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General

All the chemical reagents were commercial products and used without purification in all cases. TLC
was performed on silica gel plates (0.15-0.2 mm thickness, Yantai Huiyou Company, China) and
detected with UV light at 254 nM, Column chromatography was carried out on silica gel (200-300
mesh). Proton and carbon magnetic resonance spectra (*H NMR and 3C NMR) were recorded on
Varian Mercury-300, Varian Mercury-400, Varian Mercury-500 and/or Varian Mercury-600
spectrometers. NMR experiments were conducted in CD3sOD and DMSO-ds. Tetramethylsilane
(TMS) was used as internal standard. Chemical shifts (8) are reported in parts per million (ppm).
Data are reported as follows: chemical shift, multiplicity (br s = broad singlet, d = doublet, dd =
doublet of doublet, dt = doublet of triplet, m = multiple, s = singlet and t = triplet), coupling constants
(Hz). Low-resolution mass spectra (ESI) were obtained using Agilent HPLC-MS (1200-6110). High
resolution mass spectra (HRMS) were obtained using Agilent 1290-6545 UHPLC-QTOF. Melting

points (mp) were measured by Bithi 510 melting point apparatus without further corrected.

General procedure for preparation of the substrates (both symmetric and asymmetric ones) 1
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Ester 5 (3.3 mmol, 1.1 eq) was dissolved in tetrahydrofuran, sodium hydride (3.9 mmol, 1.3 eq) was
added slowly at 0 <C, and the mixture was moved to room temperature and stirred for 30 minutes,
quaternary ammonium salt 4 (3 mmol, 1 eq) was dissolved in DMF and the solution was added to
the reaction mixture, and stirred for 4 h at room temperature. After completion of the reaction, the
resulting mixture was poured into water and extracted with ethyl acetate, the organic layer was
washed with brine and dried over anhydrous sodium sulfate and concentrated in vacuum. The
resulting residue was purified by silica gel chromatography (petroleum ether/ethyl acetate, v/v, 10:1
to 5:1) to afford 6.

Ethyl R3-substituted-3-(1H-indol-3-yl)propanoate 6 (1 mmol, 1 eq) was dissolved in

tetrahydrofuran, sodium hydride (1.5 mmol, 1.5 eq) was added slowly at 0 <C, and the mixture was

S2



moved to room temperature and stirred for 30 minutes, quaternary ammonium salt 7 (1.5 mmol, 1.5
eq) was dissolved in DMF and the solution was added to the reaction mixture, and stirred for 4 h at
room temperature. After completion of the reaction, the resulting mixture was poured into water and
extracted with ethyl acetate, The organic layer was washed with brine and dried over anhydrous
sodium sulfate and concentrated in vacuum. The resulting residue was purified by silica gel
chromatography (petroleum ether/ethyl acetate, v/v, 8:1 to 4:1) to give 1,3-di(1H-indol-3-

yl)propanes 1.

Experiment data for substrates 1

Diethyl 2,2-bis((1H-indol-3-yl)methyl)malonate (1a)
FIOOC COOEL vellow solid. (Yield of two steps, 82%). mp 120-122 <C. *H NMR (400 MHz,

O N O DMSO-ds) & 10.97 (s, 2H, NH), 7.41 (d, J = 7.9 Hz, 2H, Ar-H), 7.35 (d, J =

oW 8.1 Hz, 2H, Ar-H), 7.16 (d, J = 2.4 Hz, 2H, Ar-H), 7.06 (t, J = 7.5 Hz, 2H,

Ar-H), 6.95 (t, J = 7.4 Hz, 2H, Ar-H), 3.90 (q, J = 7.1 Hz, 4H, -CO,CH,CHs), 3.34 (s, 4H, Cq-

CH>Ar), 1.00 (t, J = 7.1 Hz, 6H, -CO2CH,CHs). 3C NMR (125 MHz, DMSO-ds) § 170.92 (C=0),

135.73 (C), 127.81 (C), 124.00 (CH), 120.86 (CH), 118.24 (CH), 118.20 (CH), 111.30 (CH), 108.19

(C), 60.62 (OCHy), 58.67 (C), 28.12 (CH,), 13.53 (CH3). HRMS (ESI): m/z calcd for C2sH27N204

[M + H]*: 419.1965, found: 419.1973.

Diethyl 2-((1H-indol-3-yl)methyl)-2-((5-methyl-1H-indol-3-yl)methyl)malonate (1b)

Et00G, COOH Yellow solid. (Yield of two steps, 84%). mp 132-134 <C. 'H NMR (400

N
H 1H, NH), 7.40 (d, J = 7.9 Hz, 1H, Ar-H), 7.36 (d, J = 8.1 Hz, 1H, Ar-H),

O N 7 O MHz, DMSO-dg) 8 10.97 (d, J = 2.7 Hz, 1H, NH), 10.83 (d, J = 2.6 Hz,
N
7.22 (d, J=8.2 Hz, 1H, Ar-H), 7.16 (d, J = 2.4 Hz, 1H, Ar-H), 7.14 — 7.09 (m, 2H, Ar-H), 7.06 (ddd,
J=8.1,6.9, 1.2 Hz, 1H, Ar-H), 6.95 (ddd, J = 8.0, 6.9, 1.1 Hz, 1H, Ar-H), 6.87 (dd, J = 8.2, 1.6 Hz,
1H, Ar-H), 3.92 (q, J = 7.1 Hz, 4H, -CO,CH,CHs), 3.32 (s, 4H, Cq-CH2Ar), 2.29 (s, 3H, Ar-CHs),
1.04 (t, J = 7.1 Hz, 6H, -CO,CH,CHs). 3C NMR (125 MHz, DMSO-ds) & 170.96 (C=0), 135.75
(C), 134.12 (C), 128.05 (C), 127.83 (C), 126.62 (C), 124.10 (CH), 123.85 (CH), 122.47 (CH),
120.90 (CH), 118.26 (CH), 118.22 (CH), 117.86 (CH), 111.30 (CH), 110.97 (CH), 108.27 (C),

107.60 (C), 60.65 (OCH3), 58.54 (C), 27.96 (CH2), 21.16 (ArCHs), 13.57 (CHs). HRMS (ESI): m/z
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calcd for CosH29N204 [M + H]*: 433.2122, found: 433.2130.
Diethyl 2-((1H-indol-3-yl)methyl)-2-((6-methyl-1H-indol-3-yl)methyl)malonate (1c)
E100C, COOH Yellow solid. (Yield of two steps, 87%). mp 119-121 <C. *H NMR (400
O N/ O MHz, DMSO-ds) 5 10.97 (s, 1H, NH), 10.81 (s, 1H, NH), 7.41 (d, J = 8.0
HoH Hz, 1H, Ar-H), 7.35 (d, J = 8.1 Hz, 1H, Ar-H), 7.29 (d, J = 8.1 Hz, 1H, Ar-
H), 7.15 (d, J = 2.5 Hz, 1H, Ar-H), 7.13 (s, 1H, Ar-H), 7.09 — 7.03 (m, 2H, Ar-H), 6.98 — 6.91 (m,
1H, Ar-H), 6.78 (d, J = 8.0 Hz, 1H, Ar-H), 3.90 (g, J = 7.1 Hz, 4H, -CO,CHCHs3), 3.33 (s, 2H, Cq-
CH2AT), 3.31 (5, 2H, Cq-CH,AT), 2.37 (s, 3H, Ar-CH), 1.02 (t, = 7.1 Hz, 6H, -CO,CH,CHs). 13C
NMR (125 MHz, DMSO-ds) & 170.93 (C=0), 136.18 (C), 135.73 (C), 129.84 (C), 127.81 (C),
125.82 (C), 124.00 (CH), 123.25 (CH), 120.87 (CH), 120.05 (CH), 118.24 (CH), 118.21 (CH),
117.95 (CH), 111.30 (CH), 111.12 (CH), 108.22 (C), 108.01 (C), 60.61 (OCHy), 58.64 (C), 28.16
(CHy), 28.03 (CHy), 21.32 (ArCHs), 13.57 (CHs). HRMS (ESI): m/z calcd for CasHooN2O4 [M +
H]*: 433.2122, found: 433.2134.
Diethyl 2,2-bis((6-methyl-1H-indol-3-yl)methyl)malonate (1d)
E100C, COOE Yellow solid. (Yield of two steps, 80%). mp 147-149 <. *H NMR (400
O Ny (¢ O MHz, DMSO-ds) & 10.79 (d, J = 2.5 Hz, 2H, NH), 7.28 (d, J = 8.1 Hz,
oA 2H, Ar-H), 7.13 (s, 2H, Ar-H), 7.05 (d, J = 2.4 Hz, 2H, Ar-H), 6.78 (dd,
J=8.2,1.5Hz, 2H, Ar-H), 3.90 (q, J = 7.1 Hz, 4H, -CO,CH2CH3), 3.29 (s, 4H, C4-CH,AT), 2.37 (s,
6H, Ar-CHs), 1.03 (t, J = 7.1 Hz, 6H, -CO,CH>CHs). 3C NMR (150 MHz, DMSO-dg) & 171.41
(C=0), 136.66 (C), 130.31 (C), 126.29 (C), 123.72 (CH), 120.52 (CH), 118.42 (CH), 111.59 (CH),
108.51 (C), 61.08 (OCH?2), 59.07 (C), 28.53 (CH>), 21.81 (ArCHs), 14.07 (CHs). HRMS (ESI): m/z
calcd for Co7H31N204 [M + H]*: 447.2278, found: 447.2290.
Diethyl 2-((1H-indol-3-yl)methyl)-2-((5-fluoro-1H-indol-3-yl)methyl)malonate (1e)
EtOOC, COOEt Yellow solid. (Yield of two steps, 83%). mp 119-121 <. 'H NMR (400
O \ O F MHz, DMSO-dg) 5 11.09 (s, 1H, NH), 10.98 (s, 1H, NH), 7.41 (dd, J = 8.1,
oW 4.1 Hz, 1H, Ar-H), 7.37 — 7.30 (m, 2H, Ar-H), 7.25 (d, J = 2.3 Hz, 1H, Ar-
H), 7.18 (d, J = 2.1 Hz, 1H, Ar-H), 7.14 — 7.08 (m, 1H, Ar-H), 7.06 (t, J = 7.6 Hz, 1H, Ar-H), 6.95
(t,J=7.5Hz, 1H, Ar-H), 6.90 (td, J = 9.3, 2.5 Hz, 1H, Ar-H), 3.89 (q, J = 7.1 Hz, 4H, -CO,CH,CHj),

