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General Experimental

All reagents and solvents were obtained from commercial suppliers and were used without
further purification. The glovebox was supplied by Innovative Technology Inc., USA, and the
atmosphere used is nitrogen. DMF, DMSO and Et;N were dried over 3 A molecular sieves
(10 % wi/v) [which were activated by microwave heating (3 x 5 min)] and degassed by bubbling
argon through the solvent for 30 min. The solvents were then left to dry for 24 h before use.
THF was dried using a Pure-Solv 400 solvent purification system (Innovative Technology Inc.,
USA). Sodium hydride was supplied as a 60 % dispersion in mineral oil and was washed with
hexane to remove this oil before use, unless otherwise specified. Thin layer chromatography
was carried out using Merck silica plates coated with fluorescent indicator UV254. These were
analysed under 254 nm UV light. Flash chromatography was carried out using ZEOprep 60
HYD 40-63 pm silica gel. Fourier Transform Infra-Red (FTIR) spectra were obtained on a
Shimadzu IRAffinity-1 instrument. 'H and '3C NMR spectra were obtained on a Bruker DPX 400
spectrometer at 400 and 101 MHz, respectively. Chemical shifts are reported in ppm and
coupling constants are reported in Hz, accurate to 0.3 Hz, with CDCI; referenced at 7.27 ('H)
and 77.00 ppm ('3C). The following abbreviations are used for the multiplicities: s, singlet; d,
doublet; t, triplet; q, quartet; quin, quintet; sxt, sextet; m, multiplet; br, broad. High resolution
mass spectrometry (HRMS) was performed at the University of Swansea in the EPSRC
National Mass Spectrometry Centre. Accurate mass was obtained using LTQ Orbitrap XL using
Atmospheric Pressure Chemical lonisation (APCI) or High Resolution Nano-Electrospray
(HNESP) using Electrospray lonisation (ESI). GC-MS spectra were obtained on a Thermo
Finnigan Polaris Q, mass range 50-650 Da. The column temperature was 320 °C, and the
carrier gas was helium with a flow rate of 1 mL/min. The adsorbent was Crossbond® (0.25 um)
with column dimensions of 30 m x 0.25 mm. Results are reported as m/z. All samples were

prepared in CHCI3 and electron ionisation (El) was used as the ionisation method.

Computational Details

All geometry optimizations and frequency calculations were performed in Gaussian09," with the
MO06-2X functional?>? and the 6-31++G(d,p) basis set.#® The effects of solvation were modelled
implicitly using the conductor-like polarisable continuum model (CPCM),”8 with triethylamine
(e=2.3832) as solvent (unless otherwise specified). Since triethylsilane is not defined in
Gaussian09, triethylamine was deemed the most suitable alternative, with a dielectric constant

similar to that of triethylsilane (€=2.323). All calculations were carried out at 298.15 K.
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General Procedure A — Ullmann Coupling

R3

_Cul, ;€O N\
RZ
DMF, 120 °c oln Ny

R1

These reactions were carried out according to a literature procedure.® To a three-necked flask,
under argon, was added the appropriate heterocycle (1.1 or 1.4 equiv.), appropriate aryl iodide
(1 equiv.), copper(l) iodide (0.2 equiv.), cesium carbonate (2 equiv.) and dry DMF (0.5 M). The
resulting mixture was stirred overnight at 120 °C. After cooling to room temperature, the
reaction mixture was diluted with EtOAc and washed with water. The organic layer was then
dried over Na,SQO,, filtered and concentrated under reduced pressure. Purification by column

chromatography afforded the relevant N-arylindole.

General Procedure B — Treatment of Substrates under Et;SiH/KO!Bu Conditions

Substrate (0.5 mmol, 1 equiv., unless otherwise specified), triethylsilane (0.24 mL, 1.5 mmol,
3 equiv., unless otherwise specified) and potassium tert-butoxide (168 mg, 1.5 mmol, 3 equiv.,
unless otherwise specified) were sealed in a pressure tube in a glovebox under nitrogen. The
tube was removed and heated at 130 °C for 18 h behind a safety shield. After cooling to room
temperature, the mixture was diluted with water (50 mL) and extracted into diethyl ether
(3 x50 mL). The combined organic layers were dried over Na,SO,, filtered and concentrated

under reduced pressure.

General Procedure C — Fischer Indole Synthesis

R

ZnCI2 EtOH \

/\n/ reflux 25h
H, N
H

These reactions were carried out accordlng to a literature procedure.'® To a three-necked flask
under argon and equipped with a stirrer bar and fitted with a condenser was added the
appropriate aldehyde (10 mmol, 1 equiv.) and phenylhydrazine (0.98 mL, 10 mmol, 1 equiv.).
This mixture was stirred for 1 h at room temperature then for 30 min at 100 °C. Zinc chloride
(2.45 g, 18 mmol, 1.8 equiv.) in ethanol (11 mL) was then added and the mixture was heated
under reflux for a further 1 h. After cooling to room temperature, the mixture was filtered, and
the solvent was removed under reduced pressure. Hydrochloric acid (2 M) was added to the
crude residue and the organic products were extracted into DCM. The organic layers were dried
over Na,SOQ,, filtered and concentrated under reduced pressure. Purification by column

chromatography and/or recrystallisation afforded the appropriate indole.
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Preparation of Substrates

