Supplementary Information (SI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2024

Supporting Information

Switch Strategy for the Synthesis of C4-Ethylamine Indole and C7-

Aminoindoline via Controllable Carbon Elimination

Bo-Sheng Zhang,*!} Bao-Jie Deng,'i Yuan-Xin Zhi,! Tian-Jiao Guo,! Yi-Ming Wang,! Xue-Ya Gou,?
Zheng-Jun Quan,*! Xi-Cun Wang,*! and Yong-Min Liang?
! Gansu International Scientific and Technological Cooperation Base of Water-Retention Chemical Functional Materials, College

of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou, 730070, China

E-mail: zhangbsh@nwnu.edu.cn, quanzhengjun@hotmail.com, wangxicun@nwnu.edu.cn

2 State Key Laboratory of Applied OrganicChemistry, Lanzhou University, Lanzhou 730000, China

Table of Contents

1. GENEIAI IMIELNOUS ...ttt b b bbbt bt b bR e bt b A b E e b ekt e b b e e b e e bt e bt e b e seeb e eb e s b et e bt ebenbe b eneas S2
2. GENEIAI PrOCEAUIE ...ttt ekt b b e bt bbb e b e bt e b bR e b e e b e b b e R e e b e e bt eb e b e b e e bt s b e eb e e et e ebenbe b ens S3
KT I =T o] 0] (=T od 1) 010 ) £ [F o PR S4
4. Preparation Of SUDSIIALES .........cviiiiiiiee ettt ettt et e st e e s e be st e s te e st e tesbesseeseesbesbeeseesbesbesseeneeseeseeanaeeenrnns S5
5. Intermediate (V11-1) and Byproduct (II’) DeteCtion........cccueueiieiesieerieseseseesesesteeseesiestessaessestestesseessessesseeseessessessesssessenes S7
6. Density Functional Theory (DFT) Calculation of Retro Diels-Alder REaCtion............cccccvvveviiieiisiiese e S8
7. CharaCteriZatiON DALA ........ccieitiieeeti ettt bbbt bbb e h e bt e b e s b e b e bt e ke e b e b e e eb e ebe e b e b e Rt ek e ebesbe e ebesbesbenbeneas S14
SR LY o LcTo (oISl oTe] ool I L PSS S26
L E] (] £ [0 OSSO TSSOSO UR PP S68

S1



1. General Methods

General Procedures. Unless otherwise noted, reactions were performed under an argon atmosphere. Plastic syringes were
used to transfer air- and moisture-sensitive reagents. Solvent was freshly distilled/degassed prior to use unless otherwise
noted. Analytical TLC was performed with silica gel GF254 plates. For column chromatography, a 200-300 mesh silica gel
was employed. Organic solutions were concentrated under reduced pressure using a rotary evaporator. Room temperature

(rat) is 23-25 <C.

Materials. Commercial reagents were purchased from Acros, Accela, Adamas, Alfa, Ark, Aladdin, or TCI, and used as

received. Other commercially available reagents and solvents were used without further purification.

Instrumentation. Deuterated solvents were purchased from Cambridge Isotope Laboratories.'H NMR spectra were
recorded on Varian Mercury plus-400 and plus-600 and Bruker AVANCE 11l 400 instrument with 400 and 600 MHz
frequencies, and *C NMR spectra were recorded on Varian Mercury plus-400 and plus-600 and Bruker AVANCE 111 400
instrument with 151 and 101 MHz frequencies. °F NMR spectra were recorded on a Varian Mercury plus-400 and Bruker
AVANCE 11 400 spectrometer with a '°F operating frequency of 376 MHz. Chemical shifts (8) were reported in ppm
relative to the residual solvent signal (CDCls & = 7.26 for *H NMR and & = 77.0 for *C NMR). Chemical shifts (ppm) were
recorded with tetramethylsilane (TMS) as the internal reference standard. Multiplicities are given as s(singlet), d (doublet), t
(triplet), dd (doublet of doublets), td (triplet of doublets) or m (multiplet). High-resolution mass spectra (HRMS) (ESI) were

obtained with a Bruker Daltonics APEX Il 47e and Orbitrap Elite mass spectrometer.
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2. General Procedure

a) Synthesis of C4-Ethylamine Indole 3

R2
0=d._
S0
HN
H » O, 2 7
| X R C) =
R1—'\ + \;/N \b Pd — N'Bu
|
Z NNHBu (Condition A) R;« /
1 2 3

In a 20 mL tube (sealed tube), o-iodoaniline 1 (0.2 mmol), aziridines 2 (0.5 mmol, 2.5 equiv), Pd(OACc), (10 mol%),

PPhs (25 mol%), Cs,CO3 (0.2 mmol, 1.0 equiv) and CsBr (0.2 mmol, 1.0 equiv) were added and charged with argon more

than three times (The tube was sealed with tipping plug). NBD (0.6 mmol, 3.0 equiv) were dissolved in toluene/1,4-dioxane

(2 mL, v/v 1:1), and the mixture was injected into the tube via plastic syringes. Then the white medical adhesive tape was

used to reinforce the tipping plug. The resulting suspension being placed in a pre-heated oil bath at 90 <C stirring at

900~1200 rpm for 12 h, then rises to 150 T for 24 h. After the reaction was completed, the residue was purified with

chromatography column on silica gel or preparative TLC (PTLC) (petroleum ether/EtOAC = 4:1-8:1).

b) Synthesis of C7-Aminoindoline 4

H \ R2
R1L A : + N \\ 4O—> COzMe
0
NHBu Condition B) NH‘Bu N
1 2

In a 20 mL tube (sealed tube), o-iodoaniline 1 (0.2 mmol), aziridines 2 (0.5 mmol, 2.5 equiv), Pd(OAC). (10 mol%),

P(p-CI-CsH4)3 (20 mol%), K2CO3 (0.6 mmol, 3.0 equiv) and Kl (0.1 mmol, 0.5 equiv) were added and charged with argon

more than three times (The tube was sealed with tipping plug). Methyl bicyclo[2.2.1]hept-5-ene-2-carboxylate N1 (0.2

mmol, 1.0 equiv) were dissolved in toluene (2 mL), and the mixture was injected into the tube via plastic syringes. Then the

white medical adhesive tape was used to reinforce the tipping plug. The resulting suspension being placed in a pre-heated

oil bath at 100 <C stirring at 900~1200 rpm for 24 h. After the reaction was completed, the residue was purified with

chromatography column on silica gel or preparative TLC (PTLC) (petroleum ether/EtOAc = 5:1-10:1).
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3. Deprotection of Products

TsHN TsHN
1~ o L~
—>
N'Bu MeCN, 80 °C NH
3a 5, 69%

In a 20 mL tube, concentrated HCI (1 mL) was added dropwise to a solution of 3a (0.2 mmol, 55.4 mg) in CH3CN (2
mL) at room temperature, and the reaction mixture was stirred at 80 <C for 24 h. After the reaction was complete, it was
diluted with water (5.0 mL), neutralized with saturated NaHCO3 solution, and then extracted with EtOAc (3%<15 mL). The
combined organic extract was dried over anhydrous Na,SOg, filtered and concentrated under vacuum. The residue was

purified by column chromatography on silica gel (Petroleum ether/EtOAc = 2:1). The product 5 was obtained with a yield

KOH, HPPh,
N > N
Ts DMSO, 90 °C H
NHBu NHBu
4a 6, 66%

of 69%, 43.6 mg.

In a 20 mL tube, the solution of 4a (0.2 mmol, 1.0 equiv) in DMSO (3.0 mL), KOH (0.5 mmol, 2.5 equiv) was added
and the mixture was sealed under an argon atmosphere. Subsequently, HPPh, (0.22 mmol, 1.1 equiv) was injected into the
tube, and the mixture was stirred at 90 <C for 1h. After the reaction was complete, it was diluted with water (5.0 mL), and
then extracted with EtOAc (3%<L5 mL). The combined organic extract was dried over anhydrous Na,SOs, filtered and
concentrated under vacuum.® The residue was purified by column chromatography on silica gel (Petroleum ether/EtOAc =

5:1). The product 6 was obtained with a yield of 66%, 25.2 mg.
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4. Preparation of Substrates

a) Preparation of aziridines

S | —1R2
R
= 1) pyridine, -15°C~0°C

HO >
~"NH, * okzo 2) KOH, H,0, toluene 0=8=0
]
& A

A solution of aryl sulfonyl chloride (52 mmol) in pyridine (32 mL) was cooled to -15<C. A precooled (0<C) solution of

aminoethanol (25 mmol) in pyridine (18 mL) was added dropwise over a period of 0.5 h. Then mixture was stirred for 7 h at