3.33 (s, 2H, Cq-CH2AT), 3.29 (s, 2H, Cq-CH2AT), 1.00 (t, J = 7.1 Hz, 6H, -CO,CH,CH3). 13C NMR
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(125 MHz, DMSO-dg) 5 170.89 (C=0), 156.69 (d, J = 230.9 Hz, CF), 135.74 (C), 132.39 (C),
128.08 (d, J = 9.7 Hz, C), 127.80 (C), 126.30 (CH), 124.03 (CH), 120.88 (CH), 118.26 (CH), 118.22
(CH), 112.22 (d, J = 9.9 Hz, CH), 111.30 (CH), 108.99 (d, J = 26.2 Hz, CH), 108.55 (d, J = 5.2 Hz,
C), 108.12 (C), 102.91 (d, J = 23.1 Hz, CH), 60.65 (OCHy2), 58.70 (C), 28.31 (CH.), 28.23 (CHy),
13.50 (CHs). HRMS (ESI): m/z calcd for CosH2sFN2NaO4 [M + Na]*: 459.1691, found: 459.1703.
Diethyl 2-((1H-indol-3-yl)methyl)-2-((6-fluoro-1H-indol-3-yl)methyl)malonate (1f)
FIO0C, COOE Yellow solid. (Yield of two steps, 81%). mp 124-126 <C. *H NMR (400
O N\ O MHz, DMSO-ds) § 11.04 (d, J = 2.5 Hz, 1H, NH), 10.97 (s, 1H, NH), 7.43
N N
H H

P _7.36(m, 2H, Ar-H), 7.34 (d, J = 7.9 Hz, 1H, Ar-H), 7.18 (d, J = 2.4 Hz,

1H, Ar-H), 7.16 (d, J = 2.4 Hz, 1H, Ar-H), 7.12 (dd, J = 10.1, 2.4 Hz, 1H, Ar-H), 7.05 (ddd, J = 8.0,
6.8, 1.1 Hz, 1H, Ar-H), 6.94 (t, J = 7.5 Hz, 1H, Ar-H), 6.85 — 6.76 (m, 1H, Ar-H), 3.89 (g, J = 7.1
Hz, 4H, -CO2CH2CH3), 3.33 (s, 2H, Cq-CH2Ar), 3.31 (s, 2H, Cq-CH,ATr), 1.00 (t, J = 7.1 Hz, 6H, -
CO,CH,CH3). 13C NMR (125 MHz, DMSO-ds) & 170.87 (C=0), 158.68 (d, J = 234.0 Hz, CF),
135.73 (C), 135.51 (d, J = 12.7 Hz, C), 127.79 (C), 124.66 (CH), 124.63 (d, J = 3.1 Hz, C), 124.04
(CH), 120.87 (CH), 119.24 (d, J = 10.3 Hz, CH), 118.25 (CH), 118.20 (CH), 111.31 (CH), 108.51
(C), 108.11 (C), 106.73 (d, J = 24.4 Hz, CH), 97.18 (d, J = 25.2 Hz, CH), 60.65 (OCH,), 58.66 (C),
28.21 (CHy), 28.06 (CHy), 13.53 (CHs3). HRMS (ESI): m/z calcd for CasHsFN204 [M + H]*:
437.1871, found: 437.1878.
Diethyl 2,2-bis((6-fluoro-1H-indol-3-yl)methyl)malonate (1g)
Et0OC, COOEt Yellow solid. (Yield of two steps, 80%). mp 119-121 <. *H NMR (600

O N O MHz, DMSO-ds) & 11.01 (s, 2H, NH), 7.37 (dd, J = 8.7, 5.4 Hz, 2H, Ar-
F R " H),7.16 (d, J = 2.4 Hz, 2H, Ar-H), 7.11 (dd, J = 10.1, 2.4 Hz, 2H, Ar-
H), 6.80 (ddd, J = 9.8, 8.7, 2.4 Hz, 2H, Ar-H), 3.89 (q, J = 7.1 Hz, 4H, -CO,CH,CHs), 3.31 (s, 4H,
Cq-CH2Ar), 0.99 (t, J = 7.1 Hz, 6H, -CO,CH2CHs3). 3C NMR (125 MHz, DMSO-dg) & 170.85 (C=0),
158.71 (d, J = 233.8 Hz, CF), 135.54 (d, J = 12.7 Hz, C), 124.70 (d, J = 3.4 Hz, C), 124.67 (CH),
119.26 (d, J = 10.2 Hz, CH), 108.44 (C), 106.79 (d, J = 24.5 Hz, CH), 97.22 (d, J = 25.3 Hz, CH),
60.72 (OCH), 58.65 (C), 28.16 (CH>), 13.55 (CH3). HRMS (ESI): m/z calcd for CosHosF2N204 [M
+ H]*: 455.1777, found: 455.1782.

Diethyl 2-((1H-indol-3-yl)methyl)-2-((5-chloro-1H-indol-3-yl)methyl)malonate (1h)
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Et00C, COOH Yellow solid. (Yield of two steps, 82%). mp 122-124 <C. 'H NMR (400

O N (¢ O ¢ MHz, DMSO-de)  11.18 (s, 1H, NH), 10.99 (s, 1H, NH), 7.43 (d, J = 8.0

R Hz, 1H, Ar-H), 7.38 (d, J = 2.0 Hz, 1H, Ar-H), 7.36 (d, J = 8.7 Hz, 1H,
Ar-H), 7.35 (d, J = 8.0 Hz, 1H, Ar-H), 7.27 (d, J = 2.5 Hz, 1H, Ar-H), 7.19 (d, J = 2.4 Hz, 1H, Ar-
H), 7.09—7.02 (m, 2H, Ar-H), 6.95 (t, J = 7.4 Hz, 1H, Ar-H), 3.89 (q, J = 7.1 Hz, 4H, -CO,CH,CHj),
3.32 (s, 2H, C4-CH,A), 3.30 (s, 2H, Cq-CH2Ar), 1.01 (t, J = 7.1 Hz, 6H, -CO,CH,CHj). 3C NMR
(125 MHz, DMSO-ds) & 170.84 (C=0), 135.75 (C), 134.18 (C), 128.90 (C), 127.78 (C), 126.20
(CH), 124.08 (CH), 123.09 (C), 120.89 (CH), 120.76 (CH), 118.28 (CH), 118.23 (CH), 117.57 (CH),
112.84 (CH), 111.31 (CH), 108.18 (C), 108.05 (C), 60.68 (OCH), 58.65 (C), 28.34 (CH>), 28.06
(CH2), 13.50 (CH3). HRMS (ESI): m/z calcd for CasH26CIN2O4 [M + H]*: 453.1576, found:
453.1582.
Diethyl 2-((1H-indol-3-yl)methyl)-2-((6-chloro-1H-indol-3-yl)methyl)malonate (1i)

E100C, COOH Yellow solid. (Yield of two steps, 80%). mp 129-131 <. 'H NMR (400

O N ¢ O MHz, DMSO-dg) 5 11.11 (s, 1H, NH), 10.98 (s, 1H, NH), 7.44 — 7.37 (m,

R 3H, Ar-H), 7.35 (d, J = 8.1 Hz, 1H, Ar-H), 7.23 (d, J = 2.4 Hz, 1H, Ar-H),
7.16 (d, J = 2.4 Hz, 1H, Ar-H), 7.06 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, Ar-H), 6.99 — 6.91 (m, 2H, Ar-
H), 3.89 (g, J = 7.1 Hz, 4H, -CO,CH,CHj), 3.33 (s, 2H, Cq-CH.Ar), 3.31 (s, 2H, Cq-CH2Ar), 1.00
(t, J = 7.1 Hz, 6H, -CO,CH,CHj3). 3C NMR (125 MHz, DMSO-ds) & 170.85 (C=0), 136.08 (C),
135.75 (C), 127.79 (C), 126.64 (C), 125.60 (C), 125.27 (CH), 124.08 (CH), 120.89 (CH), 119.65
(CH), 118.61 (CH), 118.28 (CH), 118.20 (CH), 111.33 (CH), 110.91 (CH), 108.63 (C), 108.07 (C),
60.68 (OCH,), 58.68 (C), 28.27 (CH,), 28.03 (CHy), 13.54 (CHs). HRMS (ESI): m/z calcd for
C2sH26CIN,04 [M + H]*: 453.1576, found: 453.1577.
Diethyl 2,2-bis((6-chloro-1H-indol-3-yl)methyl)malonate (1j)

Et00C, COOEt Yellow solid. (Yield of two steps, 81%). mp 172-174 <C. 'H NMR

O N O (600 MHz, DMSO-dg) & 11.10 (d, J = 2.5 Hz, 2H, NH), 7.42 — 7.37

“ R (M, 4H, Ar-H), 7.21 (d, J = 2.4 Hz, 2H, Ar-H), 6.96 (dd, J = 8.4, 2.0
Hz, 2H, Ar-H), 3.89 (q, J = 7.1 Hz, 4H, -CO,CHCHj), 3.31 (s, 4H, C4-CH,Ar), 0.99 (t, J = 7.1 Hz,
6H, -CO,CH,CH3). 3C NMR (125 MHz, DMSO-ds) 5 170.78 (C=0), 136.10 (C), 126.63 (C),

125.63 (C), 125.37 (CH), 119.67 (CH), 118.65 (CH), 110.95 (CH), 108.51 (C), 60.75 (OCH,), 58.67
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(C), 28.16 (CHy), 13.55 (CHs). HRMS (ESI): m/z calcd for CasH23CloN204 [M - H]: 485.1040,
found: 485.1028.
Diethyl 2-((1H-indol-3-yl)methyl)-2-((5-bromo-1H-indol-3-yl)methyl)malonate (1k)

EtOOC, COOH Yellow solid. (Yield of two steps, 82%). mp 124-126 <. 'H NMR (400

N
H Hz, 1H, Ar-H), 7.43 (d, J = 8.0 Hz, 1H, Ar-H), 7.35 (d, J = 8.2 Hz, 1H,

O N 7 O BT MHz, DMSO-ds) 5 11.20 (s, 1H, NH), 10.99 (s, 1H, NH), 7.53 (d, J = 2.0
N

Ar-H), 7.32 (d, J = 8.6 Hz, 1H, Ar-H), 7.26 (d, J = 2.5 Hz, 1H, Ar-H), 7.20 (d, J = 2.4 Hz, 1H, Ar-
H), 7.16 (dd, J = 8.6, 1.9 Hz, 1H, Ar-H), 7.06 (t, J = 7.6 Hz, 1H, Ar-H), 6.96 (t, J = 7.4 Hz, 1H, Ar-
H), 3.89 (q, J = 7.1 Hz, 4H, -CO,CH,CHs), 3.32 (s, 2H, Cq-CH2Ar), 3.30 (s, 2H, C4-CH2Ar), 1.02
(t, J = 7.1 Hz, 6H, -CO2CH,CHs). *C NMR (125 MHz, DMSO-ds) & 170.83 (C=0), 135.76 (C),
134.41 (C), 129.59 (C), 127.78 (C), 126.08 (CH), 124.09 (CH), 123.27 (CH), 120.89 (CH), 120.61
(CH), 118.29 (CH), 118.23 (CH), 113.32 (CH), 111.32 (CH), 111.03 (C), 108.08 (C), 108.04 (C),
60.69 (OCH), 58.61 (C), 28.33 (CH2), 28.04 (CH), 13.52 (CHz). HRMS (ESI): m/z calcd for
CasH26BrN2O4 [M + H]*: 497.1070, found: 497.1072.

