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1) General Experimental Methods:

The chemicals and reagents were purchased from Sigma-Aldrich, Merck, Alfa Aesar and Loba
chemical, and used without further purification. Melting points were determined in a Buchi 504

apparatus. 1H and 13C NMR spectra were recorded in a 400 MHz NMR spectrophotometer
(JEOL, JNM ECS) using tetramethylsilane (TMS) as the internal standard and coupling constants
are expressed in Hertz. Visualization was accomplished with UV lamp or I, stain. Reactions were

monitored by thin-layer chromatography using aluminium sheets with silica gel 60 F,s4 (Merck).
The products were isolated by column neutral alumina using EtOAc:Hexane(30%)as an eluent.

(2) Preparation of the catalysts:

Synthesis of graphene oxide (GO)
The synthesis of GO is carried out using modified Hummer’s method.*

Synthesis of Pd NPs supported on reduced graphene oxide(rGO) (Pd-rGO nanocomposite)
(Using microwave)

For the preparation of Pd/rGO, 0.1 g of the dried GO and palladium acetate (0.1g in 10 wt.%
HNOj3, 99.999%) were sonicated in deionized water until a homogeneous yellow dispersion was
obtained. The solution was placed inside a conventional microwave after adding 100 micro litre
of the reducing agent, hydrazine hydrate (HH). The microwave oven then operated at power (300
W) for 40s. The yellow solution of Pd-GO changed to a black colour, indicating the formation of
NPs and in-situ chemical reduction to rGO. In order to separate the Pd-rGO sheets, water (20
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mL) was added to the solution and centrifuged by using Eppendorf centrifuge operated at 5000
rpm for 15 min and dried overnight under vacuum.?

Synthesis of Pd NPs supported on rGO(Pd-rGO nanocomposite) (Without using microwave)

The above-mentioned method is carried out till addition of reducing agent followed by stirring at
room temperature for 28 hours. The Pd-rGO sheets were further separated by using Eppendorf
centrifuge operated at 5000 rpm for 15 min and dried overnight under vacuum.

Synthesis of Au NPs (Citrate Reduction Method)

100 mL of 102 M HAUCI, was brought to a reflux while stirring and then 10 mL of a 38.8 mM
trisodium citrate solution was added quickly, which resulted in a slight colour change of the
solution from pale yellow to light purple. After the colour changed, the solution was refluxed for
6 hrs. The colour of the solution was turned to deep purple colour. An additional 4 hours of reflux
showed no difference in colour. The solution was refluxed for total 10 hours at a temperature of
about 80 °C at rpm of 1000-1500.3

Synthesis of Au-Pd NPs supported on rGO (Au-Pd-rGO nanocomposite)

For the preparation of Au-Pd-rGO, 0.1 g of the dried GO, Pd(OAc); (0.1g in 10 wt.% HNOs,
99.999%) and HAuUCI, (0.005g) were sonicated in deionized water until a homogeneous yellow
dispersion was obtained. The solution was placed inside a conventional microwave after adding
100 micro litre of the reducing agent, hydrazine hydrate (HH). The microwave oven then
operated at power (300 W) for 40s. The yellow solution of Au-Pd-GO changed to a black colour,
indicating the formation of the catalyst. In order to separate the Au-Pd-rGO sheets, water (20 mL)
was added to the solution and centrifuged by using Eppendorf centrifuge operated at 5000 rpm
for 15 min and dried overnight under vacuum.

Synthesis of Au@Pd core-shell NPs

For the preparation of Au@Pd core-shell NPs, Pd(OAc), (0.1g in 10 wt.% HNO3, 99.999%) and
HAuUCI,4(0.005g) were sonicated in deionized water until a homogeneous yellow dispersion was
obtained. The solution was placed inside a conventional microwave after adding 100 micro litre
of the reducing agent, hydrazine hydrate (HH). The microwave oven then operated at power (300
W) for 40s. The yellow solution of changed to a black colour, indicating the formation of the
catalyst.

(3) Characterization of the catalysts:

The FESEM images of GO, Pd-rGO and Au-Pd-rGO are shown in figure 3 (iv) (manuscript).
Spherical particles of well-ordered surface morphology are observed in the FESEM picture of the
sample. EDX analyses were performed to determine the elemental constituents of Pd-rGO
nanocomposite and Au-Pd-rGO (Table 1, manuscript and Fig. S10, ESI). It showed that the
weight% of Pd was found to be 16.2% in Pd-rGO and atomic % of Pd and Au in Au-Pd-rGO was
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20.82 and 0.34 respectively. Thus, the EDX suggests the presence of only Pd in Pd-rGO, and Pd
and Au in the Au-Pd-rGO sample respectively.

