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

Supporting Information

Decarboxylative acylation of N-free indoles enabled by
catalytic amount of copper catalysis and liquid-assisted

grinding

Jingbo Yu,* Chao Zhang, Xinjie Yang, Weike Su*

National Engineering Research Center for Process Development of Active Pharmaceutical
Ingredients, Collaborative Innovation Center of Yangtze River Delta Region Green
Pharmaceuticals, Zhejiang University of Technology. Hangzhou 310014, PR China.

E-mail: Pharmlab@zjut.edu.cn

Table of contents

1. General Consideration. ... ......eeeneeeeeeee e e

2. Mechanical Parameters Screening............cooveviviiiiiiiiininnnnnnnn.

3. Experimental Procedures...............coooiiiiii i

4. Characterization Data for Indole Ketones...........covvveviieeinnin...

5. Copies of 'TH NMR, 3C NMR and '°F NMR Spectra...................



1. General considerations

Unless otherwise stated, all reagents were purchased from commercial suppliers and used without
purification. Compounds 2a-2n were prepared according to the reported procedure.S! A high-energy
ball mill (Fritsch GmbH Planet Mill pulverisette 7) was employed. All of the HSBM reactions were
performed in 45 mL or 80 mL stainless-steel grinding vessels and milled with stainless-steel balls. TLC
(Thin-Layer Chromatography) analysis was performed using precoated glass plates. Melting points
(mp) were obtained on a digital melting point apparatus (OptiMelt MPA100) and are uncorrected. 'H
and 3C NMR spectra were recorded on a Bruker Advance 400 spectrometer at ambient temperature
with C,D40S as the solvent and tetramethylsilane (TMS) as the internal standard. The abbreviations
used are: s = singlet, d = doublet, t = triplet, dd = doublet of doublet, m = multiplet. Coupling constants
(J) are given in Hz. Mass spectra were recorded with a high-resolution MS instrument (Bruker

Daltonics micro TOF II) and a low-resolution MS instrument (Finnigan Trace DSQ) using an ESI ion
source.

2. Mechanical Parameters Screening

The combined evaluation of the rotation speed (v,) and the milling-ball filling degree (®yp) was
conducted by using two sizes of milling balls under standard chemical conditions (see Table 1), and the
corresponding results were shown in Figure S1.
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Figure S1. The influences of milling ball filling degree (®yp), rotation speed (v,o), and milling-ball
size (dy) on the reaction. Reaction conditions: 1a (1.0 mmol), 2a (2.0 mmol), Cu(OAc), H,O (20
mol%), MeCN ( = 0.11, n =V (liquid, #L)/m (reagents, mg), NaCl (3.0 g), O, atmosphere, 6 mm (dyg)

stainless-steel (A), 4 mm (dyp) stainless-steel balls (B), 45 mL stainless steel vial, [8(15 min + 1 min
break)].



3. Experimental Procedures

General procedure for copper-catalyzed decarboxylative C3-acylation of /V-H indoles
A mixture of N-H indoles 1 (1.0 mmol), a-ketonates 2 (2.0 mmol), Cu(OAc),"H,O (20 or 30 mol%),
MeCN [5 = 0.11 uL/mg, n = V (liquid, uL)/m (reagents; mg)] and NaCl (3 g) were added in a 45 mL
stainless steel vial. The vial was flushed with O, (1 atm) through the lid with a gas inlet, screwed
tightly and then placed on planet mill, milling at 750 or 800 rpm for the indicated milling cycles (see
Table 2-3), using 225 stainless-steel grinding balls (dyg = 4 mm, @y = 0.16). At the end of the
experiment, the reaction mixture was scratched off from the vessel and dissolved in methanol, filtered
and concentrated in vacuo to give a residue, which was purified by column chromatography on silica
gel (hexane /EtOAc) to give the desired product 3.

The device of the planet mill, stainless steel vial (involving stainless-steel grinding balls and reaction

mixtures after ball milling) and its lid with gas inlet/outlet were showed in the following picture.

Gas inlet/outlet

Scale-up procedures for copper-catalyzed decarboxylative C3-acylation of N-H indole

A mixture of N-H indoles 1a (1.053 g, 9 mmol), potassium 2-oxo-2-phenylacetate 2a (3.384 g, 18
mmol), Cu(OAc), H,0 (0.179 g, 10 mol%), MeCN (3.5 mL, # = 0.11 uL/mg) and NaCl (27 g) were
added in a 80 mL stainless steel vial. The vial was flushed with O, (1 atm) through the lid with a gas
inlet, screwed tightly and then placed on planet mill, milling at 750 rpm for 8 milling cycles (15 min +
1 min break), using 151 stainless-steel grinding balls (dyg = 6 mm, @y = 0.22). At the end of the
experiment, the reaction mixture was scratched off from the vessel and dissolved in methanol, filtered
and concentrated in vacuo to give a residue, which was purified by column chromatography on silica
gel (hexane /EtOAc) to give the desired product 3aa (1.532 g, 77%).



4. Characterization Data for Indole Ketones

(1H-indol-3-yl) (phenyl)methanone (3aa)S?

Grey solid (168.4 mg, 76%), mp 241243 °C (lit.5? 244-246 °C); 'H NMR (400 MHz, DMSO-dj,
ppm) & 12.08 (brs, 1H), 8.25 (d, J = 7.2 Hz, 1H), 7.94 (s, 1H), 7.78 (d, J = 7.2 Hz, 2H), 7.62-7.58 (m,
1H), 7.57-7.51 (m, 3H), 7.30-7.21 (m, 2H); 3C NMR (100 MHz, DMSO-dq, ppm) & 190.0, 140.5,
136.7, 135.8, 131.1, 128.4 (4C), 126.3, 123.2, 121.9, 121.5, 115.0, 112.3.

L)
OMe
G
N

H
(4-methoxy-1H-indol-3-yl) (phenyl)methanone (3ba)
White solid (206.1 mg, 82%), mp 189-190 °C; 'H NMR (400 MHz, DMSO-dg, ppm) 6 11.89 (brs, 1H),
7.73 (s, 1H), 7.71-7.69 (m, 2H), 7.59-7.55 (m, 1H), 7.49-7.44 (m, 2H), 7.17-7.09 (m, 2H), 6.60 (d, J
= 7.2, 1H), 3.53 (s, 3H); ¥C NMR (100 MHz, DMSO-ds, ppm) & 190.0, 153.4, 140.4, 138.2, 131.7,
131.5, 129.0 (2C), 127.9 (2C), 123.7, 116.3, 115.6, 105.3, 102.0, 54.9. HRMS (ESI) m/z calcd for

Cy6H12NO, [M—H]™: 250.0874, found: 250.0878.

L)
OBn
G
N

H
(4-(benzyloxy)-1H-indol-3-yl) (phenyl)methanone (3ca)
Grey solid (203.0 mg, 62%), mp 128-129 °C; 'H NMR (400 MHz, DMSO-ds, ppm) & 11.89 (brs, 1H),
7.75 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 2.4 Hz, 1H), 7.56 (t, J = 7.2 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H),
7.28-7.21 (m, 5H), 7.17-7.11 (m, 2H), 6.72 (dd, J = 6.4, 1.6 Hz, 1H), 5.03 (s, 2H); *C NMR (100
MHz, DMSO-dg, ppm) 6 190.0, 152.4, 140.1, 138.3, 137.3, 131.7, 131.6, 129.2 (2C), 128.1 (2C), 128.0
(20), 127.2, 1269 (20), 123.7, 116.3, 115.8, 105.5, 103.2, 69.1; HRMS (ESI) m/z calcd for

C»HsNO, [M—H]™: 326.1187, found: 326.1180.

(5-methoxy-1H-indol-3-yl) (phenyl)methanone (3da)S?

White solid (170.9 mg, 68%), mp 220-222 °C (lit.,5? 223-224 °C); 'H NMR (400 MHz, DMSO-dj,
ppm) 5 11.98 (brs, 1H), 7.88 (s, 1H), 7.81-7.75 (m, 3H), 7.62-7.57 (m, 1H), 7.56-7.51 (m, 2H), 7.42
(dd, J = 8.8, 2.0 Hz, 2H), 6.90 (d, J = 8.8 Hz, 1H), 3.81 (s, 3H); *C NMR (100 MHz, DMSO-d;, ppm)
6 189.9, 155.6, 140.7, 136.0, 131.6, 131.0 128.4 (2C), 128.3 (2C), 127.1, 114.8, 113.06, 113.01, 103.2,
55.3.



(5-methyl-1H-indol-3-yl) (phenyl)methanone (3ea)$?

