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General Information

'H NMR, ""F NMR and 3C NMR spectra were measured on 400 MHz spectrometer, using
CDCl; as the solvent with tetramethylsilane (TMS) as the internal standard at room
temperature. Chemical shifts () are given in ppm relative to TMS, the coupling constants .J
are given in Hz. HRMS were obtained in the ESI mode. All reactions were carried out under
Ar atmosphere unless otherwise noted. All solvents were obtained from commercial suppliers.
Aryldiazonium salts were prepared according the procedure of Hanson.! N-Ts-2-alkynyl
anilines (1a-1r) were prepared according the procedure of Helaja.? Reactions were monitored
by TLC on silica gelplates (GF254), and the analytical thin-layer chromatography (TLC) was
performed on precoated, glass-backed silica gel plates.The 33W CFL were directly got from
the supermarket.

Experimental procedure for the aminoarylation of 2-ethynylaniline derivatives

TR
gz Ar [Ph3PAu]CI (10 mol%) R ——
| AN = KIZéF4 [RU(bpy)3]CI2 (25 m0|%) 1\\ \
Ri—— + N S CFL | N
= Ts | -1 > N
N ~ R degassed MeOH, 14-18h, rt \
H Ts
1 2 3

[Ru(bpy);]Cl, (2.1 mg, 2.5 pmol, 2.5 mol%), Ph;PAuCI (4.9 mg, 10.0 umol, 10 mol%), the
aryldiazonium salt 2 (0.4 mmol, 4.0 eq.) and the 2-ethynylaniline derivatives 1 (0.10 mmol,
1.0 eq.) were added to a flame-dried Schlenk flask containing a stirring bar and purged by
evacuating the flask and backfilling with argon three times. In the absence of light, anhydrous
MeOH (1.0 ml, 0.10 M) was added and the flask was sealed. The mixture was then stirred
under irradiation from 33 W CFL. After 14-16 h, the crude products were purified by column
chromatography over silica gel.

Optimization of the Reaction Conditions Of Radical Annulation 1¢

4 Ph + o Au (l) complex (10 mol%) Ph
N,BF,  photocatalyst (2.5 mol%) @E\g* m
+ > Ph Ph
NTTS O/ MeOH, visible light, r.t N N
H Ts Ts
1a 2a 3aa 4
Entry Photocatalyst Au (I) Solvent Additive T(°C) Yield[%]?
Complex (3aa/4)
1 Ru(Phen);Cl [PhsPAUINTSE MeOH / r.t 0/98
2 [Ru(bpy);]PFs [PhsPAUINTSE MeOH / r.t 42/56
3 Ru(bpy);Cl, [PhsPAUINTSE MeOH / r.t 57/41
4 Ru(bpy);Cl, [PhsPAUINTE MeOH K,CO; r.t 22/42



5¢ Ru(bpy);Cl, [Ph;PAuINTf MeOH / 40 35/45
6 Ru(bpy);Cl, [PhsPAUINTSE DMSO / r.t N.R
7 Ru(bpy);Cl, [PhsPAUINTSf DMF / r.t -

8 Ru(bpy);Cl, [PhsPAUINTSE DCE / r.t -

9 Ru(bpy);Cl, [PhsPAUINTSE toluene / r.t -
10 Ru(bpy);Cl, AuCI(SMe,) MeOH / r.t 50/48
11 Ru(bpy);Cl, Aul MeOH / r.t trace
12 Ru(bpy);Cl, [Ph;PAu]Cl MeOH / r.t 98/0
13 Ru(bpy);Cl, / MeOH / r.t /
14 / [Ph;PAu]Cl MeOH / r.t 0/95
15 Ru(bpy);Cl, [Ph;PAu]Cl MeOH / r.t 0/90

“Reaction were performed on a 0.1 mmol scale using 4 equiv of 2a, Solvent (ImL) and a 33 W CFL bulb to
illuminate the reaction vessel, r.t, 14h. *Yield determined by "H NMR using 1,1,2,2 tetrachloroethane as an
internal standard. ‘The mixture was stirred under irradiation from 5W blue LEDs. YReaction in the dark. DCE
= dichloroethane, DMSO = dimethyl sulfoxide, DMF = N,N-Dimethylformamide.

