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1. General Information:

Unless otherwise noted, all reactions were carried out under the air atmosphere;
materials obtained from commercial suppliers were used directly without further
purification. "H NMR spectra, '>*C NMR spectra, and '°F NMR spectra were recorded
on Agilent 400 or Bruker 400 MHz spectrometer in CDCI3. NMR experiments are
reported in J units, parts per million (ppm), and were referenced to CDCl3 (6 7.26 or
77.0 ppm) as the internal standard. The data is being reported as (s = singlet, d = doublet,
dd = doublet of doublet, t = triplet, m = multiplet or unresolved, br = broad signal,
coupling constant(s) in Hz, integration). All the solvents were used directly without
further purification. Reactions were monitored by TLC. Flash column chromatography
was performed on silica (particle size 300-400 mesh ASTM, purchased from Yantai,
China) and eluted with petroleum ether/ethyl acetate. Copies of NMR were processed
with MestReNova Software. Note, Pd(OAc), was purchased from Bide Pharmatech Ltd.
Dpephos and Cs>CO3 were purchased from energy chemical. Toluene was purchased
from Sinopharm Chemical Reagent Co., Ltd. All the N-aminoindole according to the

literature,'? and synthesis of ortho-iodoaryl allene according to the literature.>>
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2. General procedure:

N
R?NH Ll 10 mol% Pd(OAc), \ @
; . 12 mol% Dpephos R2
J =
N

1.5 equiv Cs,CO4 )

:
R
% ', Toluene, 60 °C, Ar, 24 h N
Ve

R
1 2 3-4

A sealed tube (10 mL) equipped with a magnetic stir bar was charged with
Pd(OAc): (6.7 mg, 0.030 mmol, 0.10 equiv), Dpephos (19.4 mg, 0.036 mmol, 0.12
equiv), Cs2COs3 (146.7 mg, 0.45 mmol, 1.5 equiv), N-aminoindole 1 (0.30 mmol, 1.0
equiv), ortho-iodoaryl allene 2 (0.36 mmol, 1.2 equiv) and 2.0 mL toluene were added
sequentially. Degassed toluene and backfilled with argon for 3 times (3 x1 min) at -78
°C. Under argon atmosphere, the reaction mixture was stirred at 60 °C for 24 h by use
of module heating. After completion of the reaction (monitored by TLC), the mixture
was concentrated in vacuum and the residue was purified by flash column
chromatography on silica gel with petroleum ether-ethyl acetate as eluent to give the

desired products 3-4.
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3. Table S1. Optimization of reaction conditions:

N
tB“_(ONH Hl [Pd], Ligand tB“/ZZ)Nj\D
N NJ Base, Solvent g N
mcozEt Lo 60 °C. Ar, 24 h mCOQEt
2a 3a
Entry Ligand Pd catalyst Base Solvent Yield (%)°

1° Dpephos Pd>(dba)s Cs2COs Toluene 84
2° PPh; Pd>(dba)s Cs2COs3 Toluene 83
3¢ Xphos Pd>(dba)s Cs2COs Toluene trace
4¢ Dppf Pdx(dba)s Cs2COs;  Toluene 34
5¢ -- Pd>(dba)s Cs2COs3 Toluene 0
6 Dpephos Pd(OAC)2 Cs2CO;  Toluene 92
7° Dpephos PdCl> Cs2CO3  Toluene trace
8 Dpephos Pd(acac)2 Cs2CO;  Toluene 80
9 Dpephos -- Cs2COs Toluene trace
10 Dpephos Pd(OAC): CsOAc Toluene 30
11 Dpephos Pd(OAC)2 K2COs3 Toluene 53
12 Dpephos Pd(OAc)2 NaO'Bu  Toluene 41
13 Dpephos Pd(OACc) Cs2C0; CHsCN 77
14 Dpephos Pd(OAC)2 Cs2CO3 DCE 38
15 Dpephos Pd(OAC) Cs2C0; THF 90
16¢ Dpephos  Pd(OAC): Cs:CO;  Toluene 21
17¢ Dpephos Pd(OAC)2 Cs2CO3  Toluene 89

¢ Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), Pd catalyst (10 mol%), ligand (12 mol%),
base (1.5 equiv), in the solvent (2.0 mL) at 60 °C under Ar for 24 h. ? Isolated yield. ¢ Pd catalyst
(5 mol%) was used. “under air for 24 h. “1a (0.3 mmol), 2a (0.36 mmol), Pd catalyst (10 mol%),
ligand (12 mol%), Cs>COs (1.5 equiv.), in the solvent (2.0 mL) at 60 °C under Ar for 24 h.
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4. Gram-scale synthesis of 3a

Boc\
o) N
,Bu_/< | || 10 mol% Pd(OAc), o &
NH . /U 12 mol% Dpephos /[<
i N 1.5 equiv Cs,CO; Bu N
N

N
mcozEt Boc  Toluene, 60 °C, Ar, 24 h
mcozEt

1a 2a 3a
3 mmol 3.6 mmol 1.1456 g, 74% yield

An 100 mL Schlenk tube was charged with Pd(OAC). (64.7 mg, 0.3 mmol, 0.1
equiv), Dpephos (193.9 mg, 0.36 mmol, 0.12 equiv), Cs2CO;3 (1.4662 g, 4.5 mmol, 1.5
equiv), 1a (865.0 mg, 3 mmol, 1.0 equiv), 2a (1.2859 g, 3.6 mmol, 1.2 equiv) and
toluene (20 mL) were added sequentially. Degassed toluene and backfilled with argon
for 3 times (3 x 1 min) at -78 °C. The reaction mixture was stirred at 80 °C for 24 h.
After completion of the reaction (monitored by TLC), the mixture was concentrated in
vacuum and the residue was purified by flash column chromatography on silica gel with
petroleum ether-ethyl acetate as eluent to give the desired product 3a 1.1456 g in 74%

yield.
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5. Characterization data for the product
tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-1 H-
indole-1-carboxylate (3a)

Boc\
N
0 5\1 j
tBu/Z<
N
N
mcozEt

3a

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3a (138.2 mg, 89% yield) as a white solid. Mp: 103-105 °C.

'"H NMR (CDCls, 400 MHz) $ 8.02 (d, /= 7.6 Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H), 7.49
(d,J=7.6 Hz, 1H), 7.29-7.24 (m, 2H), 7.18 (t, /= 7.2 Hz, 1H), 7.10-7.02 (m, 2H), 6.77
(d, J=17.6 Hz, 2H), 5.38 (d, /= 14.8 Hz, 1H), 4.67 (d, /= 14.8 Hz, 1H), 4.08 (q, J =
6.8 Hz, 2H), 1.56 (s, 9H), 1.27 (t, J= 7.2 Hz, 3H), 1.04 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.4, 160.1, 149.1, 139.3, 135.1, 129.8, 128.3, 126.7,
125.7, 124.4, 123.6, 122.6, 122.5, 121.9, 119.6, 114.8, 114.7, 111.4, 111.3, 83.4, 60.9,
44.8,41.0, 28.7, 28.0, 14.1;

HRMS Calcd (ESI) m/z for C30H3sN3Os [M + H]": 518.2649, found: 518.2645;

Intens. +MS, 1.08min #64
x105 ]
1.50 7 518.2645
1.25 ]
1.00
0.75
0.50 ] 519.2676
0.25
0.00 -] : - : : T T
517.0 517.5 518.0 518.5 519.0 519.5 miz
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-5-methoxy-1H-indol-1-
yDpivalamido)methyl)-1H-indole-1-carboxylate (3b)

