Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2016

Supporting Information

Radical Perfluoroalkylation — Easy Access to
2-Perfluoroalkylindol-3-imines via Electron Catalysis

Dirk Leifert, Denis G. Artiukhin, Johannes Neugebauer, Anzhela Galstyan, Cristian Alejandro
Strassert and Armido Studer*

Fachbereich Chemie, Organisch-Chemisches Institut,
Westfalische Wilhelms-Universitét, Corrensstrasse 40, 48149 Miinster, Germany
studer@uni-muenster.de

1. General 1
2. General procedures 3
3. Optimization 4
4. Synthesis of isocyanoaryls 4 and diazene 6¢ 5
5. Synthesis of 3H-indol-3-imines 5 and 7 10
6. Synthesis of indoles 8, indolin-2-ols 9 and indoline-3-ones 10 and 11 20
7. UV/vis-spectra of 3H-indol-3-imine 5a and 5d 25
8.  Absorption spectra simulation 29
9. Fluorescence data of 3-oxindoles 10a, 11 37
10. Spectra if isocyanoaryls 4 and diazene 6¢ 39
11. Spectra of 3H-indol-3-imine 5 and 7 49
12. Spectra of indoles 8, indolin-2-ols 9 and indoline-3-ones 10 and 11 72

13. Literature 82



1. General

All reaction were carried out in oven-dried glassware under argon atmosphere using standard
Schlenk technique.

For thin layer chromatography (TLC) Merck silica gel 60 F2s4 plates were used. Detection was
done by UV light (254 nm/366 nm). Flash chromatography (FC) was performed on Merck silica
gel 60 (40-63 um) or Acros Organics silica gel (35-70 um) with an excess argon pressure up to
0.5 bar.

Phosphoryl chloride (99%), trimethylamine (99%), acetic anhydride (99%+), formic acid (99%)
and ethyl acetate (99.9%, Extra Dry over Molecular Sieve, AcroSeal) were purchased by Acros
Organics, 2,2'-azobis(2-methylpropionitrile) (98%) and 1,1'-azobis(cyclohexanecarbonitrile)
(98%) were purchased by Sigma Aldrich and were used as received. All other chemicals were
purchased by ABCR, Acros Organics, Alfa Aesar, Fluka, Sigma Aldrich and TCI and used as
received. Solvents for flash chromatography and extraction were distilled. Tetrahydrofuran
(THF) was dried over sodium and potassium.

'H-NMR (300 MHz, 400 MHz, 600 MHz), *C-NMR (75 MHz, 101 MHz, 151 MHz) and
PF-NMR (282 MHz, 564 MHz) were carried out on a Bruker DPX 300, Bruker AV 300, Bruker
AV 400 or Agilent DD2 600 spectrometer. Chemical shifts (6 in ppm) were referenced to the
residual peak of CDCl; (*H-NMR: & = 7.26; *C-NMR: & = 77.0) or CD2Cl, (*H-NMR: § =5.32;
13C-NMR: § = 54.0) or to an external standard (**F-NMR: CFCls: & = 0.0). The multiplicity of all
signals was described by s (singlet), d (doublet), t (triplet), g (quartet) and m (multiplet). Melting
points (MP) were determined by Stuart SMP10 and are uncorrected. Infrared spectra (IR) were
recorded on a Digilab 3100 FT-IR Excalibur Series spectrometer. w (weak), m (medium), s
(strong) were used to describe the intensity of the signals. HRMS ESI (m/z) spectra were
measured on a Bruker MicroTof or Thermo-Fisher Scientific LTQ XL Orbitrap.

GC/MS (El, 70 eV) was carried out on an Agilent 6890N chromatograph using a HP-5 column
combined with a Waters-Micromass Quatro Micro spectrometer. As carrier gas (~ 1 bar) helium
was used. MassLinx 4.0 of Water-Micromass was used for data analysis. UV/vis spectra were
recorded by a Jasco V-650 UV/vis double beam spectrometer with a PAC-743 6-position peltier
cell changer using a quartz-glass cuvette in CH2Cl, as solvent.

Absorption spectra were measured on a Varian Cary 5000 double-beam UV-Vis-NIR

spectrometer and baseline corrected. Steady-state emission spectra were recorded on a
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FluoTime300 spectrometer from PicoQuant equipped with a 300 W ozone-free Xe lamp (250-
900 nm), a 10 W Xe flash-lamp (250-900 nm, pulse width < 10 ps) with repetition rates of 0.1 —
300 Hz, an excitation monochromator (Czerny-Turner 2.7 nm/mm dispersion, 1200 grooves/mm,
blazed at 300 nm), diode lasers (pulse width < 80 ps) operated by a computer-controlled laser
driver PDL-820 (repetition rate up to 80 MHz, burst mode for slow and weak decays), two
emission monochromators (Czerny-Turner, selectable gratings blazed at 500 nm with 2.7 nm/mm
dispersion and 1200 grooves/mm, or blazed at 1250 nm with 5.4 nm/mm dispersion and
600 grooves/mm), Glan-Thompson polarizers for excitation (Xe-lamps) and emission, a Peltier-
thermostatized sample holder from Quantum Northwest (-40°C -105°C), and two detectors,
namely a PMA Hybrid 40 (transit time spread FWHM < 120 ps, 300 — 720 nm). Steady-state and
fluorescence lifetimes were recorded in TCSPC mode by a PicoHarp 300 (minimum base
resolution 4 ps). Emission and excitation spectra were corrected for source intensity (lamp and
grating) by standard correction curves. Phosphorescence lifetimes were recorded by a NanoHarp
250 (minimum base resolution 32 ns) in MCS mode. Lifetime analysis was performed using the
commercial FluoFit software. The quality of the fit was assessed by minimizing the reduced chi
squared function (¥2) and visual inspection of the weighted residuals and their autocorrelation.
Luminescence quantum vyields were measured with a Hamamatsu Photonics absolute PL
quantum yield measurement system (C9920-02) equipped with a L9799-01 CW Xenon light
source (150 W), monochromator, C7473 photonic multi-channel analyzer, integrating sphere and
employing U6039-05 PLQY measurement software (Hamamatsu Photonics, Ltd., Shizuoka,

Japan). All solvents used were of spectrometric grade.
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2. General procedures

1-Trifluoromethyl-1,2-benziodoxol-3-(1H)-one (2a),M 1-(perfluoroethyl)-
1)3-benzo[d][1,2]iodaoxol-3(1H)-one  (2b),[!1  1-(perfluoropropyl)-1A3-benzo[d][1,2]iodaoxol-
3(1H)-one (2c)™ and N-(4-((tert-butyldimethylsilyl)oxy)phenyl)formamidel? were synthesized
according to a literature procedure. For the synthesis of isocyanoaryls 4 a literature procedure by
Chatani et al.Bl was used. Starting from commercially available aniline derivatives

isocyanoaryls 4 were synthesized in a two-step route (see scheme below).

N HCOOH, A0 (1S POCls, NEt; ¢
| | e —— |
ZSNH,  THF Z>SNHCcHo — THF Z>Ne
GP1 GP1

2.1. General procedure for the synthesis of isocyanoaryls 4 (GP1)

1. Acetic formic anhydride was formed in situ by stirring an equimolar mixture of acetic
anhydride and formic acid at 55 °C for two hours. This mixture (about 2.0 equiv.) was cooled to
room temperature and was added to a solution of aniline (1.0 equiv.) in THF (0.6-0.8 m) at 0 °C.
After stirring the reaction mixture at room temperature for two hours a saturated ag. solution of
NaHCOs; was added. After extraction with diethyl ether or ethyl acetate (three times) the
combined organic phases were dried over MgSQyg, filtered and concentrated in vacuo.

2. The residue was used without further purification. It was dissolved in THF (0.6 m) and
triethylamine (6.0 equiv.) was added. To this reaction mixture phosphoryl chloride (1.5 equiv.)
was added slowly at 0 °C. After stirring for 2 h at this temperature a saturated ag. solution of
Na>COs3 was added. The reaction mixture was stirred at room temperature for 1 h. After phase
separation the aqueous phase was extracted with CH2Cl, (three times). The combined organic
phases were dried over MgSQyg, filtered and concentrated in vacuo. The residue was purified by
FC (P/EtOAC) to afford the desired isocyanoaryl 4.

2.2. General procedure for the synthesis of 3H-indol-3-imine 5 (GP2)

To a solution of isocyanoaryls 4 (1.00 mmol, 3.8 equiv.) and lithium iodide (13 pmol, 4.9 mol%)
in ethyl acetate (0.26 M) Togni-reagent 2 (0.261 mmol, 1.0 equiv.) was added. The reaction
mixture was stirred at 90 °C for 22 h. After removal of the solvent in vacuo FC (P/EtOAc or
P/DEE) afforded the desired 3H-indol-3-imine 5.
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3.  Optimization
Table S1 Optimization of the initiator

MeQ,
F3C—I—O

Meo\@\ o initator (4.8/4.9 mol %) @
.
. N
NG EtOAc, 90 °C,22h |, /
»—CF3
N

4a (3.8 equiv) 2a (1.0 equiv) 5a
entry init. conc. (mmol/L)  yield® (%)
1 TBAI 0.52 42

2 TBAI 0.09 49

3 TBAI 0.26 54

4 Lil 0.26 60

5 Nal 0.26 o1

6 Kl 0.26 53

7 Csl 0.26 53

8 Mgl 0.26 56

9 Cal2 0.26 57

2jsolated yields



4. Synthesis of isocyanoaryls 4 and diazene 6¢

1-Isocyano-4-methoxybenzene (4a)
MeO According to GP1 with p-anisidine (6.168 g, 50.06 mmol, 1.0 equiv.), the in

situ formed acetic formic anhydride (13 mL), triethylamine (42 mL, 0.30 mol,
NC 6.0 equiv.) and phosphoryl chloride (7.0 mL, 77 mmol, 1.5equiv.). FC
(P/EtOAC = 20/1) afforded the desired isocyanoaryl 4a (4.788 g, 35.95 mmol, 72%) as a yellow
solid.
MP: 31 °C. IR (neat): 3072w, 3010w, 2966w, 2840w, 2125m, 1607m, 1585w, 1505s, 1465w,
1443w, 1302m, 1254s, 1193w, 1164w, 1108w, 1029m, 833m, 699w, 515w. *H-NMR (300 MHz,
CDCls, 300 K): & (ppm) = 7.30 (d, J = 8.9 Hz, 2H, CaromH), 6.90 — 6.82 (m, 2H, CaromH), 3.82 (s,
3H, CHs). ¥C-NMR (75 MHz, CDCls, 300 K): & (ppm) = 162.8 (t, J = 8.9 Hz, C), 159.9 (C),
127.7 (2xCH), 1195 (t, J=149Hz, C), 1146 (2xCH), 555 (CHs). HRMS (ESI)
m/z = 156.0420 calcd. for CsH7NONa [M+Na]*, found: 156.0417.

tert-Butyl(4-isocyanophenoxy)dimethylsilane (4b)

TBSO According to GP1-2 with N-(4-((tert-butyldimethylsilyl)oxy)phenyl)form-
amide (921 mg, 3.66 mmol, 1.0 equiv.), triethylamine (3.0 mL, 22 mol,
5.9 equiv.) and phosphoryl chloride (0.50 mL, 5.1 mmol, 1.4 equiv.). FC

(P/EtOAC = 15/1) afforded the desired isocyanoaryl 4b (579 mg, 2.48 mmol, 68%) as a yellow

solid.