Diethyl 2-((1H-indol-3-yl)methyl)-2-((6-bromo-1H-indol-3-yl)methyl)malonate (11)

EL00G, COOH Yellow solid. (Yield of two steps, 819%). mp 132-134 <T. H NMR (600

N
B
H " Hz, 1H, Ar-H), 7.41 (d, J = 7.4 Hz, 1H, Ar-H), 7.36 (d, J = 2.4 Hz, 1H,

O N (¢ O MHz, DMSO-ds) 8 11.10 (s, 1H, NH), 10.95 (s, 1H, NH), 7.53 (d, J = 1.8
N

Ar-H), 7.34 (d, J = 2.0 Hz, 1H, Ar-H), 7.21 (d, J = 2.4 Hz, 1H, Ar-H), 7.15 (d, J = 2.4 Hz, 1H, Ar-
H), 7.09 — 7.03 (m, 2H, Ar-H), 6.95 (ddd, J = 8.0, 6.9, 1.0 Hz, 1H, Ar-H), 3.90 (q, J = 7.1 Hz, 4H, -
CO,CH;CH3), 3.33 (s, 2H, Cq-CHoAT), 3.31 (s, 2H, Cq-CH2AT), 1.00 (t, J = 7.1 Hz, 6H, -
CO,CH,CHs). *C NMR (125 MHz, DMSO-ds) § 170.82 (C=0), 136.56 (C), 135.72 (C), 127.76
(C), 126.85 (C), 125.21 (CH), 124.08 (CH), 121.13 (CH), 120.88 (CH), 120.05 (CH), 118.26 (CH),
118.19 (CH), 113.85 (CH), 113.60 (C), 111.31 (CH), 108.62 (C), 108.03 (C), 60.67 (OCH,), 58.64
(C), 28.23 (CH2), 27.96 (CHs), 13.52 (CHs). HRMS (ESI): m/z calcd for CasHz6BrN204 [M + H]*:
497.1070, found: 497.1077.

Diethyl 2,2-bis((6-bromo-1H-indol-3-yl)methyl)malonate (1m)
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EI0OC, COOEt Yellow solid. (Yield of two steps, 81%). mp 183-185 <C. 'H NMR

O N\ O (400 MHz, DMSO-dg) & 11.13 (d, J = 2.6 Hz, 2H, NH), 7.53 (d, J =
B HoH B 1.8Hz, 2H, Ar-H), 7.35 (d, J = 8.5 Hz, 2H, Ar-H), 7.22 (d, J = 2.5 Hz,
2H, Ar-H), 7.07 (dd, J = 8.5, 1.9 Hz, 2H, Ar-H), 3.89 (g, J = 7.1 Hz, 4H, -CO,CH,CHs), 3.30 (s,
4H, C-CH2AT), 0.99 (t, J = 7.1 Hz, 6H, -CO>CH,CHa). 3C NMR (125 MHz, DMSO-de) 5 170.73
(C=0), 136.59 (C), 126.84 (C), 125.28 (CH), 121.16 (CH), 120.05 (CH), 113.88 (CH), 113.63 (C),
108.53 (C), 60.73 (OCHy), 58.65 (C), 28.14 (CH>), 13.53 (CH3). HRMS (ESI): m/z calcd for
CasH23BraN204 [M - H]: 573.0030, found: 573.0013.

Diethyl 2-((1H-indol-3-yl)methyl)-2-((5-methoxy-1H-indol-3-yl)methyl)malonate (1n)

Ft00C, COOEt Yellow solid. (Yield of two steps, 819%). mp 95-97 <C. *H NMR (400 MHz,

|
O N ¢ O ©  Methanol-ds) 5 7.42 (d, J = 8.0 Hz, 1H, Ar-H), 7.32 (d, J = 8.1 Hz, 1H,
N
H

M Ar-H), 7.20 (d, J = 8.8 Hz, 1H, Ar-H), 7.11 (s, 1H, Ar-H), 7.08 (ddd, J =
8.1, 7.0, 1.2 Hz, 1H, Ar-H), 7.03 (s, 1H, Ar-H), 6.96 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, Ar-H), 6.83 (d,
J=2.4Hz, 1H, Ar-H), 6.71 (dd, J = 8.7, 2.4 Hz, 1H, Ar-H), 3.98 (q, J = 7.2 Hz, 4H, -CO,CH2CHs),
3.57 (s, 3H, -OCHs3), 3.46 (s, 2H, Cq-CH2Ar), 3.45 (s, 2H, Cq-CH2Ar), 1.05 (t, J = 7.1 Hz, 6H, -
CO2CH,CHs). 3C NMR (150 MHz, Methanol-ds) § 173.52 (C=0), 154.87 (C), 137.60 (C), 132.78
(C), 129.88 (C), 129.54 (C), 125.43 (CH), 124.37 (CH), 122.37 (CH), 119.59 (CH), 119.50 (CH),
112.77 (CH), 112.70 (CH), 112.09 (CH), 110.41 (C), 110.12 (C), 101.34 (CH), 62.36 (OCH,), 60.84
(C), 55.98 (OCH3), 29.79 (CH2), 29.69 (CHy), 14.08 (CH3). HRMS (ESI): m/z calcd for CasH20N20s
[M + H]*: 449.2071, found: 449.2082.
Diethyl 2-((1H-indol-3-yl)methyl)-2-((6-methoxy-1H-indol-3-yl)methyl)malonate (10)

EtOOC COOEt Yellow solid. (Yield of two steps, 84%). mp 114-116 <. *H NMR (400

@

Hz, 1H, Ar-H), 7.14 (d, J = 2.4 Hz, 1H, Ar-H), 7.08 — 7.03 (m, 1H, Ar-H), 7.02 (d, J = 2.3 Hz, 1H,

y O MHz, DMSO-dg) & 10.96 (d, J = 2.4 Hz, 1H, NH), 10.76 (s, 1H, NH), 7.40

N O (d,J=7.9Hz, 1H, Ar-H), 7.34 (d, J = 8.1 Hz, 1H, Ar-H), 7.26 (d, = 8.7

IZ_ /

Ar-H), 6.97 — 6.91 (m, 1H, Ar-H), 6.84 (d, J = 2.3 Hz, 1H, Ar-H), 6.60 (dd, J = 8.7, 2.3 Hz, 1H, Ar-
H), 3.90 (g, J = 7.1 Hz, 4H, -CO,CH,CHs), 3.75 (s, 3H, -OCHs), 3.32 (s, 2H, Cq-CH,AT), 3.28 (s,
2H, Cq-CH2AT), 1.02 (t, J = 7.1 Hz, 6H, -CO,CH,CHs). 3C NMR (125 MHz, DMSO-ds) 5 170.94

(C=0), 155.39 (C), 136.43 (C), 135.74 (C), 127.82 (C), 124.00 (CH), 122.55 (CH), 122.22 (C),
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120.88 (CH), 118.84 (CH), 118.25 (CH), 118.21 (CH), 111.31 (CH), 108.56 (CH), 108.21 (C),
108.18 (C), 94.31 (CH), 60.63 (OCHy), 58.64 (C), 55.11 (OCHz), 28.15 (CHy), 28.02 (CH2), 13.58
(CH3). HRMS (ESI): m/z calcd for CzsH29N20s [M + H]*: 449.2071, found: 449.2084.

Diethyl 2-((1H-indol-3-yl)methyl)-2-((7-methoxy-1H-indol-3-yl)methyl)malonate (1p)

EtOOC, COOEt Yellow solid. (Yield of two steps, 78%). mp 159-161 <C. *H NMR (400 MHz,

O N DMSO-ds) & 11.08 (d, J = 2.5 Hz, 1H, NH), 10.96 (s, 1H, NH), 7.40 (d, J =
N N
H H 7.9 Hz, 1H, Ar-H), 7.34 (d, J = 8.1 Hz, 1H, Ar-H), 7.14 (d, J = 2.4 Hz, 1H,

Ar-H), 7.08 — 7.03 (m, 2H, Ar-H), 7.01 (d, J = 8.1 Hz, 1H, Ar-H), 6.97 — 6.91
(m, 1H, Ar-H), 6.87 (t, J = 7.8 Hz, 1H, Ar-H), 6.63 (d, J = 7.6 Hz, 1H, Ar-H), 3.90 (g, J = 7.1 Hz,
4H, -CO,CH,CHs), 3.90 (s, 3H, -OCHs), 3.32 (s, 2H, Cq-CH,AT), 3.31 (5, 2H, C-CH2Ar), 1.01 (t,
J=7.1Hz, 6H, -CO,CH,CHs). 3C NMR (125 MHz, DMSO-de) & 170.92 (C=0), 146.03 (C), 135.73
(C), 129.38 (C), 127.81 (C), 125.82 (C), 123.98 (CH), 123.48 (CH), 120.88 (CH), 118.84 (CH),
118.26 (CH), 118.19 (CH), 111.31 (CH), 111.13 (CH), 108.76 (C), 108.19 (C), 101.41 (CH), 60.64
(OCHy), 58.66 (C), 55.03 (OCHa), 28.29 (CH3), 28.07 (CHy), 13.56 (CH3). HRMS (ESI): m/z calcd
for Co6H29N20s [M + H]*: 449.2071, found: 449.2082.
Diethyl 2,2-bis((6-methoxy-1H-indol-3-yl)methyl)malonate (1q)
EtOOC COOEt Yellow solid. (Yield of two steps, 80%). mp 129-131 <C. *H NMR (400
O \ ) O MHz, DMSO-dg) 5 10.75 (d, J = 2.5 Hz, 2H, NH), 7.25 (d, J = 8.7 Hz,
0 N N > 2H, Ar-H), 7.00 (d, J = 2.4 Hz, 2H, Ar-H), 6.84 (d, J = 23 Hz, 2H, Ar-
H), 6.60 (dd, J = 8.7, 2.3 Hz, 2H, Ar-H), 3.91 (g, J = 7.0 Hz, 4H, -CO,CH2CHs), 3.74 (s, 6H, -
OCHs), 3.27 (s, 4H, Cq-CHoATr), 1.03 (t, J = 7.1 Hz, 6H, -CO2CH2CH3). *C NMR (150 MHz,
DMSO-ds) § 170.92 (C=0), 155.38 (C), 136.42 (C), 122.53 (CH), 122.21 (C), 118.82 (CH), 108.54
(CH), 108.18 (C), 94.29 (CH), 60.61 (OCH.), 58.59 (C), 55.10 (OCHs3), 28.03 (CH>), 13.59 (CHs).
HRMS (ESI): m/z calcd for Co7H31N206 [M + H]*: 479.2177, found: 479.2189.

