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1. General:

High field '"H NMR studies were recorded on a 300 MHz Bruker Spectrospin spectrometer.
Chemical shifts (8) are given in parts per million (ppm) relative to TMS, CDCl; or (CD3),CO.
Coupling constants (J) are given in Hertz. High resolution mass spectra were acquired on a
Shimadzu QP2010 hybrid ionisation apparatus (HP5-MS stationary phase, | =30 m, d = 0.25
mm, film thickness = 0.25 pum). Infrared spectra were recorded on a Perkin Elmer ATR
universal sampler 100 spectrum. Melting points were measured on a Stuart SMP30 Digital

Melting Point apparatus.

2. Procedures and data for the synthesis of starting materials:

General procedure A for the Suzuki coupling on 5-bromo-3-cyanoindole :

An oven dried vessel was charged with 5-bromo-3-cyanoindole (3 mmol, 1.0 equiv), boronic
acid (6 mmol, 2 equiv), XPhosPdG2 (6 mol%), and K;PO, (6 mmol, 2.0 equiv). The reaction
vessel was evacuated and backfilled with argon three times. Dioxane (0.25 M) and H,O (1.25
M) were degassed with argon for 30 minutes and then added with a syringe and the resulting
mixture was heated at 100 °C overnight. It was then cooled to room temperature and filtered
through a short plug of celite. The filter cake was washed with EtOAc. The resulting solution
was dried over Na,SO4 and solvents were removed in vacuo. The crude was purified by flash

chromatography to afford the desire product.

General procedure B for the triflation of NH-cyanoindole derivatives:

To a solution of 1H-3-cyanoindole derivative (2 mmol, 1.0 equiv), Et;N (8 mmol, 4 equiv),
DMAP (2 mmol, 1.0 equiv) in dry CH,Cl, (0.25 M) at 0 °C was added dropwise Tf,0 (6
mmol, 3 equiv.). The mixture was allowed to stir at 0 °C for 30 min. The reaction was then
quenched by addition of an ice-water mixture. The resulting mixture was extracted with
EtOAc (3x). Then, the organic phases were washed with H,O and brine. The organic phase
was dried over Na,SOs, concentrated and purified by flash chromatography to afford the

N-Tf-3-cyanoindole derivatives.
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General procedure C for the (3+2) cycloaddition reaction between cyanoindole
derivatives and hemiaminal 1 in batch conditions:

A solution of TFA in dry CH,Cl; (0.36 mmol, 0.18 M) was added dropwise at 0 °C, over 30
min, to a solution of hemiaminal 1 (3 mmol, 6.0 equiv) and the requisite cyanoindole
derivative 2 (0.5 mmol, 1.0 equiv) in dry CH,Cl, (0.25 M). The resultant mixture was allowed
to warm to room temperature and was kept under an inert atmosphere for 2 hours. The crude
mixture was then concentrated under reduced pressure. The crude material was purified by

chromatography to afford the product.

General procedure D for the (3+2) cycloaddition reaction between cyanoindole
derivatives and hemiaminal 1 in flow conditions (set-up A in the manuscript):

The set up was prepared using two 2 mL loading loops 1/16 inch 1.D. PFA tubing, one reactor
of 20 mL 1/8 inch I.D. PFA tubing, one PEEK micromixer 0.02 inch I.D. 0.57 puL swept
volume, two 50 mL SGE gastight glass syringes, two Harvard apparatus PHD Ultra syringe
pumps.

A solution of TFA in dry CH,Cl; (0.12 mmol, 0.06 M) was introduced in a 2mL loading loop
on a first channel. A solution of hemiaminal 1 (1.5 mmol, 3.0 equiv.) and the requisite
cyanoindole derivative 2 (0.5 mmol, 1.0 equiv.) in dry CH,Cl, (0.25 M) was introduced in 2
mL loading loop inch on a second channel. Once all the solutions loaded, both channels were
connected to 50 mL syringe containing dry CH,Cl, actioned by syringe pump. The two
channels were connected by a mixer. The latest were connected to a 20 mL reactor heated at
36 °C by a water bath. The syringe pump was set up to 10mL/min for each syringe. The
reaction mixture was collected in round bottom. At the end of the reaction the mixture was

quenched with EtzN (0.12 mmol).

General procedure E for the (3+2) cycloaddition reaction between cyanoindole
derivatives and hemiaminal 1 in flow conditions (set-up B in the manuscript):

The set up was prepared using two 2 mL loading loops 1/16 inch 1.D. PFA tubing, one reactor
of 20 mL 1/8 inch I.D. PFA tubing, one PEEK micromixer 0.02 inch I.D. 0.57 puL swept
volume, two 50 mL SGE gastight glass syringes, two Harvard apparatus PHD Ultra syringe
pumps.

A solution of hemiaminal 1 in dry CH,Cl, (1.5 mmol, 3.0 equiv.) was introduced in a 2mL
loading loop on a first channel. A solution of TFA (0.12 mmol, 0.06 M) and the requisite
cyanoindole derivative 2 (0.5 mmol, 1.0 equiv.) in dry CH,Cl, (0.25 M) was introduced in 2
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mL loading loop inch on a second channel. Once all the solutions loaded, both channels were
connected to 50 mL syringe containing dry CH,Cl, actioned by syringe pump. The two
channels were connected by a mixer. The latest were connected to a 20 mL reactor heated at
36 °C by a water bath. The syringe pump was set up to 10mL/min for each syringe. The
reaction mixture was collected in round bottom. At the end of the reaction the mixture was

quenched with EtzN (0.12 mmol).

2mL Bn
1/16 inch NCL /N’
R
S ‘. N H
i . 20mL 3 Tf
10 mL/min ' 1/8inch !
1/16 inch [ >
° uench
inlet 2 36°C q
10 mL/min
Procedure C (Set-up A) Procedure D (Set-up B)
TFA TFA, Cyanoindole 2
Hemiaminal 1, Cyanoindole 2 Hemiaminal 1
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5-phenyl-1H-indole-3-carbonitrile (1i)

SO,
L

N
H

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, Ry = 0.34
Toluene / Ethyl Acetate 8:2) to afford the desired product as brown solid (648 mg, 99%
yield). '"H NMR (300 MHz, (CD;),CO) & = 11.25 (broad s, 1H), 8.17 — 8.12 (m, 1H), 7.92
(dd, J=1.7,0.8 Hz, 1H), 7.77 — 7.65 (m, 3H), 7.62 (dd, J = 8.6, 1.7 Hz, 1H), 7.53 — 7.44 (m,
2H), 7.40 — 7.31 (m, 1H) ppm. °C NMR (75 MHz, (CD;),CO) & = 142.3, 136.2, 135.9, 134.9,
129.7 (2C), 128.7, 128.1 (2C), 127.8, 124.2, 117.7, 116.3, 114.0, 87.2 ppm. IR (neat) nmax =
3242, 2924, 2221, 1470, 1420, 815, 763, 749, 688 cm” HRMS TOF MS ES- m/z calcd for
CisHoN»: 217.0766 [M-H]; found: 217.0762. Mp = 215 °C.

5-(4-nitrophenyl)-1H-indole-3-carbonitrile (1))

O,N
O CN
O 2
N
H

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, R¢ = 0.25
Toluene / Ethyl Acetate 8:2) to afford the desired product as yellow solid (240 mg, 80%
yield). 'H NMR (300 MHz, (CD;),CO) & = 11.40 (s, 1H), 8.39 — 8.32 (m, 2H), 8.23 — 8.20
(m, 1H), 8.12 — 8.03 (m, 3H), 7.78-7.30 (m, 2H) ppm. °C NMR (75 MHz, (CD3),CO) & =
148.7, 147.7, 136.7, 135.5, 133.5, 128.8 (2C), 128.7, 124.8 (2C), 124.1, 118.7, 116.1, 114.4,
87.5 ppm. IR (neat) nmax = 3418, 2222, 1594, 1514, 1341, 1108, 806, 613 cm™'. HRMS TOF
MS ES- m/z calcd for C;5sHgN3O,: 262.0617 [M-HJ’; found: 262.0612. Mp = 240 °C.
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5-(4-cyanophenyl)-1H-indole-3-carbonitrile (1k)

NC
O CN
O ;
N
H

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, Ry = 0.36
Toluene / Ethyl Acetate 8:2) to afford the desired product as pinkish solid (571 mg, 78%
yield). "H NMR (300 MHz, Acetone-dg) & 11.36 (s, 1H), 8.20 (s, 1H), 8.04 (dd, J = 1.8, 0.8
Hz, 1H), 8.02 — 7.96 (m, 2H), 7.91 — 7.85 (m, 2H), 7.75 (dd, J = 8.6, 0.8 Hz, 1H), 7.70 (dd, J
= 8.6, 1.8 Hz, 1H) ppm. °C NMR (75 MHz, (CD3),CO) § = 146.7, 136.6, 135.5, 135.3, 134.0,
133.5 128.8 , 128.7, 124.1, 119.5, 1184, 116.1, 114.4, 114.3, 111.3, 87.5 ppm. IR (neat)
nmax = 3248, 3128, 2221, 1606, 1472, 1434, 1250, 835, 793 cm™. HRMS TOF MS ES- m/z
calcd for CcHgN3: 242.0718 [M-H]'; found: 242.0720. Mp = 268 ° C.

