Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2019

Electronic Supplementary Information (ESI)

Switchable regioselection of C-H thiolation of indoles

using different TMS counterions

Yuan-Zhao Ji,* Hui-Jing Li,**" Jin-Yu Zhang,? and Yan-Chao Wu*2®

aSchool of Marine Science and Technology, Harbin Institute of Technology, Weihai 264209, P.R. China

b\Weihai Institute of Marine Biomedical Industrial Technology, Wendeng District, Weihai 264400, P.R. China.

E-mails: lihuijing@iccas.ac.cn, ycwu@iccas.ac.cn

S1



Table of Contents

1. General Information ssesesececececesecscccececscccecesccccecsesscccssccsccces

2. General Procedures for the Preparation of Sodium Arylsulfinates 2

S3

S3

S4

3. General Procedures for the Preparation of N-substituted Indoles 1

S9

4. Optimization of the Reaction Conditions

5. General Procedures for the Preparation of C2-Thioindoles 3

S13

S25

6. General Procedures for the Preparation of C3-Thioindoles 4

7. Synthesis of C3-Thioindole 4y

S36

8. Gram-Scale Experimental Procedure for Thioindoles 3a and 4a sessscecececes.

............ sS40

9. Mechanistic Control Experiments

10. NMR Spectra

S41

548

11. References

S2

S112



1. General Information

Unless otherwise noted, all reactants or reagents including solvents were
obtained from commercial suppliers and used without further purification. TLC
plates were visualized by exposure to ultra violet light (UV). High-resolution
mass spectra (HRMS) were recorded by using an Electrothemal LTQ-Orbitrap
mass spectrometer. Melting points were measured by using a Gongyi X-5
microscopy digital melting point apparatus and are uncorrected. *H NMR and
13C NMR spectra were obtained by using a Bruker Avance |11 400 MHz NMR or
a JNM-ECZ400S/L1 400 MHz NMR spectrometer. Chemical shifts for protons
are reported in parts per million (5 scale) and are referenced to residual
protium in the NMR solvents [CDCls: 6 7.26]. Chemical shifts for carbon
resonances are reported in parts per million (5 scale) and are referenced to the
carbon resonances of the solvent (CDCls: 3 77.0). Data are represented as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g =
guartet, m = multiplet, br = broad), integration, and coupling constant in Hertz

(H2).

2. General Procedures for the Preparation of Sodium Arylsulfinates 2!

Sodium sulfite (20 mmol, 2 equiv), sodium bicarbonate (20 mmol, 2 equiv)
and the corresponding R-sulfonyl chloride (10 mmol, 1 equiv) were dissolved
in distilled water (10 mL). The reaction mixture was stirred for 4 h at 80 °C.
After cooling to rt, water was removed by rotary evaporator. Then the
remaining solid was extracted and recrystallized by ethanol to get a white solid

- the required compound.

NaHCOj3 (2 equiv.)
N82803 (2 equiv.)
R—-SO0O,CI R—-SO;,Na
H,0, 80 °C,4 h
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3. General Procedures for the Preparation of N-substituted Indoles 123

General procedure for the preparation of N-methyl indoles. ? To a stirred
solution of the corresponding indole (2 mmol, 1 equiv) in ether (2 mL) was
slowly added potassium tert-butanolate (4 mmol, 2 equiv) and iodomethane (4
mmol, 2 equiv) at 0 °C, after 24 hours the reaction mixture was poured into
saturated aqueous NaHCOs solution (5 mL) and extracted with ether (5 mL)
three times. The combined organic layers were dried over anhydrous Na2SOa
and concentrated in vacuo. The crude product was purified by flash
chromatography on silica gel (100-200 mesh, elution 3% ethyl acetate in

petroleum ether). The product was identified by NMR and HRMS spectra.

X t-BuOK (2 equiv.) TN
R-r R
> Z N

Mel (2 equiv.), Et,0 \

Iz _

4-Bromo-1-methyl-1H-indole (1b)

o

\
Cyan oil, 303.7 mg, 73% vyield; *H NMR (400 MHz, CDClz) &: 7.35 (d, J = 7.5

Hz, 1H), 7.30 (t, J = 8.1 Hz, 1H), 7.15-7.13 (m, 2H), 6.60 (s, 1H), 3.80 (s, 3H);
13C NMR (100 MHz, CDCls) &: 136.8, 129.2, 128.9, 122.2, 122.0, 114.6, 108.3,
101.1, 33.0; HRMS (ESI) m/z: Calcd for CoHoBrN [M+H]*: 209.9913. Found:
209.9915.

5-Bromo-1-methyl-1H-indole (1c)

Br
m
N

\
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Cyan oil, 332.8 mg, 80% vyield; *H NMR (400 MHz, CDClz) &: 7.79 (d, J = 1.7
Hz, 1H), 7.33 (dd, J = 8.7, 1.8 Hz, 1H), 7.19 (d, J = 8.7 Hz, 1H), 7.06 (d, J= 3.1
Hz, 1H), 6.45 (d, J = 3.0 Hz, 1H), 3.75 (s, 3H); 33C NMR (100 MHz, CDCl) &:
135.2,130.0, 129.9, 124.1, 123.1, 112.5, 110.5, 100.4, 32.8; HRMS (ESI) m/z:
Calcd for CoHoBrN [M+H]*:209.9913. Found: 209.9917.

5-Methoxy-1-methyl-1H-indole (1d)

MeO
m
N

\
Pale yellow solid; 192.0 mg, 59.6% yield; *H NMR (400 MHz, CDCIls) &: 7.23 (d,
J=8.8 Hz, 1H), 7.13 (d, J = 2.4 Hz, 1H), 7.04 (d, J = 3.0 Hz, 1H), 6.92 (dd, J =
8.8, 2.4 Hz, 1H), 6.43 (d, J = 3.0 Hz, 1H), 3.88 (s, 3H), 3.77 (s, 3H); 13C NMR
(100 MHz, CDCls) 6: 153.8, 132.0, 129.2, 128.6, 111.7, 109.8, 102.3, 100.2,
55.7, 32.8; HRMS (ESI) m/z: Calcd for Ci1oH12NO [M+H]*: 162.0913. Found:
162.0911.

6-Chloro-1-methyl-1H-indole (1e)

Jon
Cl N

\
Pale yellow oil, 174.9 mg, 53% yield; *H NMR (400 MHz, CDClz) : 7.54 (d, J =

8.4 Hz, 1H), 7.33 (s, 1H), 7.09 (dd, J = 8.4, 1.7 Hz, 1H), 7.04 (d, J = 3.1 Hz,
1H), 6.47 (dd, J = 3.1, 0.6 Hz, 1H), 3.75 (s, 3H); 13C NMR (100 MHz, CDCls) &:
136.9, 129.4, 127.3, 126.8, 121.5, 119.8, 109.1, 101.0, 32.6; HRMS (ESI) m/z:
Calcd for CoHoCIN [M+H]*: 166.0418. Found: 166.0426.

6-Fluoro-1-methyl-1H-indole (1f)

DN
F N

\
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Yellow solid; 134.1 mg, 45% yield; *H NMR (400 MHz, CDCls) &: 7.56—7.52 (m,
1H), 7.04-6.99 (m, 2H), 6.92-6.86 (m, 1H), 6.48 (t, J = 2.5 Hz, 1H), 3.75 (s,
3H); 13C NMR (100 MHz, CDCls) 8: 159.7 (d, Jc-r = 237.1 Hz), 136.6 (d, Jc.F =
12.0 Hz), 129.1 (d, Jc-F = 3.2 Hz), 124.8, 121.4 (d, Jcr = 10.1 Hz), 107.9 (d,
Jc-F = 24.5 Hz), 100.9, 95.5 (d, Jc-F = 26.2 Hz), 32.6; HRMS (ESI) m/z: Calcd
for CoHoFN [M+H]*: 150.0714. Found: 150.0721.

7-Methoxy-1-methyl-1H-indole (1g)

@
N
\

Cyan solid; 289.8 mg, 90% yield; *H NMR (400 MHz, CDClz) é: 7.25 (d, J = 8.4
Hz, 1H), 7.02 (t, J = 7.9 Hz, 1H), 6.95 (d, J = 3.1 Hz, 1H), 6.64 (d, J = 7.7 Hz,
1H), 6.46 (d, J = 3.0 Hz, 1H), 4.09 (s, 3H), 3.96 (s, 3H); 3C NMR (100 MHz,
CDCls) &: 147.8, 130.8, 129.7, 119.7, 113.7, 102.1, 100.9, 55.3, 36.5; HRMS (ESI)
m/z: Calcd for C10H12NO [M+H]*: 162.0913. Found: 162.0917.

1,2-Dimethyl-1H-indole (1h)

(-

\
Red solid; 173.4 mg, 59.8% yield; *H NMR (400 MHz, CDCIls3) &: 7.55 (d, J =

7.7 Hz, 1H), 7.28 (d, J = 8.1 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 7.10 (t, J = 7.4 Hz,
1H), 6.28 (s, 1H), 3.68 (s, 3H), 2.45 (s, 3H); 1*C NMR (100 MHz, CDCls) &:
137.2,136.6, 127.8, 120.3, 119.5, 119.1, 108.6, 99.4, 29.1, 12.6; HRMS (ESI)
m/z: Calcd for CioH12N [M+H]*: 146.0964. Found: 146.0972.

General procedure for the preparation of N-benzyl indole.? To a stirred
solution of 1H-indole (2 mmol) in THF (2 mL) was slowly added potassium
hydroxide (8 mmol) and benzyl bromide (2 mmol) at 0 °C. After 24 hours, the

mixture was poured into saturated aqueous NaHCOs solution (5 mL) and
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extracted with ether (5 mL) three times. The combined organic layers were
dried over anhydrous Na2SO4 and concentrated in vacuo. The crude product
was purified by flash chromatography on silica gel (100—-200 mesh, elution 5%

ethyl acetate in petroleum ether). The product was identified by NMR and

@ KOH (4 equiv.) @
N > N
H

HRMS spectra.

BnBr (1 iv), THF
nBr (1 equiv) iBn

1-Benzyl-1H-indole (1i)

CD
N

Bn
Cyan solid; 393.2 mg, 95% yield; *H NMR (400 MHz, CDCls) 6: 7.69 (d, J = 7.8
Hz, 1H), 7.34-7.28 (m, 4H), 7.20 (t, J = 7.5 Hz, 1H), 7.16—7.13 (m, 4H), 6.59 (d,
J = 3.0 Hz, 1H), 5.35 (s, 2H); 3C NMR (100 MHz, CDCls) §: 137.4, 136.2,
128.6, 128.2, 127.5, 126.7, 121.6, 120.9, 119.4, 109.6, 101.6, 49.9; HRMS
(ESI) m/z: Calcd for CisH14aN [M+H]*: 208.1121. Found: 208.1128.

General procedure for the preparation of 1-(1H-Indol-1-yl)ethan-1-
one.® To a flask charged with indole (2 mmol), sodium hydroxide (5 mmol),
and tetrabutylammonium hydrogensulfate (0.04 mmol) was added DCM (5 mL).
A solution of acetyl chloride (3 mmol) in DCM (3 mL) was then added dropwise.
The reaction mixture was stirred at room temperature for 16 h, filtered through
a plug of silica and concentrated in vacuo. The crude product was purified by
flash chromatography on silica gel (100-200 mesh, elution 6% ethyl acetate in
petroleum ether). The product was identified by NMR and HRMS spectra.