0<C and placed in the fridge overnight. Ice/water was added to the reaction mixture, which was then extracted with

dichloromethane (DCM) (3>20 mL) and washed with water several times. The organic layer was then dried with anhydrous

MgSOy, filtered, the solvent was removed under vacuum. Then the residue was dissolved in toluene (100 mL) and KOH (85

mmol) in water (25 mL) was added to it. The mixture was stirred for 2 h at room temperature. The toluene phase was

separated and intensively washed with water until the aqueous phase showed a neutral pH. The organic layer was dried with

anhydrous MgSO. and filtered. The solvent was removed under vacuum, and the residue was purified by column

chromatography.?

b) Preparation of N-(tert-butyl)-2-iodoaniline

R__X_NH, S 0 \|/
c(OTf)3 (3 mol%
& ©T@mol%) o o L.
N Boc,0, hexane, 50 °C - |
|
NS
X=CorN |

2-lodoaniline (10.0 mmol) and Sc(OTf)s (0.147 g, 0.3 mmol) were added to an 100 mL round flask and round flask
was charged with argon more than three times. n-Hexane (10 mL) and Boc,O (40 mL) was added into this round flask. The
mixture was stirred at 50 °C for 24 h. Due to the production of a large amount of gas, the reaction flask needs to be deflated
with a balloon. After the reaction was completed, the residue was purified with chromatography column on silica gel (using

petroleum ether as eluant).®
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¢) Preparation of N-alkyl-2-iodoaniline

©:NH2 . j\ AcOH, NaBH(OAc); @i )R\1
| R4 R, DCM R,

Ketone (15.0 mmol, 1.5 equiv) and AcOH (1.0 equiv, 10.0 mmol, 0.57 mL) were added sequentially to a solution of o-

iodoaniline (10 mmol) in CH.Cl; (50 mL), and the mixture was stirred at room temperature for 2 hours. Then, NaBH(OAC)3
(30.0 mmol, 3.0 equiv) was added, and stirring at room temperature was continued for an additional 24 hours. The reaction
mixture was quenched with 1.0 M NaOH aqueous solution and extracted with CH2Cl,. The combined organic extracts were
washed with brine, dried over Na;SO4, and concentrated in vacuum. The crude product was purified by flash column

chromatography using petroleum ether as eluant.?

d) Preparation of 2-iodo-N-methylaniline

NH; NaH
+ Mel ——=" 3 Me
THF, 0°Ctort N’
H

NaH (1.3 g, 32.0 mmol, 1.0 equiv, 60% dispersion in mineral oil) was added to THF (60 mL) in an oven-dried flask,
and then o-iodoaniline (7.0 g, 32 mmol, 1.0 equiv) was added slowly to the mixture at 0 <T. The mixture was stirred for 30
minutes. Subsequently, Mel (2.0 mL, 32.0 mmol, 1.0 equiv) was added to the mixture. The mixture was heated to room
temperature and stirred overnight. After the reaction was complete, 50 mL water was added slowly and extracted with
EtOAc (3 x40 mL). Then, the combined organic extracts were dried over anhydrous Na SO, filtered and concentrated in

vacuum. The residue was purified by silica gel column chromatography (Petroleum ether).*
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5. Intermediate (V11-1) and Byproduct (11°) Detection

N-(2-((1R,4S,4aR,9aR)-9-(tert-butyl)-4,4a,9,9a-tetrahydro-1H-1,4-methanocarbazol-5-yl)ethyl)-4-
methylbenzenesulfonamide (V11-1)

NHTs

X

BuN
VII-1, <5%

High resolution mass spectrometry (HRMS) spectrum:

HRMS (ESI) m/z: [M + H]* Calcd for C26H33sN202S 437.2257; Found 437.2259.

NL: 4.83E5

DENGBAOUIE-12#47 RT. 0.21 AV 1 NL
100 g 33654008
T FTMS + p ESI Full lock ms
80 [50.0000-750.0000]
60 438.2291
40
20
T o o P F b o L [ [ P 2 [ s o A ] [ A ] o o e m
436.9 437.0 437.1 437.2 4373 4374 4375 437.6 431.7 437.8 437.9 438.0 438.1 438.2 4383 438.4 4385 438.6 438.7 438.8
miz
NL: 7.06E5
SO COEHIN2ORS + H: Cyq Hus Ny 02 S pa
100 CzsHysN: 0, =8 Chrg 1 Pattem
50 438.22008
Czs “C His N2 02 S
T e e T T e T T e | e T e T
436.9 437.0 4371 437.2 4373 4374 4375 437.6 4377 437.8 437.9 438.0 438.1 438.2 438.3 438.4 438.5 438.6 438.7 438.8
miz

N-(tert-butyl)-1,4,4a,8b-tetrahydro-1,4-methanobiphenylen-5-amine (I1°)

i
()

IH NMR (400 MHz, CDCls) § 7.10 — 7.00 (m, 1H), 6.68 (d, J = 8.2 Hz, 1H), 6.53 (d, J = 7.0 Hz, 1H), 6.24 — 6.14 (m,
2H), 3.01 (s, 2H), 2.77 (d, J = 28.6 Hz, 3H), 1.35 (s, 9H), 1.29 (d, J = 7.9 Hz, 1H), 0.96 (d, J = 9.0 Hz, 1H).

13C NMR (151 MHz, CDCls) & 146.7, 141.4, 136.6, 136.2, 132.2, 128.3, 114.8, 112.2, 51.6, 46.3, 45.6, 41.4, 41.1,
40.5, 30.3.

HRMS (ESI) m/z: [M + H]* Calcd for C17H2N 240.1747; Found 240.1747.
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6. Density Functional Theory (DFT) Calculation of Retro Diels-Alder Reaction

All calculations were carried out with Gaussian 16.5 Intermediates and transition states were optimized at the M06-2X
level of theory,® with 6-311G+(d,p) basis set” in 1,4-dioxane at 423.15 K. The solvent was taken into consideration by
employing the SMD continuum solvation model.2 Grimme’s DFT-D3 dispersion correction was used to describe the van der
waals interaction.® Vibrational frequencies were calculated at the same level of theory to confirm stationary point either as a

local minimum or a transition state. Transition states were further confirmed by running intrinsic reaction coordinate (IRC)
calculations.

TS-VII-1 TsHN ¥
4G 28.2\ )
in kcal/mol / \
\
/ VN
/ \ N
K VL Bu
TsHN ) \ TS-VIi1
' \
! \
! \
/ \
Iy / !
Ol LD
0 \
N \
tBU \‘
Vii-1 '\ TsHN
\ AN
! S
' CQ\ltBu
\ 3a
—
-18.2 3a

V1l-1

MO06-2X SCF energy in solution: -1667.905182 a.u.
MO06-2X free energy in solution: -1667.473737 a.u.

8.73804200 -5.35869800
9.60537200 -4.58412000
9.82515200 -6.71993100
8.90057300 -6.84876300
9.10810300 -5.17661100
9.30895400 -5.40364700
9.90236800 -5.07670700
8.25053100 -5.42956100
11.03937500 -5.00296700
11.17065200 -6.27188100

-4.99655700
-6.05460100
-6.71878400
-5.45284300
-3.98603200
-7.32209100
-8.17668600
-7.58964000
-5.78268300
-6.17868000

OO0OITOTOOOO
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9.40657300
9.82548700
6.63326700
7.25866400
5.27655500
6.54735900
4.56906200
4.76412200
5.17558100
3.51614300
4.60143900
9.37166900
12.03116100
11.77139800
7.54017800
7.20677400
8.40355800
8.14262800
9.30118000
8.63611100
6.85848600
6.55651000
6.04247500
7.72562400
6.04893500
6.27460700
5.09480900
5.92606100
7.19705400
8.27388300
6.78336000
6.95583400
5.88498800
7.30324900
7.73364700
7.69553600
7.24032400
5.79982300
7.81827500
8.06758800
7.33810100
9.43805300
8.00342600
6.26972900
10.08320100
9.98007400

-3.51567700
-7.59597000
-6.27065900
-5.11322900
-6.22115400
-3.95575200
-5.04274000
-7.05491900
-3.92978000
-5.00450600
-3.02987500
-7.47464400
-6.91448500
-4.40214500
-7.31248200
-8.71666500
-9.62125000
-10.64587500
-9.35056300
-9.60918200
-8.86219900
-9.88863300
-8.19599600
-8.61337400
-9.20702800
-9.01307300
-8.73915800
-10.28494300
-2.77211900
-2.74949800
-1.84267400
-2.85181800
-2.77188100
-3.81846000
-1.84053000
-2.03210000
-0.24879400
-0.12165800
0.21606500
0.53017400
0.88285000
0.75660700
1.47726400
0.70464600
1.34616700
0.47907400