!H-NMR (300 MHz, CDCls, 300 K): & (ppm) = 7.26 (d, J = 8.7 Hz, 2H, CaomH), 6.85 - 6.78 (m,

2H, CaromH), 0.99 (s, 9H, CHgs), 0.21 (s, 6H, CHs). 3C-NMR (75 MHz, CDCIs, 300 K):

d (ppm) = 162.8 (C), 156.4 (C), 127.7 (2 x CH), 120.7 (2 x CH), 120.3-119.8 (m, C), 25.5

(3 x CH3), 18.2 (C), -4.5 (2 x CHz). MS (EI) m/z (relative intensity %) = 233.2 (13), 176.2 (100),

75.0 (12).

Spectroscopic data are in accordance with those described in the literature.[
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(4-1socyanophenyl)(methyl)sulfane (4c)
MeS According to GP1 with 4-(methylthio)aniline (1.392g, 10.00 mmol,
\©\ 1.0 equiv.), the in situ formed acetic formic anhydride (2.7 mL), triethylamine
N (8.3 mL, 60 mol, 6.0 equiv.) and phosphoryl chloride (1.4 mL, 15 mmol,
1.5 equiv.). FC (P/EtOAc = 30/1) afforded the desired isocyanoaryl 4c (1.066 g, 7.145 mmol,
71%) as a green solid.
MP: 42 °C. IR (neat): 3067w, 2988w, 2921w, 2123s, 1593w, 1488s, 1436w, 1404w, 1323w,
1302w, 1200w, 1118w, 1092m, 1015w, 968w, 822s, 590w, 509w. 'H-NMR (300 MHz, CDCls,
300 K): & (ppm) = 7.30 (d, J = 8.7 Hz, 2H, CaromH), 7.22 (d, J = 8.7 Hz, 2H, CaromH), 2.51 (s, 3H,
CHs). 8C-NMR (75 MHz, CDCls, 300 K): & (ppm) = 164.1 (C), 141.2 (C), 126.5 (2 x CH),
126.3 (2 x CH), 123.0 (t, J=14.0 Hz, C), 15.2 (CH3). HRMS (ESI) m/z = 172.0192 calcd. for
CsH7NSNa [M+Na]", found: 172.0188.

4-1socyano-N,N-dimethylaniline (4d)
Me,N According to GP1 with N!N!-dimethylbenzene-1,4-diamine (1.362 g,
\©\ 10.00 mmol, 1.0 equiv.), the in situ formed acetic formic anhydride
(2.7 mL), triethylamine (8.3 mL, 60 mol, 6.0 equiv.) and phosphoryl
chloride (1.4mL, 15mmol, 1.5equiv.). FC (P/EtOAc = 10/1) afforded the desired
isocyanoaryl 4d (903 mg, 6.18 mmol, 62%) as a white solid.
MP: 62 °C. IR (neat): 2901w, 2818w, 2118m, 1883w, 1609s, 1524s, 1447w, 1368m, 1228m,
1172w, 1123w, 1068w, 941w, 817s, 519m. *H-NMR (300 MHz, CDClIs, 300 K): & (ppm) = 7.21
(d, J=8.9 Hz, 2H, CaromH), 6.63 — 6.54 (m, 2H, CaromH), 2.98 (s, 6H, CH3). 3C-NMR (75 MHz,
CDCls, 300K): 8 (ppm) = 161.3 (t, J=6.3 Hz, C), 150.3 (C), 127.2 (2 x CH), 115.0 (t,
J=144Hz, C), 111.7 (2xCH), 40.2 (2xCH3z). HRMS (ESI) m/z=169.0736 calcd. for
CoH10N2Na [M+Na]*, found: 169.0739.

1-Isocyano-4-methylbenzene (4e)
Me According to GP1 with p-toluidine (5.381 g, 50.20 mmol, 1.0 equiv.), the in
situ formed acetic formic anhydride (13 mL), triethylamine (42 mL, 0.30 mol,
NC 6.0 equiv.) and phosphoryl chloride (7.0 mL, 77 mmol, 1.5 equiv.). Distillation
at reduced pressure (b.p. 68 °C, 8.0 mbar) afforded the desired isocyanoaryl 4e (3.130 g,

26.71 mmol, 53%) as a yellow liquid.
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IH-NMR (300 MHz, CDCls, 300 K): & (ppm) = 7.28 (d, J=8.1 Hz, 2H, CaomH), 7.20 (d,
J=8.2 Hz, 2H, CaomH), 2.40 (s, 3H, CH3). *C-NMR (75 MHz, CDCls, 300 K): & (ppm) = 163.4
(t, J=5.8 Hz, C), 139.6 (C), 129.9 (2 x CH), 126.1 (2 x CH), 124.1 (t, J=13.6 Hz, C), 21.2
(CH3). MS (El) m/z (relative intensity %) = 117.1 (100), 90.1 (66), 63.1 (21), 51.1 (10), 39.1
(22).

Spectroscopic data are in accordance with those described in the literature.!

1-(tert-Butyl)-4-isocyanobenzene (4f)
According to GP1 with 4-(tert-butylaniline (1.194 g, 8.003 mmol,
1.0 equiv.), the in situ formed acetic formic anhydride (2.1 mL), triethylamine

t-Bu

NC (7.0 mL, 50 mol, 6.3 equiv.) and phosphoryl chloride (1.1 mL, 12 mmol,

1.5 equiv.). FC (P/EtOAc = 40/1) afforded the desired isocyanoaryl 4f (1.006 g, 6.319 mmol,
79%) as a green liquid.

IR (neat): 2965s, 2907w, 2871w, 2123s, 1693w, 1605w, 1510m, 1499m, 1480w, 1464w, 1408w,
1396w, 1366m, 1270w, 1205w, 1172w, 1113w, 1016w, 838s, 783w, 730w, 553m. 'H-NMR
(300 MHz, CDCl3, 300K): & (ppm) = 7.42—7.37 (m, 2H, CaomH), 7.30 (d, J=8.6 Hz, 2H,
CaromH), 1.31 (s, 9H, CH3). 3C-NMR (75 MHz, CDCls, 300 K): & (ppm) = 163.3 (t, J =5.7 Hz,
C), 152.8 (C), 126.3 (2 x CH), 126.0 (2x CH), 124.0 (t, J=13.9Hz, C), 349 (C), 31.1
(3 x CH3). HRMS (ESI) m/z = 182.0940 calcd. for C1:H13NNa [M+Na]", found: 182.0944.

Isocyanobenzene (4g)
According to GP1-2 with phenylformanilide (1.817 g, 15.00 mmol, 1.0 equiv.),
©\ triethylamine (13 mL, 92 mol, 6.2 equiv.) and phosphoryl chloride (2.1 mL,
23 mmol, 1.5 equiv.). Destillation at reduced pressure (b.p. 75 °C, 13 mbar) afforded
the desired isocyanoaryl 4g (598 mg, 5.80 mmol, 39%) as a colorless liquid which changes color
after few seconds to light blue.
IH-NMR (300 MHz, CDCls, 300K): & (ppm) = 7.45—7.32 (m, 5H, CaomH). ¥C-NMR
(75 MHz, CDCls, 300 K): & (ppm) = 141.1 (t, J = 3.8 Hz, C), 106.3 (2 x CH), 106.3 (CH), 103.6
(t, J=13.5Hz, C), 103.3 (2 x CH). MS (EI) m/z (relative intensity %) = 103.2 (100), 76.1 (27).

Spectroscopic data are in accordance with those described in the literature.[6!
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1-Isocyano-3-methoxybenzene (4h)
According to GP1 with 3-methoxyaniline (1.1 mL, 9.8 mmol, 1.0 equiv.), the

@\ in situ formed acetic formic anhydride (2.7 mL), triethylamine (8.3 mL,
MeO N 60 mol, 6.1 equiv.) and phosphoryl chloride (1.4 mL, 15 mmol, 1.5 equiv.).
FC (P/EtOAc = 20/1) afforded the desired isocyanoaryl 4h (896 mg, 6.73 mmol, 67%) as a green
liquid.
IH-NMR (300 MHz, CDCls, 300 K): & (ppm) = 7.28 (t, J = 8.1 Hz, 1H, CaromH), 7.00 — 6.86 (m,
3H, CaomH), 3.81 (s, 3H, CH3). 3C-NMR (75 MHz, CDCl3z, 300K): & (ppm) = 163.8 (t,
J=5.4Hz, C), 160.0 (C), 130.2 (C), 127.4 (t, J=13.2 Hz, C), 118.6 (CH), 115.6 (CH), 111.8
(CH), 55.5 (CHs). MS (EI) m/z (relative intensity %) = 133.2 (100), 118.2 (10), 103.2 (98), 90.2
(29).

Spectroscopic data are in accordance with those described in the literature.[”]

5-1socyanobenzo[d][1,3]dioxole (4i)

According to GP1 with benzo[d][1,3]dioxol-5-amine (1.371g, 10.00 mmol,

< D\ 1.0 equiv.), the in situ formed acetic formic anhydride (2.7 mL), triethylamine
© NC (8.3 mL, 60 mol, 6.0 equiv.) and phosphoryl chloride (1.4 mL, 15 mmol,
1.5 equiv.). FC (P/EtOAc = 50/1) afforded the desired isocyanoaryl 4i (796 mg, 5.41 mmol, 54%)
as a yellow solid.
'H-NMR (300 MHz, CDCls, 300 K): & (ppm) = 6.90 (dd, J=8.2 Hz, J=2.0 Hz, 1H, CaomH),
6.82 (d, J = 2.0 Hz, 1H, CaomH), 6.76 (d, J = 8.2 Hz, 1H, CaomH), 6.03 (s, 2H, CH2). 3C-NMR
(75 MHz, CDCls, 300 K): & (ppm) = 162.8 (C), 148.3 (C), 148.0 (C), 120.8 (CH), 120.2 (t,
J=14.1Hz, C), 108.4 (CH), 107.2 (CH), 102.1 (CH2). HRMS (ESI) m/z = 170.0212 calcd. for
CsHsNO2Na [M+Na]*, found: 170.0216.

Spectroscopic data are in accordance with those described in the literature. €

Dimethyl 4,4'-(diazene-1,2-diyl)(E)-bis(4-cyanopentanoate) (6c)

o) According to a literature procedure by Baudoin et al.l’]

NC
/ONN/’NNO/ TMSCHN; (2.0 M in hexane, 5.0 mL, 10 mmol, 6.7 equiv.)