NaOH (2.5 equiv.)
@ TBAHSO, (2 mol%) ©f\>
N N

AcCI (1.5 equiv), DCM
H
5 )\
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1-(1H-Indol-1-yl)ethan-1-one (1))

o

ju

o]
Colorless oil; 270.3 mg, 85% yield; *H NMR (400 MHz, CDClz) &: 8.48 (d, J =

8.0 Hz, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.43 (d, J = 3.4 Hz, 1H), 7.39 (t, J = 7.8
Hz, 1H), 7.31 (d, J = 7.5 Hz, 1H), 6.66 (d, J = 3.7 Hz, 1H), 2.65 (s, 3H); 13C
NMR (100 MHz, CDCls) &: 168.5, 135.4, 130.3, 125.1, 125.0, 123.5, 120.7,
116.4, 109.0, 23.8; HRMS (ESI) m/z: Calcd for C1oH10NO [M+H]*: 160.0557.
Found: 160.0563.
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4. Optimization of the Reaction Conditions

Table S1. Optimization of the reaction conditions of 3a@

NaO /@/
promoter S
@ (Y equw N . + @E\g
rt, solvent, 12h [;[N N
\
3a 4a
) Yield (%)P
Entry Promoter (Y equiv) Solvent

3a 4a
1¢ TMSOTT (4.0) CHxCI> 23 N.D.
2d TMSOTT (4.0) CHCI; N.D. N.D.
3¢ TMSOTT (4.0) CHCI; 70 N.D.
4f TMSOTT (4.0) CHxClI, 80 (78" N.D.
59 TMSOTT (4.0) CHxCI> 80 N.D.
6 TfOH (4.0) CHxCI> 60 N.D.

7t TMSCI (4.0) CHxCI; N.D. 83
8f TMSCF;3 (4.0) CHCI; N.R. N.R.
of BFs*Et20 (4.0) CH2Cl; N.D. N.D.

10f p-TsOH (4.0) CHCI; N.D. 28
11f TMSOTT (4.0) (CICH2)2 76 N.D.
12f TMSOTT (4.0) MeNO; 67 N.D.
13f TMSOTT (4.0) MeCN 50 N.D.

14f TMSOTTf (4.0) THF N.D. 30

15f TMSOTf (4.0) 1,4-dioxane N.D. 30
16f TMSOTf (1.0) CHCI; N.D. N.D.
17f TMSOTT (2.0) CH.Cl N.D. N.D.
18f TMSOTTf (2.5) CH.Cl 26 N.D.
19f TMSOTT (3.0) CH.Cl 55 N.D.
20f TMSOTf (3.5) CHCI; 64 N.D.
21f TMSOTf (4.5) CHCI; 80 N.D.
22t TMSOTf (4.0) CHCI; 68 N.D.

a General conditions: 1a (0.2—0.6 mmol), 2a (0.2 mmol), and promoter (0.2—0.8 mmol) in
solvent (1.0 mL) at 25 °C for 12 h. ® The yield was determined by *H NMR spectroscopy
using 0.2 mmol of CH,Br; as a standard. ¢ 0.3 mmol of 1a. ¢ 0.2 mmol of 1a. ¢ 0.4 mmol of
la. 0.5 mmol of 1a. 9 0.6 mmol of 1a. " Isolated yield. | Reaction was carried out at 10.7 g
scale of 2a (60.0 mmol). N.D. = no detection. N.R. = no reaction.
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The reaction of 1-methyl-1H-indole (1a) with sodium
4-methylbenzenesulfinate (2a) was used as a probe for evaluating the reaction
conditions, and the representative results are summarized in Table S1.
Reaction of 1-methyl-1H-indole (1a) with sodium 4-methylbenzenesulfinate (2a)
in the presence of TMSOTT (4.0 equiv) at room temperature (25 °C) for 12 h
afforded 1-methyl-2-(p-tolylthio)-1H-indole (3a) in 23% vyield (entry 1). The
yield of 3a was further increased up to 80% when the loading of indole 1a was
increased from 1.0 equivalent to 2.5 equivalents (entries 1-4). No further
increase was observed when the loading of indole 2a exceeded 2.5
equivalents (entries 4-5). A series of other promoters such as TfOH, TMSCI,
TMSCFs3, BF3z*Et20 and p-TsOH were further investigated for this reaction, but
no better results were obtained in comparison to that with the use of TMSOTf
as the promoter (entries 4 and 6-10). To our surprised, another product
C3-thioindole 4a was also gained in 83% and 28% yields in the presence of
TMSCI and p-TsOH, respectively. (entries 7 and 10). The solvent played an
important role in this reaction. With the use of (CICHz)2, MeNO2, MeCN, THF
and 1,4-dioxane in comparison to CH2Clz, lower yields of 3a were observed
(entries 4 and 11-15). Further parameters optimization of 3a identified the
most effective TMSOTTf loading as 4.0 equivalents (entries 4 and 16-21).
Furthermore, scaling up sodium 4-methylbenzenesulfinate (2a) to 10.7 g (60.0

mmol) the reaction provided the yield of 3a at an excellent level (entry 22).
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Table S2. Optimization of the reaction conditions of 4a@

promoter /O/
©E> ” quuw) S
POy \

rt, solvent, 12h
N

\ 4a
(Xequw)

Entry X Promoter (Y equiv) Solvent 4a Yield (%)P
1 25 TMSCI (Y =4.0) CH2Cl> 83 (80°)
2 25 Me,SIHCI (Y = 4.0) CH2Cl2 75
3 25 EtsSiH (Y = 4.0) CH2Cl2 N.R.
4 25 PhsSiH (Y = 4.0) CH2Cl2 N.R.
5 25 TMSCFs (Y = 4.0) CH2Cl2 N.R.
6 25 TMSCI (Y = 4.0) (CICH2)2 62
7 2.5 TMSCI (Y = 4.0) MeNO:> 73
8 25 TMSCI (Y = 4.0) MeCN 71
9 25 TMSCI (Y = 4.0) THF 51
10 2.5 TMSCI (Y = 4.0) CHCI3 62
11 2.5 TMSCI (Y = 4.0) 1,4-dioxane 15
12 25 TMSCI (Y = 4.0) toluene 29
13 25 TMSCI (Y = 1.0) CH2Cl: N.D.
14 25 TMSCI (Y = 2.0) CH2Cl: 63
15 25 TMSCI (Y = 2.5) CH2Cl: 73
16 25 TMSCI (Y = 3.0) CH2Cl: 76
17 25 TMSCI (Y = 3.5) CH2Cl: 78
18 2.5 TMSCI (Y = 4.5) CH2Cl: 83
19 1.0 TMSCI (Y = 4.0) CH2Cl: 42
20 1.2 TMSCI (Y = 4.0) CH2Cl: 45
21 15 TMSCI (Y = 4.0) CH2Cl: 58
22 2.0 TMSCI (Y = 4.0) CH2Cl: 76
23 3.0 TMSCI (Y = 4.0) CH2Cl: 83

24¢d 2.5 TMSCI (Y = 4.0) CH2Cl: 71

a General conditions: 1a (0.2-0.6 mmol), 2a (0.2 mmol), and promoter (0.2—2 mmol) in
solvent (1.0 mL) at 25 °C for 12 h. P The yield of 4a was determined by 'H NMR
spectroscopy using 0.2 mmol of CH2Br, as a standard. ¢ Isolated yield. ¢ Reaction was
carried out at 10.7 g scale of 2a (60.0 mmol). N.R. = no reaction. N.D. = no detection.

The reaction of 1-methyl-1H-indole (1a) with sodium
4-methylbenzenesulfinate (2a) was used as a probe for evaluating the reaction
conditions, and the representative results are summarized in Table S2.
Reaction of 1-methyl-1H-indole (1a) with sodium 4-methylbenzenesulfinate (2a)

in the presence of TMSCI (4.0 equiv) at room temperature (25 °C) for 12 h
S11



afforded 1-methyl-3-(p-tolylthio)-1H-indole (4a) in 83% vyield (entry 1). A series
of other promoters such as Me2SiHCI, EtsSiH, PhsSiH and TMSCF3s were
further investigated for this reaction, but no better results were obtained in
comparison to that with the use of TMSCI as the promoter (entries 1-5). The
solvent played an important role in this reaction. With the use of (CICH2)2,
MeNOz2, MeCN, THF, CHCIs, 1,4-dioxane and toluene in comparison to CH2Clz,
lower yields of 4a were observed (entries 1 and 6-12). Further parameters
optimization of 4a identified the most effective TMSCI loading as 4.0
equivalents (entries 1 and 13-18). The yield of 4a was further increased up to
83% when the loading of indole 1a was increased from 1.0 equivalent to 2.5
equivalents (entries 19-22). No further increase was observed when the
loading of indole 2a exceeded 2.5 equivalents (entries 22—-23). Furthermore,
scaling up sodium 4-methylbenzenesulfinate (2a) to 10.7 g (60.0 mmol) the

reaction provided the yield of 4a at an excellent level (entry 24)
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5. General Procedures for the Preparation of C2-Thioindoles 3

The mixture of a sodium arylsulfinate (0.2 mmol, 1 equiv), an indole (0.5
mmol, 2.5 equiv) and TMSOTf (0.8 mmol, 4 equiv) in CH2Cl2 (1.0 mL) was
stirred at 25 °C for 12 h, then water (5 mL) and dichloromethane (10 mL) were
added. The two layers were separated, and the aqueous phase was extracted
with dichloromethane (3 x 10 mL). The combined organic extracts were
washed by brine, dried over anhydrous Na2SOs, filtered, and concentrated.
The residue was purified by flash chromatography on silica gel (100—-200 mesh,
gradient elution 2% — 5% ethyl acetate in petroleum ether) to afford the
desired C2-thioindoles 3. In addition, disubstituted products 5 were also

gained for some examples.

TN 0 TMSOTF (4 equiv.)
R + X Ar
Z N S R N g
Z N

k2 Ar” "ONa rt, CH,Cly, 12 h

1 2 3 R?

1-Methyl-2-(p-tolylthio)-1H-indole (3a)

)
N

\
White solid, m.p. = 50-52 °C; 39.5 mg, 78% vield; 'H NMR (400 MHz, CDCl3) 5
7.72 (d, J =7.9 Hz, 1H), 7.38-7.33 (m, 2H), 7.24-7.20 (m, 1H), 7.10 (d, J =8.3
Hz, 2H), 7.07 (d, J =8.5 Hz, 2H), 7.00 (s, 1H), 3.74 (s, 3H), 2.35 (s, 3H); 3C
NMR (100 MHz, CDCls) &: 138.5, 135.7, 133.2, 129.8, 127.8, 127.2, 127.0,
122.7, 120.7, 119.8, 111.2, 109.7, 29.8, 20.8; HRMS (ESI) m/z: Calcd for
Ci6H16NS [M+H]*: 254.0998. Found: 254.0994.
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4-Bromo-1-methyl-2-(p-tolylthio)-1H-indole (3b)

S
Ly
N\
Pale yellow oil, 29.8 mg, 45% vyield; *H NMR (400 MHz, CDClz) &: 7.31 (d, J
=7.6 Hz, 1H), 7.24 (d, J =8.3 Hz, 1H), 7.11 (t, J =7.9 Hz, 1H), 7.06 (d, J =8.4 Hz,
2H), 7.02 (d, J =8.4 Hz, 2H), 6.94 (s, 1H), 3.67 (s, 3H), 2.29 (s, 3H); 3C NMR
(100 MHz, CDCIs) &: 138.8, 136.2, 132.3, 129.9, 129.3, 127.9, 127.5, 123.4,
122.7, 114.6, 111.0, 108.8, 30.3, 20.9; FTIR (film): 2917, 2850, 1492, 1447,

1327, 1194, 1085, 802, 755 cm™*; HRMS (ESI) m/z: Calcd for CisHisBrNS
[M+H]*: 332.0103. Found: 332.0106.