The BET surface area of Pd-rGO was found to be 77.120 m%g™.

The X-ray diffractograms were obtained (XRD, MINI FLEX RIGAKU MODEL) with Cu K-a
radiation (1.5418 A) with scanning rate of 2° per min from 2° to 80° The X-ray diffraction
spectrum (XRD) of the nanocatalysts is shown in Fig. S5 (ESI).

(4) General synthetic procedures
(A) General Procedure for the synthesis of 2,2-Bis(indolyl-3-yl)indoline-3-ones:

In an oven dried round bottomed flask (50 mL) nanocatalyst and solvent (2 ml) was added
followed by indole (0.0586 g, 0.5 mmol) and oxone (0.3805 g,0.25mmol). After that it was
allowed to stiron a pre heated oil bathtill the required time (the progress of the reaction was
judged by TLC).The reaction mixture was brought to room temperature after its completion and
ethyl acetate (3x10 mL) was added to it and then centrifuged at 3,500 rpm to recover the nano
catalyst. Having done this, the reaction mixture was washed with water and brine, dried over
Na,SOy, concentrated in a rotary evaporatorand finally the crude productwas purified by column
chromatography(30% ethyl acetate: hexane as an eluent).

(5) Recycling potential of nanocatalysts

After carrying out the experiment, ethyl acetate was poured and the reaction mixture was
centrifuged to pellet out the Pd-rGO nanocomposite. The particles were then extracted by simple
centrifugation (3,000 rpm) and washed with hot ethanol (3x10 mL) to remove all the organic
impurities. Finally it was decanted and dried in vacuum. The recovered nanocatalyst was used
directly in the next cycle. The Pd-rGO nanocomposite was found to be equally effective up to 4™
cycle (Fig. S9, ESI), and after that the product yield slightly decreases as shown in Fig. S10, ESI.
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(6) List of figures

-

Frequency

Fig. S1 (a, b, d) TEM images, (c) particle size distribution curve, (¢) HRTEM image and (f)
SAED pattern of Au NPs

100nm 100 nm

Fig. S2 (a, b, ¢) TEM images and (d) SAED pattern of graphene oxide (GO)
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Fig. S3 (a, b, d) TEM images, (c) particle size distribution curve, (¢) HRTEM image and (f)
SAED pattern of Pd-rGO nanocomposite
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Fig. S4 (a, b, d) TEM images, (c) paricle size distributin curve, (e) HRTEM image, (f) SAED
pattern of Au-Pd-rGO nanocomposite
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Fig. S5.. (a) TEM and (b) High-resolution TEM image displaying the Au@Pd core-shell NPs.
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Fig. S7 FESEM images of Pd-rGO nanocomposite
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Fig. S8 FESEM images of Au-Pd-rGO nanocomposite

0.20 4

BET Surface Area = 77.12 m’/g
0.15-

0.10 -

Desorption
0.05 -

0.00 - Adsorption

Volume STP (cm’/g)

-0.05 -

0:0 - 0:2 - 0:4 . 0:6 . 0:8 . 1:0
Relative pressure (P/P_)

Fig. S9 Nitrogen adsorption isotherm of Pd-rGO nanocomposite
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Fig. S10 EDX of (a) Pd-rGO nanocomposite and (b)Au-Pd-rGO nanocomposite
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Fig. S11 PXRD plots of GO (black), Pd-rGO nanocomposite (red), Au-Pd-rGO nanocomposite
(blue) and Au NPs (pink)
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X-ray photoelectron spectroscopy (XPS) analysis was performed with an ESCALAB 220 XL
spectrometer from Vacuum Generators featuring a monochromatic Al Ka X-ray source (1486.6
eV) and a spherical energy analyzer operated in the (constant analyzer energy) mode (CAE=100
eV for survey spectra and 50 eV for high-resolution spectra), using the electromagnetic lens