Unsuccessful Substrates:
NH>
O COOH
Z O N;BF4
O = N,BF,

wo [ O
Ts I}IH

Ts

N,BF, Cl N2BF4 = Ph
O OO Br NH2

Control experiments in the presence of radical scavengers

[PhsPAUICI (10 mol %)

Ph Ph
& Ru(bpy)sCl, (2.5 mol %)
33 W CFL N Ph + l}l
N o
|
Ph

1o * PhNBF,

<18 2a MeOH (0.1 M)
r.t, 20h

2 equiv TEMPO

\
3aa Ts
28% 4
(isolated yield)  HRMS found m/z
[M+H*] = 234.1850

Iz

1a

Procedure: To a flame-dried Schlenk tubes equipped with a magnetic stir bar were added 1a
(35 mg, 0.1 mmol), 2a (80 mg, 0.4 mmol), [Ph;PAu]CI (5 mg, 0.01 mmol), Ru(bpy);Cl, (2.1
mg, 2.5 umol, 2.5 mol%) and 2,2,6,6-Tetramethylpiperidine 1-oxyl (TEMPO, 62 mg, 0.2
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mmol). The tube was evacuated and backfilled with Ar for three times, and then solvent
(MeOH, 1.0 mL) was added via syringe. The mixture was then stirred under irradiation from
33 W CFL. After 20 h, the crude products were purified by column chromatography over
silica gel to give the product 3aa (12 mg, 28% yield) and unclean TEMPO trapping product 4
(15 mg).
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Characterization data of compounds

3-phenyl-2-(p-tolyl)-1-tosyl-1H-indole (3ba)
Ph
N
Ts

16h, 99% yield, white solid; "H NMR (400 MHz, CDCls):0= 8.39 (d, J = 8.4 Hz, 1H), 7.45 (d,
J=28.0 Hz, 1H), 7.38 (t, J = 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 7.6 Hz, 1H),
7.24-7.18 (m, 3H), 7.14 (d, J = 8.0 Hz, 2H), 7.29-7.04 (m, 6H), 2.36 (s, 3H), 2.29 (s, 3H) ppm;
BC NMR (100 MHz, CDCl;): 0 = 144.5, 138.3, 137.2, 137.1, 135.3, 132.8, 131.9, 130.6,
129.9, 129.3, 128.2, 128.1, 127.9, 127.0, 126.9, 125.0, 124.2, 119.9, 116.3, 21.6, 21.5 ppm;
HRMS (ESI): exact mass calculated for [M+Na]* (C,sH23NO,SNa*) requires m/z 460.1342,
found m/z 460.1344.

2-(4-methoxyphenyl)-3-phenyl-1-tosyl-1H-indole (3ca)
Ph

N

Ts

16h, 89% yield;'H NMR (400 MHz, CDCl;):0= 8.40 (d, J = 8.4 Hz, 1H), 7.47 (d, /= 7.6 Hz,
1H), 7.41-7.37 (m, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.28 (d, /= 7.6 Hz, 1H), 7.25-7.18 (m, 3H),
7.15 (d, J= 8.4 Hz, 2H), 7.08 (dd, J = 6.8 Hz, J = 12.0 Hz, 4H), 6.80 (d, J = 8.4 Hz, 2H) 3.82
(s, 3H), 2.30 (s, 3H) ppm; 3C NMR (100 MHz, CDCl;): 6 = 159.7, 144.5, 137.2, 136.8, 135.4,
133.4, 132.9, 130.5, 129.9, 129.3, 128.2, 126.9, 126.9, 125.0, 124.1, 123.0, 119.8, 116.3,
112.8, 55.2, 21.6 ppm; HRMS (ESI): exact mass calculated for [M+Na]" (CysHp;;NO;SNat)
requires m/z 476.1291, found m/z 476.1294.

2-(4-bromophenyl)-3-phenyl-1-tosyl-1H-indole (3da)
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Ts
16h, 99% yield; '"H N MR (400 MHz, CDCls):0=8.31 (d, /= 8.4 Hz, 1H), 7.38-7.31 (m, 4H),
7.25-7.14 (m, 6H), 7.04-6.97 (m, 6H), 2.22 (s, 3H) ppm;'3C NMR (100 MHz, CDCl;): J =
144.8, 137.4, 135.5, 135.1, 133.6, 132.3, 130.6, 130.5, 129.9, 129.8, 129.4, 127.2, 126.8,
125.5, 125.4, 124.4, 123.0, 120.1, 116.3, 21.6 ppm; HRMS (ESI): exact mass calculated for
[M+Na]* (Cy7H2BrNO,SNa*) requires m/z 524.0290, found m/z 524.0287.