-6.09604500
-7.36345400
-5.63783000
-5.12821300
-5.97328800
-4.86228700
-5.72364100
-6.42901600
-5.16175500
-5.98081700
-4.96835400
-4.69519000
-6.03878100
-5.25696100
-5.73609200
-6.04192000
-5.72208400
-5.99455200
-6.27879000
-4.65465000
-7.53006800
-7.75712700
-7.81640300
-8.14754700
-5.15684500
-4.10527000
-5.38916900
-5.28858300
-4.18859200
-4.36402000
-4.58512900
-2.67969400
-2.46339200
-2.30895100
-1.93091700
-0.93103500
-2.15743400
-1.97008300
-3.40702000
-0.79332500
0.33334400
-0.87924700
1.40002700
0.36547200
0.19658900
-1.77580100

9.37706900 1.71565500 1.34715100
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TS-VII-1

7.44471800 1.76288400 2.28439300

11.15102200
10.09099600
11.04414000
10.30442300

1.53009200
2.38313700
1.89259300
3.42770900

0.14468600
2.48983400
2.69686700
2.24584000

9.48831100 2.36681400 3.39845600

MO06-2X SCF energy in solution: -1667.858535 a.u.
MO06-2X free energy in solution: -1667.428814 a.u.
Imaginary frequency: -586.57 cmt

IIIOIIITIOOZIIIIIOIOOOOOIIOOIIOIOOODO

8.18854300
9.42407600
10.39377200
8.72640100
8.37755900
9.53955600
10.12240900
8.59691600
10.61636600
11.19506900
8.83761300
10.70484900
6.72125000
6.88822400
5.62002500
5.94774100
4.68536800
5.47841300
4.83399900
3.82398900
4.09252100
9.33388400
12.04280600
10.92461000
7.78849900
7.97869100
9.17121400
9.29398200
10.10275800
9.00041300
8.24299800
8.34071800
7.43323800
9.16884600

-5.13971500

-3.52201600
-5.23419100
-6.22758400
-5.03915900
-4.01764800
-3.28451100
-4.18685900
-3.89945800
-4.94642100
-2.64918400
-5.89147400
-5.70988200
-4.85453200
-5.54440000
-3.86838900
-4.56721300
-6.13872500
-3.74280700
-4.43621900
-2.97832500
-7.00823800
-5.53523800
-3.55715800
-6.59507800
-7.68134800
-8.54932200
-9.33971600
-7.98412200
-9.02445900
-7.08654700
-7.88570100
-6.42739600
-6.50658600

-3.63012000

-4.17817500
-5.35926800
-4.39187800
-2.57321500
-5.59376300
-6.17025700
-6.11455200
-3.52674800
-4.24077100
-3.90960500
-6.16206900
-5.33517500
-4.22024600
-6.18526300
-3.91685400
-5.86242800
-7.07590000
-4.74444400
-6.50759800
-4.53667800
-3.96588100
-3.91254000
-2.54647500
-5.37639700
-6.36106000
-5.95060000
-6.69358400
-5.90693800
-4.98146200
-7.75005200
-8.48963400
-8.06775700
-7.74797000

510



T ITITOIIOIOIOOOOO0O0OWLVWIZIIOIIOIIIO

3a

6.74210100
6.53661900
5.84721100
6.93266700
6.16301500
7.17020400
6.08459700
5.15735500
4.16625700
5.08790200
5.60304200
5.04961900
5.82708800
5.79438600
4.94001800
7.48677500
8.51137100
7.72093700
9.79278400
8.30409700
9.00927800
6.90132300
10.05819200
10.59856900
9.20309800
11.43433800
11.44117100
11.75255700
12.16847800

-8.59020900
-8.95495900
-8.09293100
-9.45082700
-2.96128700
-3.10610800
-1.91960800
-3.22007200
-2.85421100
-4.29373500
-2.62751100
-2.91764100
-0.98094300
-0.68121400
-0.26982000
-0.79016000
-1.51754800
0.04205400
-1.42137300
-2.16485300
0.12785000
0.59328400
-0.60807600
-1.98929200
0.76722400
-0.53745500
-1.00726800
0.50037100
-1.05070300

-6.37296200
-5.36381400
-6.74140600
-7.01862700
-2.73432400
-2.33851000
-3.05832400
-1.61003200
-1.89543700
-1.42505600
-0.33603100
0.46596000
-0.23800700
1.18513500
-1.14727300
-0.85419200
-0.26247000
-1.94080300
-0.78867800
0.58197300
-2.45230500
-2.38610100
-1.89419300
-0.33628900
-3.30718500
-2.49560800
-3.48346200
-2.61868400
-1.87324600

MO06-2X SCF energy in solution: -1473.829869 a.u.
MO06-2X free energy in solution: -1473.491811 a.u.

TTOTOOOOOTITOO

8.19531200
8.28522100
8.74761000
6.79919000
7.24747800
5.85188800
6.75460500
5.38040400
5.48700900
5.82306600
4.64990100
5.42661600

-5.88348800
-7.15793200
-5.48810000
-6.13230100
-5.20051800
-5.75766900
-3.88048900
-4.45861700
-6.44300700
-3.53011200
-4.14864500
-2.52002300

-3.74025300
-4.22204700
-2.90179000
-5.53711400
-4.56694400
-6.50431200
-4.55710600
-6.47730000
-7.25578000
-5.51776400
-7.21549700
-5.52939000
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8.89772100
7.45206600
7.28944700
8.19342100
8.05662200
9.24832900
7.93671300
7.70425700
7.62115900
7.08423800
8.74203100
5.83627700
5.57054400
5.13247900
5.71694100
7.19506000
8.26445300
7.01988400
6.42758800
5.35560400
6.57730800
6.92882700
6.99768300
6.19260500
5.21699000
5.77009000
7.54664500
7.47847800
8.64252100
8.53590600
6.61267800
9.68372600
8.67503900
9.64577400
8.49216200
10.54334600
10.78863000
11.72856500
10.90422300
10.63100900

Cyclopentadiene
MO06-2X SCF energy in solution: -194.063413 a.u.
MO06-2X free energy in solution: -194.010976 a.u.

C
C

9.93157500
10.16104800

-7.96645900
-7.33284900
-8.58592500
-9.67329300
-10.58314100
-9.39511400
-9.90288900
-8.33955600
-9.26943500
-7.58963100
-8.00031100
-9.06048000
-9.23107200
-8.33886200
-9.99991700
-2.91698400
-3.03198100
-1.88911900
-3.16575100
-3.02649000
-4.19536300
-2.30521000
-2.78348600
-0.82702400
-0.88003100
-0.39016600
0.18093600
0.78877200
0.36083600
1.59713600
0.63264600
1.16792700
-0.12902300
1.79714300
2.07814700
1.31683000
2.67262800
2.11526900
3.51999900
3.06264000

-3.86063800
-5.30657900
-6.08360800
-5.50318700
-6.09021200
-5.55816600
-4.46664900
-7.53795700
-8.10574700
-8.02802600
-7.57941100
-5.98131200
-4.93530700
-6.39505100
-6.52647400
-3.48781600
-3.28588900
-3.81051600
-2.18852700
-2.35296100
-1.85873300
-1.09631100
-0.20285500
-0.87915600
0.19999600
-2.20017900
-0.32169400
0.92137100
-1.16208000
1.33138200
1.55317300
-0.73788600
-2.12901300
0.51381500
2.30218500
-1.38290300
0.94866800
0.94006700
0.26797700
1.95460200

-4.39954100 -6.36875800

-6.63325000 -7.06348500
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9.32332700
9.36139400
8.26564700
10.95960000
11.10301200
9.57753700
10.00854600
11.85424300
11.59109500

-5.41067700
-5.08141200
-5.59054700
-4.96204400
-6.35833500
-3.38264400
-7.57623300
-7.04327900
-4.47912900

-7.29485300
-8.34052200
-7.06636000
-5.71110400
-6.14533600
-6.26669000
-7.57081500
-5.77387100
-4.97661300
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7. Characterization Data

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3a)

NBu

42.9 mg, yield: 58%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 5:1.

'H NMR (400 MHz, CDCls)  7.68 — 7.63 (m, 2H), 7.53 (d, J = 9.0 Hz, 1H), 7.27 — 7.23 (m, 3H), 7.10 — 7.02 (m, 1H),
6.78 (d, J = 7.1 Hz, 1H), 6.36 (d, J = 3.4 Hz, 1H), 4.46 (t, J = 6.3 Hz, 1H), 3.32 (q, 2H), 3.03 (t, J = 6.9 Hz, 2H), 2.40
(s, 3H), 1.72 (s, 9H).

13C NMR (151 MHz, CDCls) & 143.2, 137.0, 134.9, 129.7, 129.57, 129.56, 127.1, 125.2, 120.8, 118.9, 112.2, 97.9,
55.9, 43.5, 33.4, 29.7, 21.5.