Grey solid (169.4 mg, 72%), mp 226-227 °C (lit.,52227-228 °C); TH NMR (400 MHz, DMSO-dq, ppm)
5 11.96 (brs, 1H), 8.08 (s, 1H), 7.86 (d, J = 2.8 Hz, 1H), 7.79-7.75 (m, 2H), 7.62-7.58 (m, 1H), 7.56—
7.51 (m, 2H), 7.40 (d, J = 8.0 Hz, 1H), 7.09 (dd, J = 8.0, 1.2 Hz, 1H), 2.44 (s, 3H, Me); *C NMR (100
MHz, DMSO-ds, ppm) 6 189.9, 140.7, 135.8, 135.0, 131.0, 130.8, 128.37 (2C), 128.34 (2C), 126.5,
124.6,121.2, 114.6, 111.9, 21.4.

(5-fluoro-1H-indol-3-yl) (phenyl)methanone (3fa)S?

White solid (186.6 mg, 78%), mp 254-255 °C (lit..5* 263 °C); IH NMR (400 MHz, DMSO-dq, ppm) &
12.20 (brs, 1H), 8.03 (s, 1H), 7.94 (dd, J = 10.0, 2.4 Hz, 1H), 7.80 (d, J = 7.2 Hz, 2H), 7.64-7.59 (m,
1H), 7.56-7.52 (m, 3H), 7.16-7.10 (m, 1H); 13C NMR (100 MHz, DMSO-d,, ppm) & 189.8, 158.7 (d,
Jy =235.3), 140.2, 137.2, 133.3, 1312, 128.5 (2C), 128.4 (2C), 126.9 (d, Js = 11.1 Hz), 115.0 (d, J, =
4.0 Hz), 113.5 (d, J;= 10.1 Hz), 111.3 (d, J,=26.3 Hz), 106.3 (d, J, = 24.2 Hz).

(5-chloro-1H-indol-3-yl) (phenyl)methanone (3ga)s*
Grey solid (204.6 mg, 80%), mp 270-271 °C; TH NMR (400 MHz, DMSO-dg, ppm) 6 12.27 (brs, 1H),
8.26 (d, J = 1.6 Hz, 1H), 8.04 (s, 1H), 7.80 (d, J = 7.2 Hz, 2H), 7.64-7.52 (m, 4H), 7.29 (dd, J = 8.4,
1.6 Hz, 1H); 3C NMR (100 MHz, DMSO-dg, ppm) & 189.8, 140.1, 137.1, 135.2, 131.3, 128.5 (2C),
128.4 (2C), 127.5,126.7, 123.2, 120.6, 114.5, 113.9.

(5-bromo-1H-indol-3-yl)(phenyl) methanone (3ha)S?

White solid (219.1 mg, 73%), mp 268269 °C (lit..5? 265-266 °C); 'H NMR (400 MHz, DMSO-dj,
ppm) & 12.28 (brs, 1H), 8.41 (s, 1H), 8.03 (s, 1H), 7.80 (d, J = 7.2 Hz, 2H), 7.67—7.46 (m, 4H), 7.40 (d,
J = 8.0, 1H); 13C NMR (100 MHz, DMSO-d,, ppm) & 189.8, 140.0, 136.9, 135.5, 131.3, 128.5 (2C),
128.4 (2C), 128.1, 125.8, 123.6, 114.7, 114.40, 114.37.

(5-nitro-1H-indol-3-yl) (phenyl)methanone (3ia)$?
Yellow solid (186.4 mg, 70%), mp 295-297 °C (lit.,52 292-294 °C); 'H NMR (400 MHz, DMSO-dj,
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ppm) & 12.68 (brs, 1H), 9.14 (d, J = 2.0 Hz, 1H), 8.27 (s, 1H), 8.17 (dd, J = 9.2, 2.0 Hz, 1H), 7.85 (d, J
= 7.2 Hz, 2H), 7.72 (d, J = 9.2 Hz, 1H), 7.69-7.63 (m, 1H), 7.61-7.55 (m, 2H); 3C NMR (100 MHz,
DMSO-dq, ppm) 8 189.9, 142.8, 139.9, 139.6, 139.1, 131.7, 128.62 (2C), 128.55 (2C), 125.8, 118.6,
117.9, 1162, 113.1.

MeO
(6-methoxy-1H-indol-3-yl) (phenyl)methanone (3ja)S?

Grey solid (186.0 mg, 74%), mp 228-230 °C (lit.5? 226-228 °C); 'H NMR (400 MHz, DMSO-dj,
ppm) 5 11.88 (brs, 1H), 8.12 (d, J = 8.8 Hz, 1H), 7.82-7.75 (m, 3H), 7.62-7.50 (m, 3H), 7.01 (s, 1H),
6.89 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H); 13C NMR (100 MHz, DMSO-d,, ppm) & 189.9, 156.6, 140.5,
137.6, 134.9, 131.0, 128.38 (2C), 128.35 (2C), 122.1, 120.2, 115.1, 111.7, 95.2, 55.2.

(6-methyl-1H-indol-3-yl) (phenyl)methanone (3ka)

White solid (71.8 mg, 61%), mp 252-253 °C; 'H NMR (400 MHz, DMSO-d;, ppm) 6 11.94 (brs, 1H),
8.12 (d, J = 8.0 Hz, 1H), 7.85 (s 1H), 7.79-7.75 (m, 2H), 7.62-7.57 (m, 1H), 7.55-7.51 (m, 2H), 7.31
(s, 1H), 7.07 (d, J = 8.4 Hz, 1H), 2.43 (s, 3H); 13C NMR (100 MHz, DMSO-dg, ppm) & 189.9, 140.6,
137.2, 135.4, 132.4, 131.0, 128.36 (2C), 128.35 (2C), 124.1, 123.6, 121.2, 115.0, 112.0, 21.3. HRMS
(ESI) m/z calcd for Ci¢H,NO [M—H]~: 234.0924, found: 234.0921.

(6-chloro-1H-indol-3-yl) (phenyl)methanone (31a)5*

White solid (171.3 mg, 67%), mp 273-274 °C; 'H NMR (400 MHz, DMSO-dg, ppm) 6 12.18 (brs, 1H),
8.24 (d, J = 8.4 Hz, 1H), 8.00 (s, 1H), 7.83-7.76 (m, 2H), 7.65-7.51 (m, 4H), 7.27 (dd, J = 8.4 Hz, 2.0
Hz, 1H); 3C NMR (100 MHz, DMSO-d,, ppm) & 189.8, 140.1, 137.2, 136.7, 131.28, 128.46 (2C),
128.42 (2C), 127.7, 125.1, 122.8, 122.2, 114.9, 112.0.

L)
L
Br H

(6-bromo-1H-indol-3-yl) (phenyl)methanone (3ma)
White solid (219.1 mg, 73%), mp 273-274 °C; 'H NMR (400 MHz, DMSO-dg, ppm) 6 12.17 (brs, 1H),
8.18 (d, J= 8.4 Hz, 1H), 7.99 (s, 1H), 7.79 (d, J = 7.2 Hz, 2H), 7.71 (s, 1H), 7.64-7.59 (m, 1H), 7.58—
7.52 (m, 2H), 7.39 (d, J = 8.4 Hz, 1H); 3C NMR (100 MHz, DMSO-ds, ppm) & 189.9, 140.1, 137.6,
136.6, 131.3, 128.46 (2C), 128.42 (2C), 125.3, 124.8, 123.2, 115.7, 114.9; HRMS (ESI) m/z calcd for
CsHo”BrNO [M-H]~:297.9873, found: 297.9864.



(7-methyl-1H-indol-3-yl) (phenyl)methanone (3na)S3

Grey solid (136.5 mg, 58%), mp 182-183 °C (lit.,5* 186 °C); 'H NMR (400 MHz, DMSO-d,, ppm) &
12.10 (brs, 1H), 8.10 (d, J = 7.6 Hz, 1H), 7.89 (d, J = 1.6 Hz, 1H), 7.80-7.77 (m, 2H), 7.63-7.58 (m,
1H), 7.57-7.52 (m, 2H), 7.17-7.12 (m, 1H), 7.06 (d, J = 7.2 Hz, H), 2.53 (s, 3H); *C NMR (100 MHz,
DMSO-ds, ppm) & 190.0, 140.6, 136.2, 135.3, 131.0, 128.4 (4C), 126.1, 123.7, 122.1, 121.5, 119.0,
115.4,16.7.

(7-bromol-1H-indol-3-yl) (phenyl)methanone (30a)5*

Pale yellow solid (228.1 mg, 76%), mp 212-213 °C; '"H NMR (400 MHz, DMSO-d;, ppm) & 12.36 (brs,
1H), 8.27 (d, J = 8.0 Hz, 1H), 7.90 (s, 1H), 7.83-7.79 (m, 2H), 7.65-7.60 (m, 1H), 7.58-7.49 (m, 3H),
7.22-7.18 (m, 1H); 3C NMR (100 MHz, DMSO-ds, ppm) & 190.0, 140.0, 136.1, 135.1, 131.4, 128.49
(2C), 128.46 (2C), 128.0, 125.9, 123.4, 120.9, 115.9, 104.7.