CN . : .
© was added slowly to a solution of 4,4'-azobis(4-cyanovaleric
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acid) (420 mg, 1.50 mmol, 1.0 equiv.) in MeOH (8.0 mL, 0.19 m) at 0 °C. After 30 min stirring at
0 °C, acetic acid (1.0 mL) was added. The reaction mixture was concentrated in vacuo. FC
afforded the desired ester 6¢ (412.5 mg, 1.338 mmol, 89%) as a colorless solid.

'H-NMR (300 MHz, CDs3Cl, 300 K): & (ppm) = 3.71 (s, 3H, CHs), 3.70 (s, 3H, CHs), 2.63 — 2.24
(m, 8H, CHy), 1.72 (s, 3H, CHs), 1.67 (s, 3H, CHa3). *C-NMR (75 MHz, CDsCl, 300 K):
8 (ppm) = 171.7 (C), 171.7 (C), 117.5 (C), 117.4 (C), 71.9 (C), 71.8 (C), 52.0 (2 x CH3), 33.2
(CHz), 33.2 (CHz), 28.9 (CHj), 289 (CHz), 23.9 (CHs), 23.7 (CHs). HRMS (ESI)
m/z = 331.1382 calcd. for C14H20N404Na [M+Na]*, found: 331.1372.

Spectroscopic data are in accordance with those described in the literature.[*%]
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5. Synthesis of 3H-indol-3-imines 5 and 7
(E)-5-Methoxy-N-(4-methoxyphenyl)-2-(trifluoromethyl)-3H-indol-3-imine (5a)
MeO According to GP2 with isocyanoaryl 4a (133.7 mg, 1.004 mmol,
3.8 equiv.), Lil (1.7 mg, 13 umol, 4.9 mol%) and Togni-reagent 2a
N (82.5mg, 0.261 mmol, 1.0equiv.). FC (P/EtOAc=10/1 —

/
MeOmCF P/EtOAc = 5/1) afforded the desired 3H-indol-3-imine 5a (52.2 mg,
3
N 0.156 mmol, 60%) as a red solid.

MP: 127 °C. IR (neat): 3006w, 2964w, 2839w, 1593w, 1561m, 1501m, 1469m, 1435m, 1382w,
1323m, 1290m, 1245s, 1232m, 1199m, 1174s, 1151s, 1135s, 1104s, 1081w, 1028s, 940w, 885w,
860m, 833m, 769m, 730m, 694w, 590w, 550w, 530w. 'H-NMR (300 MHz, CDCl,, 300 K):
d (ppm) = 7.51 (d, J =8.4 Hz, 1H, CaomH), 7.18 —7.09 (m, 2H, CaromH), 7.07 —6.99 (m, 2H,
CaromH), 6.93 (dd, J = 8.5 Hz, J = 2.5 Hz, 1H, CaomH), 6.78 (d, J = 2.5 Hz, 1H, CaromH), 3.88 (s,
3H, CHs), 3.68 (s, 3H, CHz3). 13C-NMR (75 MHz, CDCl,, 300 K): & (ppm) = 161.6 (C), 159.9
(C), 158.8 (C), 157.4 (q, J =35.3 Hz, C), 149.0 (C), 142.4 (C), 124.8 (CH), 122.8 (g, J = 1.5 Hz,
C), 122.0 (2 x CH), 120.6 (q, J = 273.4 Hz, CF3), 116.8 (CH), 115.2 (2 x CH), 112.9 (CH), 56.3
(CHs), 56.2 (CHs). ®F-NMR (282 MHz, CD:Clz, 300 K): & (ppm) =-65.1. HRMS (ESI)
m/z = 357.08213 calcd. for C17H13FsN202Na [M+Na]*, found: 357.08182.

(E)-5-((tert-Butyldimethylsilyl)oxy)-N-(4-((tert-butyldimethylsilyl)oxy)phenyl)-2-(trifluoro-
methyl)-3H-indol-3-imine (5b)

TBSO According to GP2 with isocyanoaryl 4b (233.4 mg, 1.000 mmol,
Q 3.8 equiv.), Lil (1.7 mg, 13 pmol, 4.9 mol%) and Togni-reagent 2a
N (825mg, 0.261 mmol, 1.0equiv.)). FC (P/DEE=100/1 —

/

TBSOWCF P/DEE = 50/1) afforded the desired 3H-indol-3-imine 5b (57.4 mg,
/ 3
N 0.107 mmol, 41%) as a red solid.

MP: 38 °C. IR (neat): 2956w, 2931w, 2898w, 2887w, 2860w, 1591w, 1568w, 1498m, 1462m,
1435w, 1381w, 1363w, 1031m, 1255s, 1235m, 1195m, 1176m, 1145s, 1105m, 1008w, 968w,
910m, 891s, 883s, 837s, 802m, 780s, 732w, 718w, 705w, 687w, 660w. 'H-NMR (300 MHz,
CD:Cl,, 300 K): 5 (ppm) = 7.46 (d, J = 8.3 Hz, 1H, CaromH), 7.07 — 7.01 (M, 2H, CaromH), 6.99
6.92 (M, 2H, CaomH), 6.90 (dd, J = 8.3 Hz, J=2.4 Hz, 1H, CaonH), 6.69 (d, J = 2.4 Hz, 1H,
CaromH), 1.03 (s, 9H, CH3), 0.91 (s, 9H, CHs), 0.27 (s, 6H, CHs), 0.10 (s, 6H, CHa). 3C-NMR
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(75 MHz, CD,Cl, 300 K): & (ppm) = 159.1 (C), 157.9 (C), 157.7 (g, J = 35.5 Hz, C), 155.9 (C),
149.6 (C), 143.0 (C), 124.9 (CH), 124.3 (CH), 122.6 (q, J = 1.7 Hz, C), 121.6 (2 x CH), 121.3
(2 x CH), 120.6 (g, J = 273.5 Hz, CFs), 117.9 (CH), 26.0 (3 x CHs3), 25.9 (3 x CHs), 18.7 (C),
18.7 (C), -4.0 (2 x CHs), -4.2 (2 x CHs). 1°F-NMR (282 MHz, CD,Clz, 300 K): 5 (ppm) = -65.1.
HRMS (ESI) m/z = 535.24184 calcd. for C27HasF3N20,Si> [M+H]*, found: 535.24191.

(E)-5-(Methylthio)-N-(4-(methylthio)phenyl)-2-(trifluoromethyl)-3H-indol-3-imine (5c)

MeS According to GP2 with isocyanoaryl 4c (149.4 mg, 1.001 mmol,
@ 3.8 equiv.), Lil (1.7 mg, 13 umol, 4.9 mol%) and Togni-reagent 2a
N (825mg, 0.261mmol, 1.0equiv.). FC (P/EtOAc=30/1 —

MeS / : . .
© mc': P/EtOAc = 20/1) afforded the desired 3H-indol-3-imine 5c (13.5 mg,
3
N 36.8 umol, 14%) as a dark red solid.

MP: 132 °C. IR (neat): 3094w, 3066w, 2921w, 1564m, 1484w, 1436w, 1415m, 1381m, 1299w,
1204m, 1184s, 1134s, 1116s, 1092m, 1012w, 954w, 923w, 856w, 830m, 731w, 523w. H-NMR
(300 MHz, CD,Cly, 300 K): & (ppm) = 7.51 (d, J = 8.1 Hz, 1H, CaromH), 7.38 (d, J = 8.5 Hz, 2H,
CaromH), 7.29 (dd, J = 8.1 Hz, J = 1.9 Hz, 1H, CaromH), 7.06 (d, J = 8.5 Hz, 2H, CaromH), 6.88 (d,
J=1.9Hz, 1H, CaomH), 2.54 (s, 3H, CHz), 2.29 (s, 3H, CHs). 3C-NMR (75 MHz, CD,Cly,
300 K): & (ppm) = 159.2 (C), 157.4 (g, J = 35.8 Hz, C), 152.4 (C), 146.4 (C), 142.2 (C), 138.6
(C), 130.2 (CH), 127.7 (2 x CH), 124.0 (CH), 123.1 (CH), 121.7 (q, J = 1.5 Hz, C), 120.3 (g,
J=273.6 Hz, CF3), 120.1 (2 x CH), 16.2 (CH3), 15.7 (CHs). 1*F-NMR (282 MHz, CD,Cly, 300
K): & (ppm) =-65.2. HRMS (ESI) m/z = 367.05450 calcd. for Ci7H14F3N2S; [M+H]*, found:
367.05415.

(E)-3-((4-(Dimethylamino)phenyl)imino)-N,N-dimethyl-2-(trifluoromethyl)-3H-indol-
5-amine (5d)
Me,N According to GP2 with isocyanoaryl 4d (147.0 mg, 1.005 mmol,
3.9 equiv.), Lil (1.7 mg, 13 pmol, 4.9 mol%) and Togni-reagent 2a
(82.5 mg, 0.261 mmol, 1.0 equiv.). FC (P/DEE = 15/1 — P/DEE =4/1)

/

MeszCF afforded the desired 3H-indol-3-imine 5d (36.7 mg, 0.102 mmol, 39%)
/ 3
N as a violet solid.

MP: 125 °C. IR (neat): 2898w, 2812w, 1611m, 1583m, 1529s, 1437m, 1356s, 1284w, 1253w,

1214w, 1178s, 1147s, 1130s, 1099s, 1069m, 945w, 911w, 850w, 823m, 809w, 761w, 724w, 687w.
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IH-NMR (600 MHz, CD2Clz, 300 K): 7.38 (d, J=8.6 Hz, 1H, CaromH), 7.29—7.24 (m, 2H,
CaromH), 7.10 (d, J=2.6 Hz, 1H, CaomH), 6.80-6.75 (m, 2H, CaomH), 6.62 (dd, J=8.6 Hz,
J=2.6Hz, 1H, CaomH), 3.05 (s, 6H, CHgs), 2.87 (s, 6H, CHs). *C-NMR (151 MHz, CDCl,,
300 K): & (ppm) = 156.3 (C), 154.3 (q, J = 34.5 Hz, C), 152.1 (C), 151.3 (C), 144.8 (C), 138.1
(C), 124.4 (2 x CH), 124.2 (CH), 123.6 (q, J = 2.0 Hz, C), 121.3 (q, J = 272.7 Hz, CFs), 113.7
(CH), 112.4 (2 x CH), 108.9 (CH), 40.9 (2 x CHs3), 40.8 (2 x CH3). ®F-NMR (282 MHz, CDCl>,
300 K): 8 (ppm) =-64.3. HRMS (ESI) m/z = 361.16346 calcd. for CigH20F3N4 [M+H]", found:
361.16331.

(E)-5-Methyl-N-(p-tolyl)-2-(trifluoromethyl)-3H-indol-3-imine (5e)
Me According to GP2 with isocyanoaryl 4e (117.6 mg, 1.003 mmol,

Q 3.8 equiv.), Lil (1.7 mg, 13 umol, 4.9 mol%) and Togni-reagent 2a
(82.5mg, 0.261 mmol, 1.0 equiv.). FC (P/DEE = 150/1) afforded the

N
/
MemCF desired 3H-indol-3-imine 5e (25.6 mg, 84.7 umol, 32%) as an orange
/4 3
N solid.