5-(p-tolyl)-1H-indole-3-carbonitrile (11)

O é
O \
N
H

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, Ry = 0.36
Toluene / Ethyl Acetate 8:2) to afford the desired product as pinkish solid (669 mg, 96%
yield). "H NMR (300 MHz, (CD3),CO) & = 11.25 (s, 1H), 8.15 — 8.12 (m, 1H), 7.89 (dd, J =
1.7, 0.8 Hz, 1H), 7.70 — 7.56 (m, 4H), 7.29 (dt, J = 7.9, 0.7 Hz, 2H), 2.38 (s, 3H) ppm. °C
NMR (75 MHz, (CD;),CO) & = 138.5, 136.4, 135.2, 134.9, 133.9, 129.5 (2C), 127.8, 127.0
(20), 123.2, 116.5, 115.5, 113.1, 86.2, 20.2 ppm. IR (neat) nmax = 3226, 3138, 2216, 1459,
1427, 1207, 1111, 886, 842, 640, 587 cm™'. HRMS TOF MS ES- m/z caled for C6H; Ny
231.0922 [M-H]J’; found: 231.0927. Mp =214 ° C.
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5-(4-methoxyphenyl)-1H-indole-3-carbonitrile (1m)

MeO
O CN
O ;
N
H

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, Ry = 0.36
Toluene / Ethyl Acetate 8:2) to afford the desired product as pinkish solid (745 mg, 89%
yield). "H NMR (300 MHz, (CD3),CO) & = 11.25 (s, 1H), 8.14 — 8.10 (m, 1H), 7.86 (dd, J =
1.7, 0.8 Hz, 1H), 7.70 — 7.62 (m, 3H), 7.57 (dd, J = 8.6, 1.7 Hz, 1H), 7.08 — 6.99 (m, 2H),
3.85 (s, 3H) ppm. >C NMR (75 MHz, (CD3),CO) & = 160.1, 135.9, 135.6, 134.7, 134.7, 129.0
(20), 128.7,123.9, 117.1, 116.4, 115.1 (2C), 113.9, 87.0, 55.6 ppm. IR (neat) nmax = 3237,
2218, 1607, 1470, 1238, 1179, 1033, 837, 796, 647, 585, 431 cm™'. HRMS TOF MS ES- m/z
calcd for Ci¢H1N,O: 247.0871 [M-HJ’; found: 247.0875. Mp =237 ° C.

5-(furan-2-yl)-1H-indole-3-carbonitrile (1n)

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, Ry = 0.29
Toluene / Ethyl Acetate 8:2) to afford the desired product as pinkish solid (561 mg, 90%
yield). '"H NMR (300 MHz, (CD3),CO) & = 11.28 (s, 1H), 8.15 — 8.10 (m, 1H), 8.05 — 7.99
(m, 1H), 7.71 (dd, J = 8.6, 1.6 Hz, 1H), 7.64 (dd, J = 1.6, 0.8 Hz, 1H), 7.64 (dd, J = 8.6, 0.8
Hz, 1H), 6.90 (dd, J = 3.4, 0.8 Hz, 1H), 6.56 (dd, J = 3.4, 1.8 Hz, 1H) ppm. °C NMR (75
MHz, (CD3),CO) 6 = 155.1, 142.9, 135.8, 134.9, 128.4, 126.2, 121.1, 116.2, 114.4, 114.1,
112.6, 105.4, 87.1 ppm. IR (neat) nmax = 3234, 2219, 1523, 1447, 1430, 1302, 1239, 1114,
1007, 871, 786, 718, 675, 618, 430 cm™'. HRMS TOF MS ES- m/z caled for C3H,N,O:
207.0558 [M-HJ’; found: 207.0556. Mp = 221 ° C.
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5-(thiophen-2-yl)-1H-indole-3-carbonitrile (10)

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, R¢ = 0.28
Toluene / Ethyl Acetate 8:2) to afford the desired product as pinkish solid (676 mg, 99%
yield). '"H NMR (300 MHz, (CD;),CO) & = 11.32 (s, 1H), 8.15 — 8.10 (m, 1H), 7.96-7.93 (m,
1H), 7.62-7.66 (m, 2H), 7.51 (dd, J = 3.6, 1.2 Hz, 1H), 7.43 (dd, J = 5.1, 1.2 Hz, 1H), 7.13
(dd, J=5.1, 3.6 Hz, 1H) ppm. °C NMR (75 MHz, (CD;),CO) & = 145.4, 135.9, 135.2, 129.5,
129.1, 128.6, 125.4, 123.9, 123.1, 116.3, 116.2, 114.3, 87.0 ppm. IR (neat) nmax = 3249,
2216, 1521, 1427, 1241, 1121, 870, 849, 804, 696, 639, 583, 414 cm™'. HRMS TOF MS ES-
m/z caled for C;3H7N,S: 223.0330 [M-H]'; found: 223.0321. Mp =237 ° C.

5-(pyridin-4-yl)-1H-indole-3-carbonitrile (1p)

The target compound was prepared according to the general procedure A. The crude mixture
was purified by flash chromatography on silica gel (Dichloromethane/MeOH 95:5, Ry = 0.33
Dichloromethane/MeOH 95:5) to afford the desired product as pinkish solid (554 mg, 84%
yield). '"H NMR (300 MHz, (CD3),CO) & = 11.39 (s, 1H), 8.72 — 8.56 (m, 2H), 8.24 — 8.16
(m, 1H), 8.09 (d, J = 1.2 Hz, 1H), 7.84 — 7.70 (m, 4H) ppm. °C NMR (75 MHz, (CD5),CO) &
=151.2 (2C), 149.1, 136.9, 135.5, 132.9, 128.7, 123.7 (2C), 122.4, 118.2, 116.1, 114.5, 87.5
ppm. IR (neat) nmax = 2857, 2219, 1601, 1063, 821, 787, 641 cm™". HRMS TOF MS ES- m/z
calcd for C14HgN3: 218.0718 [M-H]'; found: 218.0710. Mp = 249 ° C.
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5-((trimethylsilyl)ethynyl)-1H-indole-3-carbonitrile (1q)

N
N

H

|
~.
/S|

The 3-cyano-5-bromo-indole (3 mmol, lequiv.), Pd(PPh3), (0.06 mmol, 2 mol%), Cul (0.12
mmol, 4 mol%), ethynyltrimethylsilane (3.6 mmol, 1.2 equiv.), EttNH/DMF (4 :1 v/v) were
mixed and stirred under argon in at 120°C for 2 hours. Then, the reaction was poured into a
IM aqueous HCI solution and extracted three times with Et;O. The combined organic phases
were washed with a saturated aqueous solution of NaHCO; and brine, then the organic phase
was dried over MgSOs, concentrated under reduced pressure. The crude mixture was purified
by flash chromatography on silica gel (Toluene / Ethyl Acetate 8:2, R¢ = 0.33 Toluene / Ethyl
Acetate 8:2) to afford the desired product as pale yellow solid (519 mg, 73% yield). "H NMR
(300 MHz, (CDs),CO) 6 = 11.36 (s, 1H), 8.21 — 8.14 (m, 1H), 7.78 (dd, J = 1.5, 0.8 Hz, 1H),
7.60 (dd, J = 8.5, 0.8 Hz, 1H), 7.38 (dd, J= 8.5, 1.5 Hz, 1H), 0.25 (s, 9H) ppm. >C (NMR (75
MHz, (CDs),CO) ¢ = 136.1, 135.5, 128.0, 127.9, 123.4, 117.5, 115.7, 113.9, 106.6, 93.0, 87.1,
0.10 (3C) ppm. IR (neat) nmax = 3294, 2223, 2154, 1520, 1472, 1421, 1236, 933, 869, 838,
636, 412 cm™. HRMS TOF MS ES- m/z caled for C4H3N,Si: 237.0848 [M-HJ; found:
237.0849. Mp =159 ° C.