2-(4-fluorophenyl)-3-phenyl-1-tosyl-1H-indole (3d)
Ph

Lo
N
Ts

16h, 99% yield, 'HNMR (400 MHz, CDCls): 6= 8.40 (d, J= 8.4 Hz, 1H), 7.47 (d, J= 7.6 Hz,
1H), 7.44-7.40 (m, 1H), 7.32-7.19 (m, 8H), 7.09-7.07 (m, 4H), 6.96 (t, J = 8.8 Hz, 2H), 2.31
(s, 3H) ppm;*C NMR (100 MHz, CDCls): 6 = 162.8 (d, J = 247.3 Hz), 144.7, 137.3, 135.7,
135.2, 133.9 (d, J = 8.6 Hz),132.4,130.3, 129.8, 129.4, 128.3,127.1, 126.8, 125.3, 125.0,
124.3, 120.0, 116.2, 114.5 (d, J = 21.2), 21.5 ppm; '"F NMR(376 MHz, CDCl;): 6 = -112.4
ppm; HRMS (ESI): exact mass calculated for [M+Na]" (C,;H,0FNO,SNa") requires m/z
464.1091, found m/z 464.1095.

2-(4-chlorophenyl)-3-phenyl-1-tosyl-1H-indole (3fa)
Ph

N

Ts
16h, 98% yield, 'HNMR (400 MHz, CDCls): 0= 8.39 (d, J = 8.4 Hz, 1H), 7.46-7.39 (m, 2H),
7.32 (d, J = 8.4 Hz, 2H), 7.28-7.21 (m, 6H), 7.09-7.05 (m, 4H), 2.31 (s, 3H) 3C NMR (100
MHz, CDCL3): 6 = 144.8, 137.4, 135.5, 135.1, 134.6, 133.3, 132.3, 130.5,
129.8, 129.4, 129.4, 128.4, 127.7, 127.2, 126.9, 125.5, 125.4, 124.4, 120.1, 116.3, 21.6 ppm;
HRMS (ESI): exact mass calculated for [M+Na]" (C;H»,CINO,SNa") requires m/z 480.0795,
found m/z 480.0800.

2-(3-methoxyphenyl)-3-phenyl-1-tosyl-1H-indole (3ga)

Ph OMe
O~

N

Ts

16h, 99% yield, 'THNMR (400 MHz, CDCLy): 6= 8.40 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 8.0 Hz,
1H), 7.42-7.35 (m, 3H), 7.28 (d, ] = 7.2 Hz, 1H), 7.23-7.18 (m, 3H), 7.15 (d, J = 7.6 Hz, 1H),
7.11-7.05 (m, 4 H), 6.88 (dd, J = 2.4 Hz, J = 7.6 Hz, 1H), 6.83-6.79 (m, 2H), 3.69 (s, 3H),
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2.29 (s, 3H) ppm; 3C NMR (100 MHz, CDCls): 6 = 158.5, 144.6, 137.3, 136.6, 135.3, 132.7,
132.1,129.8, 129.3, 128.3, 128.2, 127.0, 125.2, 124.7, 124.2, 120.1, 117.5, 116.3, 114.6, 55.2,
21.6 ppm; HRMS (ESI): exact mass calculated for [M+Na]" (C,3H,3sNO;SNa‘) requires m/z
476.1291, found m/z 476.1295.

2-(naphthalen-2-yl)-3-phenyl-1-tosyl-1H-indole (3ha)
Ph

Cr0-

N

Ts
16h, 99% yield, 'HNMR (400 MHz, CDCls): 6= 8.44 (d, J= 8.0 Hz, 1H), 7.84 (d, J= 8.4 Hz,
1H), 7.76 (d, J = 8.4 Hz, 1H), 7.67 (d, J=8.0 Hz, 1H), 7.60 (s, 1H), 7.52-7.41 (m, 6H), 7.30 (t,
J=28.0 Hz, 2H), 7.17-7.09 (m, 5H), 7.03 (d, /= 8.0 Hz, 2H), 2.30 (s, 3H) ppm;*C NMR (100
MHz, CDCl;): 6 = 144.6, 137.4, 136.7, 135.3, 133.0, 132.6, 132.5, 131.4, 130.6, 129.9, 129.7,
129.3, 128.5, 128.3, 128.2, 127.8, 127.0, 126.7, 126.6, 126.1, 125.3, 125.2, 124.3, 120.1,
116.3, 21.6 ppm; HRMS (ESI): exact mass calculated for [M+Na]" (C;;H,3sNO,SNa*) requires
m/z 496.1342, found m/z 496.1345.