B\oc
N
o \
tBul<
N
N
/ CO,Et
MeO

3b
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:12) give
the product 3b (145.2 mg, 88% yield) as a white solid. Mp: 116-118 °C.
'H NMR (CDCls, 400 MHz) § 8.02 (d, J= 7.2 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.29-
7.26 (m, 1H), 7.21-7.17 (m, 2H), 6.97 (d, J = 2.0 Hz, 1H), 6.80 (s, 1H), 6.70 (dd, J; =
9.2 Hz, J>=2.4 Hz, 1H), 6.64 (d, J= 8.8 Hz, 1H), 5.40 (d, /= 14.8 Hz, 1H), 4.61 (d, J
=14.4 Hz, 1H), 4.09 (q, /= 7.2 Hz, 2H), 3.79 (s, 3H), 1.57 (s, 9H), 1.27 (t, J= 6.8 Hz,
3H), 1.04 (s, 9H).
13C NMR (CDCls, 100 MHz) 6 179.4, 160.1, 155.3, 149.1, 135.1, 134.5, 129.8, 128.4,
126.7, 124.4, 124.0, 122.6, 119.5, 116.9, 114.8, 114.7, 112.2, 110.9, 102.5, 83.4, 60.8,
554,448, 41.0, 28.6, 28.0, 14.1,
HRMS Calcd (ESI) m/z for C31H3sN306 [M + H]™: 548.2755, found: 548.2757;

Imenss i +MS, 1.13min #67
x10° ]

548.2757
1.5
1.0 H

549.2796
0.5+

0.0

T T T T T T T T
546.5 547.0 547.5 548.0 548.5 549.0 549.5 mz
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-5-fluoro-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3c)

B\oc
N
O \\
tBu’(
N
N
F

3c
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3¢ (127.7 mg, 79% yield) as a white solid. Mp: 116-118 °C.
'H NMR (CDCls, 400 MHz) & 8.02 (d, J= 8.0 Hz, 1H), 7.48 (d, /= 7.6 Hz, 1H), 7.30-
7.17 (m, 4H), 6.78-6.73 (m, 2H), 6.63 (dd, J; =9.2 Hz, J>=4.4 Hz, 1H), 549 (d, J =
14.4 Hz, 1H), 4.56 (d, J = 14.4 Hz, 1H), 4.21-4.09 (m, 2H), 1.57 (s, 9H), 1.30 (t, J =
7.2 Hz, 3H), 1.03 (s, 9H);
13C NMR (CDCls, 100 MHz) & 179.3, 159.8, 158.5 (d, J = 237.5 Hz), 149.1, 135.9,
135.1, 129.7, 129.5, 126.7 (d, J = 4.0 Hz), 124.5, 123.6 (d, /= 10.4 Hz), 122.7, 119.4,
114.8 (2C), 114.5,112.4,111.0, 106.8 (d,J=22.7 Hz), 83.5, 61.1,44.8, 41.0, 28.6, 28.0,
14.1;
1F NMR (CDCls, 376 MHz) 5 -121.4;
HRMS Calcd (ESI) m/z for C30H3sFN30s [M + H]": 536.2555, found: 536.2557;

Intens. |
x105
1.2 4

+MS, 2.46min #146

536.2557

1.0 H

0.8

0.6 4

0.4 537.2594

0.2 4

0.0

T T T T T T T T
534.5 535.0 535.5 536.0 536.5 537.0 537.5 mz

S8



tert-butyl 3-((N-(5-chloro-2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3d)

B\oc
N
0O N\
tBuj<
N
/
N
/ CO,Et
Cl

3d

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3d (142.5 mg, 86% yield) as a white solid. Mp: 122-124 °C.

TH NMR (CDCls, 400 MHz) & 8.02 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 1.6 Hz, 1H), 7.50
(d, J=17.6 Hz, 1H), 7.28 (t, J = 7.6 Hz, 1H), 7.22-7.18 (m, 2H), 6.94 (dd, J; = 8.8 Hz,
J2>=1.6 Hz, 1H), 6.75 (s, 1H), 6.60 (d, J = 8.8 Hz, 1H), 5.50 (d, /= 14.8 Hz, 1H), 4.54
(d, J=14.4 Hz, 1H), 4.20-4.08 (m, 2H), 1.57 (s, 9H), 1.29 (t, /= 7.2 Hz, 3H), 1.01 (s,
9H);

13C NMR (CDCls, 100 MHz) 6 179.2, 159.8, 149.1, 137.7, 135.1, 129.7, 129.2, 127.4,
126.7,126.1, 1245, 124.2, 122.7, 121.6, 119.4, 114.9, 114.5, 112.4, 110.6, 83.6, 61.2,
44.9,41.0, 28.6, 28.0, 14.1;

HRMS Calcd (ESI) m/z for C30H3sCIN3Os [M + H]": 552.2260, found: 552.2262;

ImensA. ] +MS, 3.53min #210
x104 ]

552.2262

2 553.2295

T + T T T T T
551.0 551.5 552.0 552.5 553.0 mz
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tert-butyl 3-((N-(5-bromo-2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3e)

B\oc
N
0 N\
tBul<
N
N
Yy CO,Et
Br

3e
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3e (117.3 mg, 66% yield) as a white solid. Mp: 133-135 °C.
'H NMR (CDCl3, 400 MHz) & 8.02 (d, J = 7.2 Hz, 1H), 7.72 (s, 1H), 7.50 (d, J = 8.0
Hz, 1H), 7.31-7.26 (m, 1H), 7.23-7.18 (m, 2H), 7.07 (d, J = 8.8 Hz, 1H), 6.76 (s, 1H),
6.56 (d, J=8.8 Hz, 1H), 5.50 (d, J=14.4 Hz, 1H), 4.55 (d, /= 14.8 Hz, 1H), 4.19-4.09
(m, 2H), 1.58 (s, 9H), 1.30 (t, J= 7.2 Hz, 3H), 1.01 (s, 9H);
13C NMR (CDCls, 100 MHz) 6 179.3, 159.8, 149.1, 138.0, 135.1, 129.7, 129.1, 128.6,
126.7,124.9, 124.8, 124.6, 122.8, 119.4, 114.9, 114.9, 114.5, 112.8, 110.4, 83.6, 61.2,
44.9,41.0, 28.6, 28.0, 14.1;
HRMS Calcd (ESI) m/z for C30H3sBrN3Os [M + H]™: 596.1755, found: 596.1747,

Intens. | +MS, 0.84min #50
x10% 1

596.1747

24 597.1779

'
y y T T T T T T 1
594.0 594.5 595.0 595.5 596.0 596.5 597.0 597.5 598.0 m/z
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-6-fluoro-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3f)

Boc\
N
O N\
tBu/Z<
N
F N
mcoza

3f

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3f (127.1 mg, 79% yield) as a white solid. Mp: 104-106 °C.