5-Bromo-1-methyl-2-(p-tolylthio)-1H-indole (3c)

Br
s
N

\
Pale yellow oil, 44.4 mg, 67% yield; *H NMR (400 MHz, CDCls) &: 7.77 (s, 1H),
7.35(d, J =8.2 Hz, 1H), 7.17 (d, J =8.7 Hz, 1H), 7.07 (d, J =7.9 Hz, 2H), 7.02 (d,
J =8.0 Hz, 2H), 6.85 (s, 1H), 3.67 (s, 3H), 2.31 (s, 3H); 3C NMR (100 MHz,
CDCls) 6: 137.1, 136.1, 132.4, 129.9, 128.6, 127.4, 126.2, 125.4, 123.0, 113.0,
111.1, 110.2, 30.0, 20.9; HRMS (ESI) m/z: Calcd for CisHisBrNS [M+H]*:
332.0103. Found: 332.0109.
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5-Methoxy-1-methyl-2-(p-tolylthio)-1H-indole (3d)

MeO
ms
N

\
White solid, m.p. = 78-80 °C; 30.0 mg, 53% yield; *H NMR (400 MHz, CDCls) &:
7.21 (d, 3 =8.9 Hz, 1H), 7.09 (d, J =2.3 Hz, 1H), 7.04 (d, J =8.2 Hz, 2H), 7.00—
6.94 (m, 3H), 6.84 (s, 1H), 3.87 (s, 3H), 3.66 (s, 3H), 2.29 (s, 3H); 13C NMR
(100 MHz, CDCIs) é: 154.2, 135.7, 134.0, 133.3, 129.8, 127.9, 127.4, 126.9,
113.5, 110.7, 110.5, 101.8, 55.8, 29.9, 20.8; HRMS (ESI) m/z: Calcd for
C17H1sNOS [M+H]*: 284.1104. Found: 284.1112.

6-Chloro-1-methyl-2-(p-tolylthio)-1H-indole (3e)

JORS
cl N

\
White solid, m.p. = 43-45 °C; 42.5 mg, 74% yield; *H NMR (400 MHz, CDClz3) &:
7.54 (d, J =8.4 Hz, 1H), 7.32 (s, 1H), 7.13 (dd, J =8.4, 1.0 Hz, 1H), 7.07 (d, J
=8.0 Hz, 2H), 7.01 (d, J =8.1 Hz, 2H), 6.90 (s, 1H), 3.65 (s, 3H), 2.31 (s, 3H);
13C NMR (100 MHz, CDCls) &: 138.8, 136.0, 132.6, 129.9, 129.0, 128.8, 127.2,
125.6, 121.5, 120.5, 111.2, 109.7, 29.9, 20.8; HRMS (ESI) m/z: Calcd for
C16H15CINS [M+H]*: 288.0608. Found: 288.0613.

6-Fluoro-1-methyl-2-(p-tolylthio)-1H-indole (3f)



Pale yellow oil, 39.6 mg, 73% yield; 'H NMR (400 MHz, CDClz) &: 7.56 (dd, J
=8.6, 5.5 Hz, 1H), 7.06 (d, J =8.1 Hz, 2H), 7.02—6.98 (m, 3H), 6.95-6.90 (m,
2H), 3.64 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) &: 160.4 (d, Jc-F =
239.8 Hz), 138.7 (d, Jcr = 12.2 Hz), 135.9, 133.0, 129.9, 128.1 (d, Jcr = 3.6
Hz), 127.0, 123.6, 121.7 (d, Jcr = 10.1 Hz), 111.5, 108.8 (d, Jcr = 24.8 Hz),
96.1 (d, Jcr = 26.2 Hz), 30.0, 20.8; HRMS (ESI) m/z: Calcd for Ci6HisFNS
[M+H]*: 272.0904. Found: 272.0909.

7-Methoxy-1-methyl-2-(p-tolylthio)-1H-indole (39)

ws
N
\

Pale yellow oil, 14.1 mg, 25% vyield; *H NMR (400 MHz, CDCls) §: 7.22 (d, J =
8.0 Hz, 1H), 7.05-6.97 (m, 5H), 6.88 (s, 1H), 6.67 (d, J = 7.8 Hz, 1H),3.99 (s,
3H), 3.93 (s, 3H); 13C NMR (100 MHz, CDCls) &: 147.4, 135.6, 133.4, 129.8, 129.1,
128.0, 126.9, 126.0, 120.0, 113.5, 111.7, 103.3, 55.3, 33.1, 20.9; HRMS (ESI) m/z:
Calcd for C17H1sNOS [M+H]*: 284.1104. Found: 284.1108.

1-Benzyl-2-(p-tolylthio)-1H-indole (3h)

Iy
N

Bn
Yellow oil; 49.4 mg, 75% yield; *H NMR (400 MHz, CDCIs) 6: 7.68 (d, J =7.9 Hz,
1H), 7.24-7.13 (m, 6H), 7.04-6.94 (m, 7H), 5.40 (s, 2H), 2.28 (s, 3H); 13C NMR
(100 MHz, CDCls) 6: 138.2, 137.6, 136.0, 132.8, 129.7, 128.4, 127.5, 127.0,
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126.3, 122.9, 120.7, 120.0, 111.9, 110.5, 47.0, 20.8; HRMS (ESI) m/z: Calcd
for C22H20NS [M+H]*: 330.1311. Found: 330.1338.

1-Methyl-2-(phenylthio)-1H-indole (3j)

s

\
Yellow solid, m.p. = 76.0-78.0 °C; 20.1 mg, 42% vyield; *H NMR (400 MHz,
CDCls) &: 7.70 (d, J =7.9 Hz, 1H), 7.39=7.32 (m, 2H), 7.28-7.24 (m, 2H), 7.22—
7.15 (m, 2H), 7.10 (d, J =7.6 Hz, 2H), 7.00 (s, 1H), 3.73 (s, 3H); 13C NMR (100
MHz, CDCls) &: 138.6, 137.0, 129.0, 127.2, 127.0, 126.5, 125.7, 122.9, 120.8,
119.9, 111.7, 109.8, 29.8; HRMS (ESI) m/z: Calcd for CisH1aNS [M+H]*:
240.0841. Found: 240.0849.

2-((4-Fluorophenyl)thio)-1-methyl-1H-indole (3k)

o

\
Pale yellow oil, 27.2 mg, 53% vyield; *H NMR (400 MHz, CDClz) &: 7.67 (d, J
=7.9 Hz, 1H), 7.35-7.30 (m, 2H), 7.20-7.17 (m, 1H), 7.12-7.08 (m, 2H), 6.98—
6.94 (m, 3H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) &: 161.4 (d, Jc.r = 245.9
Hz), 138.6, 131.8 (d, Jc-r = 2.9 Hz), 128.8 (d, Jc-r = 8.0 Hz), 127.4, 127.1,
123.0, 120.8, 119.9, 116.2 (d, Jcr = 22.2 Hz), 111.5, 109.8, 29.8; HRMS (ESI)
m/z: Calcd for C1sH13FNS [M+H]*: 258.0747. Found: 258.0752.
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2-((4-Chlorophenyl)thio)-1-methyl-1H-indole (3l)

White solid, m.p. = 58-60 °C; 25.1 mg, 46% yield; *H NMR (400 MHz, CDCls) &:
7.68 (d, J =7.5 Hz, 1H), 7.36—7.30 (m, 2H), 7.21-7.17 (m, 3H), 7.01-6.98 (m,
3H), 3.69 (s, 3H); 3C NMR (100 MHz, CDCls) &: 138.7, 135.6, 131.6, 129.1,
127.7,127.1, 126.3, 123.1, 120.9, 120.0, 112.0, 109.9, 29.8; HRMS (ESI) m/z:
Calcd for C1sH13CINS [M+H]*: 274.0452. Found: 274.0459.

2-((4-Bromophenyl)thio)-1-methyl-1H-indole (3m)

White solid, m.p. = 57-59 °C; 23.4 mg, 37% yield; *H NMR (400 MHz, CDCls)
8:7.67 (d, J = 7.9 Hz, 1H), 7.36—7.30 (m, 4H), 7.20-7.16 (m, 1H), 6.97 (s, 1H),
6.92 (d, J = 8.5 Hz, 2H), 3.69 (s, 3H); 3C NMR (100 MHz, CDCls) &: 138.7,
136.4, 132.1, 127.9, 127.1, 126.1, 123.1, 120.9, 120.0, 119.4, 112.0, 109.9,
29.8;, HRMS (ESI) m/z: Calcd for CisHisBrNS [M+H]*: 317.9947. Found:
317.9951.

2,3-Bis((4-bromophenyl)thio)-1-methyl-1H-indole (5m)
Br
Q Br
S
@E\%Q
N
\
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White solid, m.p. = 115-117 °C; 14.0 mg, 14% yield; *H NMR (400 MHz,
CDCls) &: 7.65 (d, J = 8.0 Hz, 1H), 7.43-7.36 (m, 2H), 7.30—7.22 (m, 5H), 6.93
(d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 3.82 (s, 3H); 13C NMR (100 MHz,
CDCIs) 5: 138.4, 137.5, 134.8, 133.6, 132.2, 131.6, 128.9, 128.8, 128.0, 124.3,
121.4, 120.1, 118.7, 110.7, 110.3, 31.1; HRMS (ESI) m/z: Calcd for
C21H16Br2NS2 [M+H]*:503.9085. Found: 503.9089.

1-Methyl-2-((4-(trifluoromethyl)phenyl)thio)-1H-indole (3n)

White solid, m.p. = 66—68 °C; 17.2 mg, 28% yield; *H NMR (400 MHz, CDClz3)
8:7.69 (d, J = 7.9 Hz, 1H), 7.45 (d, J = 8.3 Hz, 2H), 7.38-7.32 (m, 2H), 7.21—-
7.17 (m, 1H), 7.09 (d, J = 8.3 Hz, 2H), 7.01 (s, 1H), 3.70 (s, 3H); 13C NMR (100
MHz, CDCls) &: 142.7, 138.8, 127.8 (q, Jc-r = 32.6 Hz), 127.1, 125.9 (q, Jc-F =
3.7 Hz), 125.7, 124.9, 124.0 (q, Jc-F = 271.9 Hz), 123.4, 121.0, 120.2, 112.6,
110.0, 29.8; HRMS (ESI) m/z: Calcd for C16H13FsNS [M+H]*: 308.0715. Found:
308.0722.