3-phenyl-2-(thiophen-3-yl)-1-tosyl-1H-indole (3ia)

Ph
\ ~T
NGNS
Ts

16h, 73% yield, 'HNMR (400 MHz, CDCls): 6= 8.41 (d, J= 8.4 Hz, 1H), 7.49 (d, J= 7.6 Hz,
1H), 7.42-7.38 (m, 1H), 7.35-7.33 (m, 2H), 7.29-7.21 (m, 5H), 7.13-7.10 (m, 2H), 7.08-7.06
(m, 3H), 6.99 (dd, J= 1.2 Hz, J= 3.2 Hz, 1H) 2.30 (s, 3H) ppm; '*C NMR (100 MHz, CDCl5):
0 =144.6, 137.3, 135.5, 132.8, 131.7, 131.3, 130.6, 130.1, 129.7, 129.4, 128.3, 127.9, 127.1,
126.9, 125.3, 125.1, 124.1, 1239, 112.0, 116.1, 21.6 ppm; HRMS (ESI): exact mass
calculated for [M+Na]" (C,sH;9NO,S,Na*) requires m/z 452.0749, found m/z 452.0753.

3-phenyl-2-(thiophen-2-yl)-1-tosyl-1H-indole (3ja)

Ph
AN\ /|
N S
Ts

16h, 91% yield, 'HNMR (400 MHz, CDCls): 6= 8.40 (d, J = 8.8 Hz, 1H), 7.49 (d, J= 8.0 Hz,
1H), 7.44-7.42 (m, 3H), 7.36 (dd, J = 1.6 Hz, J = 4.2 Hz, 1H), 7.28-7.25 (m, 4H), 7.20-7.18
(m, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.05 (dd, /= 0.8 Hz, J= 3.2 Hz, 1H), 4.29 (s, 2H), 6.99 (dd,
J=3.6 Hz, J= 5.2 Hz, 1H), 2.32 (s, 3H) ppm; *C NMR (100 MHz,CDCl;): 0 = 144.7, 137 .4,
135.5, 132.5, 132.2, 131.0, 129.8, 129.7, 129.4, 128.9, 128.3, 128.2, 127.3, 127.0, 126.3,
125.6, 124.1, 120.2, 116.0, 21.6 ppm; HRMS (ESI): exact mass calculated for [M+Na]*
(CysH9NO,S;Nat) requires m/z 452.0749, found m/z 452.0750.
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5-methyl-2,3-diphenyl-1-tosyl-1H-indole (3ka)
Ph
N
Ts
16h, 91% yield, 'HNMR (400 MHz, CDCls): 6 = 8.27 (d, /= 8.4 Hz, 1H), 7.32 (d, /= 8.0 Hz,
3H), 7.28-7.18 (m, 9H), 7.08-7.05 (m, 4H), 2.39 (s, 3H), 2.30 (s, 3H) ppm; 3C NMR (100
MHz,CDCl;): 6 = 144.5, 137.0, 135.5, 135.3, 133.9, 132.8, 132.1, 131.0, 130.8, 129.9, 129.3,

128.4, 128.2, 127.3, 126.9, 126.6, 119.8, 116.0, 21.6, 21.3 ppm; HRMS (ESI): exact mass
calculated for [M+Na]" (C,sH23NO,SNa") requires m/z 460.1342, found m/z 460.1346.