Diethyl 2-((1H-indol-3-yl)methyl)-2-((5-(trifluoromethyl)-1H-indol-3-yl)methyl)malonate (1r)
EtOOC COOEt

@

Ar-H), 7.08 (t, = 7.4 Hz, 1H, Ar-H), 6.97 (td, J = 7.4, 7.0, 1.0 Hz, 1H, Ar-H), 3.93 (g, J = 7.2 Hz,

Yellow solid. (Yield of two steps, 84%). mp 127-129 <T. 'H NMR (400

Y O s MHz, Methanol-ds) 5 7.75 (d, J = 1.7 Hz, 1H, Ar-H), 7.50 — 7.43 (m,
N
H

ITZ_ /

2H, Ar-H), 7.36 — 7.30 (M, 2H, Ar-H), 7.25 (s, 1H, Ar-H), 7.12 (s, 1H,
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4H, -CO,CH;CHs3), 3.48 (s, 2H, Cq-CH2AT), 3.45 (s, 2H, Cq-CH.AT), 1.03 (t, J = 7.1 Hz, 6H, -
CO2CH,CHs). 3C NMR (125 MHz, DMSO-ds) § 170.82 (C=0), 137.25 (C), 135.77 (C), 127.76
(C), 127.04 (C), 126.86 (CH), 125.64 (q, J = 271.1 Hz, CF3), 124.10 (CH), 120.90 (CH), 119.24 (q,
J=30.9 Hz, CCF3), 118.28 (CH), 118.21 (CH), 117.23 (d, J = 3.7 Hz, CH), 115.85 (d, J = 4.6 Hz,
CH), 112.13 (CH), 111.32 (CH), 109.50 (C), 107.99 (C), 60.67 (OCHy), 58.61 (C), 28.37 (CH>),
27.99 (CHy), 13.43 (CHs). HRMS (ESI): m/z calcd for CagH26FsN2O4 [M + H]*: 487.1839, found:
487.1842.
Ethyl 2-((1H-indol-3-yl)methyl)-3-(1H-indol-3-y1)-2-(methylsulfonyl)propanoate (1s)

o Yellow solid. (Yield of two steps, 78%). mp 194-196 <. *H NMR (400 MHz,

o:/s" COOEt
DMSO-ds) & 11.00 (d, J = 2.6 Hz, 2H, NH), 7.54 (d, J = 7.9 Hz, 2H, Ar-H),

&

O 7.34 (d, J = 8.0 Hz, 2H, Ar-H), 7.14 (d, J = 2.5 Hz, 2H, Ar-H), 7.06 (ddd, J

IZ 2
IZ"N

=8.1,6.9, 1.3 Hz, 2H, Ar-H), 6.98 (ddd, J =7.4, 7.0, 1.2 Hz, 2H, Ar-H), 4.02
(9, J = 7.1 Hz, 2H, -CO2CH,CH3), 3.64 (d, J = 15.0 Hz, 2H, C-CHHAr), 3.47 (d, J = 15.1 Hz, 2H,
Cq-CHHA), 2.80 (s, 3H, - SO,CHs), 0.96 (t, J = 7.1 Hz, 3H, -CO,CH,CHs). 3C NMR (125 MHz,
DMSO-ds) § 168.16 (C=0), 135.56 (C), 127.95 (C), 125.29 (CH), 120.91 (CH), 118.66 (CH),
118.46 (CH), 111.33 (CH), 107.06 (C), 75.68 (C), 61.78 (OCHy), 40.29 (SO,CHs), 27.97 (CH,),
13.29 (CHs). HRMS (ESI): m/z calcd for C23H2sN204S [M + H]*: 425.1530, found: 425.1541.
Ethyl 2-((1H-indol-3-yl)methyl)-2-cyano-3-(1H-indol-3-yl)propanoate (1t)
NG COOE! Yellow solid. (Yield of two steps, 85%). mp 100-102 <. 'H NMR (400 MHz,
O N\ O DMSO-ds) & 11.06 (s, 2H, NH), 7.58 (d, J = 7.9 Hz, 2H, Ar-H), 7.36 (d, J =
” H 8.1 Hz, 2H, Ar-H), 7.22 (d, J = 2.5 Hz, 2H, Ar-H), 7.08 (ddd, J =8.2,6.9, 1.2
Hz, 2H, Ar-H), 6.99 (ddd, J = 8.0, 6.9, 1.1 Hz, 2H, Ar-H), 3.89 (g, J = 7.1 Hz, 2H, -CO2CH2CHs),
3.53 (d, J = 14.5 Hz, 2H, C4-CHHAY), 3.44 (d, J = 14.5 Hz, 2H, C4-CHHAr), 0.86 (t, J = 7.1 Hz,
3H, -CO,CH;CH3). 3C NMR (125 MHz, DMSO-ds) & 168.84 (C=0), 135.79 (C), 127.19 (C),
124.62 (CH), 121.07 (CH), 120.07 (CN), 118.54 (CH), 118.50 (CH), 111.41 (CH), 107.71 (C), 62.06
(OCHy), 53.90 (C), 32.87 (CH>), 13.39 (CH3). HRMS (ESI): m/z calcd for CosHaaNsO2 [M + H]*:

372.1707, found: 372.1717.
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Experiment data for compound 3a

Diethyl  4b,5,7,12,12b,13-hexahydro-6H-cycloheptal2,1-b:3,4-b"]diindole-6,6-dicarboxylate
(3a)
EtOOC, COOEt  velow solid. mp 90-92 <T. *H NMR (500 MHz, Methanol-ds) § 7.51 (d, J =
O , O 7.6 Hz, 1H, Ar-H), 7.29 (d, J = 7.9 Hz, 1H, Ar-H), 7.13 (d, J = 7.4 Hz, 1H,
HoR Ar-H), 7.06 — 7.01 (m, 2H, Ar-H), 6.99 (ddd, J = 8.0, 7.0, 1.2 Hz, 1H, Ar-H),
6.75 (td, J= 7.4, 1.0 Hz, 1H, Ar-H), 6.71 (d, J = 7.8 Hz, 1H, Ar-H), 5.14 (d, J = 8.5 Hz, 1H, -NHCH),
4.32—4.21 (M, 2H, -CO;CH,CHs), 4.00 (q, J = 7.1 Hz, 2H, -CO,CH,CHs), 3.84 (ddd, J = 11.1, 8.9,
1.6 Hz, 1H, -NHCHCH), 3.57 (d, J = 15.1 Hz, 1H, C-CHHAr), 3.31 — 3.27 (m, 1H, C-CHHA),
2.27 (dd, J = 14.9, 11.4 Hz, 1H, C-CHHAY), 2.13 (d, J = 14.8 Hz, 1H, Cq-CHHAr), 1.29 (t, J = 7.1
Hz, 3H, -CO,CH,CHs), 1.10 (t, J = 7.1 Hz, 3H, -CO,CH,CHs). 13C NMR (125 MHz, Methanol-d.)
§ 173.48 (C=0), 173.04 (C=0), 150.92 (C), 137.21 (C), 136.21 (C), 134.88 (C), 129.41 (C), 128.97
(CH), 125.34 (CH), 121.81 (CH), 120.76 (CH), 119.82 (CH), 119.12 (CH), 111.72 (CH), 111.30
(CH), 106.21 (C), 62.66 (OCHz), 62.53 (OCH?>), 60.79 (NHCH), 57.84 (C), 41.70 (CH), 36.69 (CH>),
27.53 (CHy), 14.51 (CHs), 14.27 (CH3). HRMS (ESI): m/z calcd for CzsH27N204 [M + H]*: 419.1965,

found: 419.1964.
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Figure S1. 'H NMR spectrum of diethyl 2,2-bis((1H-indol-3-yl)methyl)malonate (1a) in DMSO-ds
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13C NMR spectrum of diethyl 2,2-bis((6-fluoro-1H-indol-3-yl)methyl)malonate (1g) in DMSO-ds
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Figure S34. 13C NMR spectrum of diethyl 2,2-bis((6-methoxy-1H-indol-3-yl)methyl)malonate (1q) in DMSO-ds
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Figure S37. 'H NMR spectrum of ethyl 2-((1H-indol-3-yl)methyl)-3-(1H-indol-3-yl)-2-(methylsulfonyl)propanoate

(1s) in DMSO-ds
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Figure  S38. B8C  NMR  spectrum  of  ethyl 2-((1H-indol-3-yl)methyl)-3-(1H-indol-3-yl)-2-

(methylsulfonyl)propanoate (1s) in DMSO-ds
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Figure S40. 3C NMR spectrum of ethyl 2-((1H-indol-3-yl)methyl)-2-cyano-3-(1H-indol-3-yl)propanoate (1t) in

DMSO-ds
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Figure S41. H NMR spectrum of diethyl 5,7,12,13-tetranydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-6,6-
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Figure S42. 8C NMR spectrum of diethyl 5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2a) in DMSO-ds
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Figure S43. *H NMR spectrum of diethyl 3-methyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-6,6-
dicarboxylate (2b) in Methanol-da4
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Figure S44. 13C NMR spectrum of diethyl 3-methyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2b) in Methanol-da
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Figure S45. *H NMR spectrum of diethyl 2-methyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-6,6-
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Figure S46. 13C NMR spectrum of diethyl 2-methyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2c) in Methanol-das
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Figure S47. 'H NMR spectrum of diethyl 2,10-dimethyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-
6,6-di carboxylate (2d) in DMSO-ds
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Figure S48. 13C NMR spectrum of diethyl 2,10-dimethyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-

6,6-di carboxylate (2d) in DMSO-ds
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Figure S50. 13C NMR spectrum of diethyl 3-fluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2€) in Methanol-das
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Figure S51. *H NMR spectrum of diethyl 2-fluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-
dicarboxylate (2f) in Methanol-da
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Figure S52. 13C NMR spectrum of diethyl 2-fluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2f) in Methanol-das
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Figure S53. 'H NMR spectrum of diethyl 2,10-difluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-
6,6-dicarboxylate (2g) in DMSO-ds
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Figure S54. 13C NMR spectrum of diethyl 2,10-difluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2g) in DMSO-ds
ST AN ROTANO VN OQ -~y N =00 o W -
nOuYITNAa N =S99 Q S2aaown Sa 9
oo ool ool ol gl ol oo Sl il gl o o <t <t neenm —o o I