MP: 106 °C. IR (neat): 3058w, 2987w, 2920w, 2861w, 2733w, 1928w, 1646w, 1612w, 1574m,
1500m, 1470w, 1453w, 1420w, 1378s, 1306w, 1284w, 1230w, 1195w, 1174m, 1151s, 1133s,
1118s, 1110s, 1079m, 1041w, 1017m, 942m, 895w, 860m, 833m, 823s, 795m, 775w, 766w, 729m,
575w, 521m. *H-NMR (300 MHz, CDCly, 300 K): & (ppm) = 7.48 (d, J = 7.8 Hz, 1H, CaromH),
7.35-7.21 (m, 3H, CaomH), 7.03 —6.96 (m, 2H, CaromH), 6.86 — 6.83 (m, 1H, CaomH), 2.44 (s,
3H, CHzs), 2.20 (s, 3H, CH3). ®C-NMR (75 MHz, CD:Cl;, 300 K): & (ppm) = 159.6 (C), 158.4
(9, J=35.4 Hz, C), 153.7 (C), 147.1 (C), 140.9 (C), 137.5 (C), 134.2 (CH), 130.5 (2 x CH),
126.8 (CH), 123.7 (CH), 121.6 (q, J =1.7 Hz, C), 120.6 (q, J = 273.7 Hz, CF3), 119.4 (2 x CH),
219 (CHs), 214 (CHs). ®F-NMR (282 MHz, CDxCl,, 300 K): & (ppm)=
-65.3. HRMS (ESI) m/z = 303.11036 calcd. for C17H14F3N2 [M+H]", found: 303.11025.

(E)-5-(tert-Butyl)-N-(4-(tert-butyl)phenyl)-2-(trifluoromethyl)-3H-indol-3-imine (5f)
t-Bu According to GP2 with isocyanoaryl 4f (159.9 mg, 1.004 mmol,

@ 3.8 equiv.), Lil (1.7 mg, 13 umol, 4.9 mol%) and Togni-reagent 2a
(82.5mg, 0.261mmol, 1.0equiv.)). FC (P/DEE=150/1 —

N
- /
tB“mCF P/DEE =50/1) afforded the desired 3H-indol-3-imine 5f (22.4 mg,
3
N
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58.0 pumol, 22%) as an orange solid.

MP: 124 °C. IR (neat): 2964m, 2906w, 2871w, 1639w, 1615w, 1575w, 1503w, 1477w, 1382m,
1311w, 1287w, 1267w, 1178s, 1147s, 1123s, 1015w, 936w, 865m, 837m, 739w, 724m. 'H-NMR
(300 MHz, CD2Cl,, 300K): & (ppm) = 7.56 —7.48 (m, 3H, CaomH), 7.45 (dd, J=8.1Hz,
J=1.8Hz, 1H, CaomH), 7.02 - 6.94 (m, 2H, CaomH), 6.72 (d, J = 1.8 Hz, 1H, CaromH), 1.39 (s,
9H, CHs), 1.08 (s, 9H, CHg). 3C-NMR (75 MHz, CDCl», 300 K): & (ppm) = 161.0 (C), 158.6
(g, J=35.7 Hz, C), 154.1 (C), 153.2 (C), 150.4 (C), 148.0 (C), 130.6 (CH), 126.8 (2 x CH),
124.1 (CH), 123.3 (CH), 121.3 (9, J = 1.6 Hz, C), 120.5 (q, J = 273.9 Hz, CF3), 118.3 (2 x CH),
35.5 (C), 35.1 (C), 31.8 (3 x CHs3), 31.2 (3 x CH3). F-NMR (282 MHz, CD.Cl,, 300 K):
5 (ppm) = -65.4. HRMS (ESI) m/z =387.20426 calcd. for CasHzsFsN2 [M+H]*, found:
387.203809.

(E)-N-Phenyl-2-(trifluoromethyl)-3H-indol-3-imine (59)
According to GP2 with isocyanoaryl 4g (103.0 mg, 0.9990 mmol, 3.8 equiv.),
Q Lil (1.7 mg, 13 pmol, 4.9 mol%) and Togni-reagent 2a (82.5 mg, 0.261 mmol,
/N 1.0 equiv.). FC (P/EtOAc =40/1 — P/EtOAc = 20/1) afforded the desired
mCF3 3H-indol-3-imine 5g (9.9 mg, 36 umol, 14%) as an orange solid.
MP: 64 °C. IR (neat): 3068w, 1669w, 1642w, 1614w, 1594w, 1578w, 1483w, 1468w, 1449w,
1380m, 1332w, 1286w, 1197s, 1179s, 1144s, 1113s, 1072w, 1024w, 917w, 893w, 773m, 765m,
730w, 719m, 695m, 605w, 557w. 'H-NMR (600 MHz, CDCl,, 300 K): & (ppm) = 7.62 (d,
J=7.7Hz, 1H, CaomH), 7.51-7.45 (m, 3H, CaomH), 7.35-7.31 (m, 1H, CaomH), 7.13 (td,
J=7.6Hz, J=09Hz, 1H, CaomH), 7.07-7.02 (m, 2H, CaomH), 6.82 (ddd, J=7.6 Hz,
J=1.2Hz, J=0.6 Hz, 1H, CaomH). 3C-NMR {¥*F} (151 MHz, CD.Clz, 300 K): & (ppm) =
159.9 (C), 159.1 (C), 155.7 (C), 149.8 (C), 134.1 (CH), 130.3 (CH), 130.0 (2 x CH), 127.0 (CH),
126.3 (CH), 124.2 (CH), 121.3 (C), 120.4 (CF3), 118.7 (2 x CH). ®F-NMR (564 MHz, CD:Clx,
300 K): 8 (ppm) =-65.5. HRMS (ESI) m/z = 275.07906 calcd. for CisH1oF3N2 [M+H]*, found:
275.07893.
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(E)-6-Methoxy-N-(3-methoxyphenyl)-2-(trifluoromethyl)-3H-indol-3-imine (5h)
OMe According to GP2 with isocyanoaryl 4h (133.2 mg, 1.000 mmol,
3.8 equiv.), Lil (1.7 mg, 13 pmol, 4.9 mol%) and Togni-reagent 2a
(82.5mg, 0.261 mmol, 1.0 equiv.). FC (P/DEE =14/1) afforded the

N
/ desired 3H-indol-3-imine 5h (22.2 mg, 66.4 umol, 25%) as an orange
)—CFy .

MeO N oil.

IR (neat): 2968w, 2943w, 2840w, 1617m, 1594m, 1580m, 1485m,
1466w, 1439w, 1367m, 1344w, 1287m, 1267w, 1254w, 1235w, 1182m, 1147s, 1120w, 1091m,
1081w, 1044w, 1023w, 946w, 899w, 869w, 777w, 732w, 686w. 'H-NMR (300 MHz, CDCly,
300 K): & (ppm) = 7.40 — 7.32 (m, 1H, CaromH), 7.17 (d, J = 2.4 Hz, 1H, CaromH), 6.86 — 6.82 (m,
1H, CaomH), 6.80 (d, J = 8.6 Hz, 1H, CaomH), 6.62 — 6.56 (m, 3H, CaomH), 3.85 (S, 3H, CHs3),
3.81 (s, 3H, CHj3). 13C-NMR (75 MHz, CD2Clz, 300 K): & (ppm) = 164.8 (C), 161.3 (C), 160.6
(9, J=35.8Hz, C), 159.3 (C), 158.0 (C), 151.3 (C), 130.9 (CH), 127.9 (CH), 120.4 (q,
J=274.0 Hz, CF3), 114.3 (CH), 114.1 (g, J = 1.8 Hz, C), 112.4 (CH), 110.9 (CH), 110.7 (CH),
104.4 (CH), 56.6 (CHs), 56.0 (CHs). ®F-NMR (282 MHz, CDCl, 300 K): & (ppm) = -65.5.
HRMS (ESI) m/z = 335.10019 calcd. for C17H14F3sN202 [M+H]", found: 335.10010.

(E)-4-Methoxy-N-(3-methoxyphenyl)-2-(trifluoromethyl)-3H-indol-3-imine (5h’)

OMe According to GP2 with isocyanoaryl 4h (133.2 mg, 1.000 mmol, 3.8 equiv.),
Q Lil (1.7mg, 13 pumol, 4.9mol%) and Togni-reagent 2a (82.5mg,
MeO 0.261 mmol, 1.0 equiv.). FC (P/DEE = 14/1) afforded the desired 3H-indol-3-

0 imine 5h’ (10.0 mg, 29.9 umol, 11%) as an orange solid.

@CFS MP: 60-67 °C. IR (neat): 3007w, 2943w, 2840w, 1710w, 1654w, 1600s,
1496m, 1486m, 1379w, 1332w, 1283m, 1265m, 1181m, 1148s, 1108m, 1041w, 947w, 896w,
845w, 783w, 720w, 689w, 5465. *H-NMR (300 MHz, CD:Clz, 300 K): & (ppm) = 7.58 — 7.46 (m,
1H, CaromH), 7.29 — 7.21 (m, 2H, CaromH), 6.85 (d, J = 8.6 Hz, 1H, CaromH), 6.79 (dd, J = 8.3 Hz,
J=2.6 Hz, 1H, CaonH), 6.45 (t, J= 2.2 Hz, 1H, CaromH), 6.43 —6.39 (M, 1H, CaromH), 3.80 (s,
3H, CHs), 3.37 (5, 3H, CHs). 5C-NMR {2F} (151 MHz, CD:Cly, 300 K): § (ppm) = 159.9 (C),
159.7 (C), 157.7 (C), 1565 (C), 156.2 (C), 153.1 (C), 135.7 (CH), 128.8 (CH), 120.5 (CF3),
117.1 (CH), 114.3 (CH), 113.1 (CH), 111.9 (CH), 108.9 (C), 106.1 (CH), 56.3 (CHs), 5.9 (CHs).
19F-NMR (282 MHz, CDClz, 300 K):  (ppm) = -65.1. HRMS (ESI) m/z = 373.05607 calcd. for

C17H13F3N202K [M+K]", found: 373.05604.
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(E)-N-(Benzo[d][1,3]dioxol-5-yl)-6-(trifluoromethyl)-7H-[1,3]dioxolo[4,5-f]indol-7-imine (5i)
o According to GP2 with isocyanoaryl 4i (147.6 mg, 1.003 mmol,
g@ 3.8 equiv.), Lil (1.7mg, 13 umol, 4.9 mol%) and Togni-reagent 2a
/N (825mg, 0.261 mmol, 1.0equiv.). FC (P/EtOAc=20/1 —
<omCF3 P/EtOAc = 10/1) afforded the desired indol-3-imine 5i (37.8 mg,
0 N 0.104 mmol, 40%) as a dark red solid.
MP: 146 °C. IR (neat): 2923w, 2855w, 2362w, 2337w, 1698w, 1616w, 1568w, 1503m, 1468s,
1377w, 1341w, 1294s, 1247m, 1182s, 1151s, 1091m, 1036s, 932m, 896w, 858w, 814w, 737w.
'H-NMR (300 MHz, CD-Cl>, 300 K): & (ppm) = 7.08 (s, 1H, CaomH), 6.90 (d, J=8.2 Hz, 1H,
CaromH H), 6.66 (s, 1H, CaomH), 6.65 (d, J=2.1Hz, 1H, CaomH), 6.57 (dd, J=8.2 Hz,
J=2.1Hz, 1H, CaomH), 6.06 (s, 2H, CHy), 6.02 (s, 2H, CH2). 3C-NMR (75 MHz, CD:Cly,
300 K): & (ppm) = 158.7 (C), 158.5 (g, J = 35.5 Hz, C), 152.6 (C), 152.2 (C), 149.4 (C), 148.9
(C), 1475 (C), 143.7 (C), 120.3 (q, J =273.6 Hz, CF3), 114.6 (g, J=1.8 Hz, C), 113.2 (CH),
109.2 (CH), 106.2 (CH), 105.8 (CH), 103.4 (CH.), 102.6 (CH2), 101.9 (CH). ®F-NMR (282
MHz, CDClz, 300 K): & (ppm) =-65.0. HRMS (ESI) m/z = 363.05872 calcd. for C17H10F3N204
[M+H]*, found: 363.05852.