mode.
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Fig. S12 High-resolution O1s XPS spectrum of Au-Pd-rGO
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Fig. S13 High resolution XPS spectra of (a) Au4f and (b) Pd3d ofcore-shell Au-Pd NPs
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Fig. S14 TGA curve of GO (green) and Pd-rGO nanocomposite (red)
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Fig. S15 DSC plots of (a) GO (black) and (b) Pd-rGO nanocomposite (red)
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Fig. S16 Raman plots of Pd-rGO nanocomposite (black) and Au-Pd-rGO nanocomposite (red)
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Fig. S17 FT-IR spectra of GO (black), Pd-rGO nanocomposite (Microwave) (red), Pd-rGO
nanocomposite (No Microwave) (blue) and Au-Pd-rGO nanocomposite (pink)
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Fig. S18 UV-Vis spectra of Pd(OAc),(black), Pd-rGO nanocomposite (blue) and Au NPs (red)
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Fig. S19 SEM images of recycled Pd-rGO nanocomposite (after 4™cycle)
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Fig. S20 Catalyst recyclability chartofPd-rGO nanocomposite and Au-Pd-rGO nanocomposite
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(7) List of tables

Table S1. Optimization reaction conditions® with bulk and nano catalysts for synthesis of 2,2-
Bis(indol-3-yl)indolin-3-ones (scheme 2)

Catalyst
F\;’f ~ ) N\ Additive ] R
H Solvent
R=H
Entry Catalyst Additive  Solvent  Time (h)  Yield (%)°

1° None None None 16 -
2° None None Toluene 16 -
3¢ Bulk Pd(OAc), None Toluene 16 -
4° Bulk Pd(OAc),  K,COs;  Toluene 16 -
5° Bulk Pd(OAc),  Na,COs;  Toluene 16 -
6° Bulk Pd(OAc),  Cs,COz  Toluene 16 -
7 Bulk Pd(OACc), Oxone  Toluene 16 10
8¢ Bulk HAuCl, None Toluene 16 -
9° Bulk HAuCl, K,CO;  Toluene 16 -
10° Bulk HAuCl, Na,COz;  Toluene 16 -
11° Bulk HAuUCI, Cs,CO;  Toluene 16 -
12 Bulk HAuCI, Oxone  Toluene 16 10
13 None Oxone  Toluene 18 5
14° Pd-rGO None Toluene 16 -
15° Pd-rGO K,COz;  Toluene 16 -
16° Pd-rGO Na,CO;  Toluene 16 -
17° Pd-rGO Cs,COs;  Toluene 16 -
18 Pd-rGO Oxone  Toluene 10 60
19° Au NPs K,CO;  Toluene 16 -
20° Au NPs Na,CO; Toluene 16 -
21 Au NPs Oxone Toluene 12 54
22° Au-Pd-rGO K,CO;  Toluene 16 -
23° Au-Pd-rGO Na,CO; Toluene 16 -
24° Au-Pd-rGO Cs,CO;  Toluene 16 -
25 Au-Pd-rGO Oxone  Toluene 12 52

®Reaction conditions: Indole (0.5 mmol), additive (0.5 mmol), catalyst (0.5 mol%), solvent (2ml),
90 °C. "Isolated Yields. °No reaction was observed.

S14|Page



Table S2.  Optimization with different nanocatalysts for the reaction

— Catalst
Catalyst 2
A f \ o
R Oxone
H Solvent
Temp.
R=H

Entry Catalyst1 Catalyst2 Solvent Temp.(°C) Time (h) Yield (%)°

1 Pd-rGO None Dioxane 90 8 65
2 Pd-rGO None DCM 90 8 60
3 Pd-rGO None DCE 90 8 65
4 Pd-rGO None DMF 90 8 60
5 Pd-rGO None THF 90 8 30
6 Pd-rGO None Methanol 90 8 40
7 Pd-rGO None Ethanol 90 8 40
8 Pd-rGO None Water 90 8 75
9 Pd-rGO None Neat 90 8 55
10 Au NPs None Dioxane 60 12 57
11 Au NPs None DCM 60 12 65
12 Au NPs None DCE 60 12 60
13 Au NPs None Ethanol 60 12 45
14 Au NPs None Methanol 60 12 30
15 Au NPs None Water 60 12 71
16 Pd-rGO Au NPs Dioxane rt 3 65
17 Pd-rGO Au NPs Ethanol rt 3 55
18 Pd-rGO Au NPs Water rt 3 82
19 Pd-rGO Au NPs Neat rt 3 55
20 Pd-rGO None Dioxane rt 3 45
21 Au-Pd-rGO None DCM rt 6 55
22 Au-Pd-rGO None Ethanol rt 6 35
23 Au-Pd- None Water rt 6 90
rGO
24 Au-Pd-rGO None Neat rt 6 50