1-tosyl-1H-indole-3-carbonitrile (2a)

CN

o

\
Ts

A mixture of 1-tosyl-1H-indole-3-carbaldehyde (15 mmol, 1 equiv.) and NH,OH.HCI (16.5
mmol, 1.1 equiv.) in DMSO (0.25 M) was stirred at 90 °C for 2h. The mixture was cooled at
room temperature and diluted with water. The resulting mixture was extracted with EtOAc
(3x). Then, the combined organic phases were washed with H,O and brine, dried over
Na,S0s, concentrated and purified by flash chromatography (Toluene/Cyclohexane 9:1, Ry =
0.41) to afford the product as a white solid (4.1 g, 91% yield). '"H NMR (300 MHz, CDCls) &
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= 8.10 (s, 1H), 8.01-7.97 (m, 1H), 7.84-7.81 (m, 2H), 7.70 ((ddd, J = 7.6, 1.5, 0.8 Hz, 1H),
7.45-7.35 (m, 2H), 7.32-7.29 (m, 2H), 2.39 (s, 3H) ppm. °C NMR (75 MHz, CDCL;) d =
146.4, 134.0, 133.6, 133.2, 130.4 (2C), 128.3, 127.2 (2C), 126.5, 124.8, 120.2, 112.8, 113.5,
93.6, 21.6 ppm. IR (neat) nmax = 3144, 2233, 1175, 960, 755, 666, 569, 535 cm’'. HRMS
TOF MS ES- m/z caled for CisH11N20,S: 295.0541 [M-H] ; found: 295.0539. Mp = 154 °C

Ethyl 3-cyano-1H-indole-1-carboxylate (2¢)
CN

Coy

CO,Et

To a stirred suspension of NaH (2 mmol, 2 equiv.) in DMF (0.4 M) was added a solution of
3-cyanoindole (1 mmol, 1 equiv.) in DMF (0.2 M). The reaction mixture was stirred for 2h at
0 °C. Then, the ethyl chloroformate was added slowly to the solution. The reaction was
warmed up to room temperature and stirred for 16h. The reaction mixture was quenched by
adding cooled distilled water. The resulting mixture was extracted with ether (3x). The
organic phase was washed with brine and dried over Na,SO,, and concentrated in vacuo,
furnishing the desire product as a white solid without further purification (214 mg, 100%
yield). "H NMR (300 MHz, CDCl;) & = 8.22 (ddd, J= 8.3, 1.1, 0.8 Hz, 1H), 8.16 (s, 1H), 7.74
(ddd, J=17.6, 1.5, 0.8 Hz, 1H), 7.51 — 7.36 (m, 2H), 4.56 (q, J = 7.1 Hz, 2H), 1.51 (t,J="7.1
Hz, 3H) ppm. °C NMR (75 MHz, CDCl;) d = 149.8, 134.4, 133.0, 128.1, 126.6, 124.7,
119.9, 115.8, 114.0, 93.2, 64.7, 14.4 ppm. IR (neat) nmax = 3149, 2919, 2227, 1739, 1449,
1380, 1257, 1225, 1025, 756, 739, 422 cm™. HRMS TOF MS AP- m/z calcd for CoHsNy:
141.0453 [M-CO,CH,CHs;]’; found: 141.0456. Mp =76 °C

1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2d)

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene/Cyclohexane 8:2, Ry = 0.27
Toluene/Cyclohexane 8:2) to afford the desired product as white crystals (504 mg, 92%
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yield). '"H NMR (300MHz,CDCls) d = 7.97-7.94 (m, 1H), 7.92 (s, 1H), 7.84-7.80 (m, 1H),
7.60-7.52 (m, 2H) ppm. °C NMR (75 MHz, CDCl;) d = 134.5, 133.2, 128.1, 128.0, 126.4,
120.8, 119.3 (q, J= 324 Hz), 114.1, 112.1, 97.7 ppm. "’F NMR (282 MHz, CDCls) § =-74.6
ppm IR (neat) nmax = 3133, 3089, 2919, 2233, 1739, 1558, 1421, 1203, 1111, 755, 740 524
cm”. HRMS TOF MS ES- m/z calcd for CoHsN»: 141.0453 [M-CF50,S]; found: 141.0450.
Mp =94 °C

5-Bromo-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2e)

CN

Br
\©\/\g
N

\

Tf

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 8:2, Ry = 0.81
Toluene/Cyclohexane 9:1) to afford the desired product as brown solid (678 mg, 96% yield).
'H NMR (300 MHz, CDCl3) NMR 7.98 (dd, J = 1.9, 0.6 Hz, 1H), 7.92 (s, 1H), 7.82 (dd, J =
9.0, 0.6 Hz, 1H), 7.68 (ddd, J = 9.0, 1.9, 0.6), 1H) ppm. C NMR (75 MHz, CDCL;) d =
134.1, 133.3, 131.3, 129.7, 123.7, 120.3, 119.3 (q, J = 324 Hz), 115.6, 111.5, 97.1 ppm. "°F
NMR (282 MHz, CDCl;3) 6 = -74.7 ppm. IR (neat) nmax = 3670, 2984, 2902, 2227, 1739,
1423, 1214, 1089, 611 cm™. HRMS TOF MS ES- m/z calcd for C;oH4N,O,F3SBr: 368.9156
[M+HOJ’; found: 368.9150. Mp = 83 °C.

6-Bromo-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2f)

CN

jon
Br N

\

Tf
The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 9:1, R¢= 0.70) to

afford the desired product as white solid (473 mg, 68% yield) . '"H NMR (300 MHz, CDCls) &
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=8.11 (s, 1H), 7.90 (s, 1H), 7.70-7.62 (m, 2H) ppm. °C NMR (75 MHz, CDCl;) & = 135.2,
133.4, 130.2, 127.0, 122.1, 122.0, 119.3 (q, J = 324 Hz), 117.4, 111.7, 97.7 ppm. °’F NMR
(282 MHz, CDCl;) & = -74.7 ppm. IR (neat) nmax = 3676, 2988, 2902, 1601, 1547, 1435,
1221, 1124, 1080, 972, 812, 615, 567, 514 cm™. HRMS TOF MS ES- m/z caled for
C10H4N,O,F3SBr: 368.9156 [M+HOY] ; found: 368.9155. Mp = 97 °C.

Methyl 3-cyano-1-((trifluoromethyl)sulfonyl)-1H-indole-4-carboxylate (2g)
MeO.__0O

To a solution of methyl 3-cyano-1H-indole-4-carboxylate (2 mmol, 1 equiv.) in dry CH,Cl,
(0.2 M), DIPEA (4 mmol, 2 equiv.), and 4-DMAP (0.2 mmol, 0.1 equiv.) are added under
argon atmosphere. Then, a solution of PANTT; (2.6 mmol, 1.3 equiv.) in dry CH,Cl, (0.8 M) is
added to the mixture. The resulting mixture is allowed to stir at room temperature until the
reaction is complete. The reaction is quenched with a saturated aqueous solution of NaHCOs,
extracted 3 times with CH,Cl,, dried over MgSO4 and concentrated in vacuo. The crude
mixture is purified by flash chromatography on silica gel (Toluene / Ethyl Acetate 9:1, Ry =
0.60 Toluene / Ethyl Acetate 9:1) to afford the desired product as white solid (520 mg, 78%
yield). '"H NMR (300 MHz, CDCl3) NMR 8.20-8.18 (m, 1H), 8.17 (m, 1H), 8.13 (s, 1H), 7.64
(m, 1H), 4.08 (s, 3H) ppm. >C NMR (75 MHz, CDCls) d = 165.5, 137.03, 135.48, 129.14,
127.46, 125.42, 125.00, 119.29 (q, J = 324 Hz), 118.15, 113.11, 98.36, 51.87 ppm. '’F NMR
(282 MHz, CDCl3) NMR -74.6 ppm. IR (neat) nmax = 3127, 2919, 2233, 1711, 1417, 1204,
1133, 1028, 754, 618 cm™. HRMS TOF MS AP+ m/z caled for CoHgN,O4F;S: 333.0157
[M+H]"; found: 333.0168. Mp = 113°C.

5-Nitro-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2h)

N

Tf
To a solution of 5-nitro-1H-indole-3-carbonitrile (1 equiv.) in dry CH,Cl, (0.2 M), DIPEA (2
equiv.), and 4-DMAP (0.1 equiv.) are added under argon atmosphere. Then, a solution of
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PhNTf; (1.3 equiv.) in dry CH,Cl, (0.8 M) is added to the mixture. The resulting mixture is
allowed to stir at room temperature until the reaction is complete. The reaction is quenched
with a saturated aqueous solution of NaHCOs, extracted 3 times with CH,Cl,, dried over
MgSO4 and concentrated in vacuo. The crude mixture was purified by flash chromatography
on silica gel (Toluene / Ethyl Acetate 9:1, Rf = 0.52 100% Toluene) to afford the desired
product as white solid (536 mg, 84% yield). '"H NMR (300 MHz, CDCl3) § = 8.76 (dd, J =
2.2,0.6 Hz, 1H), 8.48 (dd, J=9.2, 2.2 Hz, 1H), 8.14 — 8.09 (m, 2H) ppm. °C NMR (75 MHz,
CDCl;) 8 = 146.4, 137.3, 135.9, 128.6, 123.2, 119.3 (q, J = 324 Hz), 117.3, 115.1, 110.9, 98.4
ppm. °F NMR (282 MHz, CDCl;) NMR -74.5 ppm. IR (neat) nmax = 3144, 2249, 1530,
1426, 1211, 1111, 783, 733, 609, 581 cm”'. HRMS TOF MS AP- m/z caled for
C10Hs5N305F;S: 335.9902 [M+H,0-H]’; found: 335.9915. Mp = 101°C.