HRMS (ESI) m/z: [M + H]* Calcd for C21H27N20,S 371.1788; Found 371.1789.

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)benzenesulfonamide (3b)

O:;

NBu

36.4 mg, yield: 51%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1

'H NMR (600 MHz, CDCls) 6 7.79 — 7.74 (m, 2H), 7.54 — 7.51 (m, 2H), 7.47 — 7.42 (m, 2H), 7.26 (d, J = 3.4 Hz, 1H),
7.08 — 7.04 (m, 1H), 6.77 (d, J = 7.1 Hz, 1H), 6.35 (dd, J = 3.4, 1.0 Hz, 1H), 4.47 (t, J = 6.1 Hz, 1H), 3.35(q, J = 6.7
Hz, 2H), 3.03 (t, J = 6.8 Hz, 2H), 1.72 (s, 9H).

13C NMR (151 MHz, CDCls) § 140.0, 134.9, 132.4, 129.6, 129.6, 129.0, 127.0, 125.3, 120.8, 118.9, 112.3, 97.9, 55.9,
43.5, 33.4,29.8.

HRMS (ESI) m/z: [M + H]* Calcd for C20H2sN20,S 357.1631; Found 357.1630.

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-4-methoxybenzenesulfonamide (3c)
OMe
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37.2 mg, yield: 48%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1.

'H NMR (600 MHz, CDCls) § 7.72 — 7.68 (m, 2H), 7.53 (d, J = 8.5 Hz, 1H), 7.25 (d, J = 3.4 Hz, 1H), 7.07 — 7.04 (m,
1H), 6.92 - 6.89 (m, 2H), 6.78 (d, J = 7.1 Hz, 1H), 6.36 (dd, J = 3.4, 0.9 Hz, 1H), 4.46 (t, J = 6.2 Hz, 1H), 3.84 (s, 3H),
3.32(q, J = 6.8 Hz, 2H), 3.03 (t, J = 6.9 Hz, 2H), 1.72 (s, 9H).

13C NMR (151 MHz, CDCls) § 162.7, 134.9, 131.6, 129.7, 129.5, 129.1, 125.2, 120.8, 118.9, 114.1, 112.2, 97.9, 55.8,
55.5,43.4, 33.3, 29.7.

HRMS (ESI) m/z: [M + H]" Calcd for C21H27N.0sS 387.1737; Found 387.1737.

4-(tert-butyl)-N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)benzenesulfonamide (3d)

Me
Me Me

31.9 mg, yield: 39%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1.

'H NMR (600 MHz, CDCls) 6 7.73 — 7.67 (m, 2H), 7.53 (d, J = 8.5 Hz, 1H), 7.48 — 7.44 (m, 2H), 7.26 (d, J = 3.4 Hz,
1H), 7.08 — 7.03 (m, 1H), 6.77 (d, J = 7.1 Hz, 1H), 6.37 (dd, J = 3.3, 1.0 Hz, 1H), 4.52 (t, J = 5.9 Hz, 1H), 3.34 (9, J =
6.7 Hz, 2H), 3.04 (t, J = 7.0 Hz, 2H), 1.72 (s, 9H), 1.33 (s, 9H).

13C NMR (151 MHz, CDCls) § 156.2, 137.0, 134.9, 129.8, 129.6, 126.9, 126.0, 125.2, 120.8, 118.9, 112.2, 97.9, 55.8,
43.5,35.1, 33.5, 31.1, 29.7.

HRMS (ESI) m/z: [M + H]* Calcd for C24H33N20,S 413.2257; Found 413.2256.

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-[1,1'-biphenyl]-4-sulfonamide (3e)
Ph

NBu

21.2 mg, yield: 25%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 5:1.

IH NMR (600 MHz, CDCls) 6 7.82 — 7.79 (m, 2H), 7.65 — 7.62 (m, 2H), 7.60 — 7.57 (m, 2H), 7.53 (d, J = 8.5 Hz, 1H),
7.49 — 7.45 (m, 2H), 7.43 — 7.39 (m, 1H), 7.24 (d, J = 3.4 Hz, 1H), 7.08 — 7.05 (m, 1H), 6.80 (d, J = 7.1 Hz, 1H), 6.36
(dd, J = 3.4, 1.0 Hz, 1H), 4.45 (t, J = 6.1 Hz, 1H), 3.39 (q, J = 6.6 Hz, 2H), 3.07 (t, J = 6.8 Hz, 2H), 1.70 (s, 9H).

13C NMR (151 MHz, CDCls) & 145.4, 139.4, 138.5, 134.9, 129.60, 129.58, 129.0, 128.4, 127.60, 127.55, 127.3, 125.3,
120.8, 119.0, 112.3, 97.9, 55.9, 43.5, 33.4, 29.7.

HRMS (ESI) m/z: [M + H]* Calcd for C2sH29N20,S 433.1944; Found 433.1944.
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-4-fluorobenzenesulfonamide (3f)

NBu

22.6 mg, yield: 30%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1.

'H NMR (600 MHz, CDCls) 8 7.74 — 7.69 (m, 2H), 7.54 (d, J = 8.5 Hz, 1H), 7.26 (d, J = 3.4 Hz, 1H), 7.10 — 7.05 (m,
3H), 6.77 (dd, J = 7.1, 0.8 Hz, 1H), 6.33 (dd, J = 3.4, 1.0 Hz, 1H), 4.48 (t, J = 6.0 Hz, 1H), 3.34 (q, J = 6.7 Hz, 2H),
3.04 (t,J = 6.8 Hz, 2H), 1.73 (s, 9H).

13C NMR (151 MHz, CDCls) & 164.9 (d, J = 254.3 Hz), 135.9 (d, J = 3.4 Hz), 134.9, 129.7 (d, J = 9.3 Hz), 129.5,
1295, 125.3, 120.8, 119.0, 116.1 (d, J = 22.5 Hz), 112.4, 97.8, 55.9, 43.4, 33.3, 29.8.

F NMR (376 MHz, CDCls) § -105.77 — -105.87 (m).

HRMS (ESI) m/z: [M + H]" Calcd for CzoH24FN20,S 375.1537; Found 375.1536.

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-3-methylbenzenesulfonamide (3g)

NBu

24.1 mg, yield: 33%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1.

IH NMR (400 MHz, CDCl3) § 7.61 — 7.55 (m, 2H), 7.54 (d, J = 8.5 Hz, 1H), 7.36 — 7.32 (m, 2H), 7.27 (d, J = 3.4 Hz,
1H), 7.09 — 7.04 (m, 1H), 6.78 (d, J = 7.5 Hz, 1H), 6.36 (dd, J = 3.4, 0.9 Hz, 1H), 4.39 (t, J = 4.9 Hz, 1H), 3.36 (q, J =
6.6 Hz, 2H), 3.04 (t, J = 6.8 Hz, 2H), 2.39 (s, 3H), 1.73 (s, 9H).

13C NMR (151 MHz, CDCls) 6 139.8, 139.2, 134.9, 133.3, 129.7, 129.6, 128.9, 127.4, 125.3, 124.1, 120.8, 118.9,
112.3,97.9, 55.9, 43.5, 33.4, 29.8, 21.3.

HRMS (ESI) m/z: [M + H]" Calcd for C2:H27N20.S 371.1788; Found 371.1790.

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-2-methylbenzenesulfonamide (3h)

39.0 mg, yield: 53%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1.
IH NMR (600 MHz, CDCls) § 7.93 — 7.89 (m, 1H), 7.53 (d, J = 8.5 Hz, 1H), 7.39 (td, J = 7.5, 1.4 Hz, 1H), 7.26 — 7.22
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(m, 2H), 7.18 (d, J = 7.5 Hz, 1H), 7.06 (t, 1H), 6.78 (d, J = 7.1 Hz, 1H), 6.33 (d, J = 3.4 Hz, 1H), 4.49 (t, J = 5.9 Hz,
1H), 3.30 (g, J = 6.5 Hz, 2H), 3.04 (t, J = 6.8 Hz, 2H), 2.32 (s, 3H), 1.72 (s, 9H).

13C NMR (151 MHz, CDCls) § 137.5, 137.0, 134.9, 132.5, 132.4, 129.6, 129.5, 125.9, 125.3, 120.8, 118.9, 112.3, 97.8,
55.8, 43.3, 33.2, 29.7, 19.8.

HRMS (ESI) m/z: [M + H]* Calcd for C1H»/N,0,S 371.1788; Found 371.1787.

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-2-fluorobenzenesulfonamide (3i)

NBu

21.6 mg, yield: 29%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1.