1-Methyl-2,3-bis((4-(trifluoromethyl)phenyl)thio)-1H-indole (5n)
FsC

QS cF,
X

White solid, m.p. = 107-109 °C; 21.3 mg, 22% yield; *H NMR (400 MHz,
CDCls) &: 7.67 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 8.3 Hz, 1H), 7.45-7.40 (m, 3H),
7.35 (d, J = 8.3 Hz, 2H), 7.28-7.25 (m, 1H), 7.11 (d, J = 8.2 Hz, 2H), 7.07 (d, J
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= 8.3 Hz, 2H), 3.87 (s, 3H); 3C NMR (100 MHz, CDCls) &: 143.54, 143.53,
140.86, 140.85, 138.6, 132.8, 128.9, 128.4 (q, Jc-Fr = 32.7 Hz), 127.2 (q, Jc-F =
31.8 Hz), 126.5, 126.1 (q, Jc-r = 3.8 Hz), 125.8, 125.5 (g, Jcr = 3.6 Hz), 124.6,
124.1 (q, Jor = 271.8 Hz), 123.8 (q, Jor = 271.7 Hz), 121.7, 120.2, 110.5,
110.2, 31.2; HRMS (ESI) m/z: Calcd for Ca23HisFsNS2 [M+H]":484.0623.
Found: 484.0628.

2-((4-(tert-Butyl)phenyl)thio)-1-methyl-1H-indole (30)

Colorless oil, 51.3 mg, 87% yield; *H NMR (400 MHz, CDClz) §: 7.68 (d,J=7.9
Hz, 1H), 7.37-7.32 (m, 2H), 7.28 (d, J = 8.3 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H),
7.06 (d, J = 8.2 Hz, 2H), 6.97 (s, 1H), 3.75 (s, 3H), 1.31 (s, 9H); 13C NMR (100
MHz, CDCIs) 6: 149.0, 138.6, 133.3, 127.7, 127.2, 126.6, 126.1, 122.7, 120.7,
119.8, 111.3, 109.7, 34.3, 31.2, 29.9; HRMS (ESI) m/z: Calcd for C19H22NS
[M+H]*: 296.1467. Found:296.1469.

2-((4-Methoxyphenyl)thio)-1-methyl-1H-indole (3p)

White solid, m.p. = 50-52 °C; 50.0 mg, 93% yield; *H NMR (400 MHz, CDCls)
8:7.64 (d, J = 7.9 Hz, 1H), 7.32-7.25 (m, 2H), 7.17-7.12 (m, 3H), 6.89 (s, 1H),
6.83—6.79 (M, 2H), 3.77 (s, 3H), 3.70 (s, 3H); 33C NMR (100 MHz, CDCls) &:
158.4, 138.5, 129.6, 129.1, 127.2, 126.8, 122.6, 120.6, 119.8, 114.8, 110.4,
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109.6, 55.3, 29.8; HRMS (ESI) m/z: Calcd for C16H16NOS [M+H]*: 270.0947.
Found: 270.0953.

2-((3-Bromophenyl)thio)-1-methyl-1H-indole (3q)

Pale yellow oil, 16.5 mg, 26% yield; *H NMR (400 MHz, CDCls) 6: 7.68 (d, J =
8.0 Hz, 1H), 7.37=7.30 (m, 2H), 7.28-7.24 (m, 2H), 7.18 (t, J = 7.2 Hz, 1H),
7.08 (t, J = 7.9 Hz, 1H), 6.98 (s, 1H), 6.94 (d, J = 7.6 Hz, 1H), 3.71 (s, 3H); 13C
NMR (100 MHz, CDCls) &: 139.6, 138.8, 130.4, 128.9, 128.8, 127.1, 125.6,
124.8,123.2,123.1, 121.0, 120.0, 112.3, 109.9, 29.8; HRMS (ESI) m/z: Calcd
for C1sH13BrNS [M+H]*: 317.9947. Found: 317.9951.

2,3-Bis((3-bromophenyl)thio)-1-methyl-1H-indole (5q)

Br/Q
5 Qar
O
N
\

Pale yellow oil, 25.2 mg, 25% yield; *H NMR (400 MHz, CDCls) 6: 7.68 (d, J =
7.9 Hz, 1H), 7.45-7.38 (m, 2H), 7.24-7.15 (m, 5H), 7.04 (t, J = 7.9 Hz, 1H),
6.99 (s, 1H), 6.98 (s, 1H), 6.93 (d, J = 7.8 Hz, 1H), 3.85 (s, 3H); 13C NMR (100
MHz, CDCIs) é6: 140.7, 138.5, 137.8, 133.4, 130.4, 129.9, 129.7, 129.4, 129.0,
128.8, 128.1, 125.7, 124.9, 124.4, 123.1, 122.7, 121.4, 120.2, 110.4, 110.4,
31.2; HRMS (ESI) m/z: Calcd for C2iHieBraNS2 [M+H]*:503.9085. Found:
503.9091.
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2,3-Bis((2-chlorophenyl)thio)-1-methyl-1H-indole (5r)

hega

\
White solid, m.p. = 137-139 °C; 19.9 mg, 24% vyield; *H NMR (400 MHz,

CDCls) &: 7.65 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 8.3 Hz, 1H), 7.42—7.38 (m, 1H),
7.32 (dd, J =7.9, 1.2 Hz, 1H), 7.29 (dd, J =7.9, 1.2 Hz, 1H), 7.23 (t, J = 7.5 Hz,
1H), 7.04 (dt, J = 7.7, 1.5 Hz, 1H), 7.00-6.94 (m, 2H), 6.90 (dt, J = 7.7, 1.3 Hz,
1H), 6.61 (dd, J =7.9, 1.5 Hz, 1H), 6.55 (dd, J =7.8, 1.5 Hz, 1H), 3.83 (s, 3H);
13C NMR (100 MHz, CDClIzs) &: 138.8, 137.5, 135.0, 133.4, 131.2, 130.5, 129.7,
129.3, 129.0, 127.6, 127.3, 126.9, 126.7, 126.5, 125.5, 124.3, 121.4, 120.3,
110.4,110.0, 31.1; HRMS (ESI) m/z: Calcd for C21H16CI2NS2 [M+H]*:416.0096.
Found: 416.0091.

2-(Mesitylthio)-1-methyl-1H-indole (3s)

-
N

\
Pale yellow oil, 6.1 mg, 11% yield; *H NMR (400 MHz, CDCls) &: 7.39 (d, J =
7.8 Hz, 1H), 7.24 (d, J = 8.2 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.04 (t, J = 7.4 Hz,
1H), 7.00 (s, 2H), 5.94 (s, 1H), 3.74 (s, 3H), 2.45 (s, 6H), 2.32 (s, 3H); 13C NMR
(100 MHz, CDCls) 6: 142.7, 139.0, 137.9, 134.2, 129.5, 127.9, 126.9, 120.6,
119.4, 119.1, 108.6, 101.5, 30.0, 21.6, 21.0; HRMS (ESI) m/z: Calcd for
C1sH20NS [M+H]*: 282.1311. Found: 282.1316.
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1-Methyl-2-(naphthalen-2-ylthio)-1H-indole (3t)

aY
-

N\
White solid, m.p. = 85-87 °C; 42.2 mg, 73% yield; 'H NMR (400 MHz, CDClIs)
§:7.78 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 8.7 Hz, 2H), 7.66 (d, J = 7.5 Hz, 1H),
7.52 (s, 1H), 7.47-7.41 (m, 2H), 7.37-7.31 (m, 2H), 7.26—7.19 (m, 2H), 7.05 (s,
1H), 3.72 (s, 3H); *3C NMR (100 MHz, CDCls) 6: 138.7, 134.4, 133.7, 131.6,
128.8, 127.7, 127.2, 127.0, 127.0, 126.6, 125.6, 124.8, 124.6, 122.9, 120.8,
119.9, 111.8, 109.8, 29.9; HRMS (ESI) m/z: Calcd for CisHisNS [M+H]*:
290.0998. Found: 290.0994.

1-Methyl-2-(naphthalen-1-ylthio)-1H-indole (3u)

Saeas

N
\

Pale yellow oil, 22.0 mg, 38% vyield; *H NMR (400 MHz, CDCls) §: 8.47 (d, J =
8.3 Hz, 1H), 7.92 (d, J = 8.1 Hz, 1H), 7.72 (t, J = 8.6 Hz, 2H), 7.67 (d, J = 7.6
Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.40-7.34 (m, 2H), 7.29 (t, J = 7.8 Hz, 1H),
7.23(t, J = 7.3 Hz, 1H), 7.07 (s, 1H), 6.93 (d, J = 7.4 Hz, 1H), 3.72 (s, 3H); 13C
NMR (100 MHz, CDCls) &: 138.8, 134.2, 133.7, 130.7, 128.5, 127.3, 126.6,
126.3, 126.3, 126.3, 125.8, 124.6, 123.8, 122.8, 120.7, 119.9, 111.9, 109.8,
29.8; HRMS (ESI) m/z: Calcd for CioHisNS [M+H]*: 290.0998. Found:
290.1003.
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1-Methyl-2-(thiophen-2-ylthio)-1H-indole (3v)

X
\ S
Ly
N
\
Pale yellow oil, 7.3 mg, 15% vyield; '"H NMR (400 MHz, CDCIls) &: 7.59 (d, J =
7.9 Hz, 1H), 7.30-7.23 (m, 3H), 7.14-7.10 (m, 2H), 6.94 (dd, J = 5.3, 3.6 Hz,
1H), 6.86 (s, 1H), 3.82 (s, 3H); 13C NMR (100 MHz, CDCls) &: 138.3, 134.4,

131.2, 130.1, 128.7, 127.4, 127.0, 122.8, 120.8, 119.9, 109.7, 109.5, 30.0;
HRMS (ESI) m/z: Calcd for C13H12NS2 [M+H]*: 246.0406. Found: 246.0412.

1-Methyl-2-(methylthio)-1H-indole (3w)

Ly
N

\
Pale yellow oil, 11.0 mg, 31% vyield; *H NMR (400 MHz, CDCls) &: 7.59 (d, J =

7.6 Hz, 1H), 7.31 (d, J=8.1 Hz, 1H), 7.25 (t, J = 6.1 Hz, 1H), 7.14 (t, J = 6.6 Hz,
1H), 6.61 (s, 1H), 3.81 (s, 3H), 2.48 (s, 3H); 1*C NMR (100 MHz, CDCls) &:
138.0, 134.0, 127.6, 121.6, 119.7, 119.6, 109.0, 104.6, 29.7, 19.0; HRMS
(ESI) m/z: Calcd for C10H12NS [M+H]*: 178.0685. Found: 178.0691.
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6. General Procedures for the Preparation of C3-Thioindoles 4

The mixture of a sodium arylsulfinates (0.2 mmol, 1 equiv), an indole (0.5
mmol, 2.5 equiv) and TMSCI (0.8 mmol, 4 equiv) in CH2Cl2> (1.0 mL) was
stirred at 25 °C for 12 h, then water (5 mL) and dichloromethane (10 mL) were
added. The two layers were separated, and the aqueous phase was extracted
with dichloromethane (3 x 10 mL). The combined organic extracts were
washed by brine, dried over anhydrous Na2SOs, filtered, and concentrated.
The residue was purified by flash chromatography on silica gel (100—-200 mesh,

gradient elution 2% — 5% ethyl acetate in petroleum ether) to afford the

desired 4.
S/Ar
1@ o TMSCI (4 equiv.)
RS + Il X
Z N _S. Rl A\
L2 Ar” " ONa rt, CH,Cl,, 12 h P
D2
1 2 4 R

White solid, m.p. = 116-118 °C; 40.5 mg, 80% yield; *H NMR (400 MHz,
CDCls) &: 7.65 (d, J =7.9 Hz, 1H), 7.39 (d, J =8.2 Hz, 1H), 7.33-7.29 (m, 2H),
7.18 (t, J = 7.4 Hz, 1H), 7.05 (d, J = 8.2 Hz, 2H), 6.99 (d, J = 8.1 Hz, 2H), 3.84
(s, 3H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCls) §: 137.4, 135.8, 134.7, 134.4,
129.7, 129.3, 126.0, 122.4, 120.3, 119.6, 109.6, 101.0, 33.0, 20.8; HRMS
(ESI) m/z: Calcd for C16H16NS [M+H]*: 254.0998. Found: 254.1001.
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4-Bromo-1-methyl-3-(p-tolylthio)-1H-indole (4b)

Pale yellow oil, 45.0 mg, 68% vyield; 'H NMR (400 MHz, CDClz) &: 7.35-7.31
(m, 3H), 7.11 (t, J =7.9 Hz, 1H), 7.04-6.99 (m, 4H), 3.80 (s, 3H), 2.27 (s, 3H);
13C NMR (100 MHz, CDCls) &: 138.5, 137.6, 137.2, 134.3, 129.3, 126.8, 126.0,
125.2, 123.2, 114.6, 109.1, 102.0, 33.2, 20.8; HRMS (ESI) m/z: Calcd for
C16H1sBrNS [M+H]*: 332.0103. Found: 332.0106.