5-Phenyl-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2i)
O ¢
L
N
Tf

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 5:5, Ry = 0.5
Toluene / Cyclohexane 5:5) to afford the desired product as white solid (625 mg, 89% yield).
'H NMR (300 MHz, CDCl;) NMR 7.96 — 7.89 (m, 2H), 7.87 (s, 1H), 7.72 (dd, J = 8.8, 1.8
Hz, 1H), 7.61 — 7.53 (m, 2H), 7.49 — 7.30 (m, 3H) ppm. >C NMR (75 MHz, CDCl;) & =
140.3, 139.6, 133.8 (2C), 133.6, 129.2 (2C), 128.8, 128.2, 127.5 (2C), 119.4 (q, J = 324 Hz),
119.0, 114.4, 112.2, 97.9 ppm. "°’F NMR (282 MHz, CDCl;) NMR -74.8 ppm. IR (neat) nmax
= 3154, 2233, 1419 1215, 1195, 1141, 1118, 1085, 761, 611, 595 cm™'. HRMS TOF MS ES-
m/z caled for C;6HoF3N,0,S: 367.0364 [M+ H,O-H] ; found: 367.0359. Mp = 111°C.

5-(4-Nitrophenyl)-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2j)

O,N
Qg
o
N
T

The target compound was prepared according to the general procedure B. The crude mixture

was purified by flash chromatography on silica gel (Toluene / Cyclohexane 7:3 to 9:1, R¢ =
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0.4 Toluene / Cyclohexane 8:2) to afford the desired product as white yellowish solid (563
mg, 71% yield). "H NMR (300 MHz, CDCl3) § = 8.39-8.36 (m, 2H), 8.07 (d, J = 8.8 Hz, 1H),
8.03 (dd, J=1.8, 0.7 Hz, 1H), 8.00 (s, 1H), 7.84 — 7.81 (m, 2H), 7.81 — 7.78 (m, 1H) ppm. °C
NMR (75 MHz, CDCls) d = 147.8, 146.0, 137.8, 134.6, 134.1, 128.9, 128.4 (2C), 127.6,
124.5 (2C), 119.7, 119.38 (q, J = 324 Hz), 115.0, 111.9, 97.9 ppm. °’F NMR (282 MHz,
CDCl3) 6 =-74.7 ppm. IR (neat) nmax = 3122, 3089, 2244, 1425, 1346, 1214, 1142, 1116,
1082, 807, 752, 618, 583 cm™'. HRMS TOF MS AP- m/z calcd for C;¢HoN3OsF5S: 412.0215
[M+H,0-H] 7; found: 412.0203. Mp = 197 °C.

5-(4-Cyanophenyl)-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2k)
NC
Qg
L
N
Tf

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 9:1, Ry = 0.53
Toluene / Cyclohexane 9:1) to afford the desired product as white solid (665 mg, 89% yield).
'H NMR (300 MHz, CDCl3) & = 8.05 (d, J = 8.8 Hz, 1H), 8.03 — 7.95 (m, 2H), 7.84 — 7.71
(m, 5H) ppm. °C NMR (75 MHz, CDCl3) & = 144.0, 138.1, 134.4, 134.1, 132.9 (2C), 128.9,
128.2 (2C), 127.4, 119.5, 119.31 (q, J = 324 Hz), 118.6, 114.8, 112.0, 111.9, 97.9 ppm "°F
NMR (282 MHz, CDCl;) & = -74.7 ppm. IR (neat) nmax = 3305, 3104, 2957, 2225, 1421,
1232, 1204, 1138, 1109, 976, 852, 833, 804, 620 cm™. HRMS TOF MS ES- m/z calcd for
C17HoN305F;S: 392.0317 [M+H,0-H]; found: 392.0320. Mp = 173 °C.

5-(p-Tolyl)-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (21)
Q. f
L
N
Tf

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 9:1, R¢ = 0.59
Toluene / Cyclohexane 9:1) to afford the desired product as white solid (646 mg, 89% yield).
'H NMR (300 MHz, CDCl3) § = 8.00 — 7.94 (m, 2H), 7.93 (s, 1H), 7.77 (dd, J = 8.6, 1.8 Hz,
1H), 7.54 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 2.43 (s, 3H) ppm. °C NMR (75 MHz,
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CDCl;) d =140.2, 138.2, 136.7, 133.6, 133.5, 129.9 (2C), 128.8, 127.4, 127.4 (2C), 119.41 (q,
J =324 Hz), 118.7, 114.34, 112.2, 97.9, 21.2 ppm. ’F NMR (282 MHz, CDCl3) § = -74.8
ppm. IR (neat) nmax = 3154, 2238, 1420, 1216, 1114, 975, 802, 622, 582 cm™. HRMS TOF
MS ES- m/z calcd for C7H2N,O3F;S: 381.0521 [M+H,0O-H]’; found: 381.0512. Mp =
106 °C.

5-(4-Methoxyphenyl)-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2m)
MeO
Qg
oS
N
Tf

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 9:1, Ry = 0.51
Toluene / Cyclohexane 9:1) to afford the desired product as white solid (655 mg, 86% yield).
'H NMR (300 MHz, CDCl3) § = 7.96 (d, J = 8.9 Hz, 1H), 7.94-7.91 (m, 2H), 7.74 (dd, J =
8.7, 1.8 Hz, 1H), 7.62 — 7.51 (m, 2H), 7.08 — 6.98 (m, 2H), 3.88 (s, 3H) ppm. °C NMR (75
MHz, CDCl;) d = 159.9, 139.9, 133.5, 133.4, 132.0, 128.8, 128.6 (2C), 127.2, 119.39 (q, J =
324 Hz), 118.4, 114.6 (2C), 114.3, 112.2, 97.9, 55.5 ppm '°F NMR (282 MHz, CDCl3) § = -
74.8 ppm. IR (neat) nmax = 3120, 3082, 2235, 1423, 1234, 199, 1165, 1117, 1082, 832, 801,
618, 582, 525 cm™. HRMS TOF MS ES- m/z calcd for C7H2N,04F5S: 397.0470 [M+H,O-
H]’; found: 397.0459. Mp = 146 °C.

5-(Furan-2-yl)-1-((trifluoromethyl)sulfonyl)-1 H-indole-3-carbonitrile (2n)

74 \ CN

S N\
N
Tf

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 8:2, Ry = 0.65
Toluene / Cyclohexane 8:2) to afford the desired product as yellow solid (598 mg, 88% yield).
'H NMR (300 MHz, CDCl3) & = 8.07 (dd, J = 1.6, 0.8 Hz, 1H), 7.97 — 7.89 (m, 2H), 7.86 (dd,
J=18.9, 1.6 Hz, 1H), 7.54 (dd, J = 1.8, 0.8 Hz, 1H), 6.79 (dd, J = 3.4, 0.8 Hz, 1H), 6.53 (dd, J
= 3.4, 1.8 Hz, 1H) ppm. °C NMR (75 MHz, CDCl3) & = 152.3, 143.2, 133.7, 133.4, 129.8,
128.7, 124.1, 119.4 (q, J = 324 Hz), 115.5, 114.5, 112.2, 112.1, 106.7, 97.9 ppm ""F NMR
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(282 MHz, CDCl3) 6 = -74.8 ppm. IR (neat) nmax = 3147, 2946, 2240, 1425, 1204, 1115,
975, 807, 798, 733, 626, 619, 580 ¢cm”'. HRMS TOF MS ES- m/z caled for C3H,N,O:
207.0558 [M-CF;0,S]’; found: 207.0565. Mp = 92°C.

5-(Thiophen-2-yl)-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (20)

74 \ CN

S N\
N
Tf

The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 8:2, Rf = 0.67
Toluene / Cyclohexane 8:2) to afford the desired product as white solid (632 mg, 89% yield).
'H NMR (300 MHz, CDCl3) & = 7.99 (dd, J = 1.8, 0.7 Hz, 1H), 7.96 — 7.90 (m, 2H), 7.80 (dd,
J=28.9, 1.8 Hz, 1H), 7.41 (dd, J = 3.6, 1.2 Hz, 1H), 7.38 (dd, J= 5.1, 1.2 Hz, 1H), 7.14 (dd, J
= 5.1, 3.6 Hz, 1H) ppm. °C NMR (75 MHz, CDCl) & = 142.5, 133.8, 133.6, 133.5, 128.8,
128.52, 126.4, 126.3, 124.5, 119.38 (q, J = 324 Hz), 117.6, 114.6, 112.1, 97.8 ppm. '°F NMR
(282 MHz, CDCl3) 6 = -74.8 ppm. IR (neat) nmax = 3158, 3104, 2973, 2859, 2235, 1600,
1464, 1418, 1212, 1141, 1114, 965, 809, 612 cm™. HRMS TOF MS ES- m/z calcd for
Ci3H7N,S: 223.0330 [M- CF30,ST; found: 223.0323. Mp = 132 °C.