'H NMR (600 MHz, CDCls) 8 7.87 (td, J = 7.5, 1.8 Hz, 1H), 7.55 — 7.50 (m, 2H), 7.26 (d, J = 3.4 Hz, 1H), 7.23 (td, J
=7.6,1.1Hz, 1H), 7.13 -7.09 (m, 1H), 7.09 — 7.05 (m, 1H), 6.81 (d, J = 7.1 Hz, 1H), 6.36 (dd, J = 3.4, 0.9 Hz, 1H),
4.72 (t, J = 6.0 Hz, 1H), 3.39 (q, J = 6.7 Hz, 2H), 3.07 (t, J = 7.0 Hz, 2H), 1.73 (s, 9H).

13C NMR (151 MHz, CDCls) & 158.7 (d, J = 254.5 Hz), 134.9, 134.7 (d, J = 8.6 Hz), 130.3, 129.5 (d, J = 3.0 Hz),
128.0 (d, J = 13.9 Hz), 125.3, 124.3 (d, J = 4.0 Hz), 120.9, 118.9, 116.8 (d, J = 21.3 Hz), 112.3, 97.8, 55.9, 43.7, 33.5,
29.8.

F NMR (376 MHz, CDCls) § -121.39 (t, J = 10.5 Hz).

HRMS (ESI) m/z: [M + H]" Calcd for CxoH24FN20,S 375.1537; Found 375.1537.

N-(1-(1-(tert-butyl)-1H-indol-4-yl)propan-2-yl)-4-methylbenzenesulfonamide (3k)
TsHN 7/ Me

NBu

18.3 mg, yield: 24%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 5:1.

IH NMR (400 MHz, CDCl3) & 7.56 — 7.48 (m, 3H), 7.24 (d, J = 3.3 Hz, 1H), 7.14 (d, J = 8.2 Hz, 2H), 7.05 — 6.97 (m,
1H), 6.72 (d, J = 7.1 Hz, 1H), 6.34 (dd, J = 3.3, 0.9 Hz, 1H), 4.58 (d, J = 6.4 Hz, 1H), 3.63 (p, J = 6.6 Hz, 1H), 3.04
(dd, J = 13.5, 6.4 Hz, 1H), 2.86 (dd, J = 13.5, 7.3 Hz, 1H), 2.37 (s, 3H), 1.73 (s, 10H), 1.14 (d, J = 6.4 Hz, 3H).

13C NMR (151 MHz, CDCls) & 142.8, 137.5, 134.9, 130.0, 129.4, 126.9, 125.2, 120.7, 119.7, 112.1, 98.2, 55.8, 50.5,
41.2,29.8,21.7, 21.5.

HRMS (ESI) m/z: [M + H]* Calcd for C22H29N20,S 385.1944; Found 385.1943.

N-(2-(1-(tert-butyl)-6-methyl-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3j)
TsHN

NBu

Me
29.6 mg, yield: 39%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 4:1.
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H NMR (600 MHz, CDCls) & 7.67 — 7.63 (m, 2H), 7.31 (s, 1H), 7.26 — 7.21 (m, 2H), 7.18 (d, J = 3.3 Hz, 1H), 6.59 (s,
1H), 6.29 (d, J = 3.3 Hz, 1H), 4.44 (t, J = 6.0 Hz, 1H), 3.32 (q, J = 6.7 Hz, 2H), 2.98 (t, J = 6.9 Hz, 2H), 2.43 (s, 3H),
2.40 (s, 3H), 1.71 (s, 9H).

13C NMR (151 MHz, CDCls) & 143.1, 137.1, 135.3, 130.4, 129.6, 129.3, 127.4, 127.1, 124.7, 120.8, 112.2, 97.7, 55.7,
43.5,33.3,29.7, 22.0, 21.5.

HRMS (ESI) m/z: [M + H]* Calcd for CoHaoN,0,S 385.1944; Found 385.1944.

N-(2-(1-(tert-butyl)-1H-pyrrolo[2,3-b]pyridin-4-yl)ethyl)-4-methylbenzenesulfonamide (3n)
TsHN

|~

—\__NBu
/

NN
19.1 mg, yield: 26%. Colorless oil. Chromatography column, Petroleum ether/EtOAC = 4:1.
'H NMR (400 MHz, CDCls) 6 8.19 (d, J = 4.8 Hz, 1H), 7.69 — 7.65 (m, 2H), 7.33 (d, J = 3.7 Hz, 1H), 7.26 (d, J = 8.0
Hz, 2H), 6.73 (d, J = 4.8 Hz, 1H), 6.34 (d, J = 3.6 Hz, 1H), 4.59 (t, J = 6.2 Hz, 1H), 3.34 (q, J = 6.7 Hz, 2H), 3.03 (t, J
= 6.9 Hz, 2H), 2.41 (s, 3H), 1.80 (s, 9H).
13C NMR (151 MHz, CDCls) & 147.9, 143.4, 141.9, 138.4, 136.9, 129.7, 127.0, 125.5, 121.6, 115.1, 96.1, 56.5, 43.0,
33.1,29.3,21.5.
HRMS (ESI) m/z: [M + H]" Calcd for CoH2sN30.S 372.1740; Found 372.1741.

N-(2-(1-(tert-butyl)-6-fluoro-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3I)
TsHN

NBu

F

33.4 mg, yield: 43%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 5:1.

IH NMR (600 MHz, CDCls) & 7.69 — 7.65 (m, 2H), 7.26 (d, J = 7.8 Hz, 2H), 7.23 (d, J = 3.5 Hz, 1H), 7.19 (dd, J =
11.4, 1.7 Hz, 1H), 6.55 (dd, J = 9.9, 2.2 Hz, 1H), 6.35 (dd, J = 3.5, 0.9 Hz, 1H), 4.51 (t, J = 6.2 Hz, 1H), 3.31 (q, J =
6.8 Hz, 2H), 3.00 (t, J = 6.9 Hz, 2H), 2.41 (s, 3H), 1.69 (s, 9H).

13C NMR (151 MHz, CDCls) & 158.6 (d, J = 235.9 Hz), 143.3, 136.9, 134.5 (d, J = 12.2 Hz), 130.9 (d, J = 9.4 Hz),
129.6, 127.0, 126.0, 125.5 (d, J = 3.4 Hz), 107.6 (d, J = 24.6 Hz), 98.4 (d, J = 27.0 Hz), 98.2, 56.0, 43.4, 33.3 (d, J =
2.0 Hz), 29.5, 21.5.

19F NMR (376 MHz, CDCl3) & -110.46 — -110.62 (m).

HRMS (ESI) m/z: [M + H]* Calcd for C21H26FN20-S 389.1694; Found 389.1692.

N-(2-(1-(tert-butyl)-6-chloro-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3m)
TsHN

NBu

Cl

31.1 mg, yield: 38%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 5:1.
IH NMR (600 MHz, CDCls) & 7.66 (d, J = 6.4 Hz, 2H), 7.50 (s, 1H), 7.28 — 7.25 (m, 3H), 6.71 (d, J = 1.7 Hz, 1H),
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6.35 (dd, J = 3.4, 1.0 Hz, 1H), 4.41 (t, J = 6.2 Hz, 1H), 3.34 — 3.30 (m, 2H), 2.98 (t, J = 6.9 Hz, 2H), 2.42 (s, 3H), 1.71
(s, 9H).

3C NMR (151 MHz, CDCls) § 143.4, 137.0, 135.1, 131.0, 129.7, 128.2, 127.0, 126.6, 126.0, 119.4, 111.9, 98.3, 56.1,
43.4,33.2,29.7, 21.5.

HRMS (ESI) m/z: [M + H]" Calcd for C21H26CIN20,S 405.1398; Found 405.1400.

N-(tert-butyl)-1-tosylindolin-7-amine (4a)

<
Ts

NHBu

38.7 mg, yield: 56%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 10:1.

'H NMR (400 MHz, CDCls) 6 7.45 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 7.9 Hz, 2H), 6.98 — 6.92 (m, 1H), 6.86 (d, J = 8.2
Hz, 1H), 6.34 (d, J = 7.1 Hz, 1H), 5.56 (s, 1H), 3.96 (t, J = 7.3 Hz, 2H), 2.37 (s, 3H), 2.08 (t, J = 7.4 Hz, 2H), 1.44 (s,
9H).

13C NMR (151 MHz, CDCls) § 144.1, 141.3, 138.5, 133.8, 129.6, 129.3, 127.7, 127.5, 114.6, 112.9, 53.5, 51.3, 29.8,
29.2, 21.6.

HRMS (ESI) m/z: [M + H]" Calcd for C19H25N20,S 345.1631; Found 345.1630.