Preparation of 1-Phenyl-1H-indole (22)
©:\> . ©/I Cul, Cs,CO; ©:\>
N DMF, 120 °C, o/n N
| O
22,89 %
This substrate was prepared according to General Procedure A from 1H-indole (1.64 g,
14 mmol, 1.4 equiv.) and iodobenzene (1.12 mL, 10 mmol, 1 equiv.) with copper (I) iodide
(381 mg, 2 mmol, 0.2 equiv.) and cesium carbonate (6.52 g, 20 mmol, 2 equiv.) in DMF (20 mL).
Purification by column chromatography (hexane) afforded 1-phenyl-1H-indole 22 as a
colourless oil (1.72 g, 89 %). 'TH-NMR (400 MHz, CDCl;) 6.71 (dd, J = 3.3, 0.8 Hz, 1 H, ArH),
7.15-7.22 (m, 1 H, ArH), 7.22 - 7.27 (m, 1 H, ArH), 7.34 - 7.43 (m, 2 H, 2 x ArH), 7.50 - 7.56
(m, 4 H, 4 x ArH), 7.57 - 7.63 (m, 1 H, ArH), 7.69 - 7.74 (m, 1 H, ArH). "*C-NMR (101 MHz,
CDClz) 103.5, 110.5, 120.3, 121.1, 122.3, 124.3, 126.4, 127.9, 129.2, 129.6, 135.8, 139.8.
ATR-IR v, (neat)/cm' 3051, 1595, 1512, 1494, 1454, 1329, 1230, 1211, 1134, 1072, 1012,
950, 906, 881, 781. m/z (El) 193.1 (M*, 100), 165.1 (28), 89.1 (17), 77.1 (7), 63.1 (7), 51.1 (12).

The data for this compound are consistent with those reported in the literature.’

Preparation of 3-Methyl-1-phenyl-1H-indole (23)
Me Me

|
0
N DMF, 120 °C, o/n N

H

23,62 %
This substrate was prepared according to General Procedure A from 3-methyl-1H-indole

(367 mg, 2.8 mmol, 1.4 equiv.) and iodobenzene (0.22 mL, 2 mmol, 1 equiv.) with copper(l)
iodide (76 mg, 0.4 mmol, 0.2 equiv.) and cesium carbonate (1.30 g, 4 mmol, 2 equiv.) in DMF
(4 mL). Purification by column chromatography (hexane) afforded 3-methyl-1-phenyl-1H-indole
23 as a yellow oil (257 mg, 62 %). '"H-NMR (400 MHz, CDCl;) 2.49 (d, J = 1.3 Hz, 3 H, ArCHj),
7.22(q,J=1.0Hz, 1 H, ArH), 7.28 (td, J = 7.5, 1.3 Hz, 1 H, ArH), 7.32 (td, J = 8.0, 1.5 Hz, 1 H,
ArH), 7.36 - 7.43 (m, 1 H, ArH), 7.57 (m, 4 H, 4 x ArH), 7.66 (dt, J = 8.2, 0.9 Hz, 1 H, ArH),
7.71-7.76 (m, 1 H, ArH). "*C-NMR (101 MHz, CDCl;) 9.6, 110.3, 112.8, 119.2, 119.8, 122.3,
124.0, 125.4, 125.9, 129.5, 129.8, 135.9, 140.0. ATR-IR v,5 (neat)/cm' 3045, 2912, 1597,
1499, 1454, 1371, 1227, 1125, 1070, 1015, 904, 773, 692, 655. m/z (El) 207.1 (M*, 92), 206.1
(100), 178.1 (8), 128.1 (18), 102.1 (9), 77.1 (44), 63.1 (6), 51.1 (24). The data for this compound

are consistent with those reported in the literature.!2
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Preparation of 3-Ethyl-1-phenyl-1H-indole (24)

Et
(e} ZnCl,, EtOH \
/\)I\ * NH, HCI reflux, 3.5 h
Me H N ’ N?
24,57 %

This substrate was prepared according to a modified literature procedure.’® A mixture of
butyraldehyde (0.45 mL, 5 mmol, 1 equiv.) and 1,1-diphenylhydrazine hydrochloride (1.1 g,
5 mmol, 1 equiv.) was stirred for 1 h under argon. The reaction mixture was then heated to
100 °C and heated for a further 30 min at this temperature. A solution of zinc chloride (1.23 g,
9 mmol, 1.9 equiv.) in ethanol (5.5 mL) was then added and the mixture stirred at reflux for 2 h.
After cooling to room temperature, the mixture was filtered, and the solvent was removed under
reduced pressure. 1 M HCI was added to the residue and organic material was extracted into
DCM. The combined organic layers were then dried over Na,SO,, filtered and concentrated
under reduced pressure. Purification by column chromatography (hexane:diethyl ether, 49:1)
afforded 3-ethyl-1-phenyl-1H-indole 24 as a yellow oil (627 mg, 57 %). '"H-NMR (400 MHz,
CDCl3) 1.41 (t, J = 7.5 Hz, 3 H, CH3), 2.88 (qd, J =7.5, 1.0 Hz, 2 H, CH,), 7.15-7.17 (m, 1 H,
ArH), 717 - 7.22 (m, 1 H, ArH), 7.22 - 7.27 (m, 1 H, ArH), 7.30 - 7.38 (m, 1 H, ArH), 7.48 - 7.55
(m, 4 H, 4 x ArH), 7.56 - 7.62 (m, 1 H, ArH), 7.65 - 7.72 (m, 1 H, ArH). *C-NMR (101 MHz,
CDCl;) 14.3, 18.3, 110.5, 119.3, 119.7, 119.8, 122.3, 124.0, 124.4, 125.9, 129.0, 129.5, 136.1,
140.1. ATR-IR v (neat)/cm-! 3049, 2960, 1595, 1499, 1454, 1377, 1315, 1298, 1223, 1132,
1072, 1014, 960, 925, 904, 773, 694. m/z (El) 221.1 (M*, 47) 206.1 (100), 178.1 (9), 128.0 (14),
115.1 (12), 102.1 (10), 89.0 (5), 77.1 (40), 63.0 (4), 51.1 (19). The data for this compound are

consistent with those reported in the literature.’?