2-(4-fluorophenyl)-5-methyl-3-phenyl-1-tosyl-1H-indole (31a)

Cry-O
N
Ts

16h, 53% yield, 'HNMR (400 MHz, CDCls): 6= 8.26 (d, J = 8.8 Hz, 1H), 7.30 (d, J= 8.0 Hz,
2H), 7.26-7.18 (m, 7H), 7.08-7.05 (m, 4H), 6.96 (t, J = 8.4 Hz, 2H), 2.40 (s, 3H), 2.31 (s, 3H)
ppm; *C NMR (100 MHz,CDCls): 0 = 162.8 (d, J = 247.4 Hz), 144.6, 135.8, 135.5, 135.3,
134.0, 133.8 (d, J = 8.5 Hz), 132.6, 130.6, 129.8, 129.3, 128.3, 127.0, 126.8 (t, /= 10.8 Hz),
125.0, 119.8, 116.0, 114.5 (d, J=21.2 Hz), 21.6, 21.3 ppm; ’F NMR(376 MHz, CDCl;): 6 =
-112.5 ppm; HRMS (ESI): exact mass calculated for [M+Na]* (CysH»,FNO,SNa") requires
m/z 478.1247, found m/z 478.1249.

2-(4-chlorophenyl)-5-fluoro-3-phenyl-1-tosyl-1H-indole ( 3ma)

F
N

Ts

16h, 97% yield, '"HNMR (400 MHz, CDCls): 6= 8.34 (dd, J = 4.8 Hz, J = 9.2 Hz, 1H), 7.30-
7.23 (m, 7H), 7.18-7.08 (m, 6H), 7.04-7.01 (m, 2H), 2.32 (s, 3H) ppm; *C NMR (100
MHz,CDCl;): 6 = 160.4 (d, J = 240.1 Hz), 146.0, 137.2, 134.8 (d, J = 5.8 Hz), 133.6, 133.2,
131.8, 131.7 (d, J=9.5 Hz), 129.6, 129.5, 129.1, 128.5, 127.7, 127.4, 126.8, 125.2 (d, /= 3.6
Hz), 117.7 (d, J = 9.1 Hz), 113.3 (d, J = 25.3 Hz), 106.7 (d, J = 24.4 Hz), 21.6 ppm; °F
NMR(376 MHz, CDCl;): 6 = -118.1 ppm; HRMS (ESI): exact mass calculated for [M+H]*
(Cy7H,0CIFNO,S™) requires m/z 476.0882, found m/z 476.0876.

2-([1,1'-biphenyl]-4-yl)-5-fluoro-3-phenyl-1-tosyl-1H-indole (3na)



F
\Ph
N

Ts

16h, 99% yield, 'THNMR (400 MHz, CDCl;): 6= 8.36 (dd, J = 4.8 Hz, J= 10.0 Hz, 1H), 7.65-
7.63 (m, 2H), 7.54-7.51 (m, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.37-7.30 (m, 5H), 7.24-7.20 (m,
3H), 7.15-7.07 (m, 6H), 2.32 (s, 3H) ppm; 3C NMR (100 MHz,CDCl;): 6 = 160.4 (d, J =
240.1 Hz), 144.8, 141.1, 140.3, 138.4, 134.9, 132.4, 132.2, 131.9 (d, I = 9.9 Hz), 129.7, 129.5,
129.4, 128.8, 128.4, 127.6, 127.3, 127.1, 127.0, 125.9, 124.9 (d, /= 4.1 Hz), 117.7 (d, J=9.1
Hz), 105.6 (d, J = 24.3 Hz),21.6ppm; °F NMR(376 MHz, CDCls): 6 =-103.9 (d, J = 277.5
Hz), -109.3 (d, J = 277.5 Hz) ppm; HRMS (ESI): exact mass calculated for [M+Na]*
(C33H,4FNO,SNa*) requires m/z 540.1404, found m/z 540.1408.

5-chloro-2,3-diphenyl-1-tosyl-1H-indole (30a)

Cl
\ O
N

Ts

16h, 99% yield, 'HNMR (400 MHz, CDCls): 6= 8.33 (d, J = 8.8 Hz, 1H), 7.44 (s, 1H), 7.37-
7.33 (m, 2H), 7.29 (m, 4H), 7.21-7.20 (m,4H), 7.07 (dd, J = 8.4 Hz, J = 14 Hz, 4H), 2.32 (s,
3H) ppm; 3C NMR (100 MHz,CDCl,): 6 = 144.9, 138.2, 135.6, 135.1, 132.0, 132.0, 131.7,
130.4, 130.1, 129.7, 129.4, 128.8, 128.4, 127.4, 127.2, 126.9, 125.3, 124.1, 119.6, 117.4, 21.6
ppm °F NMR(376 MHz, CDCl;): 6 =-101.4 (d, J=283.1 Hz), -107.3 (d, J= 283.1 Hz) ppm;
HRMS (ESI): exact mass calculated for [M+Na]" (C;H»,CINO,SNa") requires m/z 480.0795,
found m/z 480.0796.