— J20 20 35 F1500

1400

1300

’ 1200

Il // ) H1100

1000

EtOOC COOEt
900

600

400
300

200

JEn N o) ,

T A it
883 3 F-100
naa =

0 9.5 9.0 8.5 6.5 6.0 5.5 50 4.5 4.0 5 30 2.5 20 1.5 1.0 0.5 0.0 -0.5 -1.0

Bl
1 (ppm)

Figure S55. 'H NMR spectrum of diethyl 3-chloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-
dicarboxylate (2h) in Methanol-da
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Figure S56. 1*C NMR spectrum of diethyl 3-chloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2h) in Methanol-da
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Figure S57. 'H NMR spectrum of diethyl 2-chloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-
dicarboxylate (2i) in DMSO-ds
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Figure S58. 13C NMR spectrum of diethyl 2-chloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2i) in DMSO-ds
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Figure S59. 'H NMR spectrum of diethyl 2,10-dichloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-
6,6-di carboxylate (2j) in DMSO-ds
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Figure S60. 13C NMR spectrum of diethyl 2,10-dichloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-

6,6-di carboxylate (2j) in DMSO-ds
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Figure S61. 'H NMR spectrum of diethyl 3-bromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2k) in DMSO-ds
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Figure S62. 13C NMR spectrum of diethyl 3-bromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2k) in DMSO-ds
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Figure S63. 'H NMR spectrum of diethyl 2-bromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-
dicarboxylate (21) in DMSO-ds
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Figure S64. 13C NMR spectrum of diethyl 2-bromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-

dicarboxylate (2I) in DMSO-ds

b O G = ARG N & B ®
= o e e e e e e enen o coo
—— = N 3
4000
3500
J ’ﬁ / !
3000

EtOOC COOEt
O ' L2500
N N O
Br H H Br

2000
1500

1000

s i 9 %
oS- - e o
ZRSEEN - o —
— o~ S =t o
—_———— T T T T
.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 =140
1 (ppm)

Figure S65. *H NMR spectrum of diethyl 2,10-dibromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-
6,6-di carboxylate (2m) in DMSO-ds
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Figure S66. 3C NMR spectrum of diethyl 2,10-dibromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-

6,6-di carboxylate (2m) in DMSO-ds
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Figure S67. *H NMR spectrum of diethyl 3-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-6,6-
dicarboxylate (2n) in DMSO-ds
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Figure S68. 13C NMR spectrum of diethyl 3-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2n) in DMSO-d

o

2

4.0
4.00
3.98
3.97
3.84
3.58
3.57
0.99
0.97
0.96
T

[
!
5
1
{

EtOOC COOEt l( F1700

i |
O Q 0 1500

N
H

= o

L
e
3
4
A
8

;
7
f
S
}

2.

4.05
3.07
1.99

03

46021

»_
o
e
=)
o
o

11.0 10.0 9.0 8.0 7.0 6.0 5.0
1 (ppm)

Figure S69. *H NMR spectrum of diethyl 2-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-6,6-
dicarboxylate (20) in Methanol-da
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Figure S70. 13C NMR spectrum of diethyl 2-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (20) in Methanol-ds
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Figure S71. *H NMR spectrum of diethyl 1-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-6,6-
dicarboxylate (2p) in DMSO-ds
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Figure S72. 13C NMR spectrum of diethyl 1-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2p) in DMSO-ds
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Figure S73. 'H NMR spectrum of diethyl 2,10-dimethoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-
b']diindole-6,6-di carboxylate (2q) in Methanol-da
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Figure S74. 3C NMR spectrum of diethyl 2,10-dimethoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b'ldiindole-6,6-di carboxylate (2q) in Methanol-da
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Figure S75. 'H NMR spectrum of diethyl

b']diindole-6,6-di carboxylate (2r) in DMSO-ds

3-(trifluoromethyl)-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-
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Figure S76. 3C NMR spectrum of diethyl 3-(trifluoromethyl)-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b']diindole-6,6-di carboxylate (2r) in DMSO-ds
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Figure S77. 'H NMR spectrum of ethyl 6-(methylsulfonyl)-6,7,12,13-tetrahydro-5H-cyclohepta[2,1-b:3,4-
b']diindole-6-carboxylate (2s) in Methanol-d4
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Figure S78. 3C NMR spectrum of ethyl 6-(methylsulfonyl)-6,7,12,13-tetrahydro-5H-cyclohepta[2,1-b:3,4-

b']diindole-6-carboxylate (2s) in DMSO-ds
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Figure S79. 'H NMR spectrum of ethyl 6-cyano-6,7,12,13-tetrahydro-5H-cyclohepta[2,1-b:3,4-b']diindole-6-

carboxylate (2t)
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Figure S80. 3C NMR spectrum of ethyl 6-cyano-6,7,12,13-tetrahydro-5H-cyclohepta[2,1-b:3,4-b"]diindole-6-

carboxylate (2t) in DMSO-ds
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Figure S81. 'H NMR spectrum of diethyl 4b,5,7,12,12b,13-hexahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-
dicarboxylate (3a) in Methanol-da

S52



w0 = a NS t=0o NN NO
< o =) IO OO 0~ O O ot (=2 o —
] S COUTNRN TS AR~ O o ar-e e g b Lal!
S5 S 23oos8s3gnEgs E88y 2R I ] =3 1000
N SN | = ~N A I v
F900
EtOOC_COOEt
(L~
H H 700
600
500
400
300
200
l|H' - i F100
Lol i
I o
T T T T T T T T T T T T T T T T T T T T |>7.]OO
190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Figure S82. 3C NMR spectrum of diethyl 4b,5,7,12,12b,13-hexahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-6,6-
dicarboxylate (3a) in Methanol-d4

Copies of HRMS chromatograms

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_21.d Sample Name PL-21

Sample Type Sample Position P1-C3

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:48:24 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0

x10 5 |+ESI Scan (rt: 0.2-0.3 min, 9 scans) Frag=125.0V ESIH_20181219_YCH_PL_21.d Subtract
14
0.94 419.1973
0.8
0.7
0.6
0.5
0.44
0.3
0.2
o1 417.1823 421.2036
0 4"I3 4%4 4"I5 4"15 4"|7 4%8 4'i9 4é0 4&1 4é2 4é3 4é4 4é5 4é6 4&7 4é8
Counts vs. Mass-to-Charge (m/z)

420.2003

Formula Calculator Results
|mlz |Ca|c m/z |Diff (mDa) |Diff (ppm) |[un Formula |[un |
| 419.1973] 419.1965] -0.75] -1.79]C25 H27 N2 04 [(M+R)+ ]

-— End Of Report —

Figure S83. HRMS chromatogram of diethyl 2,2-bis((1H-indol-3-yl)methyl)malonate (1a)
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Qualitative Analysis Report

Data Filename

Sample Type Sample

Instrument Name Agilent G6520 Q-TOF

Acquired Time 12/19/2018 11:55:44

DA Method small molecular data analysis method.m
User Spectra

ESIH_20181219_YCH_PL_25.d

Sample Name PL-25

Position P1-C7

Acq Method 20160322_MS_ESIH_POS_1min.m
IRM Calibration Status

Comment ESIH by ZZY

Fragmentor Voltage
125

x10 5

1.8
1.6
1.4
1.2

1,
0.8
0.6
0.4
0.2

0

Collision Energy
0

Tonization Mode

431.1972

+ESI| Scan (rt: 0.2 min) Frag=125.0V ESIH_20181219_YCH_PL_25d

433.2130

434.2160

435.2188
|

425 426 427 428 429 430 431

Formula Calculator Results

432 433 434 435 436 437 438 439 440 441

Counts vs. Mass-to-Charge (m/z)

|n1!z |Calc m/z |Diff (mDa) |Diff (ppm) |[0n Formula |Ion |
| 433.213] 433.2127| -0.83] -1.92|C26 H29 N2 04 [T
--- End Of Report -
Figure S84. HRMS chromatogram of diethyl 2-((1H-indol-3-yl)methyl)-2-((5-methyl-1H-indol-3-

yl)methyl)malonate (1b)

Qualitative Analysis Report

442 443 444 445

Data Filename ESIH_20181219_YCH_PL_29.d Sample Name PL-29
Sample Type Sample Position P1-D2
Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 12:03:04 IRM Calibration Status
DA Method small molecular data analysis method.m Comment ESIH by ZZY
User Spectra
Fragmentor Voltage Collision Energy Tonization Mode
125 0 ESI
x10 5 [+ESI Scan (rt: 0.2-0.3 min, 7 scans) Frag=125.0V ESIH_20181219_YCH_PL_29.d
251 433.2134
2.254
24
1.754
1.54
1.25
14
0.754 434.2163
0.54
0251 431.1965 435.2188
0 T T T T T T - T T T T L e T T T T T T T
427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|mlz |Ca|c m/z |Diff (mDa) |Diff (ppm) |Ion Formula |[on |
| 433.2134] 433.2122] -1.17] -2.71]C26 H29 N2 04 [(M+R)+ ]
—- End Of Report —
Figure S85. HRMS chromatogram of diethyl 2-((1H-indol-3-yl)methyl)-2-((6-methyl-1H-indol-3-

yl)methyl)malonate (1c)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_33.d Sample Name PL-33

Sample Type Sample Position P1-D6

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 12:10:23 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
125 0

x10 4 [+ESI Scan {rt: 0.4 min) Frag=125.0V ESIH_20181219_YCH_PL_33.d

447.2290

2] 448.2318

446.2187 449.2346
L |

440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results

|m,fz |Calc m/z |D'|ff (mDa) IDiﬁ (ppm) |Ion Formula IIon |
[ 447.229] 447.2278] -1.13] -2.52|C27 H31 N2 04 M)+ ]

--- End Of Report —

Figure S86. HRMS chromatogram of diethyl 2,2-bis((6-methyl-1H-indol-3-yl)methyl)malonate (1d)

Qualitative Analysis Report

Data Filename ESIH_20190104_YCH_PL_03.d Sample Name 7244-103

Sample Type Sample Position P1-D2

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 1/4/2019 14:59:32 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
225 0 ESI
x10 4 |+ESI Scan (rt: 0.1 min) Frag=225.0v ESIH_20190104_YCH_PL _03.d
3.54
34
2.54
24
1.5
14
0.54
0 T T T T T T T T T T T T T T T T T T T T T T
451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471
Counts vs. Mass-to-Charge (m/z)
Fi la Calculator Results
|mlz |Ca|c m/z |Diff (mDa) |D'|ff (ppm) |[on Formula |Ion |
| 459.1703] 459.1691 -1.22] -2.66]C25 H25 F N2 Na 04 J(M+Na)+
--- End Of Report ---