Preparation of 2,3-Dimethyl-1-phenyl-1H-indole (25)
Me Me

|
Cul, Cs,CO.
©:\$—Me + ©/ DMF 1202°C 3/ ©i\§7Me
N : »om N

H

25,47 %

This substrate was prepared according to General Procedure A from 2,3-dimethyl-1H-indole
(290 mg, 2.8 mmol, 1.4 equiv.) and iodobenzene (0.22 mL, 2 mmol, 1 equiv.) with copper (I)
iodide (76 mg, 0.4 mmol, 0.2 equiv.) and cesium carbonate (1.30 g, 4 mmol, 2 equiv.) in DMF
(4 mL). Purification by column chromatography (hexane) afforded 2,3-dimethyl-1-phenyl-1H-
indole 25 as a colourless oil (207 mg, 47 %). "H-NMR (400 MHz, CDCI3) 2.26 (s, 3 H, ArCH,),
2.35(d, J = 0.5 Hz, 3H, ArCH3), 7.08 - 7.18 (m, 3 H, 3 x ArH), 7.32 - 7.38 (m, 2 H, 2 x ArH),
7.45 (tt, J = 7.5, 2.0 Hz, 1 H, ArH), 7.50 - 7.59 (m, 3 H, 3 x ArH). 3C-NMR (101 MHz, CDCl3)
8.9, 11.0, 107.9, 109.7, 117.8, 119.4, 121.1, 127.4, 128.0, 128.7, 129.3, 132.8, 137.2, 138.3.
ATR-IR v, (neat)/cm' 3041, 2915, 2858, 1597, 1499, 1458, 1400, 1361, 1234, 1217, 1134,
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1072, 1015, 914. m/z (El) 221.1 (M*, 100), 206.1 (38), 178.1 (6), 143.1 (9), 128.1 (9), 115.0
(15), 102.1 (12), 77.0 (57), 63.0 (8), 51.0 (34). The data for this compound are consistent with

those reported in the literature.®

Preparation of 1,3-Diphenyl-1H-indole (26)

Ph Ph
ZnCl,, EtOH Phl, Cul, Cs,CO
©\/\ ' ©\ : (ji\g oo (ji\g
1t %100 °C, 2.5 h DMF, 120 °C, o/n
o NHNH, % N N?
26, 65 %

The first step was carried out according to a literature procedure.’™ A mixture of
phenylacetaldehyde (1.17 mL, 10 mmol, 1 equiv.) and phenylhydrazine (0.98 mL, 10 mmol,
1 equiv.) was stirred at room temperature for 1 h under argon. The mixture was then heated to
100 °C and stirred for 30 min. A solution of zinc chloride (2.45 g, 18 mmol, 1.8 equiv.) in ethanol
(11 mL) was added to the reaction mixture and this was refluxed at 100 °C for 1 h. After cooling
to room temperature, the mixture was filtered, and the solvent was removed under reduced
pressure. 2 M HCI was added to the crude residue and the organic products were extracted into
DCM. The organic layers were dried over Na,SQO,, filtered and concentrated under reduced
pressure. Purification by column chromatography (hexane:diethyl ether, 3:1) afforded 3-phenyl-
1H-indole as an orange solid (1.34 g, 69%). Mp = 81-83 °C (lit. mp = 83-85 °C)."* '"H-NMR
(400 MHz, CDCl3) 7.15-7.38 (m, 4H, 4 x ArH), 7.41 (d, J = 7.9 Hz, 1H, ArH), 7.50 (t, J = 7.6 Hz,
2H, 2 x ArH), 7.72 (d, J = 7.5 Hz, 2H, 2 x ArH), 8.01 (d, J = 7.9 Hz, 1H, ArH), 8.08 (br. s., 1H,
NH). 3C-NMR (101 MHz, CDCl5) 111.4, 118.2, 119.8, 120.3, 121.8, 122.4, 125.7, 126.0, 127 4,
128.7, 135.5, 136.6. ATR-IR v« (neat)/cm' 3400, 1597, 1541, 1456, 1417, 1338, 1259, 1236,
1112, 1101, 1010, 823, 769, 694, 632. m/z (El) 193.2 (M*, 100), 165.1 (37). The data for this

compound are consistent with those reported in the literature.'®

The second step was carried out according to General Procedure A from 3-phenyl-1H-indole
(1.06 g, 5.5 mmol, 1.1 equiv.), and iodobenzene (0.56 mL, 5 mmol, 1 equiv.), with copper (I)
iodide (190 mg, 1 mmol, 0.2 equiv.), and cesium carbonate (3.26 g, 10 mmol, 2 equiv.) in DMF
(10 mL). Purification by column chromatography (hexane:diethyl ether, 49:1) afforded
1,3-diphenyl-1H-indole 26 as a white solid (878 mg, 65%). Mp = 105-108 °C
(lit. mp = 107-108.5 °C)."6 'TH-NMR (400 MHz, CDCl;) 7.25-7.33 (m, 2 H, 2 x ArH), 7.33 - 7.39
(m, 1 H, ArH), 7.39-7.45(m, 1 H, ArH), 7.47 - 7.53 (m, 2 H, 2 x ArH), 7.53 - 7.56 (m, 1 H, ArH),
7.56-7.62(m,4H,4xArH), 7.62-7.67 (m,1H, ArH), 7.72-7.78 (m, 2 H, 2 x ArH), 8.01 - 8.05
(m, 1 H, ArH). 3C-NMR (101 MHz, CDCIl3) 110.8, 119.1, 120.1, 120.9, 122.8, 124.5, 125.5,
126.2, 126.7, 127.1, 127.6, 128.8, 129.7, 135.1, 136.7, 139.5. ATR-IR v (neat)/cm-! 3018,
1593, 1552, 1500, 1454, 1379, 1226, 1076, 1022, 972, 908, 810, 734, 639. m/z (El) 269.2 (M*,
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94), 190.1 (14), 165.1 (86), 139.1 (11), 77.1 (100), 51.1 (53). The data for this compound are
consistent with those reported in the literature.