N-(tert-butyl)-5-fluoro-1-tosylindolin-7-amine (4b)

F
j e
Ts

NH'Bu
38.0 mg, yield: 52%. Green oil. Chromatography column, Petroleum ether/EtOAc = 10:1.
'H NMR (600 MHz, CDCls) § 7.48 — 7.45 (m, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.50 (dd, J = 12.5, 2.5 Hz, 1H), 6.00 (dd,
J=7.7,2.2Hz, 1H), 5.74 (s, 1H), 3.97 (t, = 7.3 Hz, 2H), 2.39 (s, 3H), 2.05 (t, J = 7.4 Hz, 2H), 1.45 (s, 9H).
3C NMR (151 MHz, CDCl3) § 162.2 (d, J = 242.1 Hz), 144.3, 142.2 (d, J = 12.6 Hz), 139.8 (d, J = 11.5 Hz), 133.5,
129.4,127.7,124.8 (d, J = 2.0 Hz), 100.1 (d, J = 27.9 Hz), 98.9 (d, J = 24.5 Hz), 53.8, 51.2, 29.5, 29.5 (d, J = 2.3 Hz),
21.6.
SF NMR (376 MHz, CDCls) § -113.51 — -113.66 (m).
HRMS (ESI) m/z: [M + H]* Calcd for C19H24FN20-S 363.1537; Found 363.1537.

N-(tert-butyl)-5-chloro-1-tosylindolin-7-amine (4c)

Cl
149
Ts

NH'Bu
57.4 mg, yield: 76%. Brown oil. Chromatography column, Petroleum ether/EtOAc = 10:1.
'H NMR (600 MHz, CDCls3) & 7.50 — 7.45 (m, 2H), 7.20 — 7.17 (m, 2H), 6.78 (d, J = 2.1 Hz, 1H), 6.30 — 6.25 (m, 1H),
5.72 (s, 1H), 3.96 (t, J = 7.4 Hz, 2H), 2.39 (s, 3H), 2.05 (t, J = 7.4 Hz, 2H), 1.45 (s, 9H).
13C NMR (151 MHz, CDCls) & 144.4, 141.8, 139.7, 133.5, 132.7, 129.5, 127.6, 127.5, 113.1, 112.2, 53.7, 51.2, 29.6,
29.2, 21.6.
HRMS (ESI) m/z: [M + H]* Calcd for C19H24CIN2O,S 379.1242; Found 379.1241.
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5-bromo-N-(tert-butyl)-1-tosylindolin-7-amine (4d)

Br
e
Ts

NH'Bu
66.1 mg, yield: 78%. Brown oil. Chromatography column, Petroleum ether/EtOAc = 10:1.
'H NMR (600 MHz, CDCls) & 7.49 — 7.46 (m, 2H), 7.19 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 1.9 Hz, 1H), 6.44 — 6.41 (m,
1H), 5.72 (s, 1H), 3.95 (t, J = 7.4 Hz, 2H), 2.39 (s, 3H), 2.06 (t, J = 7.4 Hz, 2H), 1.45 (s, 9H).
13C NMR (151 MHz, CDCls) § 144.4, 142.1, 140.1, 133.5, 129.5, 128.0, 127.6, 120.7, 115.9, 115.1, 53.6, 51.2, 29.6,
29.1, 21.6.
HRMS (ESI) m/z: [M + H]" Calcd for C19H24BrN2O-S 423.0736; Found 423.0738.

N-(tert-butyl)-5-nitro-1-tosylindolin-7-amine (4e)

O5N
0
Ts

NH'Bu
72.5 mg, yield: 93%. Brown oil. Chromatography column, Petroleum ether/EtOAc = 10:1.
'H NMR (600 MHz, CDCls) 8 7.67 (d, J = 2.3 Hz, 1H), 7.50 — 7.47 (m, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.15 - 7.13 (m,
1H), 5.97 (s, 1H), 4.07 (t, J = 7.5 Hz, 2H), 2.40 (s, 3H), 2.21 (t, J = 7.5 Hz, 2H), 1.51 (s, 9H).
13C NMR (151 MHz, CDCls) § 147.3, 144.9, 141.1, 139.2, 133.6, 133.4, 129.8, 127.4, 107.7, 106.9, 54.0, 51.4, 29.4,
29.0, 21.6.
HRMS (ESI) m/z: [M + H]* Calcd for C19H24N30.S 390.1482; Found 390.1482.

methyl 7-(tert-butylamino)-1-tosylindoline-5-carboxylate (4f)

MeOQC
0
Ts

NH'Bu
49.2 mg, yield: 61%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 8:1.
IH NMR (600 MHz, CDCl3) & 7.55 (s, 1H), 7.47 — 7.44 (m, 2H), 7.16 (d, J = 8.1 Hz, 2H), 7.00 (s, 1H), 5.75 (s, 1H),
4.01 (t,J = 7.5 Hz, 2H), 3.88 (s, 3H), 2.38 (s, 3H), 2.14 (t, J = 7.4 Hz, 2H), 1.48 (s, 9H).
13C NMR (151 MHz, CDCls) 6 167.2, 144.4, 140.9, 138.6, 133.6, 132.9, 129.5, 129.2, 127.5, 115.2, 113.7, 53.8, 52.1,
51.3,29.7, 29.0, 21.6.
HRMS (ESI) m/z: [M + H]* Calcd for C21H27N,0.S 403.1686; Found 403.1685.

N-(tert-butyl)-1-tosyl-2,3-dihydro-1H-pyrrolo[2,3-c]pyridin-7-amine (4Q)

~
N N
Ts
NHBu

38.3 mg, yield: 56%. Colourless oil. Chromatography column, Petroleum ether/EtOAc = 10:1.

IH NMR (400 MHz, CDCls) & 7.86 (d, J = 4.9 Hz, 1H), 7.51 — 7.47 (m, 2H), 7.20 — 7.17 (m, 2H), 6.25 — 6.20 (m, 2H),
3.97 (t, J = 7.6 Hz, 2H), 2.38 (s, 3H), 2.11 (t, J = 7.5 Hz, 2H), 1.54 (s, 9H).

13C NMR (151 MHz, CDCls) § 151.9, 145.9, 145.6, 144.4, 133.4, 129.5, 127.6, 123.5, 108.2, 52.9, 51.4, 29.3, 29.1,
21.6.

HRMS (ESI) m/z: [M + H]* Calcd for C1gH24N30,S 346.1584; Found 346.1583.
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N-(tert-butyl)-2-methyl-5-nitro-1-tosylindolin-7-amine (4h)

O5N
Me
N
Ts

NH'Bu
41.4 mg, yield: 51%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 10:1.
'H NMR (600 MHz, CDCls)  7.68 (d, J = 2.3 Hz, 1H), 7.48 — 7.44 (m, 2H), 7.21 — 7.18 (m, 2H), 7.17 — 7.14 (m, 1H),
5.95 (s, 1H), 4.55 (p, J = 7.3 Hz, 1H), 2.39 (s, 3H), 2.26 (dd, J = 15.7, 7.9 Hz, 1H), 2.04 (d, J = 15.7 Hz, 1H), 1.50 (s,
9H), 1.23 (d, J = 6.8 Hz, 3H).
13C NMR (151 MHz, CDCls) § 147.2, 144.7, 141.8, 138.0, 133.5, 132.3, 129.7, 127.3, 108.3, 107.7, 61.6, 51.6, 35.7,
29.5, 21.6, 21.5.
HRMS (ESI) m/z: [M + H]" Calcd for C2oH26N304S 404.1639; Found 404.1640.

N-(tert-butyl)-5-nitro-1-(phenylsulfonyl)indolin-7-amine (4i)

1O
\
NS

O
NH'Bu

O,N

62.1 mg, yield: 83%. Yellow oil. Chromatography column, Petroleum ether/EtOAc = 8:1.

'H NMR (600 MHz, CDCls) & 7.67 (d, J = 2.3 Hz, 1H), 7.63 — 7.58 (m, 3H), 7.44 — 7.41 (m, 2H), 7.14 — 7.11 (m, 1H),
5.97 (s, 1H), 4.08 (t, J = 7.5 Hz, 2H), 2.19 (t, J = 7.5 Hz, 2H), 1.51 (s, 9H).

13C NMR (151 MHz, CDCls) § 147.3, 141.0, 139.2, 136.2, 133.8, 133.3, 129.1, 127.4, 107.7, 106.9, 54.0, 51.4, 29.3,
29.0.

HRMS (ESI) m/z: [M + H]* Calcd for C1gH22N304S 376.1326; Found 376.1326.

N-(tert-butyl)-1-((4-(tert-butyl)phenyl)sulfonyl)-5-nitroindolin-7-amine (4j)

Me
O
e
N
o)
NHBu

O,N

78.8 mg, yield: 91%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =10:1.