®Reaction conditions: Indole (0.5 mmol), oxone (0.5 mmol), catalyst 1 (0.5 mol%), Catalyst 2
(2.5 1 mol%), solvent (2ml), 90 °C. "Isolated Yields. °No reaction was observed
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%’able S3. Effects of catalyst and oxidant loadings on the synthesis of 2,2-Bis(indol-3-yl)indoline-
-0nes

w mol% Oxone
x mol% Nano Pd-rGO
y 4 mol% Nano Au

- z mol% Nano Au-Pd-rGO
s A\ -
B N H,0 (2 ml)
N rt
R=H
Entry w X y° Z  Yield (%)

1 0.5 1 1 0 79
2 0.5 1 2.5 0 78
3 0.5 1 5 0 79
4 05 05 25 0 82
5 05 01 25 0 57
6 05 03 25 0 78
7 025 03 25 O 85
8 01 03 25 0 15
9 1 03 25 0 75
10 0.5 0 0 1 82
11 0.5 0 0 05 90
12 0.5 0 0 0.3 75
13 025 O 0 0.5 73

3Reaction conditions: Indole (0.5 mmol), H,O (2ml), rt, 3h. Isolated Yields.
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(7) Physical and Spectroscopic Data of Compounds

1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one (Table2, entry 1)

Yellow solid; mp: 238 °C; IR (KBr) vmax3279, 2916, 1680, 1452cm™;'"H NMR (400 MHz,
Methanol-D3) & 7.57 — 7.54 (m, 1H), 7.48 (td, J = 7.0, 3.5 Hz, 1H), 7.34 — 7.29 (m, 4H), 7.05 (s,
2H), 7.02 (ddd, J = 8.2, 7.1, 1.1 Hz, 2H), 6.94 — 6.91 (m, 1H), 6.82 (td, J = 7.0, 3.5 Hz, 2H), 6.75
(td, J = 7.0, 3.5 Hz, 1H); **C NMR (100 MHz, Methanol-D3) & 203.87, 161.50, 137.85, 137.46,
125.88, 124.52, 124.04, 121.15, 120.40, 118.45, 117.57, 113.92, 112.00, 111.14, 68.56.

5,5",5"-trimethoxy-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table 2, entry 2)

Yellow solid; mp: 214 °C; IR (KBr) vnx3440, 2257, 1626, 1465, 1022cm™;'H NMR (400 MHz,
Chloroform-D) & 7.96 (s, 2H), 7.24 — 7.08 (m, 6H), 6.88 (dd, J = 16.6, 5.9 Hz, 2H), 6.81 (dd, J =
8.8, 2.6 Hz, 1H), 5.20 (s, 1H), 4.99 (s, 2H), 3.79 (s, 3H), 3.62 (s, 6H).*C NMR (100 MHz,
Chloroform-D) & 154.49, 132.67, 126.60, 125.37, 115.28, 112.85, 112.64, 102.93, 69.70, 58.83,
56.20; HRMS (ESI) m/z: calcd. for C4H1gNsONa [M+H]*476.1586, found 476.1578.

5,5',5"-tribromo-1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one (Table 2, entry 3)

Yellow solid; mp: 248 °C; IR (KBr) vinax3440, 2257, 1626, 1465, 1035 cm™;*H NMR (400 MHz,
Acetone-D6) & 10.53 (s, 1H), 7.71 — 7.60 (m, 4H), 7.56 (d, J = 1.9 Hz, 2H), 7.40 (s, 1H), 7.38 (s,
2H), 7.37 (s, 1H), 7.18 (dd, J = 8.7, 1.9 Hz, 2H), 7.04 (d, J = 8.7 Hz, 1H);**C NMR (100 MHz,
Acetone-D6) & 199.22, 159.74, 140.30, 136.72, 136.57, 128.12, 127.43, 125.92, 124.74, 123.38,
120.76, 114.79, 114.44, 113.97, 112.37, 109.78, 68.75.