Preparation of 3-Octyl-1-phenyl-1H-indole (27)
CgH17 CgH1z
ZnCl EtOH Ph. Cul, C5;C05
Me/\/VMO + —
N/NHQ reflux 25h DMF, 120 °C, o/n
H
27, 86 /

Step 1 was carried out according to General Procedure C from decanal (1.88 mL, 10 mmol,
1 equiv.). Purification by column chromatography (hexane:diethyl ether, 9:1) afforded 3-octyl-1-
phenyl-1H-indole as orange crystals (1.76g, 77 %). Mp = 30-32 °C (lit. mp = 32 °C)."” TH-NMR
(400 MHz, CDCl3) 0.90 (t, J = 6.8 Hz, 3 H, CH3), 1.16 - 1.46 (m, 10 H, 5 x CH,), 1.73 (quin,
J=7.5Hz, 2 H, CH,), 2.76 (td, J = 7.3, 0.8 Hz, 2 H, CH,), 6.96 - 7.01 (m, 1 H, ArH), 7.12 (ddd,
J=17.85,7.0, 1.0 Hz, 1 H, ArH), 7.20 (ddd, J = 8.3, 7.0, 1.3 Hz, 1 H, ArH), 7.36 (dt, J = 8.0,
0.9 Hz, 1 H, ArH), 7.56 - 7.69 (m, 1 H, ArH), 7.89 (br. s., 1 H, NH). 3C-NMR (101 MHz, CDCl3)
141, 22.7, 25.1, 29.3, 29.5, 29.7, 30.2, 31.9, 111.0, 117.1, 119.0 (2 carbons), 121.0, 121.8,
127.6, 136.3. ATR-IR v, (neat)/cm' 3419, 3001, 2922, 1595, 1496, 1454, 1309, 1220, 1134,
1074, 1020, 871, 773, 694. m/z (El) 229.3 (M*, 9), 143.1 (5), 130.1 (100), 103.1 (7), 77.7 (7).

The data for this compound are consistent with those reported in the literature.!”

Step 2 was carried out according to General Procedure A from 3-octyl-1-phenyl-1H-indole
(1.26 g, 5.5 mmol, 1,1 equiv.) and, iodobenzene (0.56 mL, 5 mmol, 1 equiv.), copper (I) iodide
(190 mg, 1 mmol, 0.2 equiv.), and cesium carbonate (3.26 g, 10 mmol, 2 equiv.) in DMF
(10 mL). Purification by column chromatography (hexane) afforded 3-octyl-1-phenyl-1H-indole
27 as an orange oil (1.32 g, 86 %). '"H-NMR (400 MHz, CDCl;) 0.91 (t, J = 6.8 Hz, 3 H, CHj),
1.22 - 1.52 (m, 10 H, 5 x CH,), 1.78 (quin, J = 7.5 Hz, 2 H, CH,), 2.82 (t, J = 7.5 Hz, 2 H, CH,),
714 -7.17 (m, 1 H, ArH), 7.19 (dd, J = 7.5, 1.3 Hz, 1 H, ArH), 7.24 (td, J = 7.0, 1.3 Hz, 1 H,
ArH), 7.33 (m, 1 H, ArH), 7.52 (m, 4 H, 4 x ArH), 7.59 (d, J = 8.0 Hz, 1 H, ArH), 7.68 (d,
J=7.5Hz, 1 H, ArH). ®C-NMR (101 MHz, CDCl3) 14.1, 22.7, 25.1, 29.3, 29.5, 29.7, 30.1, 31.9,
110.4, 118.3, 119.3, 119.7, 122.3, 124.0, 124.9, 125.9, 129.2, 129.5, 136.0, 140.1. ATR-IR v«
(neat)/cm-' 2920, 2850, 1595, 1498, 1454, 1377, 1317, 1224, 1132, 773, 694. m/z (El) 305.3
(M*, 33), 206.2 (100), 178.1 (18), 128.1 (20), 77.1 (14), 57.1 (7). HRMS (Cl) calcd. for CyoHagN*
([M+H]*): 306.2216, found: 306.2213.
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Preparation of 3-Butyl-1-phenyl-1H-indole (28)

CaHg CaHg

o} _ZnCly E1OH_ PhI, Cul, 052003
/\/\)]\ * _NH;, reflux oln DMF, 120 °c o/n
Me H N
H
38 /o @

28,83 %
Step 1 was carried out according to General Procedure C from hexanal (1.23 mL, 10 mmol,