(E)-N-(Benzo[d][1,3]dioxol-5-yl)-7-(trifluoromethyl)-6H-[1,3]dioxolo[4,5-g]indol-6-imine
(51)
According to GP2 with isocyanoaryl 4i (147.6 mg, 1.003 mmol, 3.8 equiv.),

o)
(O_Q Lil (1.7mg, 13 umol, 4.9 mol%) and Togni-reagent 2a (82.5 mg,
Of‘o N 0.261 mmol, 1.0 equiv.). FC (P/DEE = 14/1) afforded the desired indol-3-
wCFs imine 5i’ (4.9 mg, 13.5 umol, 5%) as a dark red solid.

N MP: 185°C. IR (neat): 2915w, 1628w, 1563w, 1503m, 1481s, 1460s,
1443m, 1424m, 1351m, 1249s, 1222w, 1172s, 1142s, 1092w, 1038m, 1003m, 927m, 873w, 817w,
716w, 659w, 545m, 508m. *H-NMR (600 MHz, CD.Cl, 300 K): & (ppm) = 7.17 (d, J = 7.8 Hz,
1H, CaromH), 6.86 (d, J=7.8 Hz, 1H, CaomH), 6.84 (d, J=8.2 Hz, 1H, CaomH), 6.61 (d,
J=2.1Hz, 1H, CaomH), 6.47 (dd, J=8.2, J=2.1 Hz, 1H, CaomH), 6.03 (s, 2H, CH>), 5.90 (s,
2H, CH). BC-NMR {**F} (151 MHz, CD:Cly, 300 K): & (ppm) = 156.8 (C), 154.3 (C), 151.4
(C), 149.7 (C), 1485 (C), 147.6 (C), 145.0 (C), 144.2 (C), 120.6 (CF3), 118.7 (CH), 116.3 (CH),
109.9 (CH), 108.1 (CH), 104.2 (CH), 103.5 (C), 103.4 (CH>), 102.4 (CH.). **F-NMR (282 MHz,
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CD.Cly, 300 K): 6 (ppm) =-65.0. HRMS (ESI) m/z =363.05872 calcd. for Ci7H10F3N204
[M+H]", found: 363.05865.

(E)-5-Methoxy-N-(4-methoxyphenyl)-2-(perfluoroethyl)-3H-indol-3-imine (5j)

MeO According to GP2 with isocyanoaryl 4a (133.7 mg, 1.004 mmol,
@ 3.8 equiv.), Lil (1.7 mg, 13 pmol, 4.9 mol%) and Togni-reagent 2b
/N (95.4mg, 0.261 mmol, 1.0equiv.). FC (P/EtOAc=14/1 —

MeO
© mCZFS P/EtOAc = 5/1) afforded the desired 3H-indol-3-imine 4j (53.6 mg,
N 0.139 mol, 53%) as a red solid.

MP: 129 °C. IR (neat): 3093w, 3018w, 2950w, 2843w, 1591w, 1561w, 1503m, 1467m, 1436m,
1392, 1295s, 1254m, 1217s, 1203s, 1188s, 1168m, 1156m, 1111s, 1089m, 1030m, 1019m, 910,
886, 849m, 828w, 769w, 739m, 613w, 533w. 'H-NMR (600 MHz, CDCl;, 300 K): & (ppm) =
7.52 (d, J =8.4 Hz, 1H, CaomH), 7.12 -7.09 (m, 2H, CaomH), 7.04 — 7.01 (m, 2H, CaromH), 6.93
(dd, J=8.5Hz, J=2.6 Hz, 1H, CaomH), 6.76 (d, J = 2.5 Hz, 1H, CaromH), 3.87 (s, 3H, CH3), 3.67
(s, 3H, CHa). *C-NMR (151 MHz, CD:Cl>, 300 K): & (ppm) = 161.7 (C), 159.8 (C), 159.5 (C),
156.9 (t, J = 26.3 Hz, C), 149.2 (C), 142.5 (C), 124.8 (CH), 122.6 (C), 121.8 (2 x CH), 119.2 (qt,
J=286.8Hz, J=353Hz, CF3), 116.8 (CH), 115.2 (2xCH), 1129 (CH), 111.4 (iq,
J=254.4Hz, J =38.9 Hz, CF»), 56.3 (CHs3), 56.1 (CH3). *®F-NMR (564 MHz, CDCl», 300 K):
o (ppm)=-824--82.6 (m, 3F, CFs), -1135--113.7 (m, 2F CFz). HRMS (ESI)
m/z = 385.09700 calcd. for C1gH14FsN20O2 [M+H]", found: 385.09685.

(E)-5-Methoxy-N-(4-methoxyphenyl)-2-(perfluoropropyl)-3H-indol-3-imine (5k)
MeO According to GP2 with isocyanoaryl 4a (133.1 mg, 0.9992 mmol,
3.8 equiv.), Lil (1.7 mg, 13 umol, 4.9 mol%) and Togni-reagent 2c
N (108.3mg, 0.260 mmol, 1.0equiv.). FC (P/EtOAc=10/1 —

/

Meomc _ PIEIOAC=5/1) afforded the desired 3H-indol-3-imine 5k (65.4 mg,
V 37
N 0.151 mol, 58%) as a red solid

MP: 71 °C. IR (neat): 3009w, 2948w, 2841w, 1593w, 1548w, 1502m, 1460m, 1437w, 1340w,
1289m, 1228s, 1210s, 1119s, 1083w, 1031m, 970w, 904w, 843m, 819w, 766w, 744w, 697w.
IH-NMR (600 MHz, CD:Cl,, 300 K): & (ppm) = 7.54 (d, J = 8.5 Hz, 1H, CaonH), 7.12 — 7.06
(M, 2H, CaromH), 7.05 — 6.99 (M, 2H, CaromH), 6.93 (dd, J = 8.5 Hz, J = 2.6 Hz, 1H, CaromH), 6.75

(d, J=2.7 Hz, 1H, CaomH), 3.87 (s, 3H, CHa), 3.67 (s, 3H, CHs). 3C-NMR {i°F} (151 MHz,
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CD:Cly, 300 K): & (ppm) = 161.7 (C), 159.8 (C), 159.6 (C), 157.2 (C), 149.3 (C), 142.6 (C),
124.8 (CH), 122.7 (C), 121.7 (2 x CH), 118.6 (CFs), 116.8 (CH), 115.2 (2 x CH), 113.2 (CF2),
112.9 (CH), 109.5 (CF2), 56.3 (CHs), 56.1 (CH3). °F-NMR (282 MHz, CDCl, 300 K):
8 (ppm) = -80.5 (t, J = 9.4 Hz, 3F, CFa), -111.7 — -111.9 (m, 2F, CFy), -125.5 —-125.7 (m, 2F,
CF2). HRMS (ESI) m/z = 435.09380 calcd. for C1gH14F7N202 [M+H]*, found: 435.09366.

(E)-2-(5-Methoxy-3-((4-methoxyphenyl)imino)-3H-indol-2-yl)-2-methylpropanenitrile (7a)
MeO To a solution of isocyanoaryl 4a (133.2 mg, 1.000 mmol, 3.8 equiv.) in
Q benzene (1.0mL, 1.0M) a solution of 2,2’-azobis(2-methyl-
oo /N propionitrile) (42.7 mg, 0.260 mmol, 1.0 equiv.) in benzene (1.0 mL,
W 0.26 M) was added over one hour at 100 °C and stirring was continued
N CN' for 21h at this temperature. After concentration in vacuo FC
(P/DEE =5/1) afforded the desired 3H-indol-3-imine 7a (52.5mg, 0.157 mmol, 60%,
corrected(*: 81%) as a red solid.
MP: 129 °C. IR (neat): 2997w, 2941w, 2836w, 1636w, 1595m, 1560w, 1501s, 1470s, 1437m,
1387w, 1354w, 1295m, 1245s, 1230m, 1217m, 1182w, 1160m, 1107w, 1086w, 1030m, 968w,
883w, 839m, 770w, 762w. 'H-NMR (300 MHz, CDCl>, 300 K): & (ppm) = 7.34 (d, J = 8.4 Hz,
1H, CaromH), 7.09 — 6.98 (m, 4H, CaromH), 6.85 (dd, J =8.4 Hz, J = 2.6 Hz, 1H, CaromH), 6.60 (d,
J=2.6 Hz, 1H, CaomH), 3.86 (s, 3H, CHs3), 3.63 (s, 3H, CHz3), 1.89 (s, 6H, CH3). 3 C-NMR
(75 MHz, CDCl>, 300 K): & (ppm) = 169.2 (C), 160.9 (C), 159.9 (C), 159.2 (C), 150.4 (C), 142.4
(C), 123.4 (C), 123.3 (C), 122.7 (CH), 121.2 (2 x CH), 116.7 (CH), 115.1 (2 x CH), 113.0 (CH),
56.2 (CHz3), 56.1 (CHs), 35.9 (C), 27.0 (2 x CH3). HRMS (ESI) m/z = 334.15500 calcd. for
C20H20N302 [M+H]*, found: 334.15493.
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(E)-1-(5-Methoxy-3-((4-methoxyphenyl)imino)-3H-indol-2-yl)cyclohexane-1-carbonitrile
(7b)

MeO To a solution of isocyanoaryl 4a (133.2 mg, 1.000 mmol, 3.8 equiv.)
@ in benzene (1.0mL, 1.0m) a solution of 1,1-azobis(cyclo-

N hexancarbonitril) (63.5mg, 0.260 mmol, 1.0 equiv.) in benzene
Meo\@j@'&@ (1.0 mL, 0.26 M) was added over one hour at 100 °C and stirring was
N continued for 21 h at this temperature. After concentration in vacuo

FC (P/DEE =10/1) afforded the desired 3H-indol-3-imine 7b (56.9 mg, 0.152 mmol, 59%,
corrected!*: 78%) as a red solid.