(5,6-dichloro-1H-indol-3-yl)(phenyl)methanone (3pa)

White solid (249.5 mg, 86%), mp 283-285°C; 'H NMR (400 MHz, DMSO-dg, ppm) 6 12.33 (brs, 1H),
8.40 (s, 1H), 8.10 (s, 1H), 7.82-7.78 (m, 3H), 7.65-7.61 (m, 1H), 7.57-7.53 (m, 2H); '3C NMR (100
MHz, DMSO-dg, ppm) 6 189.7, 139.8, 137.9, 135.7, 131.5, 128.5 (2C), 128.4 (2C), 126.2, 125.4, 124.7,
122.3, 114.4, 114.0; HRMS (ESI) m/z calcd for CsHg*CI,NO [M-H]: 287.9988, found: 287.9982.

N
N
H

(2-methyl-1H-indol-3-yl) (phenyl)methanone (3qa)S?

Pale yellow solid (160.0 mg, 68%), mp 175-177 °C (lit.,? 178-180 °C); 'H NMR (400 MHz, DMSO-
de, ppm) & 11.96 (brs, 1H), 7.63-7.56 (m, 3H), 7.54-7.48 (m, 2H), 7.39 (d, J = 8.0 Hz, 1H), 7.32 (d, J =
7.6 Hz, 1H), 7.12 (1, J = 8.0 Hz, 1H), 7.01 (t, J = 7.6 Hz, 1H), 2.38 (s, 3H); *C NMR (100 MHz,
DMSO-ds, ppm) & 191.7, 144.5, 141.7, 135.0, 131.0, 128.4 (2C), 128.0 (2C), 127.3, 121.8, 121.0,
120.0, 112.5, 111.3, 14.2.



(2,5-dimethyl-1H-indol-3-yl) (phenyl)methanone (3ra)S*

Pale yellow solid (221.9 mg, 89%), mp 221-222 °C; 'H NMR (400 MHz, DMSO-dg, ppm) & 11.82
(brs, 1H), 7.61-7.57 (m, 3H), 7.53—7.47 (m, 2H), 7.26 (d, J = 8.2 Hz, 1H), 7.20 (s, 1H), 6.94 (d, J = 8.2
Hz, 1H), 2.32 (s, 3H), 2.27 (s, 3H); 3C NMR (100 MHz, DMSO-d, ppm) 5 191.7, 144.3, 141.8, 133.3,
130.9, 129.6, 128.3 (2C), 128.0 (2C), 127.6, 123.2, 120.0, 112.2, 110.9, 21.4, 14.3.

s
N

H
(1H-indol-3-yl)(p-tolyl) methanone (3ab)S
Yellow solid (169.2 mg,72%), mp 186-187 °C (lit.,3° 179-180 °C); 'H NMR (400 MHz, DMSO-dj,
ppm) o 12.06 (brs, 1H), 8.27 (d, J= 7.2 Hz, 1H), 7.94 (s, 1H), 7.71 (d, J= 7.6 Hz, 2H), 7.53 (d, /= 7.6
Hz, 1H), 7.33 (d, J = 7.2 Hz, 2H), 7.28-7.20 (m, 2H), 2.39 (s, 3H); *C NMR (100 MHz, DMSO-dj,
ppm) o 189.7, 141.0, 137.8, 136.7, 135.4, 128.9 (2C), 128.6 (2C), 126.3, 123.1, 121.8, 121.5, 115.1,
112.2,21.1.

o OMe
0
N

H
(1H-indol-3-yl) (4-methoxyphenyl) methanone (3ac)S°
Yellow solid (120.5 mg, 48%), mp 207-208 °C (lit.,5¢ 208 °C); 'H NMR (400 MHz, DMSO-ds, ppm) &
12.03 (brs, 1H), 8.23 (d, J = 6.0 Hz, 1H), 7.95 (s, 1H), 7.81 (d, J = 7.0 Hz, 2H), 7.52 (d, J = 6.8 Hz,
1H), 7.29-7.17 (m, 2H), 7.07 (d, J = 7.0 Hz, 2H), 3.85 (s, 3H); *C NMR (100 MHz, DMSO-ds, ppm)
5 188.8, 161.7, 136.6, 134.9, 132.9, 130.6 (2C), 126.4, 123.0, 121.7, 121.5, 115.0, 113.7 (2C), 112.2,
55.4.

(4-chlorophenyl)(1H-indol-3-yl)methanone (3ad)S’

Pale yellow solid (197.0 mg, 77%), mp 243-245 °C (lit.,57 239-242 °C); '"H NMR (400 MHz, DMSO-
ds, ppm) 0 12.14 (brs, 1H), 8.25 (d, J= 7.2 Hz, 1H), 7.98 (s, 1H), 7.81 (d, /= 8.4 Hz, 2H), 7.60 (d, J =
8.4 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.30-7.22 (m, 2H); 3C NMR (100 MHz, DMSO-d;s, ppm) &
188.6, 139.1, 136.7, 136.0, 135.8, 130.3 (2C), 128.5 (2C), 126.2, 123.2,122.0, 121.4, 114.8, 112.3.

O \
N
H

(1H-indol-3-yl) (4-(trifluoromethyl) phenyl)methanone (3ae)S’
Pale yellow solid (216.8 mg, 75%), mp 258-260 °C, solv: ethyl acetate (lit.,S’ 202-204 °C, solv:
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acetone); 'H NMR (400 MHz, DMSO-ds, ppm) & 12.22 (brs, 1H), 8.30-8.24 (m, 1H), 8.02-7.95 (m,
3H, including d, J = 8.0 Hz , 2H), 7.90 (d, J = 8.0 Hz, 2H), 7.57-7.50 (m, 1H), 7.31-7.24 (m, 2H); 13C
NMR (100 MHz, DMSO-dg, ppm) o6 188.8, 144.1, 136.8, 136.7, 130.7 (q, J, = 32 Hz), 129.1 (2C),
126.1, 1254 (q, J; =4 Hz, 2C), 125.41 (q, J=273.2 Hz), 123.4,122.2,121.4, 114.8, 112.4.

(1H-indol-3-yl) (m-tolyl)methanone (3af)s®

Yellow solid (297.4 mg, 84%), mp 240-242 °C (lit.,5$ 240 °C); 'H NMR (400 MHz, DMSO-d, ppm) &
12.05 (brs, 1H), 8.27-8.23 (m, 1H), 7.93 (d, J = 2.8 Hz, 1H), 7.60~7.56 (m, 2H), 7.54-7.50 (m, 1H),
7.44-7.40 (m, 2H), 7.29-7.21 (m, 2H), 2.41 (s, 3H); *C NMR (100 MHz, DMSO) & 190.1, 140.6,
137.7,136.7, 135.8, 131.6, 128.8, 128.2, 126.3, 125.6, 123.1, 121.9, 121.5, 115.1, 112.2, 21.0.

(3-bromophenyl)(1H-indol-3-yl)methanone (3ag)s®

Pale yellow solid (255.0 mg, 85%), mp 237-238 °C (lit. 238 °C); 'H NMR (400 MHz, DMSO-dj,
ppm) & 12.15 (brs, 1H), 8.27-8.21 (m, 1H), 7.98 (s, 1H), 7.90~7.87 (m, 1H), 7.83-7.76 (m, 2H), 7.56—
7.48 (m, 2H), 7.30-7.22 (m, 2H); 3C NMR (100 MHz, DMSO-dq, ppm) 5 188.2, 142.6, 136.8, 136.3,
133.7,130.7, 130.6, 127.4, 126.1, 123.3, 122.1, 121.8, 121.4, 114.7, 112.3.

(1H-indol-3-yl)(o-tolyl)methanone (3ah)

Pale yellow solid (105.9 mg, 45%), mp 189-190 °C; '"H NMR (400 MHz, DMSO-ds, ppm) 6 12.04
(brs, 1H), 8.21-8.16 (m, 1H), 7.60 (d, J = 3.2 Hz, 1H), 7.51 (dd, J = 6.8, 1.6 Hz, 1H), 7.42-7.37 (m,
2H), 7.34-7.20 (m, 4H), 2.27 (s, 3H); 3C NMR (100 MHz, DMSO-ds, ppm) & 192.1, 141.0, 136.9,
136.4, 134.8, 130.6, 129.2, 127.2, 125.7, 125.3, 123.2, 122.1, 121.3, 116.6, 112.4, 19.2; HRMS (ESI)
m/z calcd for C1¢H1,NO [M—H]~: 234.0924, found: 234.0934.