'H NMR (600 MHz, CDCls) & 7.68 (d, J = 2.3 Hz, 1H), 7.54 — 7.52 (m, 2H), 7.44 — 7.41 (m, 2H), 7.16 — 7.14 (m, 1H),
5.98 (s, 1H), 4.06 (t, J = 7.5 Hz, 2H), 2.19 (t, J = 7.5 Hz, 2H), 1.51 (s, 9H), 1.30 (s, 9H).

13C NMR (151 MHz, CDCls) 6 158.0, 147.3, 141.1, 139.2, 133.6, 133.3, 127.3, 126.1, 107.8, 106.9, 54.0, 51.4, 35.2,
31.0, 29.4, 29.0.

HRMS (ESI) m/z: [M + H]* Calcd for C2,H30N304S 432.1952; Found 432.1953.
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1-([1,1'-biphenyl]-4-ylsulfonyl)-N-(tert-butyl)-5-nitroindolin-7-amine (4k)

0 /@,Ph
W
N~

O
NH!Bu

O,N

82.6 mg, yield: 92%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =8:1.

'H NMR (400 MHz, CDCls) & 7.71 — 7.63 (m, 5H), 7.59 — 7.55 (m, 2H), 7.48 — 7.38 (m, 3H), 7.17 — 7.13 (m, 1H),
6.00 (s, 1H), 4.11 (t, J = 7.5 Hz, 2H), 2.26 (t, J = 7.5 Hz, 2H), 1.52 (s, 9H).

13C NMR (151 MHz, CDCls) & 147.3, 146.6, 141.0, 139.2, 138.5, 134.8, 133.4, 129.0, 128.8, 127.9, 127.5, 127.2,
107.7,107.0, 54.1, 51.4, 29.3, 29.1.

HRMS (ESI) m/z: [M + H]" Calcd for C24H26N304S 452.1639; Found 452.1640.

N-(tert-butyl)-1-((4-methoxyphenyl)sulfonyl)-5-nitroindolin-7-amine (4l)

o) @/OMe
\
N

(0]
NHBu

O,N

71.3 mg, yield: 88%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =5:1.

'H NMR (600 MHz, CDCls) & 7.66 (d, J = 2.3 Hz, 1H), 7.55 — 7.50 (m, 2H), 7.16 — 7.13 (m, 1H), 6.89 — 6.85 (m, 2H),
5.96 (s, 1H), 4.06 (t, J = 7.5 Hz, 2H), 3.84 (s, 3H), 2.24 (t, J = 7.5 Hz, 2H), 1.50 (s, 9H).

13C NMR (151 MHz, CDCls) § 163.8, 147.3, 141.1, 139.3, 133.7, 129.5, 127.8, 114.3, 107.7, 106.9, 55.6, 54.0, 51.4,
29.3,29.1.

HRMS (ESI) m/z: [M + H]* Calcd for C19H24N30sS 406.1431; Found 406.1432.

N-(tert-butyl)-1-((4-fluorophenyl)sulfonyl)-5-nitroindolin-7-amine (4m)

Y
W
N~

O

NH!Bu

O,N

62.3 mg, yield: 79%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =8:1.

IH NMR (600 MHz, CDCls) § 7.67 (d, J = 2.3 Hz, 1H), 7.66 — 7.61 (m, 2H), 7.17 — 7.15 (m, 1H), 7.14 — 7.08 (m, 2H),
5.91 (s, 1H), 4.08 (t, J = 7.5 Hz, 2H), 2.25 (t, J = 7.5 Hz, 2H), 1.51 (s, 9H).

13C NMR (151 MHz, CDCls) 6 165.8 (d, J = 257.6 Hz), 147.5, 141.1, 139.1, 133.0, 132.4 (d, J = 3.4 Hz), 130.2 (d, J =
9.6 Hz), 116.5 (d, J = 22.6 Hz), 107.8, 106.9, 54.1, 51.5, 29.4, 29.0.

19F NMR (376 MHz, CDCls) & -102.46 —-102.57 (m).

HRMS (ESI) m/z: [M + H]" Calcd for C1gH21FN304S 394.1231; Found 394.1232.
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N-(tert-butyl)-5-nitro-1-(m-tolylsulfonyl)indolin-7-amine (4n)

0@
W\
N~

o) Me
NH!Bu

O,N
63.8 mg, yield: 82%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =8:1.

'H NMR (600 MHz, CDCls) 8 7.67 (d, J = 2.2 Hz, 1H), 7.44 (s, 1H), 7.41 — 7.36 (m, 2H), 7.29 (d, J = 7.7 Hz, 1H),
7.15-7.12 (m, 1H), 5.97 (s, 1H), 4.08 (t, J = 7.5 Hz, 2H), 2.32 (s, 3H), 2.22 (t, J = 7.5 Hz, 2H), 1.51 (s, 9H).

13C NMR (151 MHz, CDCls) § 147.2, 141.0, 139.4, 139.2, 136.1, 134.5, 133.5, 128.9, 127.7, 124.5, 107.7, 106.9, 54.1,
51.4,29.3,29.0, 21.2.

HRMS (ESI) m/z: [M + H]" Calcd for C19H24N304S 390.1482; Found 390.1482.

N-(tert-butyl)-1-((3-fluorophenyl)sulfonyl)-5-nitroindolin-7-amine (40)

0@
W
N~
o) F
NHBu

O,N

63.7 mg, yield: 81%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =8:1.

'H NMR (400 MHz, CDCls) & 7.68 (d, J = 2.3 Hz, 1H), 7.43 — 7.36 (m, 3H), 7.34 — 7.28 (m, 1H), 7.19 — 7.14 (m, 1H),
5.91 (s, 1H), 4.11 (t, J = 7.5 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 1.51 (s, 9H).

13C NMR (151 MHz, CDCls) 6 162.1 (d, J = 253.1 Hz), 147.5, 140.9, 139.0, 138.3 (d, J = 6.6 Hz), 132.8, 131.0 (d, J =
7.9 Hz), 123.3 (d, J = 3.5 Hz), 121.1 (d, J = 20.9 Hz), 114.8 (d, J = 24.7 Hz), 107.8, 106.9, 54.2, 51.5, 29.3, 29.0.

F NMR (376 MHz, CDCls) 6 -108.56 — -108.64 (m).

HRMS (ESI) m/z: [M + H]" Calcd for C1gH21FN304S 394.1231; Found 394.1232.

N-(tert-butyl)-1-((2-chlorophenyl)sulfonyl)-5-nitroindolin-7-amine (4p)

NH'Bu
O,N

59.7 mg, yield: 73%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =5:1.

IH NMR (400 MHz, CDCls) & 8.03 (dd, J = 8.0, 1.6 Hz, 1H), 7.63 (d, J = 2.3 Hz, 1H), 7.54 — 7.46 (m, 2H), 7.41 —
7.36 (m, 1H), 7.25 — 7.21 (m, 1H), 5.93 (s, 1H), 4.10 (t, J = 7.4 Hz, 2H), 2.55 (t, J = 7.4 Hz, 2H), 1.48 (s, 9H).

13C NMR (151 MHz, CDCls) § 147.4, 140.8, 138.9, 135.2, 134.7, 132.9, 132.7, 132.6, 132.3, 127.3, 107.6, 107.0, 54.2,
51.4,29.4,29.3.

HRMS (ESI) m/z: [M + H]* Calcd for C1sH2:CIN304S 410.0936; Found 410.0937.
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N-(tert-butyl)-1-((2-fluorophenyl)sulfonyl)-5-nitroindolin-7-amine (4q)

O @
\W\
NS

W\
O

NHBu
O,N

33.6 mg, yield: 43%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =5:1.

'H NMR (400 MHz, CDCls)  7.85 — 7.80 (m, 1H), 7.64 (d, J = 2.3 Hz, 1H), 7.62 — 7.57 (m, 1H), 7.28 — 7.23 (m, 1H),
7.21-7.19 (m, 1H), 7.14 —7.09 (m, 1H), 5.91 (s, 1H), 4.16 (t, J = 7.5 Hz, 2H), 2.53 (t, J = 7.5 Hz, 2H), 1.49 (s, 9H).
13C NMR (151 MHz, CDCls) 8 159.2 (d, J = 258.4 Hz), 147.4, 140.9, 138.7, 136.3 (d, J = 8.6 Hz), 132.4, 131.2, 124.9
(d,J=14.4Hz), 124.7 (d, J = 3.9 Hz), 117.5 (d, J = 22.0 Hz), 107.7, 106.8, 54.2, 51.4, 29.23, 29.20.

F NMR (376 MHz, CDCls) § -106.02 — -106.13 (m).

HRMS (ESI) m/z: [M + H]" Calcd for C1gH21FN304S 394.1231; Found 394.1234.