Figure S87. HRMS chromatogram of diethyl  2-((1H-indol-3-yl)methyl)-2-((5-fluoro-1H-indol-3-

yl)methyl)malonate (1e)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_30.d Sample Name PL-30

Sample Type Sample Position P1-D3

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 12:04:53 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125

x10 4 |+ESI Scan {rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_30.d

437.1878

2 438.1912

439.1952 441.1787
l

433 434 435 436 437 438 439 440 441 442 443 444 445 446 447
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results

|m[z |Ca|c m/z |Diff (mDa) |D'|ff (ppm) |Iun Formula |Iun I
| 437.1878] 437.1871] -0.65] -1.49]C25 H26 F N2 04 [M+H)+ ]

--- End Of Report ---

Figure S88. HRMS chromatogram of diethyl  2-((1H-indol-3-yl)methyl)-2-((6-fluoro-1H-indol-3-

yl)methyl)malonate (1f)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_35.d Sample Name PL-35

Sample Type Sample Position P1-D8

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 12:14:04 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI
%10 4 |+ESI Scan (rt: 0.2-0.3 min, 7 scans) Frag=125.0V ESIH_20181219_YCH_PL_35.d
3.51 455.1782
3
2.5
2]
1.5
14 456.1813
0.5
457.1841
0 . 1

449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results

|m]2 |Ca|c m/z |Diff (mDa) |D'|ff {(ppm) |[on Formula |Ion I

| 455.1782| 455.1777] -0.55] -1.21|C25 H25 F2 N2 04 [m+H)+ ]

--- End Of Report -—

Figure S89. HRMS chromatogram of diethyl 2,2-bis((6-fluoro-1H-indol-3-yl)methyl)malonate (1g)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_27.d Sample Name PL-27

Sample Type Sample Position P1-C9

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_imin.m
Acquired Time 12/19/2018 11:59:25 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI
x10 4 [+ESI Scan (rt: 0.2-0.3 min, 11 scans) Frag=125.0v ESIH_20181219_YCH_PL_27.d
2.44
2.24 453.1582
24
1.8
1.6
1.44
1.24
14
0.84
0.6
0.4
0.24
0 : : PR " SEPSR  SU RE I - . : l\ — : - - —
446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466
Counts vs. Mass-to-Charge (m/z)

455.1564

456.1594

Formula Calculator Results
|m,fz |Ca|c m/z |Diff {mDa) |D'|ff (ppm) |Iun Formula |Iun I
| 453.1582] 453.1576] -0.62] -1.36[C25 H26 CI N2 04 M)+ ]

--- End Of Report -

Figure S90. HRMS chromatogram of diethyl  2-((1H-indol-3-yl)methyl)-2-((5-chloro-1H-indol-3-

yl)methyl)malonate (1h)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_31.d Sample Name PL-31

Sample Type Sample Position P1-D4

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_imin.m
Acquired Time 12/19/2018 12:06:44 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
125

x10 4 [+ESI Scan (rt: 0.3 min) Frag=125.0vV ESIH_20181219_YCH_PL 31.d
5
4.5
4

453.1577

455.1557

456.1574

0 r T T T T - - T T T T T T T T T T T T
447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) |Diff {(ppm) |Ion Formula IIon I
| 453.1577] 453.1576] -0.12] -0.27|C25 H26 CI N2 04 [m+H)+ ]

--- End Of Report -—

Figure S91. HRMS chromatogram of diethyl 2-((1H-indol-3-yl)methyl)-2-((6-chloro-1H-indol-3-
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yl)methyl)malonate (1i)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_36-1.d Sample Name PL-36

Sample Type Sample Position P2-D9

Instrument Name Agilent G6520 Q-TOF Acq Method 20160324_MS_ESIH_NEG_imin.m
Acquired Time 12/19/2018 14:43:10 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
el
x10 3 |[-ESI Scan (rt: 0.2-0.3 min, 13 scans) Frag=90.0V ESIH_20181219_YCH_PL 36-1.d
6 485.1028
5
487.1006
4
3
2 486.1064
488.1033
1] 489.0992
0 s L ‘ —

479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) IDiﬁ (ppm) |Ion Formula |[un |
| 485.1028]  485.104] 1.21] 2.5[C25 H23 CI2 N2 04 [mM-H)- ]

--- End Of Report -

Figure S92. HRMS chromatogram of diethyl 2,2-bis((6-chloro-1H-indol-3-yl)methyl)malonate (1j)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_28.d Sample Name PL-28

Sample Type Sample Position P1-D1

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 12:01:13 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI

x10 4 [+ESI Scan (rt: 0.2-0.3 min, 14 scans) Frag=125.0V ESIH_20181219_YCH_PL_28.d

2.2
2
1.8
1.6
1.4
1.2
1
0.8
0.64 498.1101 500.1085
0.4l 507.3758
0.2
ol | , X | . L L | | | '

497.1072 4991059

. . : .
490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m[z |Ca|c m/z |Diff (mDa) ]Diﬁ (ppm) |Ion Formula |[0n |
| 497.1072]  497.107] -0.17] -0.33[C25 H26 Br N2 04 [M+H)+ |

--- End Of Report ---
Figure S93. HRMS chromatogram of diethyl  2-((1H-indol-3-yl)methyl)-2-((5-bromo-1H-indol-3-

yl)methyl)malonate (1K)
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Qualitative Analysis Report

Data Filename ESIH_20181219 YCH_PL_32.d Sample Name PL-32

Sample Type Sample Position P1-D5

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 12:08:33 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by 77Y

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI

x10 4 |+ESI Scan (rt: 0.3-0.4 min, 10 scans) Frag=125.0V ESIH_20181219_YCH_PL_32.d
2.4
224 97.1077 499.1060
2
1.8
1.6
1.4
1.24
14
0.8
0.6
0.4
0.2
0

493 494 495 496 497 498 499 500 501 502 503 504 505 506 507
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz |Ca|c m/z |D'|ff (mDa) IDiﬁ (ppm) |Ion Formula |Ion |
| 497.1077]  497.107] -0.61] -1.23]C25 H26 Br N2 04 [(Me)+

- End Of Report —

Figure S94. HRMS chromatogram of diethyl  2-((1H-indol-3-yl)methyl)-2-((6-bromo-1H-indol-3-

yl)methyl)malonate (11)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_37-1.d Sample Name PL-37

Sample Type Sample Position P2-E1

Instrument Name Agilent G6520 Q-TOF Acq Method 20160324_MS_ESIH_NEG_1min.m
Acquired Time 12/19/2018 14:45:00 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
90

x10 4 |-ESI Scan (rt: 0.4-0.5 min, 14 scans) Frag=90.0V ESIH_20181219_YCH_PL_37-1.d

1.44 574.9998

0.84
573.0013 576.9991
0.6+

0.4 576.0027

0.2 574.0049 578.0004
‘ 579.0070

0 T T T T T T T T I T T T T T T T T T T
567 568 569 570 571 572 573 574 575 576 577 578 579 580 581 582 583 584 585
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m[z |Ca|c m/z |D'|ff (mDa) IDiﬁ (ppm) |Ion Formula |[0n |
| 573.0013]  573.003] 1.67| 2.92]C25 H23 Br2 N2 04 [M-H)- ]

--- End Of Report -—

Figure S95. HRMS chromatogram of diethyl 2,2-bis((6-bromo-1H-indol-3-yl)methyl)malonate (1m)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_22.d Sample Name PL-22

Sample Type Sample Position P1-C4

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:50:14 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125

x10 4 |+ESI Scan (rt: 0.2-0.2 min, 5 scans) Frag=125.0V ESIH_20181219_YCH_PL_22.d
8

449.2082

- 08

6

450.2113

1 447.1917 .
4451767 451 lz‘ﬁ
1 1
441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz |Ca|c m/z |Diff {mDa) |D'|ff (ppm) |Iun Formula |Iun |
| 449.2082] 449.2071 ] -1.09] -2.44|C26 H29 N2 05 JMer)+ ]

--- End Of Report -
Figure S96. HRMS chromatogram of diethyl 2-((1H-indol-3-yl)methyl)-2-((5-methoxy-1H-indol-3-

yl)methyl)malonate (1n)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_23.d Sample Name PL-23

Sample Type Sample Position P1-C5

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:52:04 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125

x10 5 [+ESI Scan (rt: 0.2-0.3 min, 12 scans) Frag=125.0V ESIH_20181219_YCH_PL_23.d

2.2 449.2084

24
1.8
1.6
1.4
1.2

14
0.81
0.61
0.41

0'§' 4471926 451.2138

450.2113

441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results

| m/z ICaIc m/z |I)iff (mDa) |D'|ff {ppm) |[nn Formula |[nn |
| 449.2084| 449.2071] -1.34] -2.99]C26 H29 N2 05 [m+n)+ |

--- End Of Report -

Figure S97. HRMS chromatogram of diethyl 2-((1H-indol-3-yl)methyl)-2-((6-methoxy-1H-indol-3-

yl)methyl)malonate (10)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_24.d Sample Name PL-24

Sample Type Sample Position P1-C6

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:53:54 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI

x10 S |+ESI Scan (rt: 0.2-0.3 min, 9 scans) Frag=125.0V ESIH_20181219_YCH_PL_24.d
1.8
1.6 449.2082
1.4
1.2
1
0.8
0.6
450.2110
0.4
0.2

451.2132
l

441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460
Counts vs. Mass-to-Charge (m/z)

4471921
0 .