(2-chlorophenyl)(1H-indol-3-yl)methanone (3ai)*

Grey solid (209.1 mg, 82%), mp 187-189 °C; TH NMR (400 MHz, DMSO-d, ppm) 6 12.14 (brs, 1H),
8.15 (d, J = 7.6 Hz, 1H), 7.66 (s, 1H), 7.60~7.56 (m,1H), 7.55-7.44 (m, 4H), 7.30~7.22 (m, 2H); 13C
NMR (100 MHz, DMSO-d;, ppm) 6 188.2, 140.3, 137.03, 137.00, 130.7, 129.8, 129.6, 128.7, 127.1,
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125.4,123.4,122.3,121.2,116.0, 112.5.
o O Ph
L
N
H

biphenyl-4-yl(1 H-indol-3-yl)methanone (3aj)

Yellow solid (208.1 mg, 70%), mp 247-248 °C; "H NMR (400 MHz, DMSO-ds, ppm) & 12.12 (brs,
1H), 8.32-8.26 (m, 1H), 8.03 (d, J = 2.8 Hz, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.83 (d, J = 8.4 Hz, 2H),
7.76 (d, J = 7.6 Hz, 2H), 7.56-7.49 (m, 3H), 7.46-7.40 (m, 1H), 7.31-7.22 (m, 2H); 3C NMR (100
MHz, DMSO-ds, ppm) o 189.5, 142.7, 139.34, 139.30, 136.7, 135.8, 129.2 (2C), 129.1 (2C), 128.1,
126.9 (2C), 126.7 (20), 126.3, 123.2, 121.9, 121.5, 115.1, 112.3; HRMS (ESI) m/z calcd for C;;H4NO

[M-H]J: 296.1081, found: 296.1070.

s
o
)

A\

N

H
(1H-indol-3-yl)(thiophen-2-yl)methanone (3ak)s’
Grey solid (113.5 mg, 50%), mp 178-180 °C (lit.,37 180-183 °C); 'H NMR (400 MHz, DMSO-dg, ppm)
512.14 (brs, 1H), 8.36 (d, J = 3.2 Hz, 1H), 8.22 (d, J= 7.6 Hz, 1H), 7.94 (d, J= 4.0 Hz, 2H), 7.52 (d, J
= 8.0 Hz, 1H), 7.30-7.20 (m, 3H); ¥*C NMR (100 MHz, DMSO-d;, ppm) 6 180.7, 145.2, 136.6, 134.2,
132.3,131.4,128.3,126.4,123.2,121.9, 121.4, 114.6, 112.3.

(1H-indol-3-yl) (naphthalen-2-yl)methanone (3al)S°
Pale yellow solid (195.1 mg, 72%), mp 246-248 °C (lit.,5¢ 257 °C); 'TH NMR (400 MHz, DMSO-dj,
ppm) & 12.12 (brs, 1H), 8.42 (s, 1H), 8.33-8.26 (m, 1H), 8.13 (d, J = 7.6 Hz, 1H), 8.09-8.00 (m, 3H),
7.88 (dd, J = 8.8, 1.6 Hz, 1H), 7.68-7.59 (m, 2H), 7.58-7.52 (m, 1H), 7.31-7.23 (m, 2H); 13C NMR
(100 MHz, DMSO-dg, ppm) & 189.9, 137.7, 136.8, 136.1, 134.2, 132.2, 129.2, 129.0, 128.1, 127.7,
127.6, 126.7, 126.3, 125.3, 123.2, 122.0, 121.5, 115.2, 112.3.

o

A\

N

H
1-(1H-indol-3-yl)ethan-1-one (3am)S°
Grey solid (95.4 mg, 60%), mp 185-187 °C (lit.,* 189-190 °C); 'H NMR (400 MHz, DMSO-ds, ppm)
§11.92 (brs, 1H), 8.30 (d, J = 2.8 Hz, 1H), 8.19-8.14 (m, 1H), 7.47-7.44 (m, 1H), 7.22-7.14 (m, 2H),
2.44 (s, 3H); 3C NMR (100 MHz, DMSO-dg, ppm) & 192.7, 136.7, 134.4, 125.3, 122.7, 121.7, 121.3,
116.8,112.1, 27.3.



(5-chloro-1H-indol-3-yl)(p-tolyl)methanone (3gb)

White solid (169.6 mg, 63%), mp 250-252 °C; 'H NMR (400 MHz, DMSO-dg, ppm) 6 12.22 (brs, 1H),
8.24 (d, J = 1.6 Hz, 1H), 8.04 (s, 1H), 7.71 (d, J = 7.8 Hz, 2H), 7.54 (d, J = 8.6 Hz, 1H), 7.35 (d, J =
7.8 Hz, 2H), 7.28 (dd, J = 8.6, 1.7 Hz, 1H), 2.41 (s, 3H); 3C NMR (100 MHz, DMSO-ds, ppm) &
189.5, 141.3, 137.4, 136.7, 135.2, 129.0 (2C), 128.6 (2C), 127.5, 126.5, 123.1, 120.6, 114.6, 113.9,
21.1; HRMS (ESI) m/z calcd for C4H,**CINO [M-H]: 268.0535, found: 268.0546.

(5-bromo-1H-indol-3-yl) (4-chlorophenyl)methanone (3hd)S?

Pale yellow solid (226.4 mg, 68%), mp 262-263 °C (lit..52 250251 °C); 'H NMR (400 MHz, DMSO-
de, ppm) 5 12.32 (brs, 1H), 8.39 (d, J = 1.2 Hz, 1H), 8.06 (s, 1H), 7.82 (d, J = 8.4 Hz, 2H), 7.60 (d, J =
8.0 Hz, 2H), 7.50 (d, J = 8.4 Hz, 1H), 7.41 (dd, J = 8.4, 1.2 Hz, 1H); 13C NMR (100 MHz, DMSO-dq,
ppm) & 188.5, 138.7, 137.1, 136.1, 135.5, 130.3 (2C), 128.6 (2C), 128.0, 125.9, 123.6, 114.8, 114.4,

(5-methoxy-1H-indol-3-yl) (4-(trifluoromethyl)phenyl) methanone (3de)

White solid (236.1 mg, 74%), mp 219-220 °C; 'H NMR (400 MHz, DMSO-dg, ppm) 6 12.10 (brs, 1H),
7.97-7.88 [m, 5H, including (7.92, s, 1H) and (7.95, 7.90, d, J = 8.0, 4H)], 7.80 (d, J = 2.2, 1H), 7.43
(d, J = 8.8, 1H), 6.92 (dd, J = 8.8, 2.2, 1H), 3.81 (s, 3H); 3C NMR (100 MHz, DMSO-d,, ppm) &
188.7, 155.8, 144.2, 136.7, 131.6, 130.7 (q, J> = 30.3), 129.0 (2C), 126.9, 125.4 (q, J; = 4.0, 2C), 124.1
(q, J1 = 273.7), 114.7, 113.3, 113.1, 103.1, 55.3; ’F NMR (375 MHz, DMSO-ds, ppm) & 61.24;
HRMS (ESI) m/z caled for Ci7H;F;NO, [M—H]: 318.0747, found: 318.0752.

(3-bromophenyl)(2,5-dimethyl-1 H-indol-3-yl)methanone (3rf)

Pale yellow solid (228.9 mg, 70%), mp 218-219 °C; "TH NMR (500 MHz, DMSO-ds, ppm) & 11.93
(brs, 1H), 7.80 =7.77 (m, 1H), 7.73-7.71 (m, 1H), 7.59-7.56 (m, 1H), 7.49-7.45 (m, 1H), 7.28 (d, J =
8.0 Hz, 1H), 7.21 (s, 1H), 6.96 (dd, J = 8.3, 1.3 Hz, 1H), 2.33 (s, 3H), 2.29 (s, 3H); *C NMR (125
MHz, DMSO-ds, ppm) o 189.7, 145.0, 143.9, 133.5, 133.3, 130.6, 130.4, 129.9, 127.4, 127.0, 123 .4,
121.6, 119.9, 111.8, 111.0, 21.4, 14.4; HRMS (ESI) m/z calcd for C,;H;3”BrNO [M-H]: 326.0186,
found: 326.0181.
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(6-bromo-1H-indol-3-yl)(2-chlorophenyl)methanone (3ji)

Pale yellow solid (230.9 mg, 69%), mp 222-223 °C; 'H NMR (400 MHz, DMSO-d;s, ppm) & 12.23
(brs, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.73-7.68 (m, 2H), 7.60-7.51 (m, 3H), 7.49-7.44 (m, 1H), 7.40 (dd,
J=8.4,1.6 Hz, 1H); 3C NMR (100 MHz, DMSO-ds, ppm) 5;188.3, 139.9, 137.9, 137.8, 130.9, 129.8,
129.6, 128.7, 127.1, 125.2, 124.4, 122.8, 116.0, 1159, 1152. HRMS (ESI) m/z calcd for

C,sHgBr3>CINO [M-H]: 331.9483, found: 331.9487.
OMe

MeO

(6-methoxy-1H-indol-3-yl)(3,4,5-trimethoxyphenyl)methanone (3jn, SCB01A)S!°

White solid (187.6 mg, 55%), mp 184-186 °C (lit.,5'° 185-187 °C); 'H NMR (400 MHz, DMSO-d;,
ppm) & 11.84 (d, /= 2.0 Hz, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.97 (d, /= 3.2 Hz, 1H), 7.08 (s, 2H), 6.99
(d, J=2.0 Hz, 1H), 6.88 (dd, J = 8.4, 2.0 Hz, 1H), 3.85 (s, 6H), 3.80 (s, 3H), 3.75 (s, 3H); 13C NMR
(100 MHz, DMSO-ds, ppm) 8 188.9, 156.6, 152.6 (2C), 134.0, 137.7, 135.8, 134.7, 122.2, 120.4, 115.0,
111.7,106.0 (2C), 95.1, 60.1, 56.0 (2C), 55.2.