'"H NMR (CDCl3, 400 MHz) 6 8.01 (d, J= 7.6 Hz, 1H), 7.53-7.46 (m, 2H), 7.30-7.26
(m, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.86-6.81 (m, 2H), 6.40 (d, /= 9.2 Hz, 1H), 5.44 (d,
J=14.8 Hz, 1H), 4.60 (d, J = 14.8 Hz, 1H), 4.17-4.09 (m, 2H), 1.58 (s, 9H), 1.29 (t, J
=7.2 Hz, 3H), 1.04 (s, 9H);

13C NMR (CDCls, 100 MHz) & 179.4, 161.7 (d, J = 244.1 Hz), 159.9, 149.1, 139.9,
139.8, 135.0, 129.7, 126.6, 124.5, 123.9 (d, J = 10.2 Hz), 122.7, 119.9, 119.3, 114.9,
1145, 111.5, 111.3,97.7 (d, J=27.4 Hz), 83.5, 61.0, 44.8, 41.0, 28.7, 28.0, 14.1;

19F NMR (CDCls, 376 MHz) 5 -113.6;

HRMS Calcd (ESI) m/z for C30H3sFN3Os [M + H]": 536.2555, found: 536.2554;

Intens.
x104

1.0 A

+MS, 1.83min #109

536.2554

0.8 4

0.6 H

0.4 4

537.2567

0.2

535.2886
0.0 1 1

T + T + T T + T T
535.0 535.5 536.0 536.5 537.0 537.5 mz
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tert-butyl 3-((N-(6-chloro-2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3g)

Boc\
N
0O N\
’Bu/[<
N
of N
mcozEt

39
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3g (127.8 mg, 77% yield) as a white solid. Mp: 126-129 °C.
TH NMR (CDCls, 400 MHz) § 8.02 (d, J = 7.2 Hz, 1H), 7.50-7.46 (m, 2H), 7.30-7.27
(m, 2H), 7.20 (t, /= 7.6 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 6.80 (s, 1H), 6.63 (s, 1H),
5.49 (d, J=14.8 Hz, 1H), 4.55 (d, J = 14.0 Hz, 1H), 4.17-4.11 (m, 2H), 1.58 (s, 9H),
1.30 (t,J=7.2 Hz, 3H), 1.03 (s, 9H);
13C NMR (CDCls, 100 MHz) 6 179.3, 159.9, 149.1, 139.7, 135.0, 132.0, 129.7, 128.9,
126.7, 124.6, 123.4, 122.8 (2C), 121.8, 119.3, 115.0, 114.5, 111.4, 111.2, 83.5, 61.1,
44.8,41.0, 28.7, 28.0, 14.1;
HRMS Calcd (ESI) m/z for C30H34CIN3NaOs [M + Na]*: 574.2079, found: 574.2080;

Intens.—_ +MS, 3.80min #226

B 574.2080
5000

4000 -
3000
2000 4

1000 -
] 573.2867

04 T T T T T T T T T
573.00 573.25 573.50 573.75 574.00 574.25 574.50 574.75 575.00 nmz
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-4-methyl-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3h)

Boc\
N
0 5\1 j
tBu/Z<
N
N
@COZH

Me
3h

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3h (117.4 mg, 74% yield) as a white solid. Mp: 96-99 °C.

TH NMR (CDCls, 400 MHz) 5 8.02 (d, J = 7.6 Hz, 1H), 7.50 (d, J = 7.6 Hz, 1H), 7.32
(s, IH), 7.26 (t,J=9.2 Hz, 1H), 7.18 (t, J= 7.6 Hz, 1H), 6.97 (t, /= 7.6 Hz, 1H), 6.89
(d, J=7.2 Hz, 1H), 6.77 (s, 1H), 6.63 (d, J = 8.4 Hz, 1H), 5.31 (d, J= 14.8 Hz, 1H),
4.71 (d, J=14.4 Hz, 1H), 4.06 (q, J="7.2 Hz, 2H), 2.53 (s, 3H), 1.56 (s, 9H), 1.26 (t,J
=7.2 Hz, 3H), 1.03 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.4, 160.1, 149.2, 139.1, 135.1, 132.1, 129.8, 127.8,
126.7, 126.0, 124.3, 123.6, 122.6, 121.9, 119.6, 114.7 (2C), 109.9, 108.9, 83.3, 60.8,
44.7,41.0,28.7, 28.0, 18.1, 14.1,

HRMS Calcd (ESI) m/z for C31H37N3NaOs [M + Na]": 554.2625, found: 554.2621;

Imensé ] +MS, 0.83min #49
x10

554.2621

1.5
1.0

0.5 555.2641

556.2673

0.0

T T T T T T T
551 552 553 554 555 556 557 mz
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tert-butyl 3-((N-(4-chloro-2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3i)

Boc\
N
0 i\I j
tBu/Z<
N
N
@Qﬂoza

I
c 3i

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3i (140.0 mg, 85% yield) as a white solid. Mp: 122-124 °C.

TH NMR (CDCls, 400 MHz) 5 8.03 (d, J = 7.6 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.40
(s, 1H), 7.28 (t,J=7.2 Hz, 1H), 7.20 (t, J= 7.6 Hz, 1H), 7.08 (d, /= 7.2 Hz, 1H), 6.91
(t, /= 8.0 Hz, 1H), 6.70 (s, 1H), 6.60 (d, J = 8.4 Hz, 1H), 5.47 (d, J = 14.8 Hz, 1H),
4.60 (d,J=14.4 Hz, 1H), 4.21-4.07 (m, 2H), 1.56 (s, 9H), 1.31 (t, J=7.2 Hz, 3H), 1.03
(s, 9H).

13C NMR (CDCls, 100 MHz) 6 179.2, 159.8, 149.0, 140.0, 135.2, 129.7, 128.8, 127.7,
126.7, 126.1, 124.5, 122.7, 122.4, 121.5, 119.4, 114.8, 114.3, 109.9, 109.4, 83.5, 61.2,
44.8,41.0, 28.6, 28.0, 14.1;

HRMS Calcd (ESI) m/z for C30H34CIN3NaOs [M + Na]": 574.2079, found: 574.2081;

ImensA. i +MS, 2.47min #147
x104 4
2.0 574.2081

1.5

1.0 H
575.2114
0.5+

573.2839

0.0 4+ T iy T . T . T . T T T l
573.25 573.50 573.75 574.00 574.25 574.50 574.75 575.00 575.25m/z
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-7-fluoro-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (3j)

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 3j (105.4 mg, 66% yield) as a white solid, Mp: 86-88 °C.

'"H NMR (CDCl3, 400 MHz) 4 8.02 (d, J = 8.0 Hz, 1H), 7.49 (d, J= 7.6 Hz, 1H), 7.36
(s, 1H), 7.29-7.26 (m, 1H), 7.20 (t, J = 7.2 Hz, 1H), 6.97-6.91 (m, 1H), 6.76-6.71 (m,
2H), 6.51 (d,J=8.4 Hz, 1H), 5.43 (d, J=14.4 Hz, 1H), 4.65 (d, J= 14.4 Hz, 1H), 4.18-
4.05 (m, 2H), 1.57 (s, 9H), 1.29 (t, J= 6.8 Hz, 3H), 1.03 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.3, 159.7, 156.7 (d, J = 250.8 Hz), 149.1, 141.4 (d,
J=9.2Hz),135.1,129.7,128.5, 126.7,126.4 (d, /= 7.8 Hz), 124.5, 122.7,119.4, 114.8,
114.3, 113.3 (d, J = 23.2 Hz), 107.3, 107.0, 106.3 (d, J = 18.4 Hz), 83.5, 61.1, 44.7,
41.1, 28.6, 28.0, 14.1;

YF NMR (CDCls, 376 MHz) 6 -120.8,;

HRMS Calcd (EST) m/z for C30H3sFN3Os [M + H]": 536.2555, found: 536.2556;