5-chloro-2-(4-fluorophenyl)-3-phenyl-1-tosyl-1H-indole (3pa)

Cl
CO-O
N
Ts
16h, 80% yield, 'HNMR (400 MHz, CDCls): 6 = 8.33 (d, J = 8.8 Hz, 1H), 7.43 (d, J=2.0 Hz,

1H), 7.37 (dd, J = 2.0 Hz, J = 8.8 Hz, 1H), 7.29-7.17 (m, 7H), 7.10 (d, J = 8.0 Hz, 2H), 7.05-
7.03 (m, 2H), 6.97 (t, J = 8.8 Hz, 2H), 2.33 (s, 3H) ppm; 3C NMR (100 MHz,CDCLy): & =
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163.0 (d, J=247.8 Hz), 145.1, 137.0, 135.3 (d, J = 52.4 Hz), 133.9 (d, J = 8.2 Hz), 131.7 (d,
J=19.9 Hz), 130.2, 129.7, 129.5, 128.5, 127.4, 126.9, 126.4, 125.5, 119.7, 117.4, 114.6 (d, J
= 21.7 Hz), 21.6 ppm; '°F NMR(376 MHz, CDCl;): 6 = -118 (s) ppm; HRMS (ESI): exact
mass calculated for [M+Na]" (Cy;H;sCIFNO,SNa") requires m/z 498.0701, found m/z
498.0705.

2,3-diphenyl-1-tosyl-1H-indole (3aa)

0
CI—~O

Ts
16h, 99% yield, 'THNMR (400 MHz, CDCLy): 6= 8.41 (d, J = 8.4 Hz, 1H), 7.48 (d, J = 8.0 Hz,
1H), 7.42-7.38 (m, 1H), 7.35-7.18 (m, 8H), 7.09-7.05 (m, 4H), 2.30 (s, 3H) ppm; 3C NMR
(100 MHz,CDCly): § = 144.6, 137.3, 136.9, 135.3, 132.7, 132.1, 130.9, 130.5, 129.9, 129.3,

128.5, 128.2, 127.3, 127.0, 125.2, 124.2, 120.0, 116.3, 21.6 ppm; HRMS (ESI): exact mass
calculated for [M+Na]" (C,;H,;NO,SNa") requires m/z 446.1185, found m/z 446.1187.

3-(4-fluorophenyl)-2-phenyl-1-tosyl-1H-indole (3ab)

Ts

16h, 74% yield, '"HNMR (400 MHz, CDCls): 6= 8.41 (dd, J = 4.0 Hz, J = 8.4 Hz, 1H), 7.45-
7.40 (m, 2H), 7.37-7.32 (m, 3H), 7.31-7.27 (m, 3H), 7.24-7.21 (m, 1H), 2.31 (s, 3H), ppm;
3C NMR (100 MHz,CDCl;): 6 = 161.8 (d, J=245.1 Hz), 144.7 (d, ] = 2.7 Hz), 137.2, 136.9,
135.4, 132.1, 131.5 (d, J = 8.1 Hz), 130.8, 130.3, 129.4, 128.6, 127.4, 127.0, 125.3, 124.3,
123.7, 119.8, 116.2, 115.3 (d, J = 21.2 Hz), 21.6 ppm; °F NMR(376 MHz, CDCl;): 6 = -
114.8 (s) ppm; HRMS (ESI): exact mass calculated for [M+Na]* (C,7H0FNO,SNa") requires
m/z 464.1091, found m/z 464.1098.

ethyl 4-(2-phenyl-1-tosyl-1H-indol-3-yl)benzoate (3ac)



Ts

16h, 77% yield, 'HNMR (400 MHz, CDCl;): 6= 8.42 (dd, /= 8.4 Hz, 1H), 7.90 (d, J = 8.0 Hz,
J=18.4 Hz, 2H), 7.49-7.39 (m, 2H), 7.39-7.25 (m, 6H), 7.17-7.07 (m, 5H), 4.36 (q, J = 7.2Hz,
2H), 2.32 (s, 3H), 1.39 (t, /= 7.2 Hz, 3H) ppm; *C NMR (100 MHz,CDCl): 6 = 166.4, 144.8,
137.7, 137.4, 137.2, 135.4, 132.1, 131.6, 130.5, 129.8, 129.6, 129.5, 129.1, 128.9, 128.8,
128.6, 127.5, 127.3, 127.0, 125.4, 124.6, 124.4, 123.6, 120.4, 119.7, 116.2, 61.0, 21.6, 14.3
ppm; HRMS (ESI): exact mass calculated for [M+Na]* (Cs;oHysNO4SNa*) requires m/z
518.1397, found m/z 518.1400.