References

S1. L. J. Goossen, N. Rodriguez and C. Linder, J. Am. Chem. Soc., 2008, 130, 15248.

S2. C. Wang, S. Wang, H. Li, J. Yan, H. Chi, X. Chen and Z. Zhang, Org. Biomol. Chem., 2014, 12,

1721.

S3. W. Wu and W. Su, J. Am. Chem. Soc., 2011, 133, 11924.

S4.Q. Shi, P. Li, X. Zhu and L. Wang, Green Chem., 2016, 18, 4916.

S5. A. R. Katritzky, K. Suzuki, S. K. Singh and H. Y. He, J. Org. Chem., 2003, 68, 5720.

S6. N. P. Buu-Hoi, E. Bisagnir, R. Royer and C. Routier, J. Chem. Soc., 1957, 625.

S7.J. H. Wynne, C. T. Lloyd, S. D. Jensen, S. Boson and W. M. Stalick, Synthesis, 2004, 14, 2277.

S8. T.-S. Jiang and G.-W. Wang, Org. Lett., 2013, 15, 788.

S9. S. K. Guchhait, M. Kashyap and H. Kamble, J. Org. Chem., 2011, 76, 4753.

S10. J.-P. Liou, Y.-L. Chang, F.-M. Kuo, C.-W. Chang, H.-Y. Tseng, C.-C. Wang, Y.-N. Yang, J.-Y. Chang,
S.-J. Lee, and H.-P. Hsieh, J. Med. Chem. 2004, 47, 4247.

11


https://origin-scifinder.cas.org/scifinder/view/substance/javascript:;
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wynne%2C+James+H
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lloyd%2C+Christopher+T
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jensen%2C+Samuel+D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Boson%2C+Sean
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Stalick%2C+Wayne+M

5. Copies of 'l
'H NMR of (1H-indo
. 2
L¥ ¥y —-3
. R,
Y
61T L
LETL
TST'L
RO7' ¢ ) ot
S ¢ e
Gl i— — =———=___‘;) I{UU'E
696" (. e 00'1
cied — _S o0t
SKHT'8 — =001
corel |

I3C NMR of (1H-ind01-3-y1)(pheny1one (3aa)

12

‘% R0

125 120 1135 110 105 100 925 920 83 80 73 70 635 60 353 50 45 40 35 30 25 20 135 10 03 00
f1 (ppm)

30

1



GE'RE
OrGE
0£6E
1S'6E
AT
EOGE
F1OR

LCTIT~—
s 1i—

6 1T1—
sreel”
OP'8T1—
PRSLI—
bSO —

HO'6E]—

TH NMR of (4-methoxy-1H-indol-3-yl)(phenyl)methanone (3ba)

NH

13

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

200 120 180 170 160

210



00s'e—

£95E—
65—

pogs
ZIEJ'E)>

e L—

Sk L
80p L]

-

955" 14
pis L
265 L
o’
00¢"
804 L
114 ¢
A

I3C NMR of (4-methoxy-1H-indol-3-yl)(phenyl)methanone (3ba)

LI

14

=00e

20

33 30 25

4.0

60 33 50

63
fl (ppm)

33 80 75 7.0

9.0

10.5 100

11.0



BE'BE
S0
[T
IS'GE

TLGE
£O'GE
FIOF

R

L6'101—
STS0l—

UGS I~
AT OI-"
poszi—
68421 —
za‘-r;zlffr
€151

L8]~
e

ERPEST—

0006l —

"H NMR of (4-(benzyloxy)-1H-indol-3-yl)(phenyl)methanone (3ca)

15

10

30

40

130 120 110 100 20 30 T0 60

140

200 190 180 170 160

210

fl (ppm)



005" g—

REE'E—

9T'S—

£11E
GTIE
SPI' &
991" ¢4
zee ¢
ore ]
£5T £
988 £
rip £
s
Tip £
oS £
005 £

BOLG
TIiL'o
PTL'Y
BLL'Y

o

S ¢

I3C NMR of (4-(benzyloxy)-1

1-3-yl)(phenyl)methanone (3ca)

16

= LG

=00
Jso'z
Frios
S E0T
=00
=001

£0°F

—E60 |

0.0

03

1.0

20

23

30

4.0

43

5.0

6.0

6.3

15 10

3.0

85

13.0 125 120 115 110 1035 100 395

135

fl (ppm)



ENRE
GlrGE
0gaE

[N
66
PIOp

oras—

0T E01—
BRSOl

PRETI~,
SO

BY'ECl—
8Ll
SORLI

6T LE1—
zz‘suf
0]

PRIST—

o
96'GE1—

TH NMR of (5-methoxy-1H-indol-3-yl)(phenyl)methanone (3da)

NH

17

130 120 110 100 20 80 70 60 50 40 30 20 10
fl (ppm)

140

200 190 180 170 160

210



105 T—

LEE'E—

s E—

BE9
0169

0F L
IIV'L%
Beb'L

csp o f
815"
SEST L
1S5’
65" L
o6 ]
S19' i
poi
8L L]
L84

o
/O R

I3C NMR of (5-methoxy-1H-indol-3-yl)(phenyl)methanone (3da)

o
L
[&]

—0QO

N\

NH

18

=LE0

oot
1"rUU'Z

SOl

Do0¢ |
2

00

=HE0

15 10 035 00

20

40 35 30

45

50

6.0

85 80 75 70 &3
fl (ppm)

2.0

125 120 115 110 1035 100 93

130



GE'BE
Ol'aE
0E6E

IS

zmzj’
£66E

propd

6lSS—

B1'E0]—

10ET
Qoretll
PRPII

LO'LT]
IE'SZI&

1P'8E1

LSl —
990p] —

N

POGE] =

'"H NMR of (5-methyl-1H-indol-3-yl)(phenyl)methanone (3ea)

e

CH;

\

MNH

19

|

30 20 10

40

130 120 110 100 920 0 70 60
fl (ppm)

140

200 120 180 170 160

210



ST~

o0z~

IPE'E—

Ley e
18074
Be0L
1014 —_—
£6E L— —_—
185" 4~ e

w4 s

196" 11— e

A\

&)
13C NMR of (5-methyl-1H-indol-3-ykj(phenyl)methanone (3ea)

20

=066l

=001 [
=00 ]

0o'e

g |
8 |

=060

40 35 30 25 20 135 10 05

43

130 125 120 115 110 105 100 95 90 85 80 75 65 60 35 50
fl (ppm)

135



81—

6886
60'6E
0EGE

150
AT
EO'HE

P1Op

BRI —
£OPll—

2 1tl—

192l —
LEBTI—

POSE]—

90kl —

A\

G081

"H NMR of (5-fluoro-1H-indol-3-yl)(phenyl)methanone (3fa)

21

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

200 120 180 170 160

210



005" ¢—

poE g

FOL" L
Orré
LTI L
EET'L
ol L
9s1' L

bEs L
[ |
srs Ak
€05 14
a6 L
P19
259 1)
£80 (]
s8]
sto' L]
186 (]
055" ¢

FE(J'SJ

108°¢1—

13C NMR of (5-fluoro-1H-indol-3-yl)(phenyl)methanone (3fa)

22

0000
ooe
;LEO'I
oo'e

qt'iJ(J'I
0]

=160 L

40 35 30 235 20 13 10 05

43

5.0

635 60

7.0
fl (ppm)

15

2.0 30

135 130 1235 120 115 110 105 100 935

14.0



GE'RE
O1'GE
0£6E
1S'GE:
AT
EOGE
P 1OE

0z901
fran]

11
Li?'III?
o Ell
AEEI1
L6971

BERL]
St8Ll

ECLET—
Ogopl—

SSIST~—
BRGS—

1868 —

TH NMR of (5-chloro-1H-indol-3-yl)(phenyl)methanone (3ga)

o

N\

MNH

23

40

L

|

20 10

30

130 120 110 100 90 80 70 60
fl (ppm)

140

200 120 180 170 160

210



0L —

Q9E =

9LT' L
18" L
2ol L
oe' L e e

S f— ————

|

[

ey i T
Ep0r8— —
{508 E—
1928
7 ol
o
Oz TI— —
3]

3C NMR of (5-chloro-1H-indol-3-yl)(phenyl)methanone (3ga)

24

JULM

=00°1
Fsew
11T
=007
=861

860

0.3

40 35 30 25 20 15 10

43

60 33 30

fl (ppm)

70



GR'BE
LANES
0E6E

HETE
TLGE:
Lo'aL
10

ZGEIP\

P R e
650L—

99971 —
sz~
2Ll —
SOiel~
Lopl<"

1868 —

"H NMR of (5-bromo-1H-indol-3-yl)(phenyl)methanone (3ha)