5-(Pyridin-4-yl)-1-((trifluoromethyl)sulfonyl)-1H-indole-3-carbonitrile (2p)

N | CN
NN
A\
N
Tf

To a solution of methyl 3-cyano-1H-indole-4-carboxylate (2 mmol, 1 equiv.) in dry CH,Cl,
(0.2 M), DIPEA (4 mmol, 2 equiv.), and 4-DMAP (0.2 mmol, 0.1 equiv.) are added under
argon atmosphere. Then, a solution of PANTT; (2.6 mmol, 1.3 equiv.) in dry CH,Cl, (0.8 M) is
added to the mixture. The resulting mixture is allowed to stir at room temperature until the
reaction is complete. The reaction is quenched with a saturated aqueous solution of NaHCOs,
extracted 3 times with CH,Cl,, dried over MgSO,4 and concentrated in vacuo. The crude
mixture was purified by flash chromatography on silica gel (Toluene / Cyclohexane 6:5 then
DCM/MeOH 99:1, R¢ = 0.35 DCM/MeOH 99:1) to afford the desired product as white solid
(553 mg, 79% yield). '"H NMR (300 MHz, CDCl3) & = 8.77 — 8.71 (m, 2H), 8.09 — 8.02 (m,

S16



2H), 7.99 (s, 1H), 7.82 (dd, J = 8.7, 1.9 Hz, 1H), 7.59 — 7.53 (m, 2H) ppm. '°F NMR (282
MHz, CDCl3) & = -74.7 ppm"°C NMR (75 MHz, CDCls) & =150.6 (2C), 146.7, 137.1, 134.7,
134.0, 128.9, 127.1 (2C), 121.9, 119.3 (q, J = 324 Hz), 119.2, 114.8, 111.8, 97.8 ppm IR
(neat) nmax = 2979, 2859, 2235, 1420, 1209, 1120, 974, 809, 690, 611 cm™". HRMS TOF MS
ES- m/z calcd for C14HgN3: 218.0718 [M- CF30,S]’; found: 218.0713. Mp = 186 °C.

1-((Trifluoromethyl)sulfonyl)-5-((trimethylsilyl)ethynyl)-1H-indole-3-carbonitrile (2q)
TMS % CN

A\

N

Tf
The target compound was prepared according to the general procedure B. The crude mixture
was purified by flash chromatography on silica gel (Toluene / Cyclohexane 8:2 to 9:1, R¢ =
0.64 Toluene / Cyclohexane 9:1) to afford the desired product as white solid (673 mg, 91%
yield). "H NMR (300 MHz, CDCl;) & = 7.94 — 7.90 (m, 2H), 7.86 (d, J = 8.8 Hz, 1H), 7.63 (d,
J = 8.8 Hz, 1H), 0.28 (s, 9H) ppm. °C NMR (75 MHz, CDCls) d = 133.9, 133.8, 131.7,
128.2, 124.4, 122.1, 119.3 (q, J = 324 Hz), 114.1, 111.7, 103.1, 97.6, 96.6, -0.06 (3C) ppm.
PF NMR (282 MHz, CDCl;) 6 = -74.8 ppm. IR (neat) nmax = 3138, 2238, 2150, 1459,
1426, 1207, 1112, 885, 842, 813, 611, 588, 524 cm”'. HRMS TOF MS AP- m/z calcd for
Ci1sH14N,O5F5Si: 387.0447 [M+H,O-H]™; found: 387.0455. Mp =91 °C.

(3aR*,8bS *)-2-Benzyl-4-tosyl-2,3,3a,4-tetrahydropyrrolo[3,4-b]indole-8b(1H)-

N H

\

Ts

carbonitrile (3a)

Bn

The target compound was prepared according to the general procedure C. The crude mixture
was purified by flash chromatography on silica gel (Cyclohexane/EtOAc 8:2) followed by a
second purification on silica gel (Cyclohexane/EtOAc/DCM 3:1:1, Ry = 0.64
Dichloromethane 100%) to afford the desired product as white solid (94 mg, 58% yield). 'H
NMR (300 MHz, CDCl3) 6 =7.71 (d,J = 8.2 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.42 — 7.06
(m, 10H), 4.83 (dd, J = 5.5, 4.0 Hz, 1H), 3.63 (s, 2H), 3.16 — 3.10 (m, 2H), 3.06 (d, J = 9.3
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Hz, 1H), 2.94 (d, J = 9.3 Hz, 1H), 2.37 (s, 3H) ppm. 'C NMR (75 MHz, CDCL,) § = 145.1,
1423, 137.0, 133.5, 130.4, 130.1 (2C), 129.9, 128.6 (4C), 127.6, 127.2 (2C), 125.5, 124.3,
119.7, 116.3, 70.6, 64.5, 61.8, 58.0, 47.3, 21.7. IR (neat) v max = 1757, 1549,1487, 1357,
1171 ¢cm”. HMRS TOF MS ES+ m/z caled for C,sHysN3;0,S: 430.1584 [M+H]™ ;

found :430.1576. Mp = 163 °C.
Ethyl (3aR *,8bS *)-2-benzyl-8b-cyano-2,3,3a,8b-tetrahydropyrrolo[3,4-b]indole-4(1H)-

N H

CO,Et

carboxylate (3¢)
Bn

The target compound was prepared according to the general procedure C. The crude mixture
was purified by flash chromatography on silica gel (Cyclohexane/EtOAc 9:1) followed by a
second purification on silica gel (Cyclohexane/EtOAc/DCM 9:0.5:0.5, Ry = 0.22
Cyclohexane/EtOAc 9:1) to afford the desired product as yellowish oil (71 mg, 41 % yield).
'H NMR (300 MHz, CDCls) 6 = 7.43 —7.35 (m, 2H), 7.35 — 7.25 (m, 4H), 7.24 — 7.16 (m,
2H), 7.10 (td, J = 7.5, 1.1 Hz, 1H), 5.16 — 5.03 (m, 1H), 4.32 (m, 2H), 3.65 (s, 2H), 3.21 —
2.93 (m, 2H), 1.33 (m, 3H) ppm. °C NMR (75 MHz, CDCl3) § = 137.1, 130.2, 128.5 (4C),
127.4 (2C), 123.7 (2C), 120.6, 115.2 (2C), 100.0, 68.4, 65.1, 62.0, 61.2, 58.0, 14.6 ppm.
(NCO2Et not observed) IR (neat) nmax = 2979, 2801, 2238, 1704, 1601, 1485, 1403, 1381,
1255, 1153, 1068, 750, 698 cm™ . HRMS TOF MS ES+ m/z caled for C2H2oN305: 348.1712
[M+H]"; found: 348.1706.

3aR*,8bS *)-2-Benzyl-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-tetrahydropyrrolo|3,4-
y

blindole-8b(1H)-carbonitrile (3d)
NC N’
I

\

Tf

Bn

The target compound was prepared according to the general procedure C or D. The crude
mixture was purified by flash chromatography on silica gel (Toluene 100%, , Ry = 0.43
Toluene 100%) to afford the desired product as colorless oil (163-179 mg, 80-88% yield). 'H
NMR (300 MHz, CDCl3) NMR 7.51 (d, J = 8.3 Hz, 1H), 7.45 — 7.35 (m, 2H), 7.34-7.23 (m,
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4H), 7.19 — 7.11 (m, 2H), 5.15 (dd, J = 6.3, 2.7 Hz, 1H), 3.66 (d, J = 15 Hz, 1H), 3.61 (d, J =
15 Hz, 1H), 3.18 — 3.12 (m, 2H), 3.12 — 3.00 (m, 2H) ppm. °C NMR (75 MHz, CDCl;) § =
139.8, 136.6, 130.8, 129.2, 128.6 (2C), 128.5 (2C), 127.7 (2C), 126.6, 124.7, 120.1 (q, J =
325 Hz), 119.1, 114.9, 71.4, 64.4, 57.7, 47.6 ppm. ’F NMR (282 MHz, CDCl;) NMR (282
MHz, CDCIl64.4, Snmax = 2807, 2238, 1481, 1462, 1402, 1227, 1196, 1141, 1049, 750, 699,
602, 573, 526 cm™. HRMS TOF MS ES+ m/z caled for C19H;,N3F;0,S: 408.0994 [M+H]" ;
found: 408.0989.