5-Bromo-1-methyl-3-(p-tolylthio)-1H-indole (4c)

O

\
Yellow solid, m.p. = 99.1-101.1 °C; 45.0 mg, 68% yield; H NMR (400 MHz,

CDCls) &: 7.76 (d, J =1.4 Hz, 1H), 7.36 (dd, J =8.6, 1.6 Hz, 1H), 7.30 (s, 1H),
7.22 (d, J = 8.7 Hz, 1H), 7.03-6.98 (m, 4H), 3.80 (s, 3H), 2.27 (s, 3H); 3C NMR
(100 MHz, CDCls) &: 136.1, 135.9, 135.3, 134.7, 131.5, 129.5, 126.1, 125.4,
122.1,114.1, 111.2, 101.0, 33.2, 20.8; HRMS (ESI) m/z: Calcd for C1sH1sBrNS
[M+H]*: 332.0103. Found: 332.0108.

5-Methoxy-1-methyl-3-(p-tolylthio)-1H-indole (4d)

s/@/
MeO
WCE\%
N

\
Pale yellow oil, 44.1 mg, 78% yield; *H NMR (400 MHz, CDClz) &: 7.31 (s, 1H),

7.30 (d, J =8.0 Hz, 1H), 7.12 (d, J =2.4 Hz, 1H), 7.08 (d, J =8.3 Hz, 2H), 7.03 (d,
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J =8.3 Hz, 2H), 6.99 (dd, J =8.8, 2.4 Hz, 2H), 3.85 (s, 3H), 3.82 (s, 3H), 2.30 (s,
3H); 13C NMR (100 MHz, CDCls) &: 154.8, 136.0, 135.2, 134.3, 132.5, 130.5,
129.3, 125.8, 112.9, 110.5, 100.8, 100.1, 55.7, 33.1, 20.7; HRMS (ESI) m/z:
Calcd for C17H1sNOS [M+H]*: 284.1104. Found: 284.1106.

6-Chloro-1-methyl-3-(p-tolylthio)-1H-indole (4€e)

o
Cl N

\
Pale yellow oil, 44.8 mg, 78% yield; *H NMR (400 MHz, CDCls) &: 7.52 (d, J

=8.4 Hz, 1H), 7.37 (s, 1H), 7.30 (s, 1H), 7.13 (d, J = 8.4 Hz, 1H), 7.03 (d, J =
7.8 Hz, 2H), 7.00 (d, J = 8.2 Hz, 2H), 3.78 (s, 3H), 2.27 (s, 3H); 13C NMR (100
MHz, CDCls) &: 137.8, 135.3, 135.2, 134.7, 129.4, 128.6, 128.2, 126.2, 121.0,
120.6, 109.7, 101.9, 33.0, 20.8; HRMS (ESI) m/z: Calcd for CisHisCINS
[M+H]*: 288.0608. Found: 288.0615.

6-Fluoro-1-methyl-3-(p-tolylthio)-1H-indole (4f)

jon
F N

\

White solid, m.p. = 58-60 °C; 49.9 mg, 92% yield; *H NMR (400 MHz, CDCls) §:
7.54 (dd, J =8.6, 5.3 Hz, 1H), 7.30 (s, 1H), 7.07—7.04 (m, 3H), 7.01 (d, J = 8.2
Hz, 2H), 6.94 (dt, J = 9.5, 2.2 Hz, 1H), 3.77 (s, 3H), 2.29 (s, 3H); 13C NMR (100
MHz, CDCls) &: 160.2 (d, Jo-r = 239.1 Hz), 137.4 (d, Jcr = 12.2 Hz), 135.4,
135.0 (d, Jc-Fr = 3.4 Hz), 134.6, 129.4, 126.1, 126.0, 120.6 (d, Jc-r = 10.2 Hz),
109.1 (d, Jo-F = 24.6 Hz), 101.6, 96.2 (d, Jc-r = 26.4 Hz), 33.0, 20.7; HRMS
(ESI) m/z: Calcd for C16H1sFNS [M+H]*: 272.0904. Found: 272.0908.
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7-Methoxy-1-methyl-3-(p-tolylthio)-1H-indole (49)

0

A\
N\
OMe

Pale yellow oil, 41.9 mg, 74% yield; *H NMR (400 MHz, CDCls) &: 7.26 (d, J
=7.9 Hz, 1H), 7.22 (s, 1H), 7.10-7.06 (m, 3H), 7.02 (d, J =8.2 Hz, 2H), 6.71 (d,
J =7.7 Hz, 1H), 4.11 (s, 3H), 3.98 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz,
CDCls) 6: 147.9, 135.9, 135.7, 134.2, 132.2, 129.3, 127.0, 125.9, 120.8, 112.3,
103.0, 100.7, 55.3, 36.7, 20.7; HRMS (ESI) m/z: Calcd for C17H1sNOS [M+H]*:

284.1104. Found: 284.1107.

1,2-Dimethyl-3-(p-tolylthio)-1H-indole (4h)

Cry-

\
Yellow solid, m.p. = 118.0-120.0 °C; 51.3 mg, 96% yield; *H NMR (400 MHz,

CDCls) &: 7.61 (d, J =7.8 Hz, 1H), 7.35 (d, J =8.1 Hz, 1H), 7.25 (t, J =7.5 Hz,
1H), 7.15 (t, J =7.4 Hz, 1H), 7.00-6.95 (m, 4H), 3.76 (s, 3H), 2.53 (s, 3H), 2.26
(s, 3H); 13C NMR (100 MHz, CDCls) &: 142.6, 137.0, 136.1, 134.1, 129.7, 129.3,
125.6, 121.6, 120.3, 118.9, 108.9, 98.5, 30.2, 20.7, 10.8; HRMS (ESI) m/z:
Calcd for C17H1sNS [M+H]*: 268.1154. Found: 268.1159.

1-Benzyl-3-(p-tolylthio)-1H-indole (4i)
)
o
N

Bn
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Yellow oil; 55.9 mg, 85% yield; *H NMR (400 MHz, CDClzs) &: 7.72 (d, J =7.8 Hz,
1H), 7.45 (s, 1H), 7.41-7.34 (m, 4H), 7.32-7.28 (m, 1H), 7.25-7.22 (m, 3H),
7.12 (dd, J=8.1, 1.6 Hz, 2H), 7.05 (d, J =7.9 Hz, 2H), 5.38 (s, 2H), 2.33 (s, 3H);
13C NMR (100 MHz, CDCls) &: 137.0, 136.6, 135.7, 134.4, 134.1, 129.9, 129.4,
128.8, 127.8, 126.9, 126.0, 122.6, 120.5, 119.8, 110.1, 101.9, 50.3, 20.8;
HRMS (ESI) m/z: Calcd for C22H20NS [M+H]*: 330.1311. Found: 330.1317.

1-Methyl-3-(phenylthio)-1H-indole (4k)

o

\
White solid, m.p. = 84-87 °C; 43.9 mg, 92% vyield; *H NMR (400 MHz, CDCIs) é&:
7.66 (d, J =7.9 Hz, 1H), 7.42 (d, J =8.2 Hz, 1H), 7.35-7.31 (m, 2H), 7.22—-7.13
(m, 5H), 7.09-7.06 (m, 1H), 3.85 (s, 3H); 13C NMR (100 MHz, CDClz) &: 139.6,
137.4, 135.0, 129.7, 128.6, 125.6, 124.6, 122.5, 120.4, 119.6, 109.6, 100.4,
33.0; HRMS (ESI) m/z: Calcd for CisHi1aNS [M+H]*: 240.0841. Found:
240.0844.

3-((4-Fluorophenyl)thio)-1-methyl-1H-indole (4l)

Coy

\
White solid, m.p. = 68—70 °C; 44.2 mg, 86% yield; *H NMR (400 MHz, CDCls) &:
7.63 (d, J =8.4 Hz, 1H), 7.41 (d, J =8.2 Hz, 1H), 7.34-7.31 (m, 2H), 7.20 (t, J
=7.4 Hz, 1H), 7.13-7.10 (m, 2H), 6.89 (t, J = 8.7 Hz, 2H), 3.84 (s, 3H); 13C
NMR (100 MHz, CDCls) 8: 160.8 (d, Jcr = 243.7 Hz), 137.4, 134.8, 134.4 (d,
Jcr = 3.1 Hz), 129.5, 127.7 (d, Jcr = 7.6 Hz), 122.5, 120.5, 119.5, 115.6 (d,
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Jor = 22.0 Hz), 109.7, 100.9, 33.0; HRMS (ESI) m/z: Calcd for CisHisFNS
[M+H]*: 258.0747. Found: 258.0749.

3-((4-Chlorophenylthio)-1-methyl-1H-indole (4m)

White solid, m.p. = 128-129 °C; 47.0 mg, 86% vyield; '"H NMR (400 MHz,
CDCls) &: 7.61 (d, J =7.9 Hz, 1H), 7.42 (d, J =8.2 Hz, 1H), 7.36—7.32 (m, 2H),
7.21 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 8.6 Hz, 2H), 3.85
(s, 3H); 13C NMR (100 MHz, CDCls) &: 138.2, 137.5, 135.0, 130.3, 129.4, 128.6,
126.9, 122.6, 120.5, 119.4, 109.7, 99.9, 33.0; HRMS (ESI) m/z: Calcd for
CisH13CINS [M+H]*: 274.0452. Found: 274.0455.

3-((4-Bromophenylthio)-1-methyl-1H-indole (4n)

White solid, m.p. = 146-148 °C; 46.3 mg, 73% yield; *H NMR (400 MHz,
CDCls) : 7.60 (d, J = 8.3 Hz, 1H), 7.43 (d, J = 8.2 Hz, 1H), 7.36-7.32 (m, 2H),
7.28 (d, J=7.2 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H), 6.98 (d, J = 7.4 Hz, 2H), 3.88
(s, 3H); 13C NMR (100 MHz, CDCls) §: 138.9, 137.5, 135.0, 131.5, 129.4, 127.2,
122.6, 120.6, 119.5, 118.1, 109.7, 99.8, 33.1; HRMS (ESI) m/z: Calcd for
CisHisNaNS [M+H]*: 317.9947. Found: 317.9949.
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1-Methyl-3-((4-(trifluoromethyl)phenyl)thio)-1H-indole (40)

White solid, m.p. = 117-119 °C; 52.8 mg, 86% vyield; '"H NMR (400 MHz,
CDCls) &: 7.58 (d, J = 7.7 Hz, 1H), 7.44-7.32 (m, 5H), 7.20 (t, J = 7.3 Hz, 1H),
7.15 (d, J = 7.9 Hz, 2H), 3.88 (s, 3H); 13C NMR (100 MHz, CDCls) &: 145.1,
137.6, 135.2, 129.4, 126.6 (q, Jc-r = 32.6 Hz), 125.4 (q, Jcr = 3.6 Hz), 125.1,
124.3 (q, Jo-F = 271.4 Hz), 122.8, 120.7, 119.4, 109.9, 98.8, 33.1; HRMS (ESI)
m/z: Calcd for Ci6H13FsNS [M+H]*: 308.0715. Found: 308.0718.