1 equiv.). Purification by column chromatography (hexane:diethyl ether, 19:1 Y% 9:1) afforded
3-butyl-1H-indole as an orange oil (665 mg, 38 %). 'TH-NMR (400 MHz, CDCl;) 0.97 (,
J=7.3Hz, 3 H, CHs), 1.44 (sxt, J =7.3 Hz, 2 H, CH;), 1.58 - 1.81 (m, 2 H, CHy), 2.57 - 2.87 (m,
2 H, CHy), 6.96-7.00 (m, 1 H, ArH), 7.09 - 7.16 (m, 1 H, ArH), 7.20 (td, J=7.5, 1.5 Hz, 1 H,
ArH), 7.36 (dt, J =8.1, 1.0 Hz, 1 H, ArH), 7.60 - 7.65 (m, 1 H, ArH), 7.88 (br. s., 1 H, NH).
3C-NMR (101 MHz, CDCl3) 14.0, 22.7, 24.8, 32.3, 111.0, 117.2, 119.0 (2 carbons), 121.0,
121.8, 127.7, 136.3. ATR-IR v, (neat)/cm' 3414, 2954, 2926, 2845, 1618, 1454, 1419, 1338,
1222, 1089, 1008, 802, 763. m/z (El) 173.2 (M*, 71), 143.1 (21), 130.2 (100), 115.1 (26), 103.1
(42), 89.1 (15), 77.1 (51), 63.1 (11), 51.1 (11). The data for this compound are consistent with

those reported in the literature.!”

Step 2 was carried out according to General Procedure A from 3-butyl-1H-indole (665 mg,
3.83 mmol, 1.1 equiv.), and iodobenzene (0.39 mL, 3.45 mmol, 1 equiv.), with copper (l) iodide
(131 mg, 0.69 mmol, 0.2 equiv.), and cesium carbonate (2.25 g, 6.9 mmol, 2 equiv.) in DMF
(7 mL). Purification by column chromatography (hexane) afforded 3-butyl-1-phenyl-1H-indole 28
as an off-white solid (715 mg, 83 %). Mp = 44-45 °C. 'H-NMR (400 MHz, CDCl;) 0.99 {t,
J=7.4Hz 3 H, CHs), 148 (sxt, J=7.5Hz, 2 H, CH;), 1.70 - 1.84 (m, 2 H, CHy), 2.76 - 2.88 (m,
2H, CHy), 7.13-7.20 (m, 2 H, 2 x ArH), 7.20 - 7.26 (m, 1 H, ArH), 7.33 (m, 1 H, ArH), 7.51 (m,
4 H, 4 xArH), 7.55-7.61 (m, 1 H, ArH), 7.67 (dt, J = 8.1, 0.8 Hz, 1 H, ArH). 13C-NMR (101 MHz,
CDCl3) 14.0, 22.7, 24.7, 32.2, 110.4, 118.2, 119.3, 119.7, 122.3, 124.0, 124.9, 125.9, 129.2,
129.5, 136.0, 140.0. ATR-IR v (neat)/lcm™' 3053, 2956, 2870, 1593, 1500, 1454, 1373, 1311,
1213, 1132, 1074, 1016, 898, 773, 686, 669. m/z (El) 249.2 (M*, 20), 206.2 (100), 178.2 (11),
128.1 (19), 115.0 (8), 102.3 (7), 89.0 (5), 77.1 (30), 51.0 (8). HRMS (Cl) calcd. for C4gHzoN*
([M+H]*): 250.1596, found: 250.1595.

Preparation of 1-(p-Tolyl)-1H-indole (29)
@ . /©/I Cul, Cs,CO3 ©j\>
N v DMF, 120 °C, o/n N
H €

Me
29,55 %
This substrate was prepared according to General Procedure A from 1H-indole (234 mag,

2.8 mmol, 1.4 equiv.) and 4-iodotoluene (436 mg, 2 mmol, 1 equiv.) with copper (I) iodide
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(76 mg, 0.4 mmol, 0.2 equiv.) and cesium carbonate (1.30 g, 4 mmol, 2 equiv.) in DMF (4 mL).
Purification by column chromatography (hexane) afforded 1-(p-tolyl)-1H-indole 29 as a yellow oil
(226 mg, 55 %). "TH-NMR (400 MHz, CDCl;) 2.46 (s, 3 H, ArCHj3), 6.70 (dd, J = 3.3, 0.8 Hz, 1 H,
ArH), 7.16 - 7.21 (m, 1 H, ArH), 7.22 - 7.27 (m, 1 H, ArH), 7.31 - 7.37 (m, 3 H, 3 x ArH), 7.39 -
7.44 (m, 2 H, 2 x ArH), 7.53-7.59 (m, 1 H, ArH), 7.69 - 7.75 (m, 1 H, ArH). 13C-NMR (101 MHz,
CDCl3) 21.0, 103.2, 110.5, 120.2, 121.0, 122.2, 124.3, 128.0, 129.2, 130.1, 136.0, 136.3, 137.3.
ATR-IR v, (neat)/cm' 3030, 2916, 1606, 1514, 1454, 1330, 1315, 1230, 1211, 1134, 1107,
1012, 952, 881, 817, 710. m/z (El) 207.1 (M*,100), 191.1 (7), 178.1 (8), 165.1 (11), 116.1 (10),
102.5 (8), 89.0 (29), 77.0 (5), 63.0 (15), 51.0 (7). The data for this compound are consistent with
those reported in the literature.®

Preparation of 3-Methyl-1-( naphthalen 1-yl)-1H-indole (47)