(3aR*,8bS *)-2-Benzyl-7-bromo-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (3e)

Bn
NC -
N H

\

Tf
The target compound was prepared according to the general procedure C or D. The crude
mixture was purified by flash chromatography on silica gel (Toluene/Ethyl Acetate 9:1, R¢ =
0.40 Cyclohexane/Ethyl acetate 9:1) to afford the desired product as white solid (C: 224 mg,
92% yield. D: 209 mg, 86% yield). 'H NMR (300 MHz, CDCl;) NMR 7.54 — 7.47 (m, 2H),
7.38 = 7.32 (m, 1H), 7.32 — 7.27 (m, 3H), 7.17 — 7.10 (m, 2H), 5.12 (d, J = 5.8 Hz, 1H), 3.67
—3.61 (m, 2H), 3.19 — 3.11 (m, 2H), 3.06 (d, J = 9.6 Hz, 1H), 2.97 (dd, J=11.1, 5.8 Hz, 1H)
ppm. °C NMR (75 MHz, CDCl;) & = 139.1, 136.3, 133.9, 131.2, 128.7 (2C), 128.5 (2C),
127.8 (2C), 119.9 (q, J = 326 Hz), 119.2, 118.4, 116.3, 71.8, 64.2, 61.2, 57.6, 47.2 ppm. "°F
NMR (282 MHz, CDCl;) NMR (282 MHz, CDCI, 71.8,nmax = 2811, 2249, 1473, 1403,
1227, 1198, 1143, 731, 600, 576 cm™. HRMS TOF MS ES+ m/z calcd for CoH;sBrN3F;0,S:
486.0099 [M+H]" ; found: 486.0082. Mp =49 ° C.

(3aR*,8bS *)-2-Benzyl-6-bromo-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (3f)

Br N H

\
Tf

Bn

The target compound was prepared according to the general procedure C. The crude mixture
was purified by flash chromatography on silica gel (Toluene/Cyclohexane 9:1, Ry = 0.48
Toluene/Cyclohexane 9:1) to afford the desired product as white solid (192 mg, 79% yield).
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'H NMR (300 MHz, , CDCl3) & = 7.68-7.61 (m, 1H), 7.40 (dd, J = 8.2, 1.7 Hz, 1H), 7.34 —
7.26 (m, 3H), 7.22 (d, J = 8.2 Hz, 1H), 7.14 (m, 2H), 5.17-5.07 (m, 1H), 3.66 (d, J= 13.2 Hz,
1H), 3.61 (d, J = 13.2 Hz, 1H), 3.17 (dd, J = 11.0, 2.3 Hz, 1H), 3.13 (d, J= 9.5 Hz, 1H), 3.03
(d, J = 9.5Hz, 1H), 2.97 (dd, J = 11.0, 5.8 Hz, 1H) ppm. °C NMR (75 MHz, CDCl3) & =
141.1, 136.3, 129.8, 128.6 (2C), 128.4 (2C), 128.3, 127.7, 125.7, 124.6, 119.9 (q, J = 326.0
Hz), 118.4, 118.1, 71.9, 64.1, 61.2, 57.6, 47.3 ppm. "’F NMR (282 MHz, CDCl3) 6 =-72.3
ppm. IR (neat) nmax = 2811, 2244, 1594, 1477, 1404, 1227, 1198, 1141, 1049, 736, 699, 609,
576 cm'. HRMS TOF MS ES+ m/z caled for C oH,¢BrN;F;0,S: 486.0099 [M+H]" ; found:
486.0099. Mp =49 ° C.

Methyl (3aR*,8bS *)-2-benzyl-8b-cyano-4-((trifluoromethyl)sulfonyl)-1,2,3,3a,4,8b-
hexahydropyrrolo[3,4-blindole-8-carboxylate (3g)

MeO

NC
N/Bn

Tf

The target compound was prepared according to the general procedure C or D. The crude
mixture was purified by flash chromatography on silica gel (Toluene/Ethyl acetate 95:5, R¢ =
0.41 Toluene/Cyclohexane 95:5) to afford the desired product as a colorless oil (C: 231 mg,
93% yield. D: 205 mg, 88% yield). '"H NMR (300 MHz, CDCl3) § = 7.95 (dd, J=7.8, 1.1 Hz,
1H), 7.75 (d, J = 8.3 Hz, 1H), 7.51 (dd, J = 8.3, 7.8 Hz, 1H), 7.35 — 7.28 (m, 3H), 7.23 — 7.16
(m, 2H), 5.18 (dd, J = 6.2, 4.7 Hz, 1H), 3.96 (s, 3H), 3.68 — 3.58 (m, 3H), 3.24 (dd, /= 10.4,
6.2 Hz, 1H), 3.04 (d, J = 10.4 Hz, 1H), 2.81 (dd, J = 10.4, 4.7 Hz, 1H) ppm. °C NMR (75
MHz, CDCl;) & = 164.6, 141.1, 136.7, 131.3, 129.8, 128.6 (2C), 128.5 (2C), 128.4, 127.7,
127.4, 120.0 (q, J = 326 Hz), 119.5, 119.3, 72.1, 65.2, 60.5, 57.7, 52.7, 48.8 ppm. °’F NMR
(282 MHz, CDCl3) 6 = -72.1 ppm. IR (neat) nmax = 2923, 2853, 1725, 1451, 1404, 1282,
1196, 1136, 1066, 756, 700, 606, 575 cm'. HRMS TOF MS ES+ m/z caled for
C,1H 9N3F30,S: 466.1048 [M+H]"; found: 466.1032.
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(3aR*,8bS *)-2-Benzyl-7-nitro-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (3h)

O5N NG
N

1 H
Tf

The target compound was prepared according to the general procedure C or D. The crude
mixture was purified by flash chromatography on silica gel (Toluene/Cyclohexane 9:1, Ry =
0.36 Toluene/Cyclohexane 9:1) to afford the desired product as a white solid (C: 121 mg,
73% yield. D: 170 mg, 75% yield). 'H NMR (300 MHz, CDCl;) & = 8.33 (dd, J=9.0, 2.3 Hz,
1H), 8.27 (dd, J = 2.3, 0.5 Hz, 1H), 7.62 (d, J = 9.0 Hz, 1H), 7.33-7.27 (m, 3H), 7.16 — 7.09
(m, 2H), 5.21 (d, J = 5.8 Hz, 1H), 3.66 (s, 2H), 3.32 — 3.23 (m, 2H), 3.06 (d, /= 9.7 Hz, 1H),
2.95 (dd, J = 11.4, 5.8 Hz, 1H). >C NMR (75 MHz, CDCl3) & = 145.9, 145.1, 135.9, 130.8,
128.7 (2C), 128.5 (2C), 128.0 (2C), 127.0, 120.8, 117.8, 114.7, 72.6, 64.3, 57.5, 47.0, 29.7
ppm. "°F NMR (282 MHz, CDCl;) NMR (282 MHz, CDCI8, 114.nmax = 2918, 2851, 1731,
1523, 1342, 1228, 1197, 1128, 1043, 704, 604, 579 cm™. HRMS TOF MS ES- m/z calcd for
Ci9H14N4F304S: 451.0688 [M-H]'; found: 451.0676. Mp = 183 ° C.

(3aR*,8bS *)-2-Benzyl-7-phenyl-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]lindole-8b(1H)-carbonitrile (3i)

)

The target compound was prepared according to the general procedure C or D. The crude
mixture was purified by flash chromatography on silica gel (Toluene/Cyclohexane 9:1, Ry =
0.36 Toluene/Cyclohexane 9:1) to afford the desired product as white solid (C: 234 mg, 97%
yield. D: 234 mg, 97% yield). '"H NMR (300 MHz, CDCl3) § = 7.62 (dd, J = 8.5, 1.9 Hz, 1H),
7.58 = 7.50 (m, 3H), 7.50 — 7.42 (m, 2H), 7.42 — 7.35 (m, 1H), 7.33 — 7.27 (m, 3H), 7.14-7.17
(m, 3H), 5.17 (m, 1H), 3.66 (s, 2H), 3.19 (d, /= 9.4 Hz, 1H), 3.16 — 3.10 (m, 2H), 3.05 (dd, J
=10.9, 6.1 Hz, 1H) ppm. °C NMR (75 MHz, CDCl;) & = 140.3, 139.3, 139.1, 136.6, 129.9,
129.8, 129.1 (20), 128.7 (2C), 128.5 (2C), 128.1, 127.8, 127.1 (2C), 123.2, 120.2 (q, J = 327
Hz), 119.2, 115.2, 71.8, 64.5, 61.4, 57.7, 47.7 ppm. "°F NMR (282 MHz, CDCL;) § =-72.3
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ppm. IR (neat) nmax = 2809, 1479, 1402, 1227, 1200, 1145, 1051, 761, 697, 574 cm™. HRMS
TOF MS ES+ m/z calcd for C,5H, F3N30,S: 484.1307 [M+H]" ; found: 484.1318. Mp = 62 °
C.

