-2-one (4Kk)
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1H NMR (400MHz, DMS0-d;) spectra of 3,3-dichloro-1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one (41)
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13C NMR (101MHz, DMSO-ds) spectra of 3,3-dichloro-1,3-dihydro-2H-pyrrolo[2,3-b]pyridin-2-one (41)
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1H NMR (400MHz, DMSO0-d;) spectra of benzyl 2-(3,3,5-trichloro-2-oxoindolin-1-yl)acetate (10)
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13C NMR (101MHz, DMSO-ds) spectra of benzyl 2-(3,3,5-trichloro-2-oxoindolin-1-yl)acetate (10)
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1H NMR (400MHz, CD3;0D) spectra of 3-chloro-4-(2-hydroxyethyl)indolin-2-one (12)
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13C NMR (101MHz, CD30D) spectra of 3-chloro-4-(2-hydroxyethyl)indolin-2-one (12)

| | 1 [ | | |
OH
Cl
(@]

N

H
| Ll ‘ i‘ ‘ ‘ ‘ ‘

210 190 170 150 130 110 90 8O TO 60 50 40 30 20 10 0O
f1 (ppm)

148



1H NMR (400MHz, CD;0D) and 13C NMR (101MHz, CD;0D) spectra of 4-(2-hydroxyethyl)indolin-2-one (13)
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13C NMR (101MHz, CD30D) spectra of 4-(2-hydroxyethyl)indolin-2-one (13)
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