1,1",1"-trimethyl-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table 2, entry 4)
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Yellow solid; mp: 228 °C; IR (KBr) vma3453, 2929, 1653, 1452, 1022 cm®; *H NMR (400 MHz,
DMSO-D6) § 7.62 — 7.58 (m, 1H), 7.47 — 7.45 (m, 1H), 7.42 (dd, J = 8.7, 0.7 Hz, 2H), 7.19 (s,
2H), 7.13 (t, J = 7.4 Hz, 4H), 7.02 (d, J = 8.4 Hz, 1H), 6.90 — 6.86 (m, 2H), 6.74 (t, J = 7.4 Hz,
1H), 3.75 (s, 6H), 2.85 (s, 3H); °C NMR (100 MHz, DMSO-D6) & 200.19, 159.86, 137.78,
130.55, 127.42, 126.07, 121.74, 121.27, 119.30, 118.07, 117.06, 110.53, 87.13, 72.64, 32.96,
29.24.

6,6',6""-tribromo-1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one (Table 2, entry 5)

White solid; mp: 248 °C; IR (KBr) vns3426, 2902, 1707, 1358, 1210cm™;'H NMR (400 MHz,
Acetone-D6) & 10.47 (s, 2H), 7.61 (d, J = 1.8 Hz, 2H), 7.55 — 7.46 (m, 2H), 7.32 (s, 1H), 7.31 (s,
2H), 7.30 (s, 1H), 7.23 (d, J = 1.6 Hz, 1H), 7.00 (dd, J = 8.6, 1.7 Hz, 2H), 6.96 (dd, J = 8.1, 1.5
Hz, 1H)."*C NMR (100 MHz, Acetone-D6) & 199.39, 161.31, 138.82, 132.34, 126.72, 125.36,
122.72,122.35, 121.62, 118.19, 115.15, 115.10, 114.90, 114.85, 68.54.

5,5',5"-trifluoro-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table 2, entry 6)

Yellow solid; mp: 101.4 °C; IR (KBr) vmx3453, 2916, 1720, 1371, 1210cm™'H NMR (400
MHz, Methanol-D3) § 7.27 (td, J = 8.9, 2.7 Hz, 1H), 7.21 (dd, J = 8.9, 4.5 Hz, 2H), 7.16 (dd, J =
7.5, 2.7 Hz, 1H), 7.08 (s, 2H), 6.90 (dd, J = 8.9, 3.9 Hz, 1H), 6.85 (dd, J = 10.3, 2.5 Hz, 2H), 6.73
(td, J = 9.1, 2.5 Hz, 2H)."*C NMR (100 MHz, Acetone-D6) & 201.85, 160.00, 159.34, 157.70,
135.79, 127.98, 127.57, 116.36, 111.51, 111.25, 107.02, 106.44, 70.54.

5,5',5"-trichloro-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table 2, entry 7)
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Yellow solid; mp: 199 °C; IR (KBr) vmax3453, 2916, 1734, 1356, 1210 cm™:*H NMR (400 MHz,
Methanol-D3) & 7.46 (d, J = 2.2 Hz, 1H), 7.42 (dd, J = 8.7, 2.2 Hz, 1H), 7.23 (t, J = 7.3 Hz, 3H),
7.21(d, J = 2.0 Hz, 2H), 7.09 (s, 2H), 6.95 (dd, J = 8.6, 2.0 Hz, 2H), 6.91 (d, J = 8.7 Hz, 1H)."°C
NMR (100 MHz, Acetone-D6) & 199.22, 159.74, 140.30, 136.72, 136.57, 128.12, 127.43, 125.92,
124.74, 123.38, 120.76, 114.79, 114.44, 113.97, 112.37, 109.78, 68.75.

7,7, 7"-tribromo-1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one (Table 2, entry 9)

Yellow solid;mp: 117.5 °C;*H NMR (400 MHz, Methanol-D3) & 7.68 (dd, J = 7.7, 1.1 Hz, 1H),
7.50 (dd, J = 7.7, 1.1 Hz, 1H), 7.24 (dd, J = 8.1, 0.9 Hz, 2H), 7.18 (ddd, J = 7.6, 2.3, 0.8 Hz, 3H),
7.14 (s, 2H), 7.10 — 7.05 (m, 1H), 6.74 (d, J = 7.9 Hz, 2H), 6.71 — 6.63 (m, 2H)."*C NMR (100
MHz, Methanol-D3) & 203.27, 159.59, 137.20, 128.49, 126.89, 121.44, 120.65, 120.40, 116.02,
106.41, 105.73, 70.29.