Intens. 1 +MS, 4.14min #246
x104

E 536.2556
34

537.2591

535.I2644

T T T 1 T T
535.0 535.5 536.0 536.5 537.0 537.5mv/z
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tert-butyl 3-(((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)-4-
methylphenyl)sulfonamido)methyl)-1H-indole-1-carboxylate (3k)

B\oc
N
\

Ts
N

N

mCOZEt
3k

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:10) give
the product 3k (61.0 mg, 35% yield) as a white solid, Mp: 157-159 °C.
TH NMR (CDCls, 400 MHz) & 8.03 (d, J= 7.6 Hz, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.61
(d, J=8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 1H), 7.30 (t, J= 7.2 Hz, 2H), 7.24-7.21 (m, 4H), 7.14
(s, 1H), 6.98 (t,J=17.2 Hz, 1H), 6.87 (t,J= 8.0 Hz, 1H), 6.62 (d, J = 8.4 Hz, 1H), 5.58
(d, J=14.4 Hz, 1H), 5.19 (d, J = 14.4 Hz, 1H), 4.07-3.96 (m, 2H), 2.41 (s, 3H), 1.56
(s, 9H), 1.29 (t,J=7.2 Hz, 3H);
13C NMR (CDCls, 100 MHz) & 160.0, 149.3, 144.1, 140.6, 135.7, 129.6, 129.5, 128.2,
127.8,126.6,125.9, 124.6,123.2,122.8,121.8,121.7,119.4, 115.1, 114.5,112.6, 111.8,
83.7,60.5, 46.6, 28.1, 21.5, 14.1,
HRMS Calcd (ESI) m/z for C32H34N306S [M + H]": 588.2163, found: 588.2165;

Intens. +MS, 1.33min #79

588.2165

3000
2000

1000 —

588.0915

T T T T T T T T
588.05 588.10 588.15 588.20 588.25 588.30 588.35 mz
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tert-butyl 3-((N-(2-(methoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-1H-

indole-1-carboxylate (31)

Boc\
N
0o i\I j
’Bu/z<
N
N
mCOZMe

3l

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 31 (122.0 mg, 81% yield) as a colorless oil.

TH NMR (CDCls, 400 MHz) 5 8.02 (d, J = 7.6 Hz, 1H), 7.60 (d, J = 6.8 Hz, 1H), 7.52
(d,J=7.6 Hz, 1H), 7.29-7.25 (m, 2H), 7.19 (t, /= 7.2 Hz, 1H), 7.12-7.06 (m, 2H), 6.82
(d, J=7.6 Hz, 1H), 6.74 (s, 1H), 5.28 (d, /= 14.8 Hz, 1H), 4.76 (d, J = 14.4 Hz, 1H),
3.59 (s, 3H), 1.56 (s, 9H), 1.03 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.4, 160.4, 149.1, 139.2, 135.1, 129.8, 128.1, 126.8,
125.9, 124.4, 123.6, 122.6 (2C), 122.0, 119.6, 114.8, 114.6, 111.4, 111.2, 83.4, 51.6,
44.6,41.0, 28.7, 28.0;

HRMS Calcd (EST) m/z for C20H34N30s [M + H]": 504.2493, found: 504.2493;

Intens. | +MS, 0.62min #37
x104

504.2493
34

505.2528

1503.1786

04 |. T T T T T t T T
503.25 503.50 503.75 504.00 504.25 504.50 504.75 505.00 505.25 nmz
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tert-butyl 3-((N-(2-phenyl-1H-indol-1-yl)pivalamido)methyl)-1 H-indole-1-

carboxylate (3m)

Boc\
N
o) i\I ]
tBu/Z<
N
N

3m
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:30) give
the product 3m (82.5 mg, 53% yield) as a white solid. Mp: 109-112 °C.
'H NMR (CDCls, 400 MHz) & 7.89 (d, J = 7.6 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.37-
7.31 (m, 3H), 7.22-7.13 (m, 4H), 7.11-7.01 (m, 3H), 6.86 (d, J = 8.0 Hz, 1H), 6.78 (s,
1H), 6.73 (s, 1H), 5.00 (q, J = 14.4 Hz, 2H), 1.59 (s, 9H), 1.11 (s, 9H);
13C NMR (CDCl3, 100 MHz) & 149.1, 139.0, 135.0, 131.6, 130.5, 129.8, 128.2, 127.6,
126.8,126.7,125.7,124.1,122.7,122.5,121.3,120.8, 119.3, 114.7, 114.2, 109.9, 101.9,
83.3,44.5, 41.3, 28.8, 28.1;
HRMS Calcd (ESI) m/z for C33H3¢N303 [M + H]™: 522.2751, found: 522.2752;

ImensA. i +MS, 2.37min #141
x10

522.2752
6

1
T T T T 1 T
521.8 522.0 522.2 522.4 522.6 522.8 mz

518



tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-5-methyl-
1H-indole-1-carboxylate (4a)

tBul< Me

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 4a (154.4 mg, 97% yield) as a white solid. Mp: 99-102 °C.

TH NMR (CDCls, 400 MHz) 5 7.87 (d, J = 7.2 Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.28
(s, 1H), 7.10-7.03 (m, 4H), 6.79-6.77 (m, 2H), 6.78 (d, J = 8.0 Hz, 2H), 5.37 (d, J =
14.8 Hz, 1H), 4.61 (d, J = 14.8 Hz, 1H), 4.12 (q, J = 7.2 Hz, 2H), 2.35 (s, 3H), 1.55 (s,
9H), 1.29 (t,J=17.2 Hz, 3H), 1.04 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.4, 160.2, 149.2, 139.4, 133.3, 132.0, 130.0, 128.3,
126.8,125.7 (2C), 123.6,122.4,121.9,119.2,114.4,114.3,111.4 (2C), 83.2, 60.9, 44.8,
41.0,28.7, 28.1, 21.3, 14.1;

HRMS Calcd (ESI) m/z for C31H3sN30s [M + H]": 532.2806, found: 532.2802;

Intens. 7 +MS, 3.30min #196
x105]

532.2802
1.25
1.00
0.75 4
533.2836

0.50 -

0.25 4

0.00 -

T T T T T T T T T T
531.25 531.50 531.75 532.00 532.25 532.50 532.75 533.00 533.25 nmz
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-5-
methoxy-1H-indole-1-carboxylate (4b)

Boc\
N
0O \
tBu/Z< >;©\OM6
N
N
(L)—co=

4b
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:12) give
the product 4b (151.1 mg, 92% yield) as a white solid. Mp: 102-105 °C.
'"H NMR (CDCl3, 400 MHz) & 7.88 (d, J = 6.8 Hz, 1H), 7.58 (d, J= 7.6 Hz, 1H), 7.29
(s, 1H), 7.10-7.02 (m, 2H), 6.87-6.75 (m, 4H), 5.37 (d, J = 14.8 Hz, 1H), 4.60 (d, J =
14.8 Hz, 1H), 4.16-4.09 (m, 2H), 3.75 (s, 3H), 1.55 (s, 9H), 1.29 (t, J = 6.8 Hz, 3H),
1.03 (s, 9H);
13C NMR (CDCls, 100 MHz) 6 179.4, 160.1, 155.8, 149.1, 139.3, 130.6, 129.8, 128.3,
127.2,125.8, 123.6, 122.4, 121.9, 115.6, 114.7, 113.8, 111.4, 111.3, 101.3, 83.3, 60.9,
55.4,45.0,41.0, 28.7, 28.1, 14.1,
HRMS Calcd (ESI) m/z for C31H3sN306 [M + H]": 548.2755, found: 548.2757;

Intens. | +MS, 3.73min #222
x104

5 -

548.2757

2 549.2791

547.I2746

T T T T T T
547.0 547.5 548.0 548.5 549.0 549.5 nmz
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-5-phenyl-
1H-indole-1-carboxylate (4c)

tBu/( Ph

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 4¢ (174.7 mg, 98% yield) as a white solid, Mp: 83-86 °C.