MP: 130 °C. IR (neat): 3001w, 2935w, 2860w, 2837w, 1634w, 1594w, 1558w, 1501m, 1468m,
1440m, 1350w, 1288m, 1245s, 1182w, 1164w, 1106w, 1030m, 966w, 840m, 762w, 735w, 577w.
'H-NMR (300 MHz, CD:Cl;, 300 K): & (ppm) = 7.34 (d, J =8.4 Hz, 1H, CaomH), 7.09 — 6.97
(m, 4H, CaromH), 6.85 (dd, J =8.4 Hz, J = 2.6 Hz, 1H, CaomH), 6.57 (d, J = 2.6 Hz, 1H, CaromH),
3.86 (s, 3H, CHj3), 3.62 (s, 3H, CH3), 2.41 (d, J = 13.6 Hz, 2H, CH>), 2.20 — 2.07 (m, 2H, CH>),
1.92 - 1.71 (m, 5H, CHH), 1.43—1.26 (m, 1H, CHH). 13C-NMR (75 MHz, CD.Cl,, 300 K): &
(ppm) = 169.2 (C), 161.2 (C), 159.8 (C), 159.1 (C), 150.6 (C), 142.5 (C), 123.3 (C), 122.6 (CH),
121.3 (C), 121.1 (2 x CH), 116.7 (CH), 115.1 (2 x CH), 113.0 (CH), 56.2 (CHa), 56.1 (CHs3),
42.4 (C), 35.0 (2 x CH2), 25.6 (CH>), 23.4 (2 x CH2). HRMS (ESI) m/z = 374.18630 calcd. for
C2sH24N302 [M+H]*, found: 374.18625.

Methyl  (E)-4-cyano-4-(5-methoxy-3-((4-methoxyphenyl)imino)-3H-indol-2-yl)pentanoate
(7c)

MeO To a solution of isocyanoaryl 4a (133.2 mg, 1.000 mmol,

Q 3.8 equiv.) in benzene (1.0mL, 1.0M) a solution of 6c¢

(80.2 mg, 0.260 mmol, 1.0 equiv.) in benzene (1.0 mL, 0.26 ™M)

M . .
°0 was added over one hour at 100 °C and stirring was continued

for 21 h at this temperature. After concentration in vacuo FC
(P/DEE =4/1 — P/DEE = 2/1) afforded the desired 3H-indol-3-imine 7c (72.7 mg, 0.179 mmol,
69%, corrected™™¥: 92%) as a red oil.

IR (neat): 2998w, 2949w, 2838w, 1736m, 1595w, 1559w, 1501m, 1468m, 1437m, 1374w, 1289m,
1245s, 1198m, 1180m, 1107w, 1029m, 958w, 842m, 765w. *H-NMR (300 MHz, CDCl>, 300 K):

o (ppm) =7.36 (d, J=8.4 HZ, 1H, CaromH), 7.13-6.95 (m, 4H, CaromH), 6.86 (dd, J=8.4 HZ,
S18



J=2.6 Hz, 1H, CaromH), 6.61 (d, J = 2.5 Hz, 1H, CaromH), 3.86 (s, 3H, CHs), 3.63 (s, 3H, CHa),
3.60 (s, 3H, CHs), 2.85—2.73 (m, 1H, CHH), 2.66 — 2.53 (m, 2H, CHH), 2.47 —2.34 (m, 1H,
CHH), 1.92 (s, 3H, CHa). 3C-NMR (75 MHz, CD,Clz, 300 K): § (ppm) = 173.0 (C), 167.8 (C),
161.0 (C), 160.0 (C), 159.3 (C), 150.2 (C), 142.3 (C), 123.3 (C), 122.8 (CH), 121.8 (CH), 121.3
(2 x CH), 116.8 (CH), 115.2 (2 x CH), 113.0 (CH), 56.2 (CHs), 56.1 (CHs), 52.2 (CH3), 41.0 (C),
34.4 (CH,), 30.8 (CH2), 25.4 (CHs). HRMS (ESI) m/z = 406.17613 calcd. for CasH2sNsOs
[M+H]*, found: 406.17612.
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6. Synthesis of indoles 8, indolin-2-ols 9 and indoline-3-ones 10 and 11
5-Methoxy-N-(4-methoxyphenyl)-2-(trifluoromethyl)-1H-indol-3-amine (8a)

MeO 3H-Indol-3-imine 5a (33.4 mg, 0.100 mmol, 1.0 equiv.) was stirred with
palladium activated on charcoal (10%, 8.0 mg) in EtOAc (1.0 mL,

NH 0.10 M) in a hydrogen atmosphere (atmospheric pressure) for 24 h at
|\/|eo\(>\/\g7CF3 room temperature. The reaction mixture was filtered through a short pad
ﬁ of silica with a mixture of water and CH2Cl>. After extraction with

CHCl; (three times) the combined organic phases were dried over MgSO4 and filtered. Removal
of all volatile compounds in vacuo afforded the desired 1H-indol-3-amine 8a (27.0 mg,
80.3 pmol, 80%) as a red solid.

MP: 37 °C. IR (neat): 3347w, 2951w, 2838w, 1716w, 1652w, 1594w, 1491s, 1388w, 1285m,
1242s, 1162s, 1107m, 1032m, 950w, 834w, 767w, 730w. *H-NMR (300 MHz, CDCl,, 300 K):
d (ppm) = 8.28 (s, 1H, NH), 7.32 (d, J=8.9 Hz, 1H, CaomH), 6.98 (dd, J =8.9 Hz, J = 2.5 Hz,
1H, CaromH), 6.82 — 6.66 (M, 5H, CaromH), 5.34 (s, 1H, NH), 3.74 (s, 3H, CHz), 3.70 (s, 3H, CHa).
13C-NMR (151 MHz, CDCly, 300 K): & (ppm) = 155.2 (C), 154.0 (C), 140.6 (C), 130.5 (C),
125.0 (C) 122.5 (g, J = 268.0 Hz, CF3), 121.8 (g, J = 2.6 Hz, C), 118.5 (q, J = 36.3 Hz, C), 116.9
(CH), 116.7 (2 x CH), 115.2 (2 x CH), 113.7 (CH), 101.8 (CH), 56.2 (2 x CH3). 9F-NMR
(282 MHz, CD.Cl, 300K): & (ppm)=-59.4. HRMS (ESI) m/z=359.0978 calcd. for
Ci17H15F3sN202Na [M+Na]*, found: 359.0972.

2-(5-Methoxy-3-((4-methoxyphenyl)amino)-1H-indol-2-yl)-2-methylpropanenitrile (8b)
MeO 3H-Indol-3-imine 7a (33.4 mg, 0.100 mmol, 1.0 equiv.) was stirred
with palladium activated on charcoal (10%, 8.0 mg) in EtOAc (1.0 mL,
NH 0.10 M) in a hydrogen atmosphere (atmospheric pressure) for 24 h at
MGOW room temperature. The reaction mixture was filtered through a short
u CN pad of silica with a mixture of water and CH2Cl>. After extraction with
CH2Cl; (three times) the combined organic phases were dried over MgSOs and filtered. Removal
of all volatile compounds in vacuo afforded the desired 1H-indol-3-amine 8b (27.8 mg,

82.9 pumol, 83%) as a red solid.

IH-NMR (300 MHz, CD.Clz, 300 K): & (ppm) = 8.14 (s, 1H, NH), 7.28 (d, J=8.8 Hz, 1H,
CaromH), 6.84 (dd, J=8.8 Hz, J=2.4 Hz, 1H, CaomH), 6.77 —6.71 (m, 2H, CaomH), 6.70 (d,
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J=2.4Hz, 1H, CaromH), 6.62 —6.50 (M, 2H, CaromH), 4.96 (s, 1H, NH), 3.72 (s, 3H, CHg), 3.70
(s, 3H, CHs3), 1.81 (s, 6H, CH3). 13C-NMR (151 MHz, CDCl, 300 K): & (ppm) = 155.1 (C),
153.1 (C), 142.2 (C), 133.4 (C), 129.4 (C), 127.9 (C), 123.6 (C), 116.1 (C), 115.3 (2 x CH),
115.0 (2 x CH), 113.5 (CH), 112.8 (CH), 100.8 (CH), 56.2 (CHs), 56.2 (CH3), 33.0 (C), 27.4
(2 x CH3). HRMS (ESI) m/z = 358.1526 calcd. for C20H21N302Na [M+Na]*, found: 358.1518.

(E)-5-Methoxy-3-((4-methoxyphenyl)imino)-2-(trifluoromethyl)indolin-2-ol (9a)
MeO A solution of 3H-indol-3-imine 5a (33.4 mg, 0.100 mmol, 1.0 equiv.)
@ and 4-toluenesulfonic acid monohydrate (19.2 mg, 0.101 mmol,
1.0 equiv.) in DEE (1.5 mL, 67 um) was stirred one hour at 65 °C. After
Me0\©\//g<0H cooling down to room temperature the reaction mixture was diluted with
N CFs  \vater and DEE. After extraction with DEE (three times) the combined
organic phases were dried over MgSO4 and filtered. Removal of the all volatile compounds in
vacuo afforded the desired indolin-2-ol 9a (35.3 mg, 0.100 mmol, 99%) as a yellow solid.
MP: 50°C (decomposition). IR (neat): 3343w, 3004w, 2949w, 2837w, 1651m, 1490s, 1441m,
1284m, 1240s, 1179s, 1161s, 1104m, 1032m, 950w, 874w, 837m, 767w, 729w, 561w. 'H-NMR
(300 MHz, CDCl,, 300 K): & (ppm) = 7.02 - 6.84 (m, 5H, CaomH), 6.78 (d, J=8.7 Hz, 1H,
CaromH), 6.20 (d, J = 2.6 Hz, 1H, CaromH), 4.98 (s, 1H, NH), 3.82 (s, 3H, CHa), 3.45 (s, 3H, CHa).
BBC-NMR (75 MHz, CD,Cl,, 300 K): & (ppm) = 165.7 (C), 157.7 (C), 153.7 (C), 149.9 (C), 142.7
(C), 123.6 (g, J =287.1 Hz, CF3), 123.2 (CH), 120.4 (2 x CH), 117.7 (9, J =1.2 Hz, C), 115.0
(2 x CH), 113.2 (CH), 110.2 (CH), 87.9 (g, J=31.3 Hz, C), 55.9 (CHgs), 55.8 (CH3). 1®F-NMR
(282 MHz, CD:Cl;, 300K): & (ppm)=-83.4. HRMS (ESI) m/z=353.1108 calcd. for
C17H16F3N203 [M+H]", found: 353.1101.
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2-Hydroxy-5-methoxy-2-(trifluoromethyl)indolin-3-one (10a)

o Ag. HCI (10%, 1.0 mL) was added to a solution of 3H-indol-3-imine 5a

MeO .
© \©fzg<OH (33.4 mg, 0.100 mmol, 1.0 equiv.) in DEE (1.0 mL, 0.10 m) and the
ﬂ CFs reaction mixture was stirred for one hour at 65 °C. After diluting with a

DEE/water mixture and extraction with DEE (three times) the combined organic phases were
dried over MgSOs and filtered. Removal of the all volatile compounds in vacuo afforded the
desired indolin-3-one 10a (24.4 mg, 98.7 umol, 99%) as a yellow solid.