5,5',5"-trinitro-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table 2, entry 8)

Yellow solid;mp: 216 °C; IR (KBr) vmax3440, 2997, 1761, 1371, 1237, 1063cm™:*H NMR (400
MHz, Acetone-D6) & 11.17 (s, 1H), 9.02 (s, 1H), 8.77 (d, J = 2.7 Hz, 1H), 8.52 (dd, J = 8.6, 2.6
Hz, 1H), 8.48 — 8.43 (m, 1H), 8.37 (d, J = 2.1 Hz, 1H), 8.34 — 8.28 (m, 1H), 8.23 (dd, J = 9.0, 1.9
Hz, 1H), 8.16 — 8.07 (m, 1H), 8.02 — 7.97 (m, 1H), 7.75 (d, J = 2.3 Hz, 1H), 7.64 (d, J = 9.0 Hz,
1H), 7.30 — 7.11 (m, 1H), 6.98 (dd, J = 16.8, 9.1 Hz, 1H).
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(8) 'H NMR and *C NMR spectra of compounds

1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one (Table 2, entry 1)
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5,5',5"-trimethoxy-1H,1""H-[3,2":2",3""-terindol]-3'(1'"H)-one (Table2, entry 2)
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5,5',5"-tribromo-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table 2, entry 3)

_—
— =
]
[=}
L <
[
0 - 1w - 2
90— -
=
m~ ot}
ar's -
i = .
(132 = veq ] 4 L =
BT — o
|
M= w
L g L 1
[ 5 o
LE 601 =
8E{— —— L =\ - 2
[ oo~
| 1
954 i o
5 Ll
294 =
94 © =+
[ ~
AN i
994~ - =
894 =
894 .2
w
|
w
9EED' £ =
550 £ I
a1 £
99T & i
POBT L L]
26T & .
i
$9E L e
PEIES ;lr-rvz.z L] E_
. 607 B
ECBE B .(IU'Z &
5095 & — oy F oo
" [
£595 & = 202
S£19'4 P
BGEY L =
ESET L =
9159 &
059'& - 2
9649 &
L
L =
[=11
w
-
\n
£525'01-— - =g
w
]
—~
o
-
—~
1
oM
~—

S24 |Page



BT 54 89—

5950601
BE9E°LTT
BTLGETT
LBERPTT
L58IPTT
GF9 S 0ET
TEREELT
Ik SR ET
GETH GET—
OFERLET
SETTRET
0995 9€ET
IIJZ.{'BET.}

0Z0E DFT="

B9ELBST—

L0ET RGT~—

8460T—

LETTT~_
LHETT
b pTT
BB

94508

BEELT =
PP
LE5ET—
EFLET -
Lreer="

£5OET
E.{'GE'[}

e 0pT—

130 125 120 115 110
f1 (ppm)

135

140

S25|Page

240 230 220 210 200 190 180 170 160 150 140 Ir1?0 ]120 110 100 a0 80 70 60 50 40 30 20 10
1 (ppm

250



1,1",1"-trimethyl-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table2, entry 4)
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6,6',6""-tribromo-1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one(Table 2, entry 5)
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5,5',5"-trifluoro-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table2, entry 6)
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5,5',5"-trichloro-1H,1""H-[3,2":2",3""-terindol]-3'(1'H)-one (Table2, entry 7)
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7,7, 7"-tribromo-1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one (Table2, entry 8)
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5,5',5"-trinitro-1H,1""H-[3,2":2",3""-terindol]-3'(1'"H)-one (Table 2, entry 9)
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(9)Table S4. List of selected previous works