&

\

MNH

25

“

|

140

10

30

40

120 110 100 920 0 70 60
fl (ppm)

130

200 190 180 170 160

210



00s" i—

SSEE—

PGE'L
PIF L
96k £
LIS L
LTS L
9bS" £
Pos" L
109 L
A S —_—
06L& 3 S
B8 L —
LT0'8— —

BOp E— —

7 B

o

ST Tl— Q e

B

I3C NMR of (5-bromo-1H-indol-3-yl)(phenyl)methanone (3ha)

26

B

860 |

'y

Fooe T

o0

60

Faeot

40 33 30 235 20 13 10 035 00

43

7.9 70 65 60 53
fl (ppm)

8.0

83

2.0

0.0

125 120 1135 110 105 1

13.0



AT
EE'GE
F1IOF

BE'EE
GoGE
0£'6E

LEF1]
orpl |}
Ll
Ll —
9081~
spszl~
LrSEl—
069€1
POOPI

8081 —

TH NMR of (5-nitro-1H-indol-3-yl)(phenyl)methanone (3ia)

\

Br

27

30 20 10

40

130 120 110 100 20 50 70 60
fl (ppm)

140

190 180 170 160

200



298

0918
FaLE

]

096 "L

(ST

s

9L

658 L

Li9'L

E1L°L

CHIATS!

bbﬁ'él —

7

6908

sel's —_—
opls

I3C NMR of (5-nitro-1H-indol-3-yl)(phenyl)methanone (3ia)

28

.

=960

Fasa

43 40 335 30 25 20 13 10 05 0O

3.0

5.5

6.0

6.3
fl (ppm)

1.0

13.0 125 120 1135 110 105 100 95 90 835 &0

13.3



€T
1Z911A,
PG LTI~
65811

SLCEl—
SS'REI
T9'8C1
LO'ael
OSﬁEINk
PGe'GE]
?SZPIJr

LR'6EI—

"H NMR of (6-methoxy-1H-indol-3-yl)(phenyl)methanone (3ja)

o

A\

NH

¥
o= =
b

'O

29

30 20 10

40

130 120 110 100 20 80 70 60
fl (ppm)

140

180

190



008" T—

LOLe—

08 £—

o
GLE T

3C NMR of (6-methoxy-1H-indol-3-yl)(phenyl)methanone (3ja)

=00’

=001
001

Feoe
=00'¢
=001

=680 |

40 35 30 25 20 15 10 05

43

85 80 73 70 65 6.0
fl (ppm)

20

93

125 120 115 110 105

130




[Sf1%
G0 GET
O GE
1S'GE

[AAdS
PXENEES
7 I'thJ“'II

PTSS—

1T56—

L I—
BOST—

00Tl —
SERLI—
Lo'pEl—

POLE]—
£SORI~

BGOG]—

SRGE]—
O

o—0Q
"H NMR of (6-methyl-1H-indol-3-yl)(phenyl)methanone (3ka)

A\

NH

o

31

30

40

180 170 160 50 140 130 120 110 100 90 80 70 60
fl (ppm)

190



GIP I~ —

o0s' g~

L8 E—

650° ¢
080 L —
90" {— —_—
£16 i— —
zoo L B

s —
IEI'SI

I3C NMR of (6-methyl-1H-indol-3-yl)(phenyl)methanone (3ka)

32

=00'g |

=000 [

=00 ||
=8
188%

=00y |

=650 |

95 90 B8B83 B0 T3 70O 63 60 53 50 45 40 35 30 23 20 13 10 05 00
f1 (ppm)

0.0

125 120 115 110 105 1

13.0



PE [T

BEBE
Gl'GE
0EGE

1S'6GE
LLae
£E'GE
F1'OR

RO 1—
GoPIl—

gLl—
SEBLI—
Lanel -
SESEl~
09°0F] —

GRGE] -

'H NMR of (6-chloro-1H-indol-3-yl)(phenyl)methanone (31a)

A\

& ]
o
i

33

30 20 10

40

180 170 160 50 140 130 120 110 100 90 80 70 60
fl (ppm)

190



008" i—

GRE E—

95T’ L

192" L

LLZ'L§

I8 L e

s

oy

e &7 s

LTL'R —_—
SRR

I3C NMR of (6-chloro-1H-indol-3-yl)(phenyl)methanone (31a)

34

=860

Fose

00T [

=001

=001

Fioh

0.0

03

1.0

20

25

3.0

40

65 60 535 5.0 45
fl (ppm)

7.0

5

8.0

100 93 2.0

10.5

125 12,0 115

130



BE'BE
GlGE
0EGE

HEE
TLGE
Lo'aL
10

GO —
arll—

£LTLI

(JS'ZZIl—
s0'sCl—
Qt"dZIf

6998l —

LRGRI—

"H NMR of (6-bromo-1H-indol-3-yl)(phenyl)methanone (3ma)

N\

MNH

(=]

35

30 20 10

40

130 120 110 100 90 80 70 £0
fl (ppm)

140

200 190 180 170 160

210



105'2— J

SLE' L

6E" L

GIE L

aps" L ool
oS L —_— —_——ﬁ_f) i[OUZ
o T——— = =
Al _

E1L0L —— 00z
8L L e _—_-g ool
08" L ool
SHGL

ELIE

Fal'S

7 I
o

2L - — —i-{ Eos0 |

I3C NMR of (6-bromo-1H—ind01-3-yl)(phen?lyl)methanone (3ma)

36

0.3

10

13

20

35 30 25

40

63
fl (ppm)

130 125 120 115 110 105 100 95 90 B85 30 3 70

135



GR'BE
O1'6E
OEGE

TLGE
EG'GE
F1'0f

TP~

99 <"

LUEE]—
1ese~"

AR

B0l — =

GR'GRI—

N\

@

'"H NMR of (7-methyl-1H-indol-3-yl)(phenyl)methanone (3na)

37

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

200 190 180 170 160

210



008" T~

6ts'T

PR E—

Pei L
TL L
LTI L
el L
SO’ L —

£75" f—
1¥S" L)
095" L
35" 14 B
008" i
s ¢
1o ¢4
€294
6LL L
N TR
008" £
eug
88

zorel— I NE—

CHs

3C NMR of (7-methyl-1H-indol-3-yl)(phenyl)methanone (3na)

38

=(00'E

—080 |

0.0

035

1.0

20

wy
~

3.0

35

g5 80 73 70 63 60 355 50 45 40
fl (ppm)

o0

125 120 115 11.0 105 100

13.0



PL9T—

OEBE
[UNEES
0E6E
1S'6E
[N
EOGE
PIOR

GESTl—
Erall—

PSICI-F
IEel

EJE'SZI‘/
BLSEl—
B Op | —

£0'061—

TH NMR of (7-bromol-1H-indol-3-yl)(phenyl)methanone (30a)

NH

CHs

39

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190



00" i—

{52 A

081 L
661 'Li

61T'L Ea—
ogp' f— ———
Bloaed

£ST'R —_—
LLL's

09g'g1— 0 i —

I3C NMR of (7-bromol-1H-indol-3-yl)(phen I)methanone (30a)

40

=00 |
=51
"

Lot

=001

860 |

0.1

0.3

-

20

40 33 30

43

3.0

"y
"y

63 6.0

fl (ppm)

70

"
-

8.0

8.5

20

00

13.0 125 120 115 110 1035 1

135



AT
£E'6E

GOGE
0£a L\

L0 =—

065 11—
16071 —
XA
i8Sl

/

MEE—

100p1—

L6'081—

'H NMR of (5,6-dichloro-1H-indol-3-yl)(phenyl)methanone (3pa)

|

41

130 120 110 100 90 80 70 60 30 40 30 20 10
fl (ppm)

140

180 170 160

190



08" i—

e E—

BIE'CI—

I3C NMR of (5,6-dichloro-1H-indol-3-yl)(phenyl)methanone (3pa)

\

MNH

(5]

O

42

jlrfJO'Z

0071

=00 [

=000

=6l

—I80 |

35 30 25 20 13 10 05 00

4.0

3.0

60 335

7.0 63
fl (ppm)

75

2.0 8.0

10.0 9.3

13.0 125 120 115 11.0 103

13.5



OR'BE
(AT
[E'6E

PYAES
PEGE
SI0F

e o

10F 1~
RCPI~"
AN AA
1911
£peTl—
ESBZIf
{96E]—
OR'LE,
SLBE]

9968 —

'H NMR of (2-methyl-1H-indol-3-yl)(phenyl)methanone (3qa)

&

\

MNH

O

43

ll

20 10

30

130 120 110 100 90 80 70 §0 50
fl (ppm)

140

200 190 180 170 160

210



BLE T~
005" T~

6hE'E—

656/
£00° ¢
Clols
960" £
Sl L
[SANS
SIEL
FEE in|
LEEL
L6E'L
SRp L]
g5 4
zs ¢

S r—

H—

6oL
T6s" L
[STaR
zio s

44

—

=00e

00
=001

96'0
1{86'0

%UO'Z
0o'e

il ]