2,3-bis(4-fluorophenyl)-5-methyl-1-tosyl-1H-indole (3ad)
F

C-O-
N

Ts

16h, 90% yield, 'HNMR (400 MHz, CDCls): 6= 8.19 (d, J= 8.4 Hz, 1H), 7.23 (d, J= 8.4 Hz,
2H), 7.17-7.15 (m, 1H), 7.12-7.09 (m, 3H), 7.01 (d, J = 8.4 Hz, 2H), 6.97-6.84 (m, 6H), 2.33
(s, 3H), 2.24 (s, 3H) ppm; 3C NMR (100 MHz,CDCl;): 6 = 162.3 (dd, J = 104.3 Hz, J =
247.4 Hz), 144.7,135.9, 135.3 (d, J = 11.3 Hz), 134.1, 133.8 (d, ] = 8.1 Hz), 131.4 (d, ] = 8.1
Hz), 130.4, 129.4, 128.5 (d, ] = 3.2 Hz), 126.8, 126.8, 123.9, 119.6, 116.0, 115.0 (dd, J = 21.2
Hz, J=81.2 Hz), 21.6, 21.3 ppm; '°F NMR(376 MHz, CDCl;): 6 = -112.2 (s), -114.6 (s) ppm;
HRMS (ESI): exact mass calculated for [M+Na]* (C,sH,F,NO,SNa*) requires m/z 496.1153,
found m/z 496.1153.

2-(4-chlorophenyl)-5-fluoro-3-(4-fluorophenyl)-1-tosyl-1H-indole (3ae)



16h, 93% yield, 'HNMR (400 MHz, CDCl,;): 6= 8.26 (dd, J=4.4 Hz, J=9.2 Hz, 1H), 7.33 (d,
J=4.8 Hz, 1H), 7.22-7.13 (m, 3H), 7.08-7.06 (m, 3H), 7.03-6.96 (m, 4H), 6.94-6.84 (m, 3H),
2.25 (s, 3H) ppm; 3C NMR (100 MHz,CDCl3): 6 = 161.2 (dd, J = 162.9 Hz, J = 246.0 Hz),
145.1, 137.3, 134.9 (d, J=20.3 Hz), 133.5, 133.2, 131.5, 131.3 (d, /= 8.1 Hz), 129.5, 129.4,
128.9, 127.9, 127.8, 126.8, 126.7, 124.1 (d, J = 3.7 Hz), 117.7 (d, = 9.1 Hz), 115.7 (d, J =
21.2 Hz), 113.4 (d, J = 24.6 Hz), 105.5 (d, J = 24.4 Hz), 21.6 ppm; '"F NMR(376 MHz,
CDClL): 0 = -113.9 (s), -118.0 (s) ppm; HRMS (ESI): exact mass calculated for [M+Na]*
(Cy7H3CIF,NO,SNa*) requires m/z 516.0607, found m/z 516.0610.

5-chloro-2,3-bis(4-fluorophenyl)-1-tosyl-1H-indole (3af)
F

Cl
Cr-O-
N
Ts

16h, 99% yield, '"HNMR (400 MHz, CDCls): 6= 8.25 (dd, /= 0.8 Hz, J = 8.4 Hz, 1H), 7.31-
7.28 (m, 2H), 7.21-7.17 (m, 2H), 7.11-7.08 (m, 2H), 7.03 (d, J = 8.0 Hz, 2H), 6.95-6.84 (m,
6H), 2.26 (s, 3H) ppm; '3C NMR (100 MHz,CDCl3): 6 = 162.5 (dd, J = 105.6 Hz, J = 248.3
Hz), 145.2, 137.1, 135.5, 135.1, 133.9 (d, J = 8.6 Hz), 131.4 (d, J = 8.2 Hz), 130.2, 129.5,
127.7 (d, J = 3.2 Hz), 126.9, 126.2 (d, J = 3.6 Hz), 125.6, 123.3, 21.6 ppm; HRMS (ESI):
exact mass calculated for [M+Na]" (C,;H;sCIF,NO,SNa") requires m/z 516.0607, found m/z