'H NMR (CDCls, 400 MHz) § 8.06 (d, J = 8.4 Hz, 1H), 7.59-7.57 (m, 1H), 7.54-7.50
(m, 3H), 7.47-7.41 (m, 3H), 7.34-7.29 (m, 2H), 7.11-7.05 (m, 2H), 6.99 (s, 1H), 6.89-
6.86 (m, 1H), 5.40 (d, /= 14.8 Hz, 1H), 4.72 (d, J = 14.8 Hz, 1H), 4.18-4.06 (m, 2H),
1.60 (s, 9H), 1.26 (t, J=7.2 Hz, 3H), 1.05 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.5, 160.2, 149.1, 141.2, 139.3, 135.6, 134.5, 130.4,
128.6,128.4,127.4,127.2,126.7,125.9, 123.7,123.6, 122.5, 121.9, 117.6, 115.0, 114.8,
111.4,111.3, 83.6, 60.9, 44.9, 41.0, 28.7, 28.1, 14.1,

HRMS Calcd (ESI) m/z for C36H40N30s [M + H]": 594.2962, found: 594.2961;

Intens. +MS, 0.29min #17
X105

2.0 594.2961

1.5
1.0 A

0.5+

0.0 - T T T T T T T T T
593.4 593.6 593.8 594.0 594.2 594.4 594.6 594.8 595.0 595.2m/z
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-5-fluoro-
1H-indole-1-carboxylate (4d)

B\oc
N
0O N\
tBul< }D\F
N
N
mcozEt

4d

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 4d (149.9 mg, 93% yield) as a white solid, Mp: 79-83 °C.

'"H NMR (CDCl3, 400 MHz) & 7.96 (s, 1H), 7.59 (d, J= 6.8 Hz, 1H), 7.29 (s, 1H), 7.11-
7.05 (m, 3H), 6.99-6.94 (m, 1H), 6.84 (s, 1H), 6.79 (d, J = 8.0 Hz, 1H), 5.30 (d, J =
14.8 Hz, 1H), 4.61 (d, J=14.4 Hz, 1H), 4.12 (q, J = 7.2 Hz, 2H), 1.55 (s, 9H), 1.28 (t,
J=7.2 Hz, 3H), 1.03 (s, 9H);

13C NMR (CDCls, 100 MHz) & 179.5, 160.1, 159.2 (d, J = 238.2 Hz), 148.9, 139.3,
131.5, 130.9 (d, J = 10.0 Hz), 128.3, 128.2, 125.9, 123.6, 122.6, 122.0, 115.8 (d, J =
9.0 Hz), 1145 (d, J = 4.2 Hz), 112.2 (d, J = 25.0 Hz), 111.5, 111.2, 105.2 (d, J = 23.2
Hz), 83.7, 60.9, 44.7, 41.0, 28.7, 28.0, 14.1,

F NMR (CDCls, 282 MHz) § -120.2;

HRMS Calcd (EST) m/z for C30H3sFN3Os [M + H]": 536.2555, found: 536.2556;

Intens. 1 +MS, 0.41min #24
%105

536.2556
1.5

1.0 H

4 537.2590
0.5

] 538.2628 540.2477
0.0 ! T t T T l 1
532 534 536 538 540 542 miz

541.I2529 542.|0814
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tert-butyl 5-chloro-3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (4e)

B\oc
N
o \
tBul< }D\m
N
N
mCOZEt

4e

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 4e (160.1 mg, 97% yield) as a white solid, Mp: 98-101 °C.

TH NMR (CDCls, 400 MHz) § 7.94 (d, J = 8.4 Hz, 1H), 7.63-7.59 (m, 1H), 7.29-7.27
(m, 2H), 7.19 (dd, J; = 8.8 Hz, J> = 2.0 Hz, 1H), 7.13-7.07 (m, 2H), 6.88 (s, 1H), 6.82-
6.80 (m, 1H), 5.31 (d, /= 14.8 Hz, 1H), 4.62 (d, J= 14.8 Hz, 1H), 4.14 (q, J = 6.8 Hz,
2H), 1.56 (s, 9H), 1.29 (t, J= 7.2 Hz, 3H), 1.04 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.5, 160.1, 148.8, 139.3, 133.4, 131.0, 128.4, 128.3,
128.0, 125.9, 1245, 123.7, 122.6, 122.0, 119.1, 115.8, 114.0, 111.6, 111.2, 83.9, 60.9,
44.6,41.0, 28.7, 28.0, 14.1;

HRMS Calcd (ESI) m/z for C30H35CIN3Os [M + H]": 552.2260, found: 552.2261;

Intens. | +MS, 1.30min #77
x104

1 552.2261
2.0 H

1.5
1.0 A

553.2300

0.5+

1 551.2716
0.0 1 1 1

4 M
T T T T T T T 1 T
551.25 551.50 551.75 552.00 552.25 552.50 552.75 553.00 553.25 nmz
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tert-butyl 5-bromo-3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-
1H-indole-1-carboxylate (4f)

B\oc
N
0O N\
8 Y,
N
N
mCOZEt

4f

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 4f (146.7 mg, 82% yield) as a white solid, Mp: 82-84 °C.

'H NMR (CDCls, 400 MHz) & 7.88 (d, J = 8.4 Hz, 1H), 7.62-7.58 (m, 1H), 7.37 (s,
1H), 7.32 (dd, J; = 8.8 Hz, J> = 1.6 Hz, 1H), 7.29 (s, 1H), 7.12-7.06 (m, 2H), 6.89 (s,
1H), 6.82-6.79 (m, 1H), 5.29 (d, /= 14.4 Hz, 1H), 4.61 (d, /= 14.8 Hz, 1H), 4.14 (q, J
=7.2 Hz, 2H), 1.56 (s, 9H), 1.29 (t, J=7.2 Hz, 3H), 1.04 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.5, 160.1, 148.8, 139.3, 133.4, 131.0, 128.4, 128.3,
128.0,125.9, 124 .5, 123.7, 122.6, 122.0, 119.11, 115.8, 114.0, 111.6, 111.2, 83.9, 60.9,
44.6,41.0, 28.7, 28.0, 14.1;

HRMS Calcd (ESI) m/z for C30H3sBrN3Os [M + H]™: 596.1755, found: 596.1750;

Intens. +MS, 1.41min #84
x10% ]
3.09 596.1750

2.5
2.0

1.5

597.1785
1.0

0.5
595.3159

o0l — il ; ; - ; .
594.5 595.0 595.5 596.0 596.5 597.0 597.5 nmz
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-5-

(trifluoromethyl)-1H-indole-1-carboxylate (4g)