MP: 113 °C. IR (neat): 3347m, 2950w, 2841w, 1704s, 1628w, 1594, 1496s, 1457w, 1442w,
1267m, 1228m, 1179s, 1160s, 1096w, 1025m, 950w, 826w, 788w, 771w, 740m, 716w, 691w,
672w, 529w. 'H-NMR (300 MHz, CD2Clz, 300 K): & (ppm) = 7.22 (dd, J=8.8 Hz, J = 2.7 Hz,
1H, CaromH), 7.03 (d, J = 2.7 Hz, 1H, CaromH), 6.91 (d, J = 8.8 Hz, 1H, CaromH), 5.10 (s, 1H, NH),
4.14 (s, 1H, OH), 3.78 (s, 3H, CH3). 13C-NMR (151 MHz, CDCl;, 300 K): & (ppm) = 194.5 (C),
155.9 (C), 155.4 (C), 129.6 (CH), 122.9 (q, J = 286.0 Hz, CF3), 119.3 (q, J=1.6 Hz, C), 114.8
(CH), 106.4 (CH), 85.3 (d, J=32.4 Hz, C), 56.4 (CH3). *®F-NMR (564 MHz, CD,Cl,, 300 K):
d (ppm) =-82.1 (CF3). HRMS (ESI) m/z = 246.03835 calcd. for Ci1oH7FsNO3z [M-H]", found:
246.3829.

2-Butyl-5-methoxy-2-(trifluoromethyl)indolin-3-one (11a)

o} A solution of n-BuLi (1.6 M in hexane, 64 pL, 0.10 mmol, 1.0 equiv.)

MeO . . . _—
© \©fzg<n-8u was added dropwise at -78 °C to a solution of 3H-indol-3-imine 5a
ﬁ CFs (33.4 mg, 0.100 mmol, 1.0 equiv.) in THF (1.5mL, 67 mm). After

stirring for one hour at this temperature stirring was continued for one hour at room temperature.
HCI (ag, 10 %, 1.0 mL) was added and the reaction mixture was stirred at 90 °C for 19 h. After
cooling to room temperature a saturated aq. solution of NaHCO3 was added. After extracting with
CH2Cl (three times) the combined organic phases were dried over MgSOQa, filtered and
concentrated in vacuo. FC (P/CH2Cl> =5/1 — P/CH2Cl> = 1/1) afforded the desired indolin-3-
one 11a (17.2 mg, 59.9 umol, 60%) as a yellow solid.

MP: 82 °C. IR (neat): 3351w, 2960w, 2933w, 2872w, 2840w, 1692s, 1630w, 1593w, 1498s,
1458w, 1441w, 1350w, 1279m, 1255m, 1220m, 1177s, 1161s, 1030w, 950w, 825w, 787w, 725w,
670w, 545w. 'H-NMR (300 MHz, CD2Cl», 300 K): & (ppm) = 7.20 (dd, J=8.9 Hz, J = 2.7 Hz,
1H, CaromH), 7.02 (d, J = 2.7 Hz, 1H, CaromH), 6.94 (d, J = 8.9 Hz, 1H, CaromH), 4.60 (s, 1H, NH),

3.78 (s, 3H, CHs), 2.17 — 2.04 (m, 1H, CHH), 1.91 (ddd, J = 13.6 Hz, J = 12.1 Hz, J = 4.1 Hz,
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1H, CHH), 1.37 — 1.14 (m, 3H, CHp, CHH), 1.14 — 0.97 (m, 1H, CHH), 0.84 (t, J = 7.1 Hz, 3H,
CH3). B3C-NMR (75 MHz, CD2Cl, 300 K): & (ppm) = 196.1 (C), 157.2 (C), 154.9 (C), 128.9
(CH), 125.0 (g, J = 283.8 Hz, CFs), 121.9 (q, J = 1.6 Hz, C), 114.7 (CH), 105.3 (CH), 71.3 (q,
J=26.7Hz, C), 56.4 (CHa), 31.6 (g, J = 1.4 Hz, CHy), 24.9 (CH2), 23.3 (CH2), 14.1 (CHa).
19F-NMR (282 MHz, CD2Cly, 300 K): & (ppm) = -76.6. HRMS (ESI) m/z = 288.12059 calcd. for
C1aH17FsNO2 [M+H]*, found: 288.12052.

2-Butyl-5-(dimethylamino)-2-(trifluoromethyl)indolin-3-one (11d)

| o A solution of n-BuLi (1.6 m in hexane, 36 pL, 58 mmol, 1.0 equiv.) was
/N\©fzg<n-8u added dropwise at -78 °C to a solution of 3H-indol-3-imine 5d (20.7 mg,
ﬁ CFs 57.4 umol, 1.0 equiv.) in THF (2.0 mL, 29 mm). After stirring for one

hour at this temperature stirring was continued for one hour at room temperature. HCI (aqg, 10 %,
1.0 mL) was added and the reaction mixture was stirred at 90 °C for 19 h. After cooling to room
temperature a saturated aqg. solution of NaHCO3 was added. After extracting with CH2Cl: (three
times) the combined organic phases were dried over MgSOQa, filtered and concentrated in vacuo.
FC (P/EtOAc = 5/1) afforded the desired indolin-3-one 11d (5.9 mg, 20 umol, 34%) as an orange
oil.

IR (neat): 3343w, 2959w, 2931w, 2870w, 2805w, 1688s, 1585w, 1505s, 1443w, 1353w, 1289m,
1254m, 1176s, 1147m, 1038w, 930w, 910w, 817w, 719w, 669w, 575w, 535w. 'H-NMR
(300 MHz, CDCl2, 300K): & (ppm) = 7.18 (dd, J=8.9, J=2.7 Hz, 1H, CaomH), 6.94 (dd,
J=8.9Hz, J=0.6 Hz, 1H, CaromH), 6.85 (d, J = 2.7 Hz, 1H, CaromH), 4.44 (s, 1H, NH), 2.89 (s,
6H, CHa3), 2.17 — 2.03 (m, 1H, CHH), 1.90 (ddd, J = 13.5 Hz, J = 12.1 Hz, J = 4.0 Hz, 1H, CHH),
1.34-1.15 (m, 3H, CH, CHH), 1.13 -0.97 (m, 1H, CHH), 0.84 (t, J = 7.1 Hz, 3H, CHs3).
13C-NMR (151 MHz, CD:Cly, 300 K): § (ppm) = 196.6 (C), 154.8 (C), 146.8 (C), 126.8 (CH),
125.1 (g, J = 283.5 Hz, CF3), 122.5 - 122.4 (m, C), 114.3 (CH), 106.2 (CH), 70.9 (q, J = 26.6 Hz,
C), 41.9 (2 x CHs), 31.6 (CHy), 24.9 (CHy), 23.3 (CHy), 14.1 (CH3). *F-NMR (282 MHz,
CD2Cl, 300K): & (ppm)=-76.6. HRMS (ESI) m/z =301.15222 calcd. for CisH20F3N20
[M+H]", found: 301.15235.
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2-Butyl-5-methyl-2-(trifluoromethyl)indolin-3-one (11e)

o A solution of n-BuLi (1.6 m in hexane, 48 pL, 77 mmol, 1.0 equiv.) was
Me\©f1g<n-8u added dropwise at -78 °C to a solution of 3H-indol-3-imine 5e (22.8 mg,
” CFs 754 mmol, 1.0 equiv.) in THF (2.0 mL, 38 mm). After stirring for one

hour at this temperature stirring was continued for one hour at room temperature. HCI (ag, 10 %,
1.0 mL) was added and the reaction mixture was stirred at 90 °C for 19 h. After cooling to room
temperature a saturated ag. solution of NaHCO3 was added. After extracting with CH2Cl> (three
times) the combined organic phases were dried over MgSOsa, filtered and concentrated in vacuo.
FC (P/DEE = 30/1) afforded the desired indolin-3-one 11e (9.2 mg, 34 pmol, 45%) as a yellow
solid.

MP: 47 °C. IR (neat): 3352w, 2960w, 2931w, 2868w, 1694s, 1629m, 1590w, 1501m, 1436w,
1288m, 1255m, 1177s, 1158s, 1121m, 1037w, 945w, 817w, 776w, 726w, 669w, 527w. 'H-NMR
(600 MHz, CDCl3, 300 K): 6 (ppm) = 7.39 — 7.36 (m, 2H, CaromH), 6.91 — 6.88 (m, 1H, CaromH),
474 (s, 1H, NH), 2.30 (s, 3H, CHs), 2.13-2.07 (m, 1H, CHH), 1.91 (ddd, J=13.7 Hz,
J=124Hz, J=4.2 Hz, 1H, CHH), 1.34-1.18 (m, 3H, CHH), 1.09 - 1.01 (m, 1H, CHH), 0.84
(t, J=7.3 Hz, 3H, CHa3). BC-NMR (151 MHz, CD:Cl>, 300 K): & (ppm) = 195.8 (C), 159.9 (C),
140.0 (CH), 130.5 (C), 124.9 (q, J = 283.6 Hz, CF3), 124.5 (CH), 121.5 (q, J = 1.4 Hz, C), 113.0
(CH), 70.7 (q, J =26.7 Hz, C), 31.5 (CH.), 24.9 (CHy), 23.3 (CH2), 20.7 (CHj3), 14.1 (CHj).
19F-NMR (282 MHz, CD2Cly, 300 K): & (ppm) = -76.7. HRMS (ESI) m/z = 272.12568 calcd. for
C14H17FsNO [M+H]", found: 272.12552.
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7. UVlvis-spectra of 3H-indol-3-imine 5a and 5d
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8.  Absorption spectra simulation

In the following, we provide computational details and additional results for the calculation of
the absorption spectra for compounds 5a and 5d with the goal of reproducing and rationalizing

their difference in color.