40 335 30 25 20

43

125 120 1.5 110 1035 100 95 2.0

13.0



XA

S98E
606E
0E6E
1568
To6E
£668
propd

LTI~
areil~"

00Tl —

6LT1—
0wzl

BOPE]—

2Pl —
B'pp—

£L 161

'H NMR of (2,5-dimethyl-1H-indol-3-yl)(phenyl)methanone (3ra)

CHs

NH

45

130 120 110 100 90 50 70 60 50 40 30 20 10
fl (ppm)

140

180 170 160

190



14T T~
Lee
05z

oEEE—

EEL'S
VSG'EJL
el i—
3 A
s L
08" &
BG4
0= L
GEE" L

£ 1—

I3C NMR of (2,5-dimethyl-1H-indol-3-yl)(phenyl)methanone (3ra)

CHs

=
=

&)
[l

it

46

00'e |

=00']
=]
00T
Mooe

=0 |

55 30 43 40 33 30 15 20 13 10 03 0.0

6.0

ppm)

Lol

125 120 113 110 1035 100 93 9.0 B3 80 73 70

130



6lrl—

81—

BERE

GlGE
OE'6E

TShe
AT
EEGE

loE

BROTI~
1Zei="

Qa'all—
reEl—
65'LT1—F
26'LT1

AN TAR

AR
pEbyI—

69161 —
@]

'"H NMR of (1H-indol-3-yl)(p-tolyl)methanone (3ab)

CH,

A\

MNH

47

10

30

40

130 120 110 100 20 80 70 60
fl (ppm)

140

180 170 160

190



POE . —

00s

ORE E—

CHa

LS Tl— / g—-—

I3C NMR of (1H-indol-3-yl)(p-tolyl)methanone (3ab)

48

L

=00E |

e
I‘-I:(JU'Z
=00°]
=00
=00°1

=00°1

160 [

0.0

0.3

10

2.0

25

3.0

4.0

43

7.0

85 80 73

2.0

10.0

125 120 1135 110 105

13.0

fl (ppm)



SO 1E—

B8R
a0aL
OEaE
156
[T
£0'6E
NN

[Ze1—
LOS[]—
G 1T =—
£E981—

IP'SEl—
GO0E]

[A AN
PO IR f

o
iy
(5]

1L'08]l—

"H NMR of (1H-indol-3-yl)(4-methoxypht

ethanone (3ac)

49

|

140

120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

130

200 190 180 170 160

210



O0s" 2—

196" E—

0y E— T—————

2 L
0= L —
SELi— ——

s ¢— —_—
PR L— —_—

pIz's =
6ET'%

CHs

08—

I3C NMR of (1H-indol-3-yl)(4-methoxyphenyl)methanone (3ac)

50

Fooe |

FO0T
Fooe
o0

Foog
0000

oo

Fosn

03

15 1.0

20

40 35 30

4.5

50

6.0

6.5

70

20

23

a0

13.0 125 120 115 110 105 100 95

135

£l (ppm)



BREE

GOGE

DERE:
1So

[AATS
L6608
PlLOF

BESS—

LIz
SUE ] &
£0S 11—

LA A R
EPOTl—
29'0E1—
6 LT
Oo'pel
2991

1L19]T—

L4881 —

CHa

MH

"H NMR of (4-chlorophenyl)(1H-indol-3-yl)methanone (3ad)

51

30 20 10

40

200 190 180 170 160 50 140 130 120 110 100 20 20 70 60
fl (ppm)

210



o0s"' g—

OFE £—

ST L
P
LST L
£ L
06T L
515" L—
985" L
660t
6608
isvsd

9elLl—

I3C NMR of (4-chlorophenyl)(1H-indol-3-yl)methanone (3ad)

52

B= 0T

=heE
=60'T
=001

=001

FR60 |

0.3

40 33 30 25 20 1.5 1.0

415

5:3

6.3
fl (ppm)

7.0

15

20

130 125 120 115 110 1035 100 935 90

133



OR'BE
[ANTS
OEaE

ZL6E
£O'0E
FloF

GLTII—
O8P1l-—

£ 12—
vTETl<"
SP'ST1—
85kl

|rJ'@J£|7
twm/

AN

QB —

"H NMR of (1H-indol-3-yl)(4-(trifluoromethyl)phenyl)methanone (3ae)

cl

NH

53

190 180 170 160 150 140 130 120 110 100 20 20 70 60 50 10 30 20 10
fl (ppm)

200



96F T
00" Z}
R T

AN

£bT £
9T L
09 L1
POT L4
9T £
9L i
€87 £
L8T £
167"
SO i L

£ L—

o L—

LR
65T H
PO S
LTS
QR0
0603

giz'el—

I3C NMR of (1H-indol-3-yl)(4-(trifluoromethyl)phenyl)methanone (3ae)

54

FI0T
=007]

e

0070

=Io0

0

03

50 45 40 335 30 235 20 15 10

5.5

6.0

6.3

7.0
fl (ppm)

835 B0 75

2.0

100 9.3

13.0 1235 120 1135 110 103

13.3



BEBE-
GOGE
0EGE

Eiana

TLGE
EOGE
F1OR

BT~
GLEII—

PP 1Tl —
O gLl
oz
850E] f
0L9El

7201

G0'PRl—

LLEE] =

N\

"H NMR of (1H-indol-3-yl)(m-tolyl)methanone (3af)

55

) Mg

"
Tt

iy

iyl

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 20 70 50
fl (ppm)

210



HP' T
006" 2"

LpE E—

1T £
0E2 L1
A
LT L
z9e’ (1
9L L1
08T {1
60F L
T
Ibb" i
IS |

T

I
876 [—

P8
fAuA 8?
PO S

B Tl—

I3C NMR of (1H-indol-3-yl)(m-tolyl)methanone (3af)

56

=00E |

e
10z
001

o0z [

=001
=101

=060

04

03

1.0

20

2.5

30

4.0

45

60 53

70 63
fl (ppm)

15

80

130 125 120 1135 110 1035 100 95 90

13.5



oo 1 g—

HE'RE
allGE
QEGE

|

TLGE
£8'6E
10

ETTII~
Q0S1I—

SPITl—
orsel<
crozl~,
XA
SL5E1—
0L9€1
0L LEl
6501 -

11061 —

TH NMR of (3-bromophenyl)(1H-indol-3-yl)methanone (3ag)

CHs

\

57

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 20 70 60
fl (ppm)

210



96k T
008" Z}
POe"T

SpeE—

TET L
9T L
6T L1
1ST' I
€97 4
89T [
94T [
08T L4
¥6T' L
86T LwL _

€16 L e
SiLt— ———
5E§é’éf —_—
S5T'8
9rT'8
TsT'8

Spl'el—

I3C NMR of (3-bromophenyl)(1H-indol-3-yl)methanone (3ag)

58

10T
10T

=

0070

=160 |

35 30 25 20 135 10 035 00

40

73 70

80

2.0

10,0 95

130 125 120 115 11.0 103

13.5

fl (ppm)



BE'BE
GGE
OEGE

rasio
TLGE
Lo'aL
F1'OF

PETII~
Lol

PoOEr—"
o9'EEl "

PAEr]—

L1'881—

TH NMR of (1H-indol-3-yl)(o-tolyl)methanone (3ah)

Br

N\

59

RPN M o e

30 20 10

40

130 120 110 100 20 80 70 60
fl (ppm)

140

180 170 160

190

210



eLE T— _

A6k
00‘5'37
POs"T

E =00’

£SEE—

RO L9
TTE L9
9cT' L
6T L

S¥T L
65T i1
£97 £
LLT £

2918 e
ZLI'S?
GRI'S

2ELI—

I3C NMR of (1H-indol-3-yl)(o-tolyl)methanone (3ah)

60

—— F080

40 35 30 235 20 15 10 05 00

43

635 60 335 30

7.0
fl (ppm)

7.3

8.0

]

100 93

130 125 120 115 110 105

13.5



oval—

BR'BE
aloe
06

fAA
LO'GLE
FloF

well—
8CO[—
1£'121—
ezl
S e
08'pEl—

201 —

eldol—

N H

NH

il

(RO DoosroRSvo—— e oo | L1 1

'H NMR of (2-chlorophenyl)(1H-indol-3-yl)methanone (3ai)

61

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

160

180 170

190

210



96k’ T
00s” Z}
POs"T

ESEE—

2 A

I3C NMR of (2-chlorophenyl)(1H-indol-3-yl)methanone (3ai)

62

—

e

. |

=0T

=060

are
00
0oL

=860

0.0

03

1.0

40 35 30 25 20

4.5

55

6.0

80 75 7.0

8.3

2.0

130 125 120 11.5 110 105 100 9.5

135

fl (ppm)



BARE
GlraE
OEGE

(A
EOGE

1Opd

i
LN =T
LT TEl—
OpSTl~
[ 1A Ny

00 LE]-
£0LEl
LTOF]

PTRS—

"H NMR of biphenyl-4-yl(1H-indol-3-yl)methanone (3aj)