3-((4-(tert-Butyl)phenyl)thio)-1-methyl-1H-indole (4p)

Colorless oil, 56.0 mg, 95% yield; *H NMR (400 MHz, CDCl3) &: 7.67 (d, J =
7.8 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.33-7.29 (m, 2H), 7.20-7.17 (m, 3H),
7.06 (d, J = 8.3 Hz, 2H), 3.84 (s, 3H), 1.26 (s, 9H); 13C NMR (100 MHz, CDCls)
o: 147.7,137.4,136.1, 134.9, 129.9, 125.6, 125.6, 122.4, 120.3, 119.7, 109.6,
101.0, 34.2, 33.0, 31.2; HRMS (ESI) m/z: Calcd for CioH22NS [M+H]*:
296.1467. Found:296.1469.

3-((4-Methoxyphenythio)-1-methyl-1H-indole (4q)

S31



White solid, m.p. = 63—-65 °C; 42.0 mg, 78% yield; 'H NMR (400 MHz, CDClIs)
§:7.65 (d, J = 7.9 Hz, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.31-7.27 (m, 2H), 7.19—
7.13 (m, 3H), 6.75 (d, J = 7.8 Hz, 2H), 3.82 (s, 3H), 3.74 (s, 3H); 13C NMR (100
MHz, CDCls) 6: 157.6, 137.4, 134.4, 129.9, 129.6, 128.3, 122.4, 120.3, 119.6,
114.4, 109.6, 102.2, 55.2, 33.0; HRMS (ESI) m/z: Calcd for CisHisNOS
[M+H]*: 270.0947. Found: 270.0951.

3-((3-Bromophenyl)thio)-1-methyl-1H-indole (4r)

of

\
Colorless oil, 58.3 mg, 92% vyield; *H NMR (400 MHz, CDClz) 6: 7.64 (d,J=7.9

Hz, 1H), 7.44 (d, J = 8.2 Hz, 1H), 7.37—7.34 (m, 2H), 7.28-7.20 (m, 3H), 7.06—
7.01 (m, 2H), 3.88 (s, 3H); 13C NMR (100 MHz, CDCls) &: 142.3, 137.5, 135.2,
129.8, 129.5, 128.0, 127.6, 124.1, 122.7, 122.6, 120.6, 119.4, 109.8, 99.3,
33.1; HRMS (ESI) m/z: Calcd for CisHisNaNS [M+H]*: 317.9947. Found:
317.9950.

3-((2-Chlorophenyl)thio)-1-methyl-1H-indole (4s)

O
N
\
White solid, m.p. = 130-132 °C; 39.9 mg, 73% vyield; *H NMR (400 MHz,

CDCls) &: 7.60 (d, J = 7.8 Hz, 1H), 7.43 (d, J = 8.3 Hz, 1H), 7.35-7.32 (m, 3H),
7.20 (t, J = 7.3 Hz, 1H), 6.99 (t, J = 7.4 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H), 6.67 (d,
J = 7.7 Hz, 1H), 3.87 (s, 3H); 13C NMR (100 MHz, CDCls) &: 138.8, 137.6,
135.5, 129.8, 129.6, 129.1, 126.8, 126.2, 125.2, 122.7, 120.6, 119.6, 109.8,
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98.7, 33.1; HRMS (ESI) m/z: Calcd for C1sH13CINS [M+H]*: 274.0452. Found:
274.0457.

3-(Mesitylthio)-1-methyl-1H-indole (4t)

o

\
Pale yellow oil, 47.2 mg, 84% vyield; *H NMR (400 MHz, CDCls) §: 7.57 (d, J =
7.9 Hz, 1H), 7.28 (d, J = 8.2 Hz, 1H), 7.22 (dt, J = 7.53, 0.99 Hz, 1H), 7.13—
7.09 (m, 1H), 6.92 (s, 3H), 3.72 (s, 3H), 2.56 (s, 6H), 2.27 (s, 3H); 13C NMR
(100 MHz, CDClIs) &: 142.1, 137.6, 136.9, 130.5, 130.3, 129.1, 128.7, 121.9,
119.5, 119.5, 109.3, 105.7, 32.8, 22.1, 20.9; HRMS (ESI) m/z: Calcd for
CisH20NS [M+H]*: 282.1311. Found: 282.1317.

1-Methyl-3-(naphthalen-2-ylthio)-1H-indole (4u)

White solid, m.p. = 113-115 °C; 50.3 mg, 87% yield; *H NMR (400 MHz,
CDCls) &: 7.74 (d, J = 7.3 Hz, 1H), 7.66 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 7.8 Hz,
1H), 7.52 (s, 1H), 7.43-7.29 (m, 6H), 7.18 (t, J = 7.4 Hz, 1H), 3.87 (s, 3H); 13C
NMR (100 MHz, CDCls) &: 137.5, 137.1, 135.0, 133.7, 131.2, 129.7, 128.1,
127.6, 126.8, 126.2, 124.9, 124.6, 123.2, 122.5, 120.5, 119.7, 109.7, 100.4,
33.1; HRMS (ESI) m/z: Calcd for CioHisNS [M+H]*: 290.0998. Found:
290.0992.
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1-Methyl-3-(naphthalen-1-ylthio)-1H-indole (4v)

b O

\
White solid, m.p. = 149-151 °C; 50.3 mg, 87% vyield; *H NMR (400 MHz,

CDCls) §: 8.51 (d, J = 8.3 Hz, 1H),7.86 (d, J = 8.1 Hz, 1H), 7.63-7.53 (m, 4H),
7.44-7.40 (m, 2H), 7.33 (t, J = 7.6 Hz, 1H), 7.18 (t, J = 7.5 Hz, 2H), 6.98 (d, J =
7.4 Hz, 1H), 3.87 (s, 3H); 3C NMR (100 MHz, CDCls) &: 137.6, 136.6, 135.2,
133.6, 130.6, 129.7, 128.3, 126.0, 125.9, 125.6, 124.9, 123.8, 123.1, 122.5,
120.4, 119.7, 109.7, 99.6, 33.0; HRMS (ESI) m/z: Calcd for C1oH16NS [M+H]":
290.0998. Found: 290.0991.

1-Methyl-3-(thiophen-2-ylthio)-1H-indole (4w)

Pale yellow oil, 30.4 mg, 62% yield; *H NMR (400 MHz, CDClz) 6: 7.84 (d, J =
7.7 Hz, 1H), 7.35-7.28 (m, 3H), 7.26—7.22 (m, 1H), 7.18-7.12 (m, 2H), 6.90—
6.88 (m, 1H), 3.77 (s, 3H); 3C NMR (100 MHz, CDCls) &: 138.4, 137.1, 133.6,
129.5, 129.1, 127.1, 127.1, 122.4, 120.3, 119.4, 109.6, 104.3, 32.9; HRMS
(ESI) m/z: Calcd for C13H12NS2 [M+H]*: 246.0406. Found: 246.0411.

1-Methyl-3-(methylthio)-1H-indole (4x)

Cry

\
Pale yellow oil, 18.8 mg, 53% vyield; *H NMR (400 MHz, CDCls) §: 7.79 (d, J =

7.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.31~7.27 (m, 1H), 7.24-7.20 (m, 1H),
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7.18 (s, 1H), 3.78 (s, 3H), 2.38 (s, 3H); ¥3C NMR (100 MHz, CDCls) &: 137.2,
132.4,129.3, 122.1, 119.8, 119.2, 109.5, 106.0, 32.8, 20.6; HRMS (ESI) m/z:
Calcd for C10H12NS [M+H]*: 178.0685. Found: 178.0689.
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7. Synthesis of C3-Thioindole 4y

General procedure for the preparation of
3,4,5-trimethoxybenzenesulfonyl chloride (24).* To a stirred solution of
concentrated (37%) HCI (20 mL), glacial acetic acid (4 mL) and CH3CN (20
mL) was added 2,4,5-trimethoxyaniline (5.5 g, 30 mmol, 1.0 equiv) at room
temperature, the mixture was stirred at 50 °C for 20 min, and after cooling to
0 °C, a solution of NaNO2 (2.3 g, 33 mmol, 1.1 equiv) in H20 (4 mL) was added
dropwise. After the addition, the mixture was allowed to stir for another 45 min
at -10 °C to form the diazonium salt.

In a 250 mL round bottom flask containing glacial acetic acid (50 mL), SO2
gas was bubbled through a diffusion apparatus until saturation of the solution.
Then CuCl (0.74 g, 7.5 mmol, 0.25 equiv) was added to the colourless solution,
which became greenish—yellow. SOz gas was allowed to bubble for an
additional 30—45 min until the solution became blue—green showing that the
CuCl was dissolved. The mixture was chilled in an ice bath at +10 °C and the
diazonium salt previously formed was added dropwise in a rate to keep the
temperature below 30 °C, and then stirred for 1 h at room temperature. Then
water (100 mL) and ether (100 mL) were added. The aqueous phase was
extracted with ether three times. The combined organic layers were washed
with saturated ag. NaHCOg3, dried over MgSO4 and concentrated in vacuo. The
crude product was purified by flash chromatography on silica gel (100-200
mesh, elution 15% ethyl acetate in petroleum ether) to afford the sulfonyl

chloride 24.

MeO MeO MeO

HCI, AcOH AcOH, CuCl
MeO NH, ———— > MeO N,CI —— > MeO SO,CI
NaNO,, H,O SO, gas

MeO MeO MeO 24
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3,4,5-Trimethoxybenzenesulfonyl chloride (24)
MeO SO,Cl

MeO
OMe

White solid, 1.6 g, 20% yield; 'H NMR (400 MHz, DMSO-ds) : 11.89 (s, 1H),
7.86 (d, J = 2.6 Hz, 1H), 7.56 (s, 1H), 7.47 (d, J = 8.6 Hz, 1H), 7.30 (dd, J = 8.6,
1.8 Hz, 1H), 6.39 (s, 2H), 3.59 (s, 9H); 13C NMR (100 MHz, DMSO-ds) &: 153.1,
135.4, 135.2, 133.9, 133.2, 130.4, 124.6, 120.3, 114.4, 112.7, 103.5, 99.8,
59.9, 55.7; HRMS (ESI) m/z: Calcd for CoH12ClOsS [M+H]*: 267.0088. Found:
267.0093.