N-(tert-butyl)-1-(naphthalen-2-ylsulfonyl)-5-nitroindolin-7-amine (4r)

3 /”
\\
N~ Q
(0]

NH'Bu
O,N

73.7 mg, yield: 87%. Yellow oil. Chromatography column, Petroleum ether/EtOAc =8:1.

'H NMR (600 MHz, CDCls) 8 8.27 (s, 1H), 7.87 (dd, J = 8.3, 3.1 Hz, 2H), 7.82 (d, J = 8.7 Hz, 1H), 7.70 (d, J = 2.2 Hz,
1H), 7.66 — 7.63 (m, 1H), 7.61 — 7.58 (m, 1H), 7.49 (dd, J = 8.7, 1.9 Hz, 1H), 7.06 (s, 1H), 6.04 (s, 1H), 4.14 (t, J =
7.5 Hz, 2H), 2.16 (t, J = 7.5 Hz, 2H), 1.55 (s, 9H).

13C NMR (151 MHz, CDCls) & 147.3, 141.0, 139.1, 135.1, 133.49, 133.46, 131.9, 129.4, 129.21, 129.19, 129.1, 128.0,
127.8,122.1, 107.7, 106.9, 54.2, 51.4, 29.4, 29.1.

HRMS (ESI) m/z: [M + H]* Calcd for C2,H24N304S 426.1482; Found 426.1484.

N-(2-(1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (5)
Me

43.6 mg, yield: 69%. Colourless oil. Chromatography column, Petroleum ether/EtOAc =2:1.

IH NMR (600 MHz, CDCl3) & 8.42 (s, 1H), 7.59 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.2 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H),
7.08 (t, J = 2.9 Hz, 1H), 7.03 (t, J = 7.7 Hz, 1H), 6.76 (d, J = 7.1 Hz, 1H), 6.38 (t, J = 2.6 Hz, 1H), 4.62 (t, J = 6.2 Hz,
1H), 3.28 (g, J = 6.7 Hz, 2H), 3.00 (t, J = 7.0 Hz, 2H), 2.34 (s, 3H).
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13C NMR (151 MHz, CDCls) & 143.2, 136.6, 135.7, 129.5, 129.4, 127.1, 126.9, 124.2, 121.9, 119.6, 110.0, 100.1, 43.4,
33.4,21.4.
HRMS (ESI) m/z: [M + H]" Calcd for C17H19N20,S 315.1162; Found 315.1160.

N-(2-(1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (6)

N
H
NH'Bu
25.2 mg, yield: 66%. Colourless oil. Chromatography column, Petroleum ether/EtOAc =5:1.
'H NMR (400 MHz, CDCls) 6 7.32 — 7.28 (m, 1H), 6.71 — 6.69 (m, 2H), 3.52 (t, J = 8.4 Hz, 2H), 3.13 (s, 2H), 3.06 (t,
2H), 1.33 (s, 9H).
13C NMR (151 MHz, CDCls) 6 144.1, 138.5, 133.8, 129.3, 127.6, 127.4, 53.5, 29.8, 29.2, 21.6.
HRMS (ESI) m/z: [M + H]" Calcd for C12H19N2 191.1543; Found 191.1541.

525



8. NMR Spectroscopic Data

N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3a)

'H NMR (400 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)benzenesulfonamide (3b)

'H NMR (600 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-4-methoxybenzenesulfonamide (3c)

'H NMR (600 MHz, CDCl,)
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4-(tert-butyl)-N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)benzenesulfonamide (3d)

'H NMR (600 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-[1,1'-biphenyl]-4-sulfonamide (3e)

'H NMR (600 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-4-fluorobenzenesulfonamide (3f)

'H NMR (600 MHz, CDCl,)
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1F NMR (376 MHz, CDCly)
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-3-methylbenzenesulfonamide (3g)

'H NMR (400 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-2-methylbenzenesulfonamide (3h)

'H NMR (600 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-1H-indol-4-yl)ethyl)-2-fluorobenzenesulfonamide (3i

'H NMR (600 MHz, CDCl,)
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1F NMR (376 MHz, CDCly)
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N-(1-(1-(tert-butyl)-1H-indol-4-yl)propan-2-yl)-4-methylbenzenesulfonamide (3k)

'H NMR (400 MHz, CDCl,)
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F&0

55

=50

N-(2-(1-(tert-butyl)-6-methyl-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3j)

'H NMR (600 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-1H-pyrrolo[2,3-b]pyridin-4-yl)ethyl)-4-methylbenzenesulfonamide (3n)

'H NMR (400 MHz, CDCl,)
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N-(2-(1-(tert-butyl)-6-fluoro-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3I)

'H NMR (600 MHz, CDCl,)
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1F NMR (376 MHz, CDCly)

~1900

-110.511

10.556
-110.571

~1800

=1700
~1600
SRS L1500 CHs ~1500
1400

1000 1300

~1200

500 (0]
! +1100

~1000

~900
T

N
-110. 40 ‘ -110.50 -110.50 ' -110. 70 Chs
£1 (ppm) 800
CHs

H;C L700

F L600
500
400
L300
200

~100

~-100

==200

T T T T T T T T T T T T T T T T T T T T T
-200 -3 -40 -50  -60 -F0 -BO0 -90 -100 -110 -120 -130 -140 -150 -160 -170 -18O0 -190 -200 -Z10
1 (ppm)

.
(=3
ca
&
[~
=1
—
=
o
|
—
o

541



N-(2-(1-(tert-butyl)-6-chloro-1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (3m)

'H NMR (600 MHz, CDCl,)
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(42)

-amine

N-(tert-butyl)-1-tosylindolin-7

'H NMR (400 MHz, CDCl,)
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(4b)

-amine

N-(tert-butyl)-5-fluoro-1-tosylindolin-7

'H NMR (600 MHz, CDCly)
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1F NMR (376 MHz, CDCly)
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N-(tert-butyl)-5-chloro-1-tosylindolin-7-amine (4c)

'H NMR (600 MHz, CDCly)
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5-bromo-N-(tert-butyl)-1-tosylindolin-7-amine (4d)

'H NMR (600 MHz, CDCly)
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methy!| 7-(tert-butylamino)-1-tosylindoline-5-carboxylate (4f)

'H NMR (600 MHz, CDCly)
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N-(tert-butyl)-1-tosyl-2,3-dihydro-1H-pyrrolo[2,3-c]pyridin-7-amine (4Q)

'H NMR (400 MHz, CDCl,)
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in-7-amine (4h)

itro-1-tosylindoli

-Ni

N-(tert-butyl)-2-methyl-5

'H NMR (600 MHz, CDCly)
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N-(tert-butyl)-5-nitro-1-(phenylsulfonyl)indolin-7-amine (4i)
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N-(tert-butyl)-1-((4-(tert-butyl)phenyl)sulfonyl)-5-nitroindolin-7-amine (4j)

'H NMR (600 MHz, CDCly)
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1-([1,1'-biphenyl]-4-ylsulfonyl)-N-(tert-butyl)-5-nitroindolin-7

'H NMR (400 MHz, CDCl,)
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N-(tert-butyl)-1-((4-methoxyphenyl)sulfonyl)-5-nitroindolin-7-amine (4l)

'H NMR (600 MHz, CDCly)
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N-(tert-butyl)-1-((4-fluorophenyl)sulfonyl)-5-nitroindolin-7-amine (4m)

'H NMR (600 MHz, CDCly)
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1F NMR (376 MHz, CDCly)
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N-(tert-butyl)-5-nitro-1-(m-tolylsulfonyl)indolin-7-amine (4n)
'H NMR (600 MHz, CDCls)
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N-(tert-butyl)-1-((3-fluorophenyl)sulfonyl)-5-nitroindolin-7-amine (40)

'H NMR (600 MHz, CDCly)
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1F NMR (376 MHz, CDCly)
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N-(tert-butyl)-1-((2-chlorophenyl)sulfonyl)-5-nitroindolin-7-amine (4p)

'H NMR (400 MHz, CDCl,)
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N-(tert-butyl)-1-((2-fluorophenyl)sulfonyl)-5-nitroindolin-7-amine (4q)

'H NMR (400 MHz, CDCl,)
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1F NMR (376 MHz, CDCly)
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N-(tert-butyl)-1-(naphthalen-2-ylsulfonyl)-5

'H NMR (600 MHz, CDCly)
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N-(2-(1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (5)

'H NMR (600 MHz, CDCly)
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N-(2-(1H-indol-4-yl)ethyl)-4-methylbenzenesulfonamide (6)
'H NMR (400 MHz, CDCls)
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N-(tert-butyl)-1,4,4a,8b-tetrahydro-1,4-methanobiphenylen-5-amine (11°)

'H NMR (400 MHz, CDCl,)
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