Formula Calculator Results
|m]2 |Ca|c m/z |Diff (mDa) |D'|ff {(ppm) |[on Formula |[on |
| 449.2082] 449.2071] -1.15] -2.56[C26 H29 N2 05 [m+my+ ]

--- End Of Report -—

Figure S98. HRMS chromatogram of diethyl 2-((1H-indol-3-yl)methyl)-2-((7-methoxy-1H-indol-3-

yl)methyl)malonate (1p)

Qualitative Analysis Report

Data Filename ESIH_20181219 YCH_PL_34.d Sample Name PL-34

Sample Type Sample Position P1-D7

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 12:12:14 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI

x10 5 [+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_34.d

2.754
2.5
2.254
24
1.75
1.5
1.25+
1]
0.75
0.5

0.25 477.2006 481.‘2237
0 . L

474 475 476 477 478 479 480 481 482 483 484 485 486 487 488 489
Counts vs. Mass-to-Charge (m/z)

479.2189

480.2217

Formula Calculator Results
|m,fz |Ca|c m/z |[)iff {(mDa) |D'|ff (ppm) |Iun Formula |[un |
| 479.2189] 479.2177] -1.21] -2.52]C27 H31 N2 06 [(M+H)+ ]

--- End Of Report -

Figure S99. HRMS chromatogram of diethyl 2,2-bis((6-methoxy-1H-indol-3-yl)methyl)malonate (1q)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_38.d Sample Name PL-38

Sample Type Sample Position P1-E2

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_imin.m
Acquired Time 12/19/2018 12:19:32 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI
x10 4 |+ESI Scan (rt: 0.3-0.3 min, 7 scans) Frag=125.0V ESIH_20181219_YCH_PL_38.d
5
487.1842
4.5
4
3.54
3
2.54
24
1.54 488.1873
14
0.5 489.1909
0 T T ™ T T T T 1 - T T T T T T T
483 484 485 486 487 488 489 490 491 492 493 494 495 496
Counts vs. Mass-to-Charge (m/z)
Fi la Calculator Results
|mlz |Ca|c m/z |Diff (mDa) |Diff (ppm) |[on Formula |Ion ]
| 487.1842] 487.1839] -0.32] -0.67]C26 H26 F3 N2 04 M)+ ]

--- End Of Report ——

Figure S100. HRMS chromatogram of diethyl 2-((1H-indol-3-yl)methyl)-2-((5-(trifluoromethyl)-1H-indol-3-

yl)methyl)malonate (1r)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_39.d Sample Name PL-39

Sample Type Sample Position P1-E3

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 12:21:22 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by Z7Y

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI
x10 5 [+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_39.d
3 425.1541
2.5
24
1.5
14
426.1567
0.5
427.1546
0 T | - T T

420 421 422 423 424 425 426 427 428 420 430 431 432 433 434 435
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|mlz |Ca|c m/z |D'|ff (mDa) IDiﬁ (ppm) |Ion Formula |[on |
| 425.1541]  425.153] -1.16] -2.73]C23 H25 N2 04 5 D!

--- End Of Report -

Figure  S101. HRMS  chromatogram  of  ethyl  2-((1H-indol-3-yl)methyl)-3-(1H-indol-3-yl)-2-

(methylsulfonyl)propanoate (1s)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_40.d Sample Name PL-40

Sample Type Sample Position P1-E4

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 12:23:12 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
125

x10 5 |+ESI Scan (rt: 0.3 min) Frag=125.0v ESIH_20181219_YCH_PL_40.d
2,
1.84
1.64
1.4

3721717

1.24

1]
0.84
0.64
0.44

373.1746

021 368.2404 374.1759 375.?221
0 L l L

367 368 369 a70 371 372 373 374 a75 a76 377 a78 379
Counts vs. Mass-te-Charge (m/z)

Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) |D'|ff (ppm) |[on Formula |[on |
| 372.1717] 372.1707] -1.08] -2.9]C23 H22 N3 02 [me)+

--- End Of Report -—

Figure S102. HRMS chromatogram of ethyl 2-((1H-indol-3-yl)methyl)-2-cyano-3-(1H-indol-3-yl)propanoate (1t)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_01.d Sample Name PL-1

Sample Type Sample Position P1-Al

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:10:32 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0

%10 5 [+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_01.d
1.8

1.6 417.1820
1.44
1.2
1
0.8
0.6
418.1842
0.4
0.2 416.1739
412 413 414 415 416 417 418 419 420 421 422 423 424 425
Counts vs. Mass-to-Charge (m/z)

419.1869
|

Formula Calculator Results
|mlz |Calc m/z |Diff (mDa) IDiff (ppm) |Ion Formula |Ion |
[ 417.187] 417.1809] -1.12] -2.69]C25 H25 N2 04 [ |

--- End Of Report ---

Figure S103. HRMS chromatogram of diethyl 5,7,12,13-tetrahydro-6H-cyclohepta[2,1-h:3,4-b"]diindole-6,6-

dicarboxylate (2a)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_05.d Sample Name PL-5

Sample Type Sample Position P1-AS

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:19:09 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by Z7Y

User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
125

%10 5 [+ESI Scan (rt: 0.2 min) Frag=125.0v ESIH_20181218_YCH_PL_05.d Subtract

1.2 431.1976

14

0.8

0.6

041 432.2008

029 430.1897

R 433.2029

0 - T T

425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz ICaIc m/z |[)iff (mDa) |D'|ff (ppm) |Ion Formula |[nn |
| 431.1976] 431.1965] -1.09] -2.54[C26 H27 N2 04 [(M+H)+ ]

--- End Of Report ---

Figure S104. HRMS chromatogram of diethyl 3-methyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2b)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_09.d Sample Name PL-9

Sample Type Sample Position P1-A9

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:26:27 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0
x10 5 |+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_09.d Subtract
24
1.8 431.1971
1.6
1.44
1.2
1
0.84
0.6
432.2002
0.44
0.2 430.1890 433.2061
0 T T T ™ T T T T I T T T T T T
426 427 428 429 430 431 432 433 434 435 436 437 438 439
Counts vs. Mass-to-Charge (m/z)
Fi la Calculator Results
|m[z |Ca|c m/z |Diff {mDa) |D'|ff (ppm) |[0n Formula |Iun |
| 431.1971] 431.1965] -0.58] -1.36[C26 H27 N2 04 JMer)+ ]

--- End Of Report ---

Figure S105. HRMS chromatogram of diethyl 2-methyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2c)
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Q

ualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_13.d Sample Name PL-13

Sample Type Sample Position P1-B4

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:33:46 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy
0

Ionization Mode

125 ESI
x10 5 |+ESI Scan (rt: 0.2 min) Frag=125.0V ESIH_20181219_YCH_PL_13.d Subtract
1.4 445.2131
1.2
14
0.8
0.6
0.4 446.2164
021 447.2210
o 444.2052 |
" 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|m[z |Ca|c m/z |Diff (mDa) |D'|ff (ppm) |[0n Formula |[0n |
| 445.2131] 445.2122] -0.92] -2.07]C27 H29 N2 04 [mem+ ]
--- End Of Report -—

Figure S106. HRMS chromatogram of

b']diindole-6,6-di carboxylate (2d)

Q

diethyl 2,10-dimethyl-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

ualitative Analysis Report

Data Filename ESIH_20181219 YCH_PL_06.d Sample Name PL-6
Sample Type Sample Position P1-A6
Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:20:59 IRM Calibration Status
DA Method small molecular data analysis method.m Comment ESIH by ZZY
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
125 0
%10 4 |+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_06.d Subtract
64
5.5 435.1715
5]
4.5
44
3.5
3
2.5
24
15 436.1747
14
0.5 437.1816
0 T T T . T T T T T T ‘ T T T T T T T T T
429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|m[z |Ca|c m/z |Diff {(mDa) |Diff (ppm) |Iun Formula |Iun I
| 435.1715] 435.1715] -0.03] -0.06]C25 H24 F N2 04 [meH)+
--- End Of Report -

Figure S107. HRMS chromatogram of diethyl 3-fluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2e)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_10.d Sample Name PL-10
Sample Type Sample Position P1-B1
Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_imin.m
Acquired Time 12/19/2018 11:28:16 IRM Calibration Status
DA Method small molecular data analysis method.m Comment ESIH by ZZY
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
125 0
%10 4 [+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_10.d Subtract
94
8] 435.1723
74
6
5
44
34
2] 436.1759
14
434.1641 437.1819
0 T T T T = T L T T T L T T T T T T T 1
430 431 432 433 434 435 436 437 438 439 440 441 442 443 444
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) |D'|ff (ppm) |Ion Formula |Ion I
| 435.1723] 435.1715] -0.81] -1.87|C25 H24 F N2 04 [M+H)+ ]

--- End Of Report -—

Figure S108. HRMS chromatogram of diethyl 2-fluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-

6,6-dicarboxylate (2f)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_15.d

Sample Type Sample

Instrument Name Agilent G6520 Q-TOF

Acquired Time 12/19/2018 11:37:26

DA Method small molecular data analysis method.m

User Spectra

Sample Name

Position

Acq Method

IRM Calibration Status
Comment

PL-15
P1-B6
20160322_MS_ESIH_POS_1imin.m

ESIH by ZZY

Fragmentor Voltage Collision Energy
0

Ionization Mode

125 ESI
%10 4 [+ESI Scan (rt: 0.2-0.3 min, 5 scans) Frag=125.0V ESIH_20181219_YCH_PL_15.d Subtract
4 453.1629
3.5
34
2.5
24
1.5
" 454.1658
059 455.1684
0 T T T T T T T - T - T l T T T T T - T T
448 449 450 451 452 453 454 455 456 457 458 459 460 461 462
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|m[2 |Ca|c m/z |Diff (mDa) IDiH (ppm) |Ion Formula |Ion |
| 453.1629]  453.162] -0.83] -1.83[C25 H23 F2 N2 04 Jmemy+ ]
--- End Of Report ---

Figure S109. HRMS chromatogram of diethyl 2,10-difluoro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b']diindole-6,6-dicarboxylate (29)

S66



Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_07.d Sample Name PL-7
Sample Type Sample Position P1-A7
Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:22:49 IRM Calibration Status
DA Method small molecular data analysis method.m Comment ESIH by ZZY
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
125 0
x10 4 |+ESI Scan (rt: 0.4 min) Frag=125.0V ESIH_20181219_YCH_PL_07.d
3 451.1426
2.54
2
1.54
1 453.1412
059 450.1351 454.1447
0 T T T T L T T — T - = - T - T - T T T T T T 1
446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) |D'|ff (ppm) |Ion Formula |Ion I
| 451.1426] 451.1419] -0.72] -1.6]C25 H24 CI N2 04 [M+H)+ ]

--- End Of Report —-

Figure S110. HRMS chromatogram of diethyl 3-chloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2h)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_11.d Sample Name PL-11
Sample Type Sample Position P1-B2
Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:30:07 IRM Calibration Status
DA Method small molecular data analysis method.m Comment ESIH by ZZY
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESL
x10 4 |+ESI Scan (rt: 0.3 min) Frag=125.0v ESIH_20181219_YCH_PL_11.d Subtract
3.5 451.1422
34
2.5
2
1.54
453.1409
by 452.1432
0.5 454.1437
0 T T T T T T T T T - T ‘ L T T T T T - T T
446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|m]z |Ca|c m/z |[)iff (mDa) |D'|ff (ppm) |Ion Formula |Ion I
| 451.1422| 451.1419| -0.29] -0.64]C25 H24 CI N2 04 M)+
--- End Of Report -

Figure S111. HRMS chromatogram of diethyl 2-chloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2i)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_16-1.d Sample Name PL-16

Sample Type Sample Position P2-B7

Instrument Name Agilent G6520 Q-TOF Acq Method 20160324_MS_ESIH_NEG_1min.m
Acquired Time 12/19/2018 14:37:41 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by Z7Y