General procedure for the preparation of sodium
3,4,5-trimethoxybenzenesulfinate (2b).! Sodium sulfite (0.96 g, 8 mmol, 2
equiv), sodium bicarbonate (0.68 g, 8 mmol, 2 equiv) and the
3,4,5-trimethoxybenzenesulfonyl chloride (1.07 g, 4 mmol, 1 equiv) were
dissolved in distilled water (5 mL). The reaction mixture was stirred for 4 h at
80 °C. After cooling to rt, water was removed by rotary evaporator. Then the
remaining solid was extracted and recrystallized by ethanol to get the

compound 2b.

o)
MeO SO,Cl NaHCOj; (2 equiv.) MeO S.
j@/ Na,SO; (2 equiv.) ONa
MeO H,0, 80 °C, 4 h MeO
OMe OMe
24 2b

Sodium 3,4,5-trimethoxybenzenesulfinate (2b)
o}
MeO S\ONa
MeO:I;:]/
OMe
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White solid, 0.64 g, 63% yield; *H NMR (400 MHz, D20) &: 6.89 (s, 2H), 3.82 (s,
6H), 3.70 (s, 3H); 13C NMR (100 MHz, D20) &: 152.6, 150.1, 137.9, 100.8, 60.8,
56.1.

The mixture of sodium 3,4,5-trimethoxybenzenesulfinate (127 mg, 0.5
mmol, 1 equiv), 5-bromo-1H-indole (248 mg, 1.25 mmol, 2.5 equiv) and TMSCI
(254 pL, 2.0 mmol, 4 equiv) in CH2Cl2 (2.0 mL) was stirred at 25 °C for 12 h,
then water (10 mL) and dichloromethane (20 mL) were added. The two layers
were separated, and the aqueous phase was extracted with dichloromethane
(3 x 20 mL). The combined organic extracts were washed by brine, dried over
anhydrous Na2SOas, filtered, and concentrated. The residue was purified by
flash chromatography on silica gel (100—200 mesh, gradient elution 10% —

25% ethyl acetate in petroleum ether) to afford the desired 4y.

OMe
(0] OMe
Br 1 . S
\ MeO S\ONa TMSCI (4 equiv.) Br
+ N OMe
N MeO rt, CH,Cl,, 12 h \
OMe 2b H 4y

5-Bromo-3-((3,4,5-trimethoxyphenyl)thio)-1H-indole (4y)

OMe

OMe
S
Br
N

H
White solid, m.p. = 153-155 °C; 62.8 mg, 32% yield; 'H NMR (400 MHz,

DMSO-de) &: 11.89 (s, 1H), 7.86 (d, J = 2.6 Hz, 1H), 7.56 (s, 1H), 7.47 (d, J =
8.6 Hz, 1H), 7.30 (dd, J = 8.6, 1.8 Hz, 1H), 6.39 (s, 2H), 3.59 (s, 9H); 13C NMR
(100 MHz, DMSO-ds) &: 153.1, 135.4, 135.2, 133.9, 133.2, 130.4, 124.6, 120.3,
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114.4, 112.7, 103.5, 99.8, 59.9, 55.7; HRMS (ESI) m/z: Calcd for
C17H17BrNOsS [M+H]*: 394.0107. Found: 394.0115. 'H- and '*C-NMR data

are matching with the literature known spectra.®
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8. Gram-Scale Experimental Procedure for Thioindoles 3a and 4a

To a stirred solution of a sodium 4-methylbenzenesulfinate (2a, 10.7 g,
60.0 mmol, 1 equiv), a 1-methyl-1H-indole (1a, 18.8 mL, 150.0 mmol, 2.5
equiv) in CH2Cl2 (100.0 mL) was slowly added TMSOTf (43.5 mL, 240.0 mmol,
4 equiv) at 0 °C, the reaction was allowed to warm to room temperature and
stirred for 12 h, then water (100 mL) and dichloromethane (100 mL) were
added. The two layers were separated, and the agueous phase was extracted
with dichloromethane (3 x 100 mL). The combined organic extracts were
washed by brine, dried over anhydrous Na2SOs, filtered, and concentrated.
The residue was purified by flash chromatography on silica gel (100—-200 mesh,
gradient elution 2% — 5% ethyl acetate in petroleum ether) to afford the

desired C2-thioindole 3a (yield 68%, 10.39).

To a stirred solution of a sodium 4-methylbenzenesulfinate (2a, 10.7 g,
60.0 mmol, 1 equiv), a 1-methyl-1H-indole (1a, 18.8 mL, 150.0 mmol, 2.5
equiv) in CH2Cl2 (100.0 mL) was slowly added TMSCI (30.4 mL, 240.0 mmol, 4
equiv) at 0 °C, the reaction was allowed to warm to room temperature and
stirred for 12 h, then water (100 mL) and dichloromethane (100 mL) were
added. The two layers were separated, and the aqueous phase was extracted
with dichloromethane (3 x 100 mL). The combined organic extracts were
washed by brine, dried over anhydrous Na2SOs, filtered, and concentrated.
The residue was purified by flash chromatography on silica gel (100—-200 mesh,
gradient elution 2% — 5% ethyl acetate in petroleum ether) to afford the

desired C3-thioindole 4a (yield 71%, 10.79g).
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9. Mechanistic Control Experiments

Progress of the reaction of 1la with 2a, for up to 12 h. The mixture of a
sodium  4-methylbenzenesulfinate (2a, 0.2 mmol, 1 equiv), a
1-methyl-1H-indole (1a, 0.5 mmol, 2.5 equiv) and TMSCI (0.8 mmol, 4 equiv)
in CH2Cl2 (1.0 mL) was stirred at 25 °C for 10 min-12 h, then water (5 mL) and
dichloromethane (10 mL) were added. The two layers were separated, and the
aqueous phase was extracted with dichloromethane (3 x 10 mL). The
combined organic extracts were washed by brine, dried over anhydrous
Na2S0g, filtered, and concentrated. The reaction was closely monitored by H

NMR spectroscopy using CH2Br2 as an internal standard.

S. TMSCI
@ N ONa ————
N CH,Cly, 1t

During the 12 h reaction process, three peaks including those for sulfoxide
6a (6 = 2.44 ppm), C3-thioindole 4a (6 = 2.31 ppm) and indole dimer 7a (6 =
2.73 ppm) were observed (Scheme S1), and the representative results are
summarized in Table S3. Sulfoxide 6a and indole dimer 7a were obtained in 90%
and 32% yields, respectively when the reaction time was 10 min (entry 1).
C3-thioindole 4a was obtained in 13% yield when the reaction time was 0.5 h
(entry 2). Obviously, the yield of C3-thioindole 4a was increasing up to 75%
with the yield of sulfoxide 6a decreasing from 90% to 13% (entries 1-5). Finally,
C3-thioindole 4a was obtained in 83% yield when the reaction time was 12 h,
and sulfoxide 6a was disappeared at this time (entry 6). The results indicated
that sulfoxide 6a might be a reaction intermediate in the synthesis of
C3-thioindole 4a.
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J\ 6h
3h
A 1h
N J& LT
L~ Ta(=273ppm) , .— 6a (5 = 2.44 ppm)
A )l. 10 min

5 1 1\ 180 W MM 1S 280 255 Z50  n4S Z) @ 1M 1A MW M5 M0 I 20 s
liapm)

Scheme S1. Progress of the reaction of 1a with 2a, for up to 12 h.

Table S3. Progress of the reaction of 1a with 2a, for up to 12 h2

)

O,
12 + TMSCI (4 equiv) N “g—Tol
a a _—
CH,Cly, rt O N @E\g + 4a

N\ 7a N\ 6a

Entry Time 7a 6a 4a
1 10 min 32% 90% 0

2 0.5h 24% 83% 13%
3 1h 16% 67% 23%
4 3h 9% 34% 48%
5 6h 7% 13% 75%
6 12 h < 5% 0 83%

a General conditions: 1a (0.5 mmol), 2a (0.2 mmol), and TMSCI (0.8 mmol) in solvent (1.0
mL) at 25 °C. The yields of 4a, 6a and 7a were determined by 'H NMR spectroscopy
using 0.2 mmol of CHzBr; as a standard.
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1-Methyl-3-(1-methylindolin-2-yl)-1H-indole (7a)

White solid; *H NMR (400 MHz, CDCls) 6: 7.75 (d, J = 8.0 Hz, 1H), 7.38 (d, J =
8.2 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H), 7.22-7.10 (m, 4H), 6.77 (t, J = 7.3 Hz, 1H),
6.58 (d, J =7.8 Hz, 1H), 4.67 (dd, J = 11.1, 8.8 Hz, 1H), 3.82 (s, 3H), 3.36 (dd,
J =155, 8.8 Hz, 1H), 3.25 (dd, J = 15.5, 11.2 Hz, 1H), 2.70 (s, 3H); 13C NMR
(100 MHz, CDCls) &: 153.3, 137.4, 129.1, 127.4, 127.2, 126.7, 123.9, 121.7,
120.1, 118.9, 117.7, 115.0, 109.3, 107.1, 64.6, 37.8, 34.0, 32.6; HRMS (ESI)
m/z: Calcd for CisH19N2 [M+H]*: 263.1543. Found: 263.1548.

1-Methyl-3-(p-tolylsulfinyl)-1H-indole (6a)

O\\ @/
S
(j\/\g
N

\
White solid; *H NMR (400 MHz, CDCls) §: 7.62 (d, J = 8.2 Hz, 2H), 7.48 (d, J =

8.7 Hz, 2H),7.34-7.24 (m, 4H), 7.12-7.08 (m, 1H), 3.79 (s, 3H), 2.40 (s, 3H);
13C NMR (100 MHz, CDCls) &: 140.9, 140.3, 137.6, 132.5, 129.5, 124.8, 124.3,
123.2, 121.3, 119.8, 116.5, 110.0, 33.2, 21.2; HRMS (ESI) m/z: Calcd for
C16H1sNaNOS [M+Na]*: 292.0767. Found: 292.0765.

Several control experiments for the C3-H thiolation. The mixture of a
sulfoxide (6a, 0.2 mmol, 1 equiv), a 1-methyl-1H-indole (1a, 0.2 mmol, 1 equiv)
and TMSCI (0.8 mmol, 4 equiv) in CH2Cl2 (1.0 mL) was stirred at 25 °C for 12 h,
then water (5 mL) and dichloromethane (10 mL) were added. The two layers

were separated, and the aqueous phase was extracted with dichloromethane
543



(3 x 10 mL). The combined organic extracts were washed by brine, dried over
anhydrous NazSOs, filtered, and concentrated. The residue was purified by
flash chromatography on silica gel (100—200 mesh, elution 5% ethyl acetate in

petroleum ether) to afford the C3-thioindole 4a in 70% vyield.

@E\g . \ TMSCI (4 equiv) @E\g
N N, CHxCly, 1t, 12 h N
\ \ \

6a 1a 4a, 70%

The mixture of a sodium 4-methylbenzenesulfinate (2a, 0.2 mmol, 1 equiv),
a 1-benzyl-1H-indole (1i, 0.5 mmol, 2.5 equiv) and TMSCI (0.8 mmol, 4 equiv)
in CH2Cl2 (1.0 mL) was stirred at 25 °C for 12 h, then water (5 mL) and
dichloromethane (10 mL) were added. The two layers were separated, and the
aqueous phase was extracted with dichloromethane (3 x 10 mL). The
combined organic extracts were washed by brine, dried over anhydrous
Na2S0a4, filtered, and concentrated. The residue was purified by flash
chromatography on silica gel (100—200 mesh, gradient elution 2% — 5% ethyl
acetate in petroleum ether) to afford the C3-thioindole 4i in 85% vyield. In
addition, 1-benzyl-3-chloro-1H-indole (9a) was also gained in 26% yield based

on indole 1.i.

o S/®/ cl
|
A\ S. TMSCI (4 equiv) @E\g @E\g
@E,} + /©/ ONa N + N

CH.Cly, rt, 12 h \ \
Bn Bn Bn

1i 2a 4i, 85% 9a, 26%

1-Benzyl-3-chloro-1H-indole (9a)

Cry

\

Bn
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Pale yellow oil, 31.3 mg, 26% yield; *H NMR (400 MHz, CDCls) §: 7.66 (d, J =
7.8 Hz, 1H), 7.34-7.28 (m, 4H), 7.25-7.17 (m, 2H), 7.14-7.12 (m, 2H), 7.10 (s,
1H), 5.28 (s, 2H); 13C NMR (100 MHz, CDCls) &: 136.7, 135.4, 128.8, 127.8,
126.8, 125.9, 124.5, 122.8, 120.1, 118.4, 109.9, 105.2, 50.1; HRMS (ESI) m/z:
Calcd for CisH13CIN [M+H]*: 242.0731. Found: 242.0738.