Cul, CSZCO3
DMF, 120 °C o/n

47,89 %

This substrate was prepared according to General Procedure A from 3-methyl-1H-indole
(918 mg, 7 mmol, 1.4 equiv.) and 1-iodonaphthalene (0.73 mL, 5 mmol, 1 equiv.) with copper (1)
iodide (190 mg, 1 mmol, 0.2 equiv.) and cesium carbonate (3.26 g, 10 mmol, 2 equiv.) in DMF
(10 mL). Purification by column chromatography (hexane:diethyl ether, 19:1) afforded 3-methyl-
1-(naphthalen-1-yl)-1H-indole 47 as an orange solid (1.14 g, 89 %). Mp = 93-95 °C. 'H-NMR
(400 MHz, CDCl3) 2.47 (d, J = 1.0 Hz, 3 H, ArCHj3), 6.98 - 7.05 (m, 1 H, ArH), 7.09 - 7.23 (m,
3H,3xArH), 742 (td, J=7.3, 1.3 Hz, 1 H, ArH), 7.49 - 7.62 (m, 4 H, 4 x ArH), 7.67 - 7.74 (m,
1 H, ArH), 7.90 - 8.01 (m, 2 H, 2 x ArH). 3C-NMR (101 MHz, CDCl;) 9.7, 110.7, 112.0, 119.0,
119.5, 122.1, 123.5, 124.9, 125.5, 126.5, 126.7, 127.4, 128.0, 128.2, 128.9, 130.5, 134.4,
136.2, 138.2. ATR-IR v (neat)/cm 3043, 2912, 1595, 1573, 1506, 1469, 1452, 1406, 1303,
1232, 1008, 862, 800, 761, 686, 642. m/z (El) 257.2 (M*, 100), 241.2 (33), 127.1 (34), 102.1
(15), 77.1 (35), 63.1 (11), 51.1 (13). HRMS (CI) calcd. for C4gHgN* ([M+H]*): 258.1283, found:
258.1282.

Preparation of 1-(Pyridin-3-yl)-1H-indole (48)

N
N Z# g, DMF,150°C, 18 h N
H
7\
N
—

48, 33%

This substrate was prepared according to a literature procedure.’® Indole (820 mg, 7 mmol,

1.4 equiv.), copper iodide (190 mg, 1 mmol, 0.2 equiv.) and cesium carbonate (3.26 g, 10 mmol,
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2 equiv.) were added to a three-necked round-bottom flask under argon. 3-Bromopyridine
(482 L, 5 mmol, 1 equiv.) and dry DMF (10 mL) were also added and the contents of the flask
were stirred at 120 °C for 16 h. Copper iodide (95 mg, 0.5 mmol, 0.1 equiv.) was further added
and the reaction was stirred at 150 °C for 17.5 h. The reaction was then cooled to room
temperature and diluted with EtOAc and sat. LiCl solution. The sat. LiCl layer was separated
and washed with EtOAc multiple times until an aqueous layer of light turquoise colour was
obtained. The organic phases were combined and concentrated under reduced pressure.
Purification by column chromatography (hexane:ethyl acetate, 95:5 Y% 80:20) afforded
1-(pyridin-3-yl)-1H-indole 48 as a brown oil (318 mg, 33 %). "H-NMR (400 MHz, CDCl;) 6.75 (d,
J=33Hz, 1H, ArH), 7.30 - 7.17 (m, 2H, 2 x ArH), 7.33 (d, J = 3.3 Hz, 1 H, ArH), 7.50 (dd,
J=8.2,48Hz, 1H, ArH), 7.53 (d, J=8.1 Hz, 1 H, ArH), 7.71 (d, J = 7.7 Hz, 1 H, ArH), 7.88 (dt,
J=8.2,25,15Hz 1H, ArH), 8.62 (d, J = 3.9 Hz, 1 H, ArH), 8.85 (d, J = 2.3 Hz, 1 H, ArH).
3C-NMR (101 MHz, CDCIl3) 105.0, 110.1, 121.1, 121.6, 123.1, 124.3, 127.5, 129.7, 131.7,
135.9, 136.7, 145.7, 147.5. ATR-IR v5 (neat)/cm'. 3102, 3048, 1584, 1516, 1483, 1454, 1331,
1211, 760, 739, 706. m/z (El) 194.1 (M*, 100), 167.1 (12), 139.0 (9), 116.0 (8), 89.0 (25), 78.0
(9) 63.0 (12), 51.0 (20). The data for this compound are consistent with those reported in the

literature.'®

Preparation of 1-(Pyridin-2-yl)-1H-indole (49)

©:\> o A KOH, DMSO @i\>
N NZ g 120°C.155h N
&

49, 60%\
This substrate was prepared according to a literature procedure.’ Indole (351 mg, 3 mmol,
1 equiv.), 2-bromopyridine (286 pL, 3 mmol, 1 equiv.), KOH (421 mg, 7.5 mmol, 2.5 equiv.) and
dry DMSO (4.5 mL) were sealed in a pressure tube in a nitrogen-filled glovebox. The tube was
removed, and the reaction mixture was stirred at 120 °C for 15.5 h. The reaction was then
cooled to room temperature, poured onto sat. NH4Cl solution (30 mL) and extracted into EtOAc
(3 x 30 mL). The organic phases were combined, dried over MgSO,, filtered and concentrated
under reduced pressure. Purification by column chromatography (toluene) afforded 1-(pyridin-2-
yl)-1H-indole 49 as a yellow oil (351 mg, 60 %). '"H-NMR (400 MHz, CDCl;) 6.72 (dd, J = 3.5,
0.7 Hz, 1 H, ArH), 7.17 (ddd, J = 7.3, 4.9, 0.6 Hz, 1 H, ArH), 7.24 — 7.19 (m, 1 H, ArH), 7.30
(ddd, J=8.4,7.2,1.3 Hz, 1 H, ArH), 7.51 (d, J = 8.2 Hz, 1 H, ArH), 7.67 (d, /= 7.8, 0.8 Hz, 1 H,
ArH), 7.74 (d, J = 3.5 Hz, 1 H, ArH), 7.83 (ddd, J = 8.2, 7.4, 1.9 Hz, 1 H, ArH), 8.21 (dd, J = 8.4,
0.8 Hz, 1 H, ArH), 8.58 (d, J = 3.8 Hz, 1 H, ArH). 3C-NMR (101 MHz, CDCIl3) 105.7, 113.1,
114.7, 120.2, 121.2, 121.4, 123.3, 126.1, 130.6, 135.3, 138.5, 149.1, 152.7. ATR-IR V4
(neat)/cm-' 3107, 3051, 2926, 1691, 1587, 1522, 1470, 1450, 1435, 1344, 1209, 687. m/z (El)
194.2 (M*, 100), 167.1 (35), 139.1 (11), 116.1 (12), 89.1 (27), 78.1 (12), 63.1 (16), 51.1 (23).