63

i

J -:uhm L -

b

L

30 20 10

40

180 170 160 50 140 130 120 110 100 90 80 70 60
fl (ppm)

190



008" T—

see—

9Irel—

13C NMR of biphenyl-4-yl(1H-indol-3-yl)methanone (3aj)

64

=c60 |

20

25

30

40

45

50

6.0

70 63
fl (ppm)

T3

80

90

130 1235 120 11.5 110 105 100 95

133



BEEE
GOGE
[SENETS

[N
06k
AN

LTTI—
90s1l—

IS 18—
Lreet”
Sz~

BLEEI—

0aEl—
S9TRl—

9GS —

'H NMR of (1H-indol-3-yl)(thiophen-2-yl)methanone (3ak)

MH

65

130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

140

200 190 180

210



96k T
00" Z}
PR T

OLEE

0T £
122 ¢
£CT £
0ve’ (1
T £
1ST 1
19T 4
£LT £A
BT LA
187 £
plg L—

p—

LE5 L—
PILS
EEZ'87
PoL'E

A

13C NMR of (1H-indol-3-yl)(thiophen-2-yl)methanone (3ak)

66

FL0e
=001

=56'1

=Ho0

00

060 |

10 03 0.0

15

40 335 30 25

4.5

80 73 70 63 6.0

8.3

20

0.0

13.0 125 120 115 1190 1035 1

13.3

fl (ppm)



BERE
GlGaE
0£6E

AT
EOHE
F1OR

6lLll—
BRI

V1Ll
8l Zlfr
1zgel
saz't.m{
1£'821
6E1E1
pETEl
PZShl—

FLOSI—

'H NMR of (1H-indol-3-yl)(naphthalen-2-yl)methanone (3al)

67

J'“-l_ y

10

30

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

210



Y

Je JL.._,

=00°g

J
—.—;——3 EW |

0071

I3C NMR of (1H-indol-3-yl)(naphthalen-2-yl)methanone (3al)

68

= 960 |

20 15 10 05 00

23

3.0

75 70 63 60 33 50 45 40
fl (ppm)

8.0

23 90

0.0

13.0 125 120 115 11.0 105 1

135



BE'SE
GlraE
0E6E

AT
EOGE
F1IOF

BULI—
arsil—

08181
96'121
R1'¢L]
EASAE I
IR
sooz
79 LTl
99°271
G0'8T1

26871

bt'omj
al'gel

R

SUTJEIJ

6081 —

A\
NH

'"H NMR of 1-(1H-indol-3-yl)ethan-1-one (3am)

69

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

200 190 180 170 160

210



8 N e

00g' 2"

—

hl'dq
SalA
091" L1
£91° £
641"
8l i
PRI
00" L
£02' L
FATATE\

b L ——
S9pL

bs1'8
i1 'si .
SL1'8 =7

GGL'E
Q0L

CHs

816" 11— —_

I3C NMR of 1-(1H-indol-3-yl)ethan-1-one (3am)

e
|
|
|
|

70

1

=

==(0'E

=ore
==00"]

=001
=000

180 |

25 20 15 1.0 05 00

30

335

50 45 40

55

6.5
£l (ppm)

7.0

T35

2.0

130 125 120 115 110 1035 100 935 9.0

13.3



L8 Le—

BREE
S0k E,&

IS'6E
ZiaE
LG8
rlow

GrLll—
BLO[ ]

rpel—
S90ET

GOEGI—

o

CHs

N\

'"H NMR of (5-chloro-1H-indol-3-yl)(p-tolyl)methanone (3gb)

71

OO N A b e O

10

30

40

100 a0 20 70 60

fl (ppm)

30 140 130 120 110

160

190 180

200



SO T
1 S

Ipe E—

99g" £
0L L
L8T L
[[SrArs
LEE L
9SE" L
0€8" L
ZSQ'L\-
POL L
PTL L
SENE—

PEL'S
BEL'H

13C NMR of (5-chloro-1H-indol-3-yl)(p-tolyl)methanone (3gh)

o
ol
8]

72

g —

66T |

00l
00T
== 00°]
=L0T

=001
=—Lah

F=oan

035

10

40 35 30 25 20

435

6.0 5.3

6.3

7.0

125 120 1135 110 1035 100

30

1

135

fl (ppm)



SO T—

OR'BE
oG
O£aE

L)
[ATS
FACNSTS

P 1op

98Ell
2SI Ik
BSOL—

5981 —

SUSEl—

£E Pl —

CHs

GP G-
o

N\

cl

"H NMR of (5-bromo-1H-indol-3-yl)(4-chlorophenyl)methanone (3hd)

73

10

30

40

190 180 170 160 50 140 130 120 110 100 90 50 70 60
fl (ppm)

200



005" E—

SR

9GE" £
00" £
BIF L
1Tk L
XSS
PIS"L
S
P19 L
LB &
BT8'L
080 5—

GEE'S
TOE'S

I3C NMR of (5-bromo-1H-indol-3-yl)(4-chlorophenyl)methanone (3hd)

74

J@Uum

ool

001
=002

=00T |

=001
=567

60 |

03

10

35 30 25 20

40

60 35 350

6.5

70

fl (ppm)

935 90 B3 80 75

0.0

13.0 125 120 115 110 105 1

13.5



BR'EE
G0'aE
OEaE

B

ZL6E
£O'0E
FloF

1ZF1l

GERILI

[ I‘[
BSELI—
98'5T1~"
3581
st
GOOE] _/n'—
8(J'£E|Jf
SOsEl

(S R

Cl

@]

@

A\

NH

W 0t g o o AT v i A

"H NMR of (5-methoxy-1H-indol-3-yl)(4-(trifluoromethyl)phenyl)methanone (3de)

75

190 180 170 160 150 140 130 120 110 100 20 20 70 60 50 10 30 20 10
fl (ppm)

200



(0 T —
opee— —‘j
S8 E— e

TOG'G
069
PG i

0569
LIp L= —

£6L L —
&;n:,uj . =
SRR L
S0G' L
vl
£16' L
£96' L

N\
NH

W0rel— o =

o
L
o—0

I3C NMR of (5-methoxy-1H-indol-3-yl)(4-(trifluoromethyl)phenyl)methanone (3de)

76

=00'E |

=007 |

=007 L

00|
foiog

=80 |

10 035 00

1.3

40 35 30 1235

435

50

6.3
fl (ppm)

85 80 73 70

2.0

130 125 120 115 110 105

13.5



PlLE0l—

PIETI
STEI

000zl —
GESTIN,

06T —

o 1El"
£L9E1—

LLPPl—

BLEST— =

BRI —

N\

o
T
o—0O

19F NMR of (5-methoxy-1H-indol-3-yl)(4-(trifluoromethyl)phenyl)methanone (3de)

77

10

30

40

130 120 110 100 20 80 70 50
f1 (ppm)

140

180 170 160

190



LED 9= =

'H NMR of (3-bromophenyl)(2,5-dimethyl-1H-indol-3-yl)methanone (3rg)

78

-20 -30 -40 -50 -60 -70 -80 -0 100 -110 -120 -130 -140 -150 -160 -170 -1%80 -190 200 -210
f1 {ppm)

-10

10



LRL T
LTE'T

Q6T
00" Z?
FOS'T

IPE £—

756’9
FS6'0
BO6'0
169
TIg i—
sgz'gf
[
£51" £
690" £
rap i
605" ¢
15 i
€16 i
RG]
085" £
856

-

e

Leg' Ill—

I3C NMR of (3-bromophenyl)(2,5-dimethyl-1H-indol-3-yl)methanone (3rg)

= g
@
o
=
L8]
/ i S & -
=
<
=

79

O0'e

ooe |

=630 |

20 13 10 05 00

215

30

40

43

3.0

70 63
fl (ppm)
bV o ¥ )

130 1235 120 115 110 1035 100 935 920 35 30

133



6P [—

SETL—

10raE
= I'fzii
FEOE

1§76
BU'GE
PRGE

1070

00 11T _
LT

69611—
EpETl—
AR
prOEl—
gesEl~"

SREPI~_
10Sk1~"

L9681 —

(]
IH NMR of (6-bromo-1H-indol-3-yl)}2-chlorophenyl)methanone (3mi)

Br
CHs

A\

NH

80

W00 0000 10000000 0 o o oo

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 8 70 &0
fl (ppm)

210

230

y

g



008" T
PiE"T

ErEE—

06E" £
P6E L]
1P L
91p' ¢
6 L1
ISt £
69 £
S8 L1
G
618 L

EJES'L'\L

860 [~
980’8
LO1'8

gz el—

I3C NMR of (6-bromo-1H-indol-3-yl)(2-chlorophenyl)methanone (3mi)
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13C NMR of (6-methoxy- 1 H-indol-3-y1)(3,4,5-trimethoxyphenyl)methanone (3jn, SCBO1A)
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