Boc\
N
0O N\
tBu/Z< }D\C%
N
N
@Eﬁcog

49
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 4g (171.1 mg, 97% yield) as a white solid, Mp: 86-88 °C.
TH NMR (CDCls, 400 MHz) & 8.11 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 7.2 Hz, 1H), 7.47-
7.43 (m, 2H), 7.28 (s, 1H), 7.12-7.04 (m, 3H), 6.80 (d, /= 7.2 Hz, 1H), 5.35 (d, J =
14.8 Hz, 1H), 4.67 (d, /= 14.8 Hz, 1H), 4.12 (q, J = 6.8 Hz, 2H), 1.59 (s, 9H), 1.27 (t,
J=7.2 Hz, 3H), 1.03 (s, 9H);
13C NMR (CDCls, 100 MHz) 6 179.6, 160.2, 148.8, 139.2, 136.6, 129.5, 128.4, 128.2,
126.0, 124.6 (q, J = 270.5 Hz), 124.8 (q, J = 31.9 Hz), 123.7, 122.7, 122.1, 121.1 (q, J
=3.3Hz),116.8 (9, J=4.0 Hz), 115.1, 115.0, 111.7, 111.1, 84.3, 60.9, 44.8, 41.0, 28.6,
28.0, 14.1;
YF NMR (CDCls, 282 MHz) § -61.0;
HRMS Calcd (ESI) m/z for C31H35F3N30s [M + H]": 586.2523, found: 586.2521;

Intens. J +MS, 0.52min #31
x104
5] 586.2521
4]
3]
2] 587.2558
1 _-
588.2596
585.2863
0 T T . T T T T T T T
584.0 584.5 585.0 585.5 586.0 586.5 587.0 587.5 588.0 588.5 m/z
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-6-methyl-
1H-indole-1-carboxylate (4h)

Boc\
N Me
0O \
w jij
N
N
Y CO,Et

4h

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:15) give
the product 4h (143.3 mg, 90% yield) as a white solid, Mp: 99-103 °C.

'H NMR (CDCls, 400 MHz) & 7.88 (s, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.39 (d, J = 8.0
Hz, 1H), 7.28 (s, 1H), 7.11-7.01 (m, 3H), 7.76 (d, J = 8.0 Hz, 1H),6.64 (s, 1H), 5.37 (d,
J=14.4 Hz, 1H), 4.61 (d, J = 14.8 Hz, 1H), 4.14-4.06 (m, 2H), 2.45 (s, 3H), 1.54 (s,
9H), 1.27 (t,J=17.2 Hz, 3H), 1.03 (s, 9H);

13C NMR (CDCls, 100 MHz) 6 179.4, 160.1, 149.2, 139.4, 135.6, 134.4, 128.3, 127.5,
126.1, 125.7, 124.1, 123.6, 122.4, 121.9, 119.2, 115.0, 114.6, 111.4, 111.3, 83.1, 60.9,
44.8,41.0, 28.7, 28.0, 21.9, 14.1;

HRMS Calcd (EST) m/z for C31H3sN30s [M + H]": 532.2806, found: 532.2807;

Intens. +MS, 1.43min #85
x105 |

532.2807

1.0 A

0.8 4

0.6 4

0.4 4

0.2 4

0.0

T T T T T T T T
532.0 532.1 532.2 532.3 532.4 532.5 532.6 nmz
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tert-butyl 3-((N-(2-(ethoxycarbonyl)-1H-indol-1-yl)pivalamido)methyl)-6-

methoxy-1H-indole-1-carboxylate (4i)

B\oc
N OMe
0 N\
tBul<
A
N
Yy CO,Et

4i
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:12) give
the product 4i (147.6 mg, 90% yield) as a white solid, Mp: 106-108 °C.
'H NMR (CDCl3, 400 MHz) & 7.61-7.57 (m, 2H), 7.36 (d, J = 8.4 Hz, 1H), 7.28 (s,
1H), 7.11-7.03 (m, 2H), 6.82 (dd, J; = 8.8 Hz, J> = 2.4 Hz, 1H), 6.76 (d, J = 8.0 Hz,
1H), 6.62 (s, 1H), 5.35 (d, J=14.8 Hz, 1H), 4.59 (d, /= 14.8 Hz, 1H), 4.11 (q, J= 7.2
Hz, 2H), 3.85 (s, 3H), 1.54 (s, 9H), 1.28 (t, /= 7.2 Hz, 3H), 1.02 (s, 9H);
13C NMR (CDCls, 100 MHz) 6 179.4, 160.1, 157.8, 149.2, 139.3, 136.2, 128.3, 125.7,
125.4, 123.6 (2C), 122.4, 121.7, 120.2, 114.7, 112.0, 111.4, 111.3, 98.9, 83.2, 60.9,
555,449,410, 28.7, 28.0, 14.1,
HRMS Calcd (ESI) m/z for C31H3sN306 [M + H]": 548.27535, found: 548.2756;

Intens. | +MS, 1.83min #109
x105

548.2756

0.8 1

0.6

0.4 4

549.2789

0.2 4

547.2685
0.0 |

T T T T T T
547.0 547.5 548.0 548.5 549.0 549.5 nmz
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ethyl 5-methoxy-1-(N-((1-tosyl-1H-indol-3-yl)methyl)pivalamido)-1H-indole-2-

carboxylate (4))

Ts
\
N
O \
tBul<
N
i
N
MeO

4
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:12) give
the product 4j (145.4 mg, 81% yield) as a white solid, Mp: 134-136 °C.
'"H NMR (CDCl3, 400 MHz) $ 7.81 (d, J = 8.4 Hz, 1H), 7.58 (d, J= 8.0 Hz, 2H), 7.48
(d, J=7.6 Hz, 1H), 7.26-7.18 (m, 5H), 6.99 (d, J = 10.0 Hz, 2H), 6.56-6.49 (m, 2H),
542 (d, J=14.8 Hz, 1H), 4.57 (d, J = 14.4 Hz, 1H), 4.13-4.04 (m, 2H), 3.81 (s, 3H),
2.34 (s, 3H), 1.25 (t, J=7.2 Hz, 3H), 1.01 (s, 9H);
13C NMR (CDCls, 100 MHz) 6 179.4, 160.0, 155.3, 144.8, 135.1, 134.6, 134.2, 130.1,
129.8,128.1,126.7,126.6, 124.7,124.0, 123.2,120.2, 117.2, 116.9, 113.1, 111.9, 111.0,
102.7, 60.8, 55.5, 45.0, 41.0, 28.6, 21.5, 14.1,
HRMS Calcd (ESI) m/z for C33H3¢N306 [M + H]™: 602.2319, found: 602.2323;

Intens. | +MS, 3.36min #200
x104 4

5 602.2323

n !
T T T T T T
590 595 600 605 610 615 mz
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6. Synthetic transformations

6.1 Experimental procedure for synthesis of 5

Boc\ H
N N
o N\ O N\
1‘Bu/[< £|3U/Z4
N N
/ /
N

DCM/TFA = 5:1
overnight, r.t. N
3a 5, 88% yield

A round-bottom flask (25 mL) equipped with a magnetic stir bar was charged with
3a (103.5 mg, 0.2 mmol, 1.0 equiv) in DCM (5.0 mL). Subsequently, trifluoroacetic
acid (1 mL) was slowly added. The resulting mixture was stirred at room temperature
overnight. After completion of the reaction (monitored by TLC), the mixture was
concentrated in vacuum and the residue was purified by flash column chromatography
on silica gel with petroleum ether-ethyl acetate as eluent to give the desired product 5.

ethyl 1-(N-((1H-indol-3-yl)methyl)pivalamido)-1H-indole-2-carboxylate (5)

s

0
IBu/(N

N

5

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:5) give
the product 5 (73.5 mg, 88% yield) as a white solid, Mp: 179-181 °C.