(3aR*,8bS *)-2-Benzyl-7-(4-nitrophenyl)-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]lindole-8b(1H)-carbonitrile (3j)
O,N

The target compound was prepared according to the general procedure C and E. The crude
mixture was purified by flash chromatography on silica gel (Toluene/Cyclohexane 9:1, Ry =
0.19 Toluene/Cyclohexane 9:1) to afford the desired product as a yellow powder (C: 238 mg,
95% yield. E: 227 mg, 86% yield). '"H NMR (300 MHz, CDCl;) & = 8.33 (d, J = 8.8 Hz, 2H),
7.71 (d, J = 8.8 Hz, 2H), 7.68 — 7.57 (m, 3H), 7.28 (dd, J = 5.1, 2.0 Hz, 3H), 7.14-7.16 (m,
2H), 5.18-5.20 (m, 1H), 3.67 (s, 2H), 3.24 — 3.17 (m, 2H), 3.13 (d, J = 9.5 Hz, 1H), 3.04 (dd,
J =11.0, 6.0 Hz, 1H). °C NMR (75 MHz, CDCLs) & = 147.5, 145.5, 140.5, 137.5, 136.4,
130.5, 130.1, 128.6, 128.5 (2C), 127.8 (2C), 127.7 (2C), 124.4 (2C), 123.5, 118.8, 115.4,
71.9, 64.4, 61.3, 57.6, 47.5 ppm (CF3 non observed). '’F NMR (282 MHz, CDCls) § = ppm.
IR (neat) nmax = 2822, 1594, 1510, 1479, 1510, 1389, 1337, 1226, 1142, 1050, 821, 754,
703, 630, 616, 599, 578 cm™'. HRMS TOF MS ES+ m/z calcd for CsHaoF3N404S: 529.1157
[M+H]"; found: 529.1151. Mp =189 ° C.

(3aR*,8bS*)-2-Benzyl-7-(4-cyanophenyl)-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (3k)
NC

The target compound was prepared according to the general procedure C or D. The crude

mixture was purified by flash chromatography on silica gel (Toluene/Ethyl Acetate 95:5 Ry =
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0.47 Toluene/Ethyl Acetate 95:5) to afford the desired product as a white solid (C: 238 mg,
94% yield. D: 215 mg, 92% yield). '"H NMR (300 MHz, CDCl3) § = 7.76 (d, J = 8.4 Hz, 2H),
7.65 (d, J = 8.4 Hz, 2H), 7.62 — 7.53 (m, 3H), 7.37 — 7.27 (m, 3H), 7.14 (dd, J = 6.9, 2.7 Hz,
2H), 5.16-5.20 (m, 1H), 3.66 (s, 2H), 3.24 — 3.07 (m, 3H), 3.04 (dd, J = 11.1, 6.2 Hz, 1H).
ppm. C NMR (75 MHz, CDCl;) & = 143.6, 140.3, 137.9, 136.4, 132.9 (2C), 130.5, 129.9,
128.6 (2C), 128.5 (2C), 127.8, 127.7 (2C), 125.7, 123.4, 120.0 (q, J = 324 Hz), 118.9, 118.7,
115.4, 111.7, 71.9, 64.4, 57.6, 47.5 ppm. "°F NMR (282 MHz, CDCl;) NMR -72.4 ppm. IR
(neat) nmax = 2924, 2221, 1606, 1483, 1409, 1208, 1147, 822, 698, 597 cm™'. HRMS TOF
MS ES+ m/z caled for Cr6HaoF3N40,S: 509.1259 [M+H]"; found: 509.1247. Mp = 159 ° C.

(3aR*,8bS *)-2-Benzyl-7-(p-tolyl)-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]lindole-8b(1H)-carbonitrile (31)

The target compound was prepared according to the general procedure C or D. The crude
mixture was purified by flash chromatography on silica gel (Toluene 100% R¢ = 0.52
Toluene/Cyclohexane 9:1) to afford the desired product as a white solid (C: 205 mg, 91%
yield. D: 214 mg, 86% yield). '"H NMR (300 MHz, CDCl3) § = 7.59 (dd, J = 8.6, 1.8 Hz, 1H),
7.55 — 7.48 (m, 2H), 7.44 (d, J = 8.1 Hz, 2H), 7.32 — 7.27 (m, 5H), 7.15 (m, 2H), 5.15-5.17
(m, 1H), 3.66 (s, 2H), 3.16-3.12 (m, 3H), 3.06 (dd, J = 10.9, 6.0 Hz, 1H), 2.41 (s, 3H) ppm.
C NMR (75 MHz, CDCls) § = 140.2, 138.7, 137.9, 136.5, 136.4, 129.8 (2C), 129.5 (2C),
128.6 (2C), 128.5 (2C), 127.7 (2C), 126.8 (2C), 122.9, 119.2, 115.1, 71.7, 64.5, 57.7, 47.6,
21.2 ppm (CF5 not observed). ’F NMR (282 MHz, CDCl;) § =-72.2 ppm. IR (neat) nmax =
2924, 2806, 2214, 1481, 1401, 1231, 1196, 1101, 1058, 810, 701, 592, 572 cm™". HRMS TOF
MS ES+ m/z caled for Co6Ha3F3N30,S: 498.1463 [M+H]"; found: 498.1449. Mp = 137 ° C.
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(3aR*,8bS *)-2-benzyl-7-(4-methoxyphenyl)-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (3m)
MeO

The target compound was prepared according to the general procedure C. The crude mixture
was purified by flash chromatography on silica gel (Toluene 100% Rf = 0.52
Toluene/Cyclohexane 9:1) to afford the desired product as a white solid (C: 239 mg, 93%
yield, D: 208 mg, 81% yield). '"H NMR (300 MHz, CDCl3) § = 7.56 (dd, J = 8.6, 1.8 Hz, 1H),
7.54 —7.48 (m, 3H), 7.47 (d, J = 2.2 Hz, 1H), 7.25-7.30 (m, 4H), 7.19 — 7.14 (m, 2H), 6.99 (d,
J=28.8 Hz, 1H), 5.14-5.18 (m, 1H), 3.86 (s, 3H), 3.66 (s, 2H), 3.17-3.12 (m, 3H), 3.06 (dd, J
=10.9, 6.1 Hz, 1H) ppm. °C NMR (75 MHz, CDCl;) & = 159.7, 139.9, 138.4, 136.6, 131.8,
129.9, 129.2, 128.6 (2C), 128.5 (2C), 128.1 (2C), 127.7, 122.6, 122.3, 120.2 (q, J = 325 Hz),
119.2, 115.2, 114.5,71.8, 64.4, 61.3, 57.7, 55.4, 47.6 ppm. °’F NMR (282 MHz, CDCl;)
0 =-72.5 ppm. IR (neat) nmax = 3101, 3042, 2988, 2806, 2220, 1608, 1481, 1352, 1228,
1103, 1061, 942 ,810, 573 c¢cm™'. HRMS TOF MS ES+ m/z caled for CagHy3F3N305S:
514.1412 [M+H]"; found: 514.1415. Mp = 67 ° C.

(3aR*,8bS*)-2-Benzyl-7-(furan-2-yl)-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (3n)

%
/
o NC
N/Bn
N H
Tf

The target compound was prepared according to the general procedure C or D. The crude
mixture was purified by flash chromatography on silica gel (Toluene/Cyclohexane 8:2 Ry =
0.33 Toluene/Cyclohexane 8:2) to afford the desired product as a white solid (C: 225mg, 95%
yield. D: 204 mg, 86% yield). "H NMR (300 MHz, CDCl;) § = 7.71 — 7.64 (m, 2H), 7.52 —
7.45 (m, 2H), 7.31 — 7.26 (m, 3H), 7.15 (dd, J = 7.3, 2.2 Hz, 2H), 6.66 (dd, J = 3.4, 0.8 Hz,
1H), 6.49 (dd, J = 3.4, 1.8 Hz, 1H), 5.15 (d, J = 5.9 Hz, 1H), 3.71-3.57 (m, 2H), 3.21 — 3.09
(m, 3H), 3.03 (dd, J = 10.8, 5.9 Hz, 1H) ppm. °C NMR (75 MHz, CDCl;) § = 152.2, 142.7,
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138.5, 136.5, 129.9, 129.8, 128.6 (2C), 128.5 (2C), 127.7, 126.3, 120.1 (q, J = 327 Hz), 119.8,
119.0, 115.2, 112.0, 105.9, 71.7, 64.4, 61.2, 57.7, 47.5 ppm. °F NMR (282 MHz, CDCl;)
NMR (282 MHz, CDC, 112.0nmax = 3119, 2821, 2220, 1472, 1403, 1197, 1143, 1004, 733,
699, 618, 600 cm™. HRMS TOF MS ES+ m/z calcd for Co3HoF3N303S: 474.1099 [M+H]" ;
found: 474.1087. Mp = 69 ° C.