8.1 Computational details

Both structures have been optimized with the ORCA program[*? using the meta-GGA
exchange-correlation functional TPSS[*®l, the valence triple-( basis with polarization functions
dubbed TZVPE4 for all atoms and the D3 dispersion correction by Grimme™! with Becke—
Johnson damping. The structures obtained in this way have been consistently used for further
excitation energy calculations as described below. In order to perform calculations of excitation
energies and oscillator strengths, we have applied three different theoretical methods: time-
dependent density functional theory (TDDFT)[®! as implemented in ADFY7], the second-order
algebraic-diagrammatic construction scheme [ADC(2)]1*®! and the approximate linear-response
(LR) coupled cluster model CC2* as implemented in the TURBOMOLE quantum chemical
program[’. Calculations of the first type have been carried out using the long range-corrected or
Coulomb-attenuation method versions of the BLYP (LC-BLYP) and B3LYP (CAMY-B3LYP)
exchange-correlation functionals with a Yukawa-type range-separation(?! in combination with the
triple-C basis sets including one set of polarization functions (TZP) from the ADF basis set library.
The full exchange-correlation kernel has been evaluated??. The CC2 and ADC(2) results have
been obtained with the ricc2 module using the valence triple-C polarized def2-TZVP!?®l basis
set and the resolution-of-the-identity (R1) approximation. To check the convergence of our results
we performed calculations for the lowest 20 excitations in case of TDDFT and the lowest 5 in
case of CC2 and ADC(2). However, for the simulation of absorption spectra, it is sufficient to
consider only the two lowest-energy singlet-singlet transitions from these calculations.

For the actual spectra plots, we have converted the calculated oscillator strengths to
extinction coefficients ex(v) [for absorption band k] assuming a Gaussian band shape of the
absorption bands when represented as a function of the frequency (v). The full width at half
maximum (denoted as d in the following) has been estimated separately from the corresponding
experimental spectra of the 5a and 5d compounds (6=0.606 and 0.526 eV, respectively). Finally,

the extinction coefficients have been converted to the corresponding coefficients as a function of
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the wavelengths, (), which is the quantity plotted in the spectra in the following. The reported
Amax-values correspond to the peak maxima from the superimposed bands in the spectra.
Calculated vertical excitation energies are listed separately.

8.2 Results
8.2.1 Structures

In order to assess the quality of the optimized structures, we compare the results of the
DFT geometry optimization with the available crystal structure data for compound 5a. In
Tab. S2, we present a comparison of some important structural parameters for this compound
(see Fig. S1 for atom labels).

Fig. S1 Lewis structure and atom labelling scheme of compound 5a.

As one can see from Tab. S2, KS-DFT calculations reproduce the experimental structure
for compound 5a very well. The errors are about 0.01 A in case of bond distances, and 0.5° and

3° for bond and dihedral angles, respectively.

Table S2 Calculated and experimental geometrical parameters of compound 5a. Bond distances R are presented in
units of A, bond (L) and dihedral (o) angles in degrees.

Parameter  Our results Exp.
Ras 1.3938 1.4073(18)
Rec 1.2917 1.2856(17)
LABC 122.9 123.53(12)
o (ABCE) -13.0 -10.1(2)
o (BAFG) 178.9 178.1(9)
o (CBAD) —43.7 —46.2(14)
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8.2.2 Vertical excitations

Results of the excitation energy and oscillator strength calculations are listed in Tab. S3.

Our calculations show that the absorption spectra of the compounds 5a and 5d in the visible

range could be described considering only the two lowest singlet-singlet excitations, which
predominantly have HOMO—LUMO and (HOMO-1)—»LUMO character. The third lowest

excitations for both compounds are out of the visible range and do not produce any notable

contributions to the bands studied here. The orbitals involved in the transitions are presented in

Figs. S2 and S3.

Table S3 Vertical excitation energies and oscillator strengths (in parentheses) of the two lowest singlet—singlet

transitions of compounds 5a and 5d in the visible range. Energies are given in units of eV.

Method Main character
LC-BLYP HOMO—LUMO
(HOMO-1)—LUMO
CAMY-B3LYP HOMO—LUMO
(HOMO-1)—LUMO
CcC2 HOMO—LUMO
(HOMO-1)—LUMO
ADC(2) HOMO—LUMO

(HOMO-1)—LUMO

5a
2.15(0.170)
1.99 (0.017)
2.39 (0.080)
2.46 (0.146)
2.59 (0.183)
2.75 (0.049)
2.55 (0.150)
2.74 (0.044)

5d
1.65 (0.038)
2.09 (0.279)
2.03 (0.060)
2.33 (0.322)
2.37 (0.345)
2.20 (0.115)
2.16 (0.097)
2.30 (0.228)
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Figure S2 Compound 5a: a) optimized (TPSS-D3/TZVP) structure, b) — d) isosurface plots (isosurface value +0.03
a.u.) of the molecular orbitals involved in the two lowest singlet—singlet transitions: b) (HOMO-1), c) HOMO, and
d) LUMO. Results have been obtained with CAMY -B3LYP/TZP.

a) b)

Figure S3 Compound 5d: a) optimized (TPSS-D3/TZVP) structure, b) — d) isosurface plots (isosurface value £0.03

a.u.) of the molecular orbitals involved in the two lowest singlet—singlet transitions: b) (HOMO-1), ¢) HOMO, and
d) LUMO. Results have been obtained with CAMY-B3LYP/TZP.
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The wavefunction-based reference methods CC2 and ADC(2) agree quite well for compound 5a,
and also for compound 5d we observe a similar set of results: A less intense transition at 2.20
[CC2] or 2.16 eV [ADC(2)] and a more intense one at 2.37 [CC2] or 2.30 [ADC(2)],
respectively. However, the main character of these transitions is inverted in the two calculations.
TDDFT calculations with CAMY-B3LYP lead to lower excitation energies. Moreover, the
(HOMO-1)—»LUMO excitations are the most intense transitions for both compounds. The LC-
BLYP functional produces a larger deviation in comparison with the wavefunction-based

methods.
8.2.3 Spectra simulations

Since the two lowest transitions contribute to one spectral band, the direct comparison of
the calculated vertical excitations and experimental band maxima does not allow to assess the
quality of the calculations directly. Instead, the comparison of the experimental and theoretical
band maxima seems to be a more promising approach. In order to do so, we simulated the spectra
using the broadening of the calculated transitions as described in Sec. 1.1. The resulting spectra
are shown in Figs. S4 and S5.

As one can see, the CC2 and ADC(2) methods provide a very good agreement with the
experimental spectrum for compound 5a, and also for 5d the ADC(2) results are quite good,
while CC2 underestimates Amax @ bit more in this case. The total shift in the position of the band
maximum is in reasonable agreement for ADC(2) [0.33 eV], and only slightly worse for CC2
[0.29 eV, see Tab. S4]. Qualitatively, both methods are in line with experiment. The CAMY -
B3LYP band almost coincides with CC2 for compound 5d, but is somewhat red-shifted for 5a.
The predicted total shift between 5a and 5d is significantly smaller than the experimental one.

The best calculated results [obtained with ADC(2)] are compared to the experimental ones

in Fig. S6 for both compounds together, again highlighting the rather good agreement.
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Figure S4 Theoretical and experimental absorption spectra of compound 5a in the visible range. The straight lines
indicate the two lowest electronic singlet—singlet transitions.
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Figure S5 Theoretical and experimental absorption spectra of compound 5d in the visible range. The straight lines
indicate the two lowest electronic singlet—singlet transitions.

Table S4 Absorption maxima of compounds 5a and 5d in units of nm (Amax) and eV (Emax). The substitution-induced
shifts are given separately in eV.

Method 5a 5d Shift

7\JT]aX Emax xmax Emax
CAMY-B3LYP 5102 243 536.7 231 0.12

Ccc2 4732 262 5321 233 0.29
ADC(2) 478.7 259 5486 226 0.33
Exp. 4776 260 5638 220 040
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Figure S6 The experimental (solid lines) and simulated ADC(2) (dashed) absorption spectra of compounds 5a and
5d in the visible range.

In a zero-order approximation, we can try to rationalize excitation energies in terms of
orbital-energy differences between occupied and unoccupied orbitals involved in the
corresponding excitations. At the same time, orbital energies are influenced by the electronic
effects of the substituents. Thus, a direct connection between the nature of a substituent and the
position of a spectral band can be established. Orbital energy diagrams for chromophores 5a and
5d are shown in Fig. S7. As one can see, DFT calculations predict an upshift of the HOMO and
(HOMO-1) for 5d relative to 5a. The LUMO is also shifted, but to a smaller extent. Thus, the
HOMO/LUMO and (HOMO-1)/LUMO gaps are reduced by about 0.4 eV, which causes the red
shift of the spectral band for 5d. The substitution of the methoxy by dimethylamino groups
apparently destabilizes the orbitals in the m-system, but the upshift is larger for the occupied than

for the virtual orbitals. As a result, the occupied—virtual gap decreases.
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Figure S7 Orbital energy diagram of compounds 5a and 5d. Arrows indicate the two lowest singlet—singlet
excitations producing the largest contribution to the spectral bands in the visible range. Values in eV refer to

HOMO/LUMO and (HOMO-1)/LUMO gaps. The present data have been obtained with CAMY-B3LYP/TZP.
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9.

Fluorescence data of 3-oxindoles 10a, 11
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10. Spectra if isocyanoaryls 4 and diazene 6¢

1-Isocyano-4-methoxybenzene (4a)
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tert-Butyl(4-isocyanophenoxy)dimethylsilane (4b)
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(4-1socyanophenyl)(methyl)sulfane (4c)
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4-1socyano-N,N-dimethylaniline (4d)
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1-Isocyano-4-methylbenzene (4e)
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1-(tert-Butyl)-4-isocyanobenzene (4f)
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Isocyanobenzene (4Q)
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1-Isocyano-3-methoxybenzene (4h)
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5-1socyanobenzo[d][1,3]dioxole (4i)
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Dimethyl 4,4'-(diazene-1,2-diyl)(E)-bis(4-cyanopentanoate) (6c)
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11. Spectra of 3H-indol-3-imine 5 and 7
(E)-5-Methoxy-N-(4-methoxyphenyl)-2-(trifluoromethyl)-3H-indol-3-imine (5a)
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(E)-5-(Methylthio)-N-(4-(methylthio)phenyl
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(E)-5-Methyl-N-(p-tolyl)-2-(trifluoromethyl)-3H-indol-3-imine (5e)
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(E)-N-Phenyl-2-(trifluoromethyl)-3H-indol-3-imine (59)
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(E)-4-Methoxy-N-(3-methoxyphenyl)-2-(trifluoromethyl)-3H-indol-3-imine (5h’)
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(E)-N-(Benzo[d][1,3]dioxol-5-yl)-7-(trifluoromethyl)-6H-[1,3]dioxolo[4,5-g]indol-6-imine
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3H-indol-3-imine (5k)

(E)-5-Methoxy-N-(4-methoxyphenyl)-2-(perfluoropropyl)
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12. Spectra of indoles 8, indolin-2-ols 9 and indoline-3-ones 10 and 11

5-Methoxy-N-(4-methoxyphenyl)-2-(trifluoromethyl)-1H-indol-3-amine (8a)
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2-Hydroxy-5-methoxy-2-(trifluoromethyl)indolin-3-one (10a)
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2-Butyl-5-methoxy-2-(trifluoromethyl)indolin-3-one (11a)
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2-Butyl-5-(dimethylamino)-2-(trifluoromethyl)indolin-3-one (11d)
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2-Butyl-5-methyl-2-(trifluoromethyl)indolin-3-one (11e)
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