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
90

x10 4 |-ESI Scan (rt: 0.3 min) Frag=90.0V ESIH_20181219_YCH_PL_16-1.d

351 483.0880

3

257 485.0844

14 484.0909)

486.0873
0.5 487.0853

0 . N | |
473 474 475 476 477 478 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz |Calc m/z |D'|ff (mDa) IDiﬁ (ppm) |Ion Formula |[on |
| 483.088] 483.0884] 0.36] 0.74]C25 H21 CI2 N2 04 [CEDE|

--- End Of Report ---

Figure S112. HRMS chromatogram of diethyl 2,10-dichloro-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-
b'ldiindole-6,6-di carboxylate (2j)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_08.d Sample Name PL-8

Sample Type Sample Position P1-A8

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:24:39 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI

x10 4 [+ESI Scan (rt: 0.3-0.3 min, 9 scans) Frag=125.0V ESIH_20181219_YCH_PL_08.d

24
1.8
1.6
1.4
1.2

14
0.84
0.64 496.0930

495.0918 487.0902

498.0929
0.44
0.2+ 499.0977
0 1 L . L | I il . i I L N
T T T T T T T T T T T T T T
490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz |Ca|c m/z |Diff {mDa) |D'|ff (ppm) |Iun Formula |Iun I
| 495.0918] 495.0914] -0.41] -0.82|C25 H24 Br N2 04 Jm+H)+ ]

--- End Of Report -
Figure S113. HRMS chromatogram of diethyl 3-bromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (2k)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_12.d Sample Name PL-12

Sample Type Sample Position P1-B3

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:31:56 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0
x10 4 [+ESI Scan (rt: 0.2-0.3 min, 12 scans) Frag=125.0V ESIH_20181219_YCH_PL_12.d Subtract
1.84
164 495.0915 497.0903
1.4+
1.24
14
0.8
0.6
498.0936
0.41 496.0904
024 499.0965 505.3602
0 \‘\I\“l‘l»\'l“||\“\‘\.| |'|'|‘|‘||
491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507
Counts vs. Mass-to-Charge (m/z)
Fi la Calculator Results
|mlz |Ca|c m/z |Diff (mDa) |Diff {ppm) |Ion Formula |Ion I
| 495.0915] 495.0914] -0.1] -0.2]C25 H24 Br N2 04 M)+ ]
--- End Of Report -

Figure S114. HRMS chromatogram of diethyl 2-bromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-b"]diindole-

6,6-dicarboxylate (21)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_17-1.d Sample Name PL-17

Sample Type Sample Position P2-B8

Instrument Name Agilent G6520 Q-TOF Acq Method 20160324_MS_ESIH_NEG_1min.m
Acquired Time 12/19/2018 14:39:30 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
a0 0 ESI

x10 4 |-ESI Scan (rt: 0.3-0.4 min, 14 scans) Frag=90.0V ESIH_20181219_YCH_PL_17-1.d
1.84
1.64
1.4
1.2
14
0.8
0.6
0.4
0.2
0 ! T T T T

569 570 571 572 573 574 575 576 577 578 579 580 581 582 583
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|mfz |Ca|c m/z |[)iff (mDa) |Diff (ppm) |[un Formula |Ion |
| 570.9867] 570.9874] 0.65] 1.14[C25 H21 Br2 N2 04 [M-H)- |

--- End Of Report -—

Figure S115. HRMS chromatogram of diethyl 2,10-dibromo-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b']diindole-6,6-di carboxylate (2m)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_02.d Sample Name PL-2

Sample Type Sample Position P1-A2

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1min.m
Acquired Time 12/19/2018 11:13:39 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI
x10 5 | +ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_02.d
1.4
447.1920
1.2
14
0.8
0.6
041 448.1953
0.2
446.1842 449.1976
0 | | . ]

439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|mlz |Calc m/fz |D'|ff (mDa) IDiff (ppm) |Inn Formula IIon |
[ 447.192] 447.1914] -0.59] -1.31]C26 H27 N2 05 M+ +

--- End Of Report -

Figure S116. HRMS chromatogram of diethyl 3-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b'ldiindole-6,6-dicarboxylate (2n)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_03.d Sample Name PL-3

Sample Type Sample Position P1-A3

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_imin.m
Acquired Time 12/19/2018 11:15:29 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125

x10 5 |+ESI Scan (rt: 0.2 min) Frag=125.0V ESIH_20181219_YCH_PL_03.d Subtract
1.2
1.1
14
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

439 44D 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458
Counts vs. Mass-to-Charge (m/z)
F la Calculator Results

|m[z |Ca|c m/z |Diff {mbDa) |Diff (ppm) |Iun Formula |Iun |
| 447.1924] 447.1914] -0.92] -2.06[C26 H27 N2 05 JMer)+ ]

--- End Of Report ---
Figure S117. HRMS chromatogram of diethyl 2-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b']diindole-6,6-dicarboxylate (20)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_04.d Sample Name PL-4

Sample Type Sample Position P1-A4

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:17:19 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125

x10 5 [+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_04.d Subtract

2.2
2_
18]
16
1.4
1.2
14
0.8
0.6 4481955
0.4
0.2 446.1843 449.‘198?
|
0 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458
Counts vs. Mass-to-Charge (m/z)

447.1927

Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) |D'|ff (ppm) |Iun Formula |[un |
| 447.1927| 447.1914] -1.28] -2.86]C26 H27 N2 05 [M+H)+ |

--- End Of Report -
Figure S118. HRMS chromatogram of diethyl 1-methoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b'ldiindole-6,6-dicarboxylate (2p)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_14.d Sample Name PL-14

Sample Type Sample Position P1-BS

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:35:36 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 ESI

%10 5 |+ESI Scan (rt: 0.2-0.3 min, 8 scans) Frag=125.0v ESIH_20181219 YCH_PL 14.d Subtract
1.14
1
0.9
0.8
0.7
0.64
0.5
0.4
0.3 478.2058
0.24

477.2025

0.1 47&.‘1947 479.2082
|

o | . .
472 473 474 475 476 477 478 479 480 481 482 483 484 485 486
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|mfz |Ca|c m/z |D'|ff (mDa) IDiﬁ (ppm) |Ion Formula IIon |
| 477.2025]  477.202] -0.52] -1.1[C27 H29 N2 06 [M+H+ |

--- End Of Report —--

Figure S119. HRMS chromatogram of diethyl 2,10-dimethoxy-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-

b'ldiindole-6,6-di carboxylate (2q)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_18.d Sample Name PL-18

Sample Type Sample Position P1-B9

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:42:55 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
125

x104 [+ESI Scan (rt: 0.2 min) Frag=125.0V ESIH_20181219_YCH_PL_18.d Subtract
5.5
54
4.5
44
3.5
34
2.5
24
151 486.1713

485.1682

14
054 487.1780

D| - T T T T ‘ .

480 481 482 483 484 485 486 487 488 480 490 491 492 493 494
Counts vs. Mass-to-Charge (m/z)

489.3611

Formula Calculator Results
|mlz |Ca|c m/z |Diff (mDa) |D'|ff {ppm) |[on Formula |Ion
| 485.1682] 485.1683] 0.07] 0.15]C26 H24 F3 N2 04 [M+H)+ ]

--- End Of Report ---
Figure S120. HRMS chromatogram of diethyl 3-(trifluoromethyl)-5,7,12,13-tetrahydro-6H-cyclohepta[2,1-b:3,4-
b'ldiindole-6,6-di carboxylate (2r)

Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_19.d Sample Name PL-19

Sample Type Sample Position P1-C1

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:44:44 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125

x10 4 [+ESI Scan (rt: 0.3 min) Frag=125.0V ESIH_20181219_YCH_PL_19.d Subtract

423.1373

424.1408

. 4251303
0 | ‘

418 419 420 421 422 423 424 425 426 427 428 429 430 431
Counts vs. Mass-to-Charge (m/z)

Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) |Diff (ppm) |Iun Formula |Iun I
| 423.1373] 423.1373] 0.03] 0.07|C23 H23 N2 04 § M)+ ]

--- End Of Report -

Figure S121. HRMS chromatogram of ethyl 6-(methylsulfonyl)-6,7,12,13-tetrahydro-5H-cyclohepta[2,1-b:3,4-

b']diindole-6-carboxylate (2s)
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Qualitative Analysis Report

Data Filename ESIH_20181219_YCH_PL_20.d Sample Name PL-20

Sample Type Sample Position P1-C2

Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 12/19/2018 11:46:34 IRM Calibration Status

DA Method small molecular data analysis method.m Comment ESIH by ZZY

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0
x10 4 |+ESI Scan (rt: 0.2-0.3 min, 5 scans) Frag=125.0v ESIH_20181219_YCH_PL_20.d Subtract
74
370.1553
6
5
44
3
21 371.1584
1]
366.2267 368.2403 373.3075 375.?217
0 T T T L T T T - T T T L T T - T T . T - T T 1
365 366 367 368 369 370 371 372 373 374 375 376 377 378 379
Counts vs. Mass-to-Charge (m/z)
Fi la Calculator Results
|mlz |Ca|c m/z |D'|ff (mDa) IDiﬁ (ppm) |Ion Formula IIon |
| 370.1553]  370.155] -0.25] -0.67]C23 H20 N3 02 M+ ]
--- End Of Report ---

Figure S122. HRMS chromatogram of ethyl 6-cyano-6,7,12,13-tetrahydro-5H-cyclohepta[2,1-b:3,4-b"]diindole-6-

carboxylate (2t)

Qualitative Analysis Report

Data Filename ESIH_20190104_YCH_PL_02.d Sample Name PL-3a
Sample Type Sample Position P1-D1
Instrument Name Agilent G6520 Q-TOF Acq Method 20160322_MS_ESIH_POS_1imin.m
Acquired Time 1/4/2019 14:57:09 IRM Calibration Status
DA Method small molecular data analysis method.m Comment ESIH by ZZY
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
225 0
%10 6 [+ESI Scan (rt: 0.3 min) Frag=225.0v ESIH_20190104_YCH_PL 02.d
2.754
2.5 419.1964
2.254
24
1.754
1.54
1.254
14
0.754 420.2002
0.54
0'22_ 417.1807 | | 4z2o3 424.4888
' 415 416 417 418 419 420 421 422 423 424 425 426 427
Counts vs. Mass-to-Charge (m/z)
Formula Calculator Results
|m,fz |Ca|c m/z |Diff (mDa) |Diff (ppm) |Iun Formula |[0n |
| 419.1964] 419.1965] 0.17] 0.4]C25 H27 N2 04 [mer)+ ]
--- End Of Report -

Figure S123. HRMS chromatogram of diethyl 4b,5,7,12,12h,13-hexahydro-6H-cyclohepta[2,1-b:3,4-b']diindole-

6,6-dicarboxylate (3a)
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