The mixture of a sodium 4-methylbenzenesulfinate (2a, 0.2 mmol, 1 equiv),
a 1-Benzyl-3-chloro-1H-indole (9a, 0.5 mmol, 2.5 equiv) and TMSCI (0.8 mmol,
4 equiv) in CH2Cl2 (1.0 mL) was stirred at 25 °C for 12 h, then water (5 mL) and
dichloromethane (10 mL) were added. The two layers were separated, and the
aqueous phase was extracted with dichloromethane (3 x 10 mL). The
combined organic extracts were washed by brine, dried over anhydrous
Na2SOa, filtered, and concentrated. The residue was purified by flash
chromatography on silica gel (100—200 mesh, gradient elution 2% — 5% ethyl

acetate in petroleum ether) to afford the the starting materials 9a in 92% vyield,

S/O/ cl
9 oD LD

N N TMSCI (4 equiv) N A\
@EN$ + /©/ ONa N + N

and the C3-thioindole 4i was not found.

CH,Cl,, rt, 12 h \ \
B e Bn Bn

9a 2a 4i, 0% 9a, 92% recovered

Several control experiments for the C2-H thiolation. The mixture of a
C3-thioindole (4a, 0.2 mmol, 1 equiv) and TMSOTf (0.4 mmol, 2 equiv) in
CH2Cl2 (1.0 mL) was stirred at 25 °C for 12 h, then water (5 mL) and
dichloromethane (10 mL) were added. The two layers were separated, and the
aqueous phase was extracted with dichloromethane (3 x 10 mL). The

combined organic extracts were washed by brine, dried over anhydrous
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Na2S0s4, filtered, and concentrated. The residue was purified by flash
chromatography on silica gel (100-200 mesh, gradient elution 5% ethyl

acetate in petroleum ether) to afford the C2-thioindole 3a in 70% yield.

)
@E\g TMSOTf (2 equiv) N §;§
N

CH,Cly, 1t, 12 h N
\
4a 3a, 70%

The mixture of a C3-thioindole (4a, 0.2 mmol, 1 equiv) and TMSOTf (0.4
mmol, 2 equiv) in CH2Cl2 (1.0 mL) was stirred at 25 °C for 30 min, then water
(5 mL) and dichloromethane (10 mL) were added. The two layers were
separated, and the aqueous phase was extracted with dichloromethane (3 x
10 mL). The combined organic extracts were washed by brine, dried over
anhydrous Na2SOgs, filtered, and concentrated. The residue was purified by
flash chromatography on silica gel (100-200 mesh, gradient elution 2% — 5%
ethyl acetate in petroleum ether) to afford the C2-thioindole 3a,
2,3-bis-thioindole 5a and dimer 7a in 8%, 34% and 70% yields, respectively. In

addition, C3-thioindole 4a was also recovered in 15% yield.
S/O/ <:§ S {:g
TMSOTf (2 equiv)
{7 momemn oy 7 o
(;[Ng CH,Cly, rt, 30 min ©\/’\?78 N\

\
4a 3a, 8% 5a, 34%

1-Methyl-2,3-bis(p-tolylthio)-1H-indole (5a)

!
S
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Pale yellow oil, 25.5 mg, 34% vyield; *H NMR (400 MHz, CDCls) §: 7.68 (d, J =
8.0 Hz, 1H), 7.40-7.31 (m, 2H), 7.19 (d, J = 7.4 Hz, 1H), 7.04 (d, J = 7.3 Hz,
2H), 6.99-6.94 (m, 6H), 3.80 (s, 3H), 2.27 (s, 3H), 2.25 (s, 3H); 13C NMR (100
MHz, CDCIs) 6: 138.3, 136.2, 134.8, 134.8, 134.7, 132.1, 129.9, 129.4, 129.1,
127.8, 126.9, 123.8, 120.9, 120.3, 111.2, 110.0, 31.0, 20.9, 20.9; HRMS (ESI)
m/z: Calcd for C23H22NS2 [M+H]*: 376.1188. Found: 376.1191.

The mixture of a 2,3-bis-thioindole (5a, 0.2 mmol, 1 equiv), a
1-methyl-1H-indole (1a, 0.24 mmol, 1.2 equiv) and TMSOTf (0.8 mmol, 4
equiv) in CH2Cl2 (1.0 mL) was stirred at 25 °C for 12 h, then water (5 mL) and
dichloromethane (10 mL) were added. The two layers were separated, and the
aqueous phase was extracted with dichloromethane (3 x 10 mL). The
combined organic extracts were washed by brine, dried over anhydrous
Na2S0a4, filtered, and concentrated. The residue was purified by flash
chromatography on silica gel (100—200 mesh, gradient elution 2% — 5% ethyl

acetate in petroleum ether) to afford the C2-thioindole 3a in 72% yield.
4 Q Q
N N CHaCly, rt, 12 h N
\ \
5a

\
1a 3a, 72%
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10. NMR Spectra

Indole 1b 'H NMR (400 MHz, CDCls)
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Indole 1c

"H NMR (400 MHz, CDCl3)
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Indole 1d

"H NMR (400 MHz, CDCl3)
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Indole 1e

"H NMR (400 MHz, CDCl3)
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Indole 1f

"H NMR (400 MHz, CDCl3)
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"H NMR (400 MHz, CDCl3)
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Indole 1h

"H NMR (400 MHz, CDCl3)
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Indole 1i

"H NMR (400 MHz, CDCl3)
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Indole 1j

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3a

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3b

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3¢

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3d

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3e

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3f

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3g
"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3h

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3j

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3k

"H NMR (400 MHz, CDCl3)

¥S0L°E

LLEB'D
1656°9
L¥96°9
96./6'9
Zi80°L
0r60°L
8L0L"L
0SLEL
9L91°L
Pr8lLL
2e0Z’L
0092’2
2i6Z'L
6L1EL
9FEEL
EPSEL
L¥99°L
Pr89°L

i T

3.00

900 850 800 750 7.00 650 6.00 550 500 450 400 350 300 250 200 150 100 050 0.00

10.00 9.50

ppm (t1)

3C NMR (100 MHz, CDCls)

0S€8'6C

9289'9L
0000°2L
vLLELL

20€8'60L
vrISTLLL
6SLL°9LL
99€€9LL
Zv66'61 1
£E¥8'0C)
0zoo'ezt
9051221
vevy'LeL
8111'8CL
6958'8C1
9€8.L'LEL
6L18°LEL
EYro'8elL

8191°091L
1909294

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200
ppm (t1)

S66



C2-Thioindole 3l

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3m

"H NMR (400 MHz, CDCl3)
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2,3-bis-Thioindole 5m

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3n

"H NMR (400 MHz, CDCl3)
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2,3-bis-Thioindole 5n

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 30

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3p

"H NMR (400 MHz, CDCl3)

FLOLE
9LLLE

0689
896.°9
61089
€189
06189
99289
8268'9
06LL°L
L9ZL°L
2eeL’L
06¥1'L
LG91°L
Pe9L'L
S¥SZL
€452°L
009Z°L
1SL2°L
LLLTL
9162,
evee’L
LLOEL
z0ze’L

8429°L
9L¥9°L

4 368

188

3.09
2.41

1.00

300 250 200 150 100 050 0.00

450 4.00 3.50

850 800 750 7.00 650 600 550 500

9.00

10.00 9.50

ppm (t1)

3C NMR (100 MHz, CDCls)

6£88'6C

2TLESS

0289'9L
0000°2L
LVLLELL

9099'60L
089%°0LL
€8 vLL
GL08'6LL
re9’0TL
viLigeet
6€28'9C1
8vee LTl
6¥0L°621
§/99'6C1

yres el

086%'851

OMe

19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200
ppm (t1)

S73



C2-Thioindole 3q

"H NMR (400 MHz, CDCl3)
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2,3-bis-Thioindole 5q

"H NMR (400 MHz, CDCl3)
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2,3-bis-Thioindole 5r

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3s

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3t

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3u

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3v

"H NMR (400 MHz, CDCl3)
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C2-Thioindole 3w

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4a

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4b

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4c

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4d

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4e

"H NMR (400 MHz, CDCl3)

avize
e6LLE
95869 ——
85007 —
oL )
EPR0L ——
0ZkL
T
000z 2 » —
peezL —— 7z
4
voze'L /
gL —/
bEESL
®)

)|

i

UIJI

- 3.04

- 3.00

T
-
Q=228
=3 RS

10.00 9.50

ppm (t1)

850 800 750 700 650 600 550 500 450 400 350 3.00 250 200 150 100 050 0.00

9.00

3C NMR (100 MHz, CDCls)

§¥08°02

£660°EE

928992
0000°2L
vLLELL

67L6°L01
6952601
L28g'0z1L
6S80°LZL
[AakA T4
FEBZ'8TL
6219'821
L99¥'6ZL
ZEQLVEL
LS8Z'SEL
ESSE'SEL
€LEQ’LEL

Cl

180 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10

200
ppm (t1)

S86



C3-Thioindole 4f

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4g

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4h

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4i

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4k

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4l

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4m

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4n

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 40

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4p

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4q

"H NMR (400 MHz, CDCl3)

95€LE
008t

85€.L°9
€65L'9
PEEL'L
LPGLL
SrLL'L
2eBl’L
00922
9ELEL
LE6ZL
orLEL
£09€°L
808E°L
EEVOL
LE99°L

OMe

- 3%

2.00

3.04
63

1.01

9.00 850 800 750 7.00 650 600 550 500 450 400 350 300 250 200 150 100 050 0.00

10.00 9.50

ppm (t1)

3C NMR (100 MHz, CDCls)

alloee

16/2°SS

0E89'9L
0000°LL
L8LELL

6282°20L
9¥09°601
£20¥'rLL
1099611
[ A
060v'zelL
065€°821
1689'6C1
96¥6'6ZL
LOFF ¥EL
€6y LEL

1€99°L51

OMe

180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200
ppm (t1)

S97



C3-Thioindole 4r

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4s

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4t

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4u

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4v

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4w

"H NMR (400 MHz, CDCl3)
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C3-Thioindole 4x

"H NMR (400 MHz, CDCl3)
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Indole dimer 7a
"H NMR (400 MHz, CDCl3)
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"H NMR (400 MHz, CDCl3)

Sulfoxide 6a
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Compound 9a

"H NMR (400 MHz, CDCl3)
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Compound 5a
"H NMR (400 MHz, CDCl3)
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Compound 24
"H NMR (400 MHz, CDCl3)
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Compound 2b
"H NMR (400 MHz, D20)
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Compound 4y

"H NMR (400 MHz, DMSO-ds)
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