The data for this compound are consistent with those reported in the literature.!®
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Preparation of 3-(But-3-en-1-yl)-1-phenyl-1H-indole (50)

PCC, DCM
—_—
Aol rto/n MO

PhNHNH,
ZnCl,, EtOH
rt Yoreflux, o/n

N\ / Phl, Cul, Cs,CO5 ©f@
DMF, 120 °C, o/n

N N

\ H

Ph

50, 5 % (3 steps)

The first step was carried out according to a literature procedure.?° A solution of 5-hexen-1-ol
(5mL, 42 mmol, 1 equiv.) in DCM (20 mL) was added to a suspension of pyridinium
chlorochromate (13.44 g, 62 mmol, 1.5 equiv.) in DCM (60 mL) at 0 °C. The mixture was then
stirred at room temperature overnight before diluting with diethyl ether and filtering through a

pad of silica gel. Careful removal of solvent under reduced pressure afforded 5-hexenal as a

colourless oil, which was used crude with no further purification.

To a three-necked flask under argon and equipped with a stirrer bar and fitted with a condenser
was added crude 5-hexenal and phenylhydrazine (4.13 mL, 42 mmol, 1 equiv.). This mixture
was stirred for 1 h at room temperature then for 30 min at 100 °C. Zinc chloride (10.3 g,
75.6 mmol, 1.8 equiv.) in ethanol (46 mL) was then added and the mixture refluxed overnight.
After cooling to room temperature, the mixture was filtered and the solvent was removed under
reduced pressure. Hydrochloric acid (2 M) was added to the crude residue and the organic
products were extracted into DCM. The organic layers were dried over Na,SO,, filtered and
concentrated under reduced pressure. Purification by column chromatography (hexane:diethyl
ether, 19:1 Yb 9:1) afforded 3-(but-3-en-1-yl)-1H-indole as an impure red oil (526 mg). The crude
'H NMR and GCMS data were consistent with those reported in the literature.2’ "H-NMR
(400 MHz, CDCl3) 2.51 (m, 2 H, CH,), 2.85 - 2.95 (m, 2 H, CH,), 5.02 (ddt, J =10.1, 2.1, 1.2 Hz,
1H, CH), 5.11 (dq, J =17.2, 1.7 Hz, 1 H, CH), 5.97 (ddt, J = 17.0, 10.3, 6.5 Hz, 1 H, CH), 6.98 -
7.03 (m, 1 H, ArH), 7.11 - 7.17 (m, 1 H, ArH), 7.18-7.25 (m, 1 H, ArH), 7.37 (dt, J = 8.1,
0.8Hz, 1 H, ArH), 7.61 - 7.67 (m, 1 H, ArH), 7.92 (br. s., 1 H, NH). GCMS (m/z = 171.2,

retention time = 13.2 min).

Ullmann coupling was carried out according to General Procedure A from 3-(but-3-en-1-yl)-1H-
indole (526 mg, 3.07 mmol, 1.1 equiv.) and iodobenzene (0.31 mL, 2.79 mmol, 1 equiv.) with
copper (l) iodide (106 mg, 0.56 mmol, 0.2 equiv.) and cesium carbonate (1.82 g, 5.58 mmol,
2 equiv.) in DMF (6 mL). Purification by column chromatography (hexane) afforded 3-(but-3-en-
1-yl)-1-phenyl-1H-indole 50 as a colourless oil (438 mg, 5 % over three steps). 'H-NMR
(400 MHz, CDCl;3) 2.48 - 2.62 (m, 2 H, CH,), 2.88 - 2.99 (m, 2 H, CHy), 5.04 (ddt, J = 10.3, 2.1,
1.1, Hz, 1 H, CH), 5.14 (dm, J = 17.1, 1.8 Hz, 1 H, CH), 5.99 (ddt, J = 17.0, 10.3, 6.5 Hz, 1 H,
CH), 716 - 7.21 (m, 2 H, 2 x ArH), 7.22 - 7.27 (m, 1 H, ArH), 7.29 - 7.39 (m, 1 H, ArH), 7.48 -
7.54 (m, 4 H, 4 x ArH), 7.56 - 7.61 (m, 1 H, ArH), 7.68 (dq, J =7.8, 0.7 Hz, 1 H, ArH). 3C-NMR
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(101 MHz, CDCls) 24.6, 34.1, 110.5, 114.8, 117.3, 119.2, 119.8, 122.4, 124.1, 125.1, 126.0,
129.0, 129.5, 136.0, 138.6, 140.0. ATR-IR vy, (neat)/cm 3057, 2918, 1639, 1595, 1498, 1454,
1379, 1379, 1317, 1228, 1134, 1072, 1014, 993, 906, 773, 694. m/z (El) 247.2 (M*, 12), 206.2
(100), 178.2 (13), 128.1 (21), 115.1 (6), 102.1 (8), 77.1 (34), 51.0 (18). HRMS (CI): calcd. for
CigH1sN* ([M+H]*): 248.1439, found: 248.1435.