Sl. | Starting material Conditions (%) Product Advantage | Reference
No. Yield of our
work
1 N-methyl isatin, DBU (0.31 mmol, 0.5 equiv) | 64-86 | (2)-4'-benzylidene-1- | Simpler 4
Phenylacetylene, and Cul (10 mol %), methyl-3'- starting
Phenyl isocyanate | in anhydrous toluene (3 mL) phenylspiro[indoline- | material
rt, 12 h under N, atmosphere 3,5'-0xazolidine]-
2,2'-dione
2 Oxoindolines, 1,3- | SFAA catalyst (5 mol%), 0 82-98 | Spiro-conjugated 2- 5
diketones (1:1) °C, 48 h (SFAA = hybrid- aminopyrans
type squaramide-fused
amino alcohol
organocatalyst)
3 N-Methyl spiro- CH;COOH, H,0, 80 °C, 6h | 52-66 | 3, 3'-bisindoles 6
epoxy oxindole ,
indole (1:3)
4 Indole Laccase, O,, 2 bar, 48 h Mild 7
reaction
5 Indole Benzoic acid (0.5 mmol), 70-93 | 2-(1H-indol-3-yl)- conditions | 8
TEMPO (0.7 mmol), 2,3'-biindolin-3-ones
CH3CN (0.6 mL), 65 °C, 3
days
6 Indole Benzoic acid (0.1 mmol), 56-90 | C3-C3’ hisindolin-2- 9
TEMPO (0.35 mmol), ones
pyridine (1 mL), 65 °C, 48 h
7 Indole PdCl, (5 mol %), TBHP 80-90 | Indoline-3-ones 10
(70% aq, 2.2 equiv), MnO,
(2 equiv), MeCN (1 mL), 60
°C,5h
8 2-arylindoles i) Methylene blue /hv/O,/ 77-93 | 2,2-diaryl-1 ,2- 11
MeOH dillydro-3H-indol-3-
ii) HAr/AcOH ones
9 2-arylindoles 20 mol% Cu(OH),-CuCO; 16-90 | 15a-phenyl-5H- 12
(0.06 mmol), DMSO (2 mL), diindolo[1,2-a:3',2'-
0, (1 atm), 130 °C, 48 h. c]quinolin-15(15aH)-
one
10 | 2-phenylindole, TBHP (6.0 equiv., 70% ag.), | 20-94 | 2,2-disubstituted Simpler 13
indole (1:2) HFIP (1.0 ml), 90 °C, 150 indolin-3-ones starting
W, 30 min material,
11 | N-substituted NaNO, (0.5 mmol), 51-91 | 2-(1H-indol-3-yl)- Mild 14
Indole CH3SOsH (1.0 mmol), 2,30-biindolin-3-one | reaction
pyridine (0.6 mL), rt, conditions
overnight
12 | Benzyloxyallene, | 2.5 mol% Pd,(dba);.CHCl;, | 81-87 | Phenylindolin-2-ones 15
oxindole 5.5 mol% (R,R)-Ligand,
10 mol% acid, THF, rt, 4h
13 | Indole, Cyclic Chiral Phosphoric acid (5 79-91 | Indolindolinone 16
imine mol%), CHCL/Toluene
(3:1), -70°C, 3-12 h
(Friedel-Crafts Reaction)
14 | N-substituted Ti(O-i-Pr)4 (10 mol%), 62-96 | 3-Indolyl- 17
Indole, Ethyl (S)-BINOL (20 mol%) in 1 (hydroxy)acetates
Glyoxylate(1:1.5) | mL of Et,0, 45-72 h
16 | N-substituted TBHP, 100°C, 3h 52-84 | Indolinones Mild 18
Indole reaction
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17 | N-substituted I, (10 mol %), 17-92 | indolin-3-ones conditions | 19
Indole Cyclohexanone(10 mol %),

TBHP (70 % in H,0, 0.7
eq.), rt, 7-12 h

18 | Aryl azides 10 mol % of Cu(OTf),, 41-93 | 2-Indolylindolin-3- Simpler 20
DCM, rt, 24 h ones starting

19 | Indole, isatin (1:1) | MoS,- C3N,4, H,0, rt, 12 h 78-94 | [3,3:3,3"- material 21

terindolin]-2'-one

(10) Crystallographic data and molecular structure of compound 8c

5,5',5"-tribromo-1H,1""H-[3,2":2",3"-terindol]-3'(1'H)-one (Table 2, entry 3)

X-ray structure determination was obtained via slow evaporation of compound 8c in acetone at

room temperature.

Fig. S21 X-ray crystal structure of 8c; ellipsoids depicted at 50% probability level

Table S5. Crystal data and structure refinement for compound 8c (CCDC: 1920668)

Empirical Formula 4 (Ca4H14BrsN30),0 F(000) 1176
Formula Weight Reflections collected 5578
Temperature 296 K Max. and min. 0.195 and 0.437
transmission
Wavelength 0.71073 Refinement method Full-matrix-least
squares on F2
Crystal system
Space group P212121

Unit cell dimensions | a =8.6559(5) A | a=90°
b= 15.6308(9) | p=90°
A
c=16.2787(8) | y=90°
A
Volume 2202.5(2)A°
Z 4
Density (calculated) 1.822g/cm

S38|Page




(11) NOE NMR of compound 8c
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