'"H NMR (CDCl3, 400 MHz) & 7.98 (s, 1H), 7.50-7.44 (m, 2H), 7.18-7.16 (m, 2H),
7.08-7.96 (m, 4H), 6.77 (d, J = 7.6 Hz, 1H), 6.41 (s, 1H), 5.21 (d, J = 14.8 Hz, 1H),
4.82 (d, J=14.8 Hz, 1H), 3.95-3.78 (m, 2H), 1.13 (t, J= 7.2 Hz, 3H), 0.95 (s, 9H);
13C NMR (CDCls, 100 MHz) 6 179.4, 160.2, 139.0, 135.7, 128.8, 127.2, 125.6, 125.5,
123.6, 122.3, 122.0, 121.7, 119.7, 119.4, 111.4, 110.9, 110.8, 110.1, 60.8, 45.1, 41.0,
28.7, 14.1;

HRMS Calcd (ESI) m/z for C2sHasN3O3 [M + H]™: 418.2125, found: 418.2126;

529



418.2126

17 417.2081

+MS, 2.47min #147

419.2147

417’.25 417’.50 417’.75 418'.00 418’.25 418'.50 415;.75
6.2 Experimental procedure for synthesis of 6

Boc

Boc
\ \
N N
O \ N\
IBu/Z< 2.0 equiv LiAIH,
N HN
N

1

T
419.00

THEF, r.t. N
mcozEt mCHZOH

3a 6, 78% yield

T
419.25 m/z

A sealed tube (10 mL) equipped with a magnetic stir bar was charged with 3a

(103.5 mg, 0.2 mmol, 1.0 equiv) in THF (2.0 mL). Subsequently, lithium aluminum

hydride (15.2 mg, 0.4 mmol, 2.0 equiv) was slowly added. The resulting mixture was

stirred at room temperature overnight. After completion of the reaction (monitored by

TLC), the mixture was concentrated in vacuum and the residue was purified by flash

column chromatography on silica gel with petroleum ether-ethyl acetate as eluent to

give the desired product 6.

tert-butyl 3-(((2-(hydroxymethyl)-1H-indol-1-yl)amino)methyl)-1 H-indole-1-

carboxylate (6)

Boc

N: C
\

HN

N
mCHon

6

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 1:3) give

the product 6 (61.3 mg, 78% yield) as a white solid, Mp: 179-181 °C.
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H NMR (CDCls, 400 MHz) & 8.16 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.59
(d,J=8.0 Hz, 1H), 7.50 (s, 1H), 7.42 (d, J= 8.0 Hz, 1H), 7.36 (t,J= 7.2 Hz, 1H), 7.31-
7.24 (m, 2H), 7.14 (t, J = 7.2 Hz, 1H), 6.28 (s, 1H), 5.07 (t, J = 4.8 Hz, 1H), 4.66 (d, J
=3.2 Hz, 2H), 4.49 (d, J = 4.8 Hz, 2H), 2.64 (s, 1H), 1.67 (s, 9H);

13C NMR (CDCls, 100 MHz) § 138.9, 135.6, 129.6, 126.0, 125.1 (2C), 124.8, 123.0,
122.1, 121.3, 120.1, 119.0, 115.7, 115.4, 108.4, 98.4, 98.3, 84.0, 57.4, 46.5, 28.2;
HRMS Calcd (ESI) m/z for C23HagN303 [M + HJ*: 392.1969, found: 392.1969;

Intenss +MS, 1.75min #104
x10°_|

392.1969

0.8 1

0.6

0.4 4

393.1998

0.2 4

394.I2029
1

0.0

1 ! 1
T T T T T T T T T T
390.0 390.5 391.0 391.5 392.0 392.5 393.0 393.5 394.0 mz
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7. The attempt to achieve chirality in 3a:

o ,
gyl 1l 10 mol Pd(0AC), o \ | Ph O
NH . NJ 12moi% 1 g, A 3 LS.

'+ MeO LS.,

@E'\}CO Et ‘ 1.5 equiv Cs,CO3 N " :©\/\'\N/Ie By
2 Boc o N i |

Y4 Toluene, 60 °C, Ar, 24 h . Meo PPh, ;

1a 2a chiral3a T TTTTTTTTTTTTTTTTTTOT
0.3 mmol 0.36 mmol 56% yield, 34% ee

A sealed tube (10 mL) equipped with a magnetic stir bar was charged with
Pd(OAc): (6.7 mg, 0.030 mmol, 0.10 equiv), L1 (19.6 mg, 0.036 mmol, 0.12 equiv)
and 2.0 mL toluene. After the catalyst/ligand solution was stirred for 0.5 h at 25 °C. N-
aminoindole 1a (86.5 mg, 0.30 mmol, 1.0 equiv), ortho-iodoaryl allene 2a (128.6 mg,
0.36 mmol, 1.2 equiv) and Cs2CO3 (146.7 mg, 0.45 mmol, 1.5 equiv) were successively
added.. Degassed toluene and backfilled with argon for 3 times (3 x1 min) at -78 °C.
Under argon atmosphere, the reaction mixture was stirred at 60 °C for 24 h by use of
module heating. After completion of the reaction (monitored by TLC), the mixture was
concentrated in vacuum and the residue was purified by flash column chromatography
on silica gel with petroleum ether-ethyl acetate as eluent to give the desired product
chiral 3a (86.9 mg, 56% yield).

chiral 3a HPLC conditions: Daicel Chiralpak IC column (1 mL/min, hexane/2-

propanol = 85/15), 254 nm; tr (minor) = 6.30 min, tr (major) = 7.48 min, 34% ee.
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<Sample Information>

Sample Information
Acquired by : System Administrator
Sample Name CYY-2-37-WX
Sample D :
Tray# 01
Vial# 12
Injection Volume 1]
Data File S Y-2-37-WN-1-15-R5-10-254 led
Method File : 15-85-1-30min-254 lem
Batch File : DFG leh
Report Format File : DEFALILT lsr
Date Acquired 060222024 11:31:0
Date Processed c 062202024 17:
<Chromatogram>
Chromatogram
mY
] 0 1 Detector A Channel | 254nm
150 Boc &
1 N
100 /[Z) \ o
] Bu &
N
] ’
50+ N
)—CO,Et
] 3a
0
T T T T T T T
0 1 2 3 4 L1 7 8
min
<Peak Table>
Peak Tahle
Detector A Channel 1 254mm
Peald Rel. lime Arca Height Arca®a
1 6,363 ST045E 161570 .
2 19T ERIREE] THOES 49.513
Tatal 2991789 EETELE 100.000
<Sample Information>
Sample Information
Acquired by : System Administrator
Sample Name CWEI-E-72-IC-B5-15-1
Sample [D :
Tray# o1
Vial# |
Injection Volume 230
Data File T WSI-B-T2-1C-85-151.led
Method File : 15-85-1-10MIN lem
Batch File : AFASF.lch
Repaort Format File : DEFALLT lsr
Date Acquired SO1272026 11:42:09
Date Processed 012772026 14:28:36
<Chromatogram=>
Chromatogram
mV
1 Detector Ahannel 1 254nm|
] Boc\ =
3004 N
) :
By :
N
250} N *
] )—CO,Et
] chiral 3a
o
T T T T T T T
0 | 2 3 4 5 7 &
min
<Peak Table>
Peak Table
Detector A Channel 1 254nm
Peald . Time 1 Height Area¥n
T 6304 4839120 16141 EENLE]
2 7476 ERERIIES) (L] 66806 |
Total 14578165 942161 100,000
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8. Mechanistic study