Preparation of 3-(Pent-4-en-1-yl)-1-phenyl-1H-indole (51)

Na,COs3, Kl
e
NN N DMSO, 85°C, ol NSNS,
PhNHNH,
ZnCl,, EtOH
rt Yo reflux, o/n

PhI, Cul, 052003 N\ \
DMF, 120 °c on N
H

51,7 % ( 3$teps)
The first step was carried out according to a literature procedure.?2 A solution of

7-bromoheptene (1.52 mL, 10 mmol, 1 equiv.), sodium carbonate (1.06 g, 10 mmol, 1 equiv.)
and potassium iodide (1.66 g, 10 mmol, 1 equiv.) in DMSO (50 mL) was heated at 85 °C
overnight. After cooling to room temperature, the mixture was diluted with diethyl ether and
washed with sodium carbonate, water and brine. The combined organic layers were dried over
Na,S04 and filtered. Careful removal of solvent under reduced pressure afforded 6-heptenal as

a colourless oil which was used with no further purification.

To a three-necked flask under argon, equipped with a stirrer bar and fitted with a condenser
was added crude 6-heptenal and phenylhydrazine (0.98 mL, 10 mmol, 1 equiv.). This mixture
was stirred for 1 h at room temperature then for 30 min at 100 °C. Zinc chloride (2.45 g,
18 mmol, 1.8 equiv.) in ethanol (11 mL) was then added and the mixture refluxed overnight.
After cooling to room temperature, the mixture was filtered and the solvent was removed under
reduced pressure. Hydrochloric acid (2 M) was added to the crude residue and the organic
products were extracted into DCM. The organic layers were dried over Na,SO,, filtered and
concentrated under reduced pressure. Purification by column chromatography (hexane:diethyl
ether, 19:1 Yo 9:1) afforded 3-(pent-4-en-1-yl)-1H-indole as an impure orange oil (395 mg) which
was used without purification. The crude '"H NMR and GCMS data of this compound were
consistent with those reported in the literature.23 TH-NMR (400 MHz, CDCl3) 1.76 - 1.94 (m, 2 H,
CH,), 2.12-2.30 (m, 2 H, CHy), 2.73 - 2.89 (m, 2 H, CH,), 5.00 - 5.06 (m, 1 H, CH), 5.10 (dq,
J=17.2,1.7 Hz, 1 H, CH), 5.93 (ddt, J = 17.0, 10.3, 6.7 Hz, 1 H, CH), 6.97 - 7.01 (m, 1 H, ArH),
713-7.19 (m, 1 H, ArH), 7.21 - 7.26 (m, 1 H, ArH), 7.60 - 7.71 (m, 1 H, ArH), 7.88 (br. s., 1 H,
NH). GCMS (m/z = 185.2, retention time = 13.727 min).

The Ullmann coupling was carried out according to General Procedure A from

3-(pent-4-en-1-yl)-1H-indole (395 mg, 2.13 mmol, 1.1 equiv.) and iodobenzene (0.22 mL,
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1.94 mmol, 1 equiv.) with copper (I) iodide (74 mg, 0.39 mmol, 0.2 equiv.) and cesium
carbonate (1.26 g, 3.88 mmol, 2 equiv.) in DMF (4 mL). Purification by column chromatography
(hexane) afforded 3-(pent-4-en-1-yl)-1-phenyl-1H-indole 51 as a colourless oil (184 mg, 7 %
over three steps). 'TH-NMR (400 MHz, CDClI;) 1.88 (quin, J = 7.5 Hz, 2 H, CH,), 2.14 - 2.31 (m,
2H, CHy), 275 - 292 (m, 2H, CH,), 5.01 (ddt, J = 10.3, 2.1, 1.2 Hz, 1 H, CH), 5.08 (dm,
J=17.2, 1.7 Hz, 1 H, CH), 5.77-6.01 (m, 1 H, CH), 7.16 (s, 1 H, ArH), 7.19 (dd, J = 7.7,
1.1 Hz, 1 H, ArH), 7.21 - 7.26 (m, 1 H, ArH), 7.30 - 7.39 (m, 1 H, ArH), 7.49 - 7.55 (m, 4 H, 4 x
ArH), 7.58 (dt, J = 81, 1.0 Hz, 1 H, ArH), 767 (dq, J = 7.7, 0.7 Hz, 1 H, ArH).
3C-NMR (101 MHz, CDCIls) 24.5, 29.2, 33.6, 110.5, 114.7, 117.7, 119.3, 119.7, 122.3, 124.0,
125.0, 125.9, 129.1, 129.5, 136.1, 138.8, 140.0. ATR-IR v (neat))lcm! 3057, 2926, 1637,
1595, 1498, 1454, 1377, 1317, 1228, 1132, 1014, 989, 906, 773, 694. m/z (El) 261.2 (M*, 17),
219.1 (11), 206.2 (100), 178.2 (14), 128.1 (21), 115.1 (9), 102.2 (7), 77.1 (27), 55.1 (36). HRMS
(Cl) calcd. for C4gHooN* ([M+H]*): 262.1