516.0608.

ethyl 4-(2-(4-fluorophenyl)-5-methyl-1-tosyl-1 H-indol-3-yl)benzoate (3ag)
COOEt

Cr-O-
N
Ts

16h, 72% yield, 'HNMR (400 MHz, CDCls): 0= 8.28 (d, J = 8.4 Hz, 1H), 7.93-7.90 (m, 2H),
7.30 (d, J= 8.4 Hz, 2H), 7.26-7.23 (m, 2H), 7.20-7.13 (m, 4H), 7.09 (d, J = 8.0 Hz, 2H), 6.97
(t,J=8.4 Hz, 2H), 4.35 (q, J = 7.2 Hz, 2H), 2.41 (s, 3H), 2.32 (s, 3H), 1.37 (t, /= 7.2 Hz, 3H)
ppm; C NMR (100 MHz,CDCls): 6 = 166.4, 164.8 (dd, J = 47.4 Hz, J = 264.0 Hz), 137.7,
137.6, 136.3, 136.3, 135.4 (d, J = 18.5 Hz), 134.2, 133.9 (d, /= 7.9 Hz), 129.9, 129.9, 129.8,
129.8, 129.6, 129.5, 129.4, 129.0, 128.6, 126.9, 126.8, 126.6 (d, J = 3.6 Hz), 123.9, 119.6,
116.0, 114.7 (d, J = 21.7 Hz), 61.0, 21.6, 21.4, 14.3 ppm; '°F NMR(376 MHz, CDCl3): ¢ = -
111.9 (s) ppm; HRMS (ESI): exact mass calculated for [M+Na]* (C3;HyFNO4SNa*) requires
m/z 550.1459, found m/z 550.1461.



ethyl 4-(2-([1,1'-biphenyl]-4-yl)-5-fluoro-1-tosyl-1H-indol-3-yl)benzoate (3ah)
COOEt

F
N
Ts

16h, 75% yield, 'HNMR (400 MHz, CDCl;): 0= 8.38 (dd, J = 4.4 Hz, J = 9.2 Hz, 1H), 7.92
dd, J = 3.6 Hz, ] = 8.4 Hz, 1H), 7.66-7.62 (m, 3H), 7.54 (d, J = 8.4 Hz, 2H), 7.46 (t, J = 7.2
Hz, 2H), 7.37 (d, J= 7.2 Hz, 1H), 7.33 (d, /= 8.0 Hz, 2H), 7.28 (d, /= 8.0 Hz, 2H), 7.18-7.09
(m, 6H), 4.34 (q, J = 7.2 Hz, 2H), 2.33 (s, 3H), 1.35 (t, J= 7.2 Hz, 3H) ppm; *C NMR (100
MHz,CDCl;): 0 = 166.3, 163.5 (dd, J=47.4, J=520.2 Hz), 145.0, 141.5, 140.2, 138.9, 137.2,
134.9, 133.6, 132.4, 132.1, 131.1 (d, J = 9.5 Hz), 129.7, 129.6, 129.5, 129.2, 129.0, 129.0,
128.9, 127.7, 127.3 (d, J = 2.8 Hz), 127.1, 127.0, 126.1, 123.7 (d, J = 3.6 Hz), 117.7 (d, ] =
9.1 Hz), 113.3 (d, ] = 24.9 Hz), 105.4 (d, J = 24.4 Hz), 61.0, 21.6, 14.3 ppm; '°F NMR(376
MHz, CDCL): 6 = -116.7 (s) ppm; HRMS (ESI): exact mass calculated for [M+Na]*
(C36H23FNO,SNa*) requires m/z 612.1615, found m/z 612.1618.

References:

1. P. Hanson, J. Jones, A. Taylor, P. H. Walton and A. W. Timms, J. Chem. Soc., Perkin
Trans 2,2002, 1135.

2.J. Helaja et. al, Angew. Chem. Int. Ed. 2013, 52, 11835.

Copies '"H NMR, 3C NMR, F NMR
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