8.1 Control experiment of zer-butyl 3-(bromomethyl)-1H-indole-1-carboxylate

Boc

0 N
— Boc  10mol% Pd(OAc), o &
NH . N 12 mol% Dpephos tBu/[<
N Y/ 1.5 equiv Cs,CO; N
) COoEt Toluene, 60 °C, Ar, 48 h N
MeO Br / COzEt
o)

M
1b 7 © 3b

0.3 mmol 0.36 mmol 13% yield

A sealed tube (10 mL) equipped with a magnetic stir bar was charged with
Pd(OAc): (6.7 mg, 0.030 mmol, 0.10 equiv), Dpephos (19.4 mg, 0.036 mmol, 0.12
equiv), Cs2CO;3 (146.7 mg, 0.45 mmol, 1.5 equiv), N-aminoindole 1b (95.5 mg, 0.3
mmol, 1.0 equiv), fert-butyl 3-(bromomethyl)-1H-indole-1-carboxylate 7 (111.7 mg,
0.36 mmol, 1.2 equiv) and 2.0 mL toluene were added sequentially. Degassed toluene
and backfilled with argon for 3 times (3 x1 min) at -78 °C. Under argon atmosphere,
the reaction mixture was stirred at 60 °C for 24 h by use of module heating. After
completion of the reaction (monitored by TLC), the mixture was concentrated in
vacuum and the residue was purified by flash column chromatography on silica gel with

petroleum ether-ethyl acetate as eluent to give the desired products 3b 22.1 mg in 13%

Boc\
o) N
tBu//< Boc without Pd catalyst o \
NH . N 12 mol% Dpephos .~ tBu//<
N Y/ 1.5 equiv Cs,CO4 N
) CO2Et Toluene, 60 °C, Ar, 48 h N
MeO B )—CO,Et
eO

1b 7 M 3b

0.3 mmol 0.36 mmol N.R.

yield.

A sealed tube (10 mL) equipped with a magnetic stir bar was charged with
Dpephos (19.4 mg, 0.036 mmol, 0.12 equiv), Cs2CO3 (146.7 mg, 0.45 mmol, 1.5 equiv),
N-aminoindole 1b (95.5 mg, 0.3 mmol, 1.0 equiv), fert-butyl 3-(bromomethyl)-1H-
indole-1-carboxylate 7 (111.7 mg, 0.36 mmol, 1.2 equiv) and 2.0 mL toluene were
added sequentially. Degassed toluene and backfilled with argon for 3 times (3 x1 min)

at -78 °C. Under argon atmosphere, the reaction mixture was stirred at 60 °C for 24 h
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by use of module heating. After completion of the reaction (monitored by TLC), no
product of 3b was detected.

8.2 Control experiment of zert-butyl 3-(acetoxymethyl)-1H-indole-1-carboxylate

Boc\
e} N
— Boc 10 mol% Pd(OAc), o \
NH + N 12 mol% Dpephos -~ tBu//<
N Y 1.5 equiv Cs,CO5 N
) CO2Et Toluene, 60 °C, Ar, 36 h N
MeO OAc ) CO.Et
o}

1b 8 Me 3b

0.3 mmol 0.36 mmol 7% yield

A sealed tube (10 mL) equipped with a magnetic stir bar was charged with
Pd(OAc): (6.7 mg, 0.030 mmol, 0.10 equiv), Dpephos (19.4 mg, 0.036 mmol, 0.12
equiv), Cs2CO;3 (146.7 mg, 0.45 mmol, 1.5 equiv), N-aminoindole 1b (95.5 mg, 0.3
mmol, 1.0 equiv), tert-butyl 3-(acetoxymethyl)-1H-indole-1-carboxylate 8 (104.2 mg,
0.36 mmol, 1.2 equiv) and 2.0 mL toluene were added sequentially. Degassed toluene
and backfilled with argon for 3 times (3 x1 min) at -78 °C. Under argon atmosphere,
the reaction mixture was stirred at 60 °C for 24 h by use of module heating. After
completion of the reaction (monitored by TLC), the mixture was concentrated in
vacuum and the residue was purified by flash column chromatography on silica gel with

petroleum ether-ethyl acetate as eluent to give the desired products 3b 10.9 mg in 7%

Boc\
0 N
tBu/[< lBoc without Pd catalyst o N\
!\IH + N 12 mol% Dpephos - tBu/«
N / 1.5 equiv Cs,CO4 N
/CE/)’COzEt : | Toluene, 60°C, Ar, 36 h N
MeO o )@[/fcoza
)

1b 8 Me 3b

0.3 mmol 0.36 mmol 7% yield

yield.

A sealed tube (10 mL) equipped with a magnetic stir bar was charged with
Dpephos (19.4 mg, 0.036 mmol, 0.12 equiv), Cs2COs3 (146.7 mg, 0.45 mmol, 1.5 equiv),
N-aminoindole 1b (95.5 mg, 0.3 mmol, 1.0 equiv), tert-butyl 3-(acetoxymethyl)-1H-
indole-1-carboxylate 8 (104.2 mg, 0.36 mmol, 1.2 equiv) and 2.0 mL toluene were
added sequentially. Degassed toluene and backfilled with argon for 3 times (3 x1 min)

at -78 °C. Under argon atmosphere, the reaction mixture was stirred at 60 °C for 24 h
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by use of module heating. After completion of the reaction (monitored by TLC), no

product of 3b was detected.

536



9. Single Crystal X-Ray Diffraction

Crystals of 3g, 3m were obtained by slow diffusion from a solution of the
compounds in ethyl acetate, trichloromethane and petroleum ether at room temperature
for several days (Figure S1-S2). Crystal data and details of the structure determination

are presented in Table S2.

Figure S2. ORTEP drawing (25%) of the crystal structure of 3m
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Table S2 The single crystal date of compounds 3g, 3m

Phase 39 3m
Identification code 123 a 20260310a_0m_pl
Empirical formula C30H34CIN3Os C33H35N30s3

Formula weight 552.05 521.64

Temperature/K 273.15 100

Crystal system monoclinic monoclinic
Space group C2/c P2i/c

alA 20.503(2) 10.7544(8)

b/A 16.785(2) 15.4745(11)

clA 17.144(2) 17.0735(14)

a (°) 90 90
B (°) 94.575(5) 92.652(3)
7 (°) 90 90
Volume (A3) 5881.2(12) 2838.3(4)
z 8 4
Peaicg/cm® 1.247 1.221
wmm'?t 0.172 0.079
F(000) 2336.0 1112.0

Crystal size/mm3

Radiation

20 range for data collection/®
Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F2

Final R indices[[>=2c (1)]

Final R indexes (all data)

Largest diff. peak and hole
I(e A3)

0.13 x0.11 x0.1

MoKa (A = 0.71073)

4.768 to 55.028

26 <h<26,-21 <k<
21,-22<1<22

45160

6758 [Rint = 0.0510, Rsigma

= 0.0414]

6758/63/390
1.006
R1=10.0531, wR2 =
0.1061
R1=10.0999, wR: =
0.1239

0.14/-0.20

0.11 x 0.1 x0.08

MoKa (A = 0.71073)
4.616 to 51.406

-13<h<11,-18<k <18,

-20<1<16
15091

5365 [Rint = 0.0470, Rsigma

= 0.0676]

5365/0/358
1.025
R;=0.0511, wR> =
0.1127
R;=0.1153, wR, =
0.1339

0.17/-0.18
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11. Copies of NMR spectra for new compounds
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