(3aR*,8bS *)-2-benzyl-7-(thiophen-2-yl)-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (30)

%
/
S NC
N/Bn
N H
Tf

The target compound was prepared according to the general procedure C. The crude mixture
was purified by flash chromatography on silica gel (Toluene/Cyclohexane 9:1 Ry = 0.41
Toluene/Cyclohexane 9:1) to afford the desired product as a white solid (C: 233 mg, 95%
yield. D: 211 mg, 86% yield). '"H NMR (300 MHz, CDCl3) § = 7.63 (dd, J = 8.6, 1.9 Hz, 1H),
7.56 (d, J = 1.8 Hz, 1H), 7.48 (d, J = 8.6 Hz, 1H), 7.34 — 7.27 (m, 4H), 7.20 — 7.14 (m, 3H),
7.10 (dd, J = 5.1, 3.7 Hz, 1H), 5.15 (d, J = 5.9 Hz, 1H), 3.72-3.59 (m, 2H), 3.22 — 3.09 (m,
3H), 3.06 (dd, J=10.8, 5.9 Hz, 1H) ppm. °C NMR (75 MHz, CDCls) & = 142.2, 138.8, 136.4,
133.4, 130.1, 128.6 (2C), 128.4 (2C), 128.3, 127.7, 125.6, 123.9, 121.8, 120.1 (q, J = 326 Hz),
118.9, 115.2, 77.4, 71.7, 64.3, 61.1, 57.6, 47.5 ppm. °’F NMR (282 MHz, CDCl;) NMR (282
MHz, CDCI(2C), Inmax = 2810, 2214, 1484, 1399, 1232, 1195, 1141, 731, 699, 599, 576 cm"
' HRMS TOF MS ES+ m/z caled for Ca3H oF3N30,S,: 490.0871 [M+H]" ; found: 490.0876.
Mp =96 °C.

(3aR*,8bS*)-2-Benzyl-7-(pyridin-4-yl)-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile. (3p)

N —

N/

NC
N/Bn

N H

Tf

The target compound was prepared according to the general procedure C or D. The crude

mixture was purified by flash chromatography on silica gel (Toluene/Ethyl Acetate 5:5 R¢=
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0.47 DCM/MeOH 1%) followed by a second purification (DCM/MeOH 1%) to afford the
desired product as a white solid (C: 235 mg, 97% yield. D: 225 mg, 93% yield). 'H NMR
(300 MHz, CDCl3) 6 = 8.70 (d, J = 5.6 Hz, 2H), 7.68 (dd, J = 8.5, 1.9 Hz, 1H), 7.63 — 7.57
(m, 2H), 7.51 — 7.44 (m, 2H), 7.32-7.26 (m, 3H), 7.15 (dd, J = 7.1, 2.5 Hz, 2H), 5.19 (d, J =
5.9 Hz, 1H), 3.66 (s, 2H), 3.27 — 3.09 (m, 3H), 3.04 (dd, J = 11.0, 5.9 Hz, 1H). ppm. °C
NMR (75 MHz, CDCl3) 6 = 142.2, 138.8, 136.4, 133.4 (2C), 130.1 (2C), 128.6 (2C), 128.4
(20), , 127.7 (2C), 125.6, 123.9, 121.8, 120.1 (q, J = 326 Hz), 118.9, 115.2, 71.7, 64.3, 61.1,
57.6, 47.5 ppm. "’F NMR (282 MHz, CDCl3) § =-72.3 ppm. IR (neat) nmax = 3024, 2815,
1597, 1481, 1397, 1229, 1198, 1144, 1008, 808, 693, 611, 601 cm™'. HRMS TOF MS ES+
m/z caled for Co4Hy0F3N40,S: 485.1259 [M+H]"; found: 485.1259. Mp = 136 ° C.

(3aR*,8bS *)-2-benzyl-4-((trifluoromethyl)sulfonyl)-7-((trimethylsilyl)ethynyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-b]indole-8b(1H)-carbonitrile (3q)

TMS

N
N NC
N/Bn

Tf

The target compound was prepared according to the general procedure C. The crude mixture
was purified by flash chromatography on silica gel (Toluene/Cyclohexane 8:2, Ry = 0.44
Toluene/Cyclohexane 8:2) to afford the desired product as a colorless solid (C: 232 mg, 92%
yield. D: 229 mg, 91% yield). '"H NMR (300 MHz, CDCls) § = 7.51 — 7.45 (m, 2H), 7.41-7.39
(m, 1H), 7.35 - 7.27 (m, 3H), 7.16-7.10 (m, 2H), 5.11 (d, J = 6.0 Hz, 1H), 3.63 (s, 2H), 3.19 —
3.09 (m, 2H), 3.06 (d, J = 9.5 Hz, 1H), 2.97 (dd, J= 11.0, 6.0 Hz, 1H), 0.25 (s, 9H). °C NMR
(75 MHz, CDCls) 6 = 139.7, 136.4, 134.6, 129.6, 128.6 (2C), 128.5 (2C), 128.2, 127.8, 121.7,
120.0 (q, J = 326 Hz), 118.6, 114.7, 103.1, 96.1, 71.8, 64.4, 61.2, 57.7, 47.3, -0.11 (3C). "°F
NMR (282 MHz, CDCl;3) 0 = -72.4 ppm. IR (neat) nmax = 2960, 2804, 2163, 1482, 1404,
1208, 1143, 1049, 867, 840, 758, 699, 602, 573 cm™. HRMS TOF MS ES+ m/z caled for
C14H,5F3N30,SSi: 504.1389 [M+H]"; found: 504.1395. Mp = 50 ° C.
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3aR*,8bR*)-2-Benzyl-1,2,3,3a-tetrahydro-8bH-benzofuro(2,3-c]pyrrole-8b-carbonitrile
y

Q3r)
NC N’
Cr

The target compound was prepared according to the general procedure C. The crude mixture

Bn

was purified by flash chromatography on silica gel (Toluene/Ethyl Acetate 9:1 Ry = 0.62
Toluene/Ethyl Acetate 9:1) followed by a second purification (DCM/MeOH 1%) to afford
the desired product as a white solid (125 mg, 90% yield). '"H NMR (300 MHz, CDCl3) & =
7.32 —7.26 (m, 3H), 7.26 — 7.23 (m, 2H), 7.21 — 7.14 (m, 2H), 6.97 (td, /= 7.5, 1.0 Hz, 1H),
6.83 (dt, J = 8.1, 0.8 Hz, 1H), 5.42 (dd, J = 5.1, 1.5 Hz, 1H), 3.65 (s, 2H), 3.25 — 3.15 (m,
2H), 2.96 (d, J = 9.5 Hz, 1H), 2.82 — 2.74 (m, 1H) ppm. C NMR (75 MHz, CDCl;) § =
160.4, 137.1, 130.7, 128.5 (2C), 128.4 (2C), 127.5, 125.3, 124.0, 121.7, 120.2, 110.0, 90.1,
60.9, 60.6, 58.1, 49.1 ppm. IR (neat) nmax = 2958, 2923, 2786, 2244, 1597, 1480, 1461,
1251, 866, 763, 747, 701 462 cm™ . HRMS TOF MS ES+ m/z calcd for CisH;,N,0: 277.1341
[M+H]"; found: 277.1340. Mp = 93 ° C.

((3aR*,8bS*)-2-Benzyl-7-phenyl-2,3,3a,4-tetrahydropyrrolo[3,4-b]indol-8b(1 H)-

y)methanamine (5e)

O

A solution of (3aR*8bl)*-2-benzyl-7-phenyl-4-((trifluoromethyl)sulfonyl)-2,3,3a,4-
tetrahydropyrrolo[3,4-bJindole-8b(1H)-carbonitrile (0.25 mmol, 1 equiv.) in dry THF (2.5
mL) is added dropwise to a suspension of LiAlH, (1.00 mmol, 4 equiv.) in dry THF (2.5 mL)
at 0°C. The reaction was then refluxed for 16h. Once completed, the reaction is quenched
with water (1 mL), then NaOH 2N (1 mL) and H,O (1 mL). The reaction mixture is dried
over MgSQy, filtered on celite and concentrated. The crude mixture was purified on silica gel
(starting DCM/MeOH 1% to MeOH 100%), followed by a second purification on inverse
phase (H,O (w/ formic acid 0.5 %)/MeCN, starting from 95:5 to 100% MeCN over 30 min) to
afford a white solid (66 mg, 95 % yield). '"H NMR (300 MHz, CDsCN) & = 7.58 — 7.50 (m,
2H), 7.41 — 7.32 (m, 2H), 7.31 — 7.25 (m, 4H), 7.25 — 7.16 (m, 4H), 6.54 (dd, J= 7.6, 1.0 Hz,

S27



1H), 4.65 (bs, 2H), 4.10 (dd, J= 5.7, 2.1 Hz, 1H), 3.59 (d, J = 13.0 Hz, 1H), 3.48 (d, /= 13.0
Hz, 1H), 2.98 (d, J = 12.9 Hz, 1H), 2.91 (d, J = 9.0 Hz, 1H), 2.80 (d, J = 12.9 Hz, 1H), 2.74
(dd, J=9.7, 2.1 Hz, 1H), 2.53 (dd, J=9.7, 5.7 Hz, 1H), 2.48 (d, J = 9.0 Hz, 1H) ppm. (NH
missing) °C NMR (75 MHz, CD;CN) & = 153.4, 142.7, 140.2, 135.5, 131.2, 129.8, 129.7
(20), 129.1 (20), 127.8, 127.6, 126.9 (2C), 126.8 (2C), 122.8 (2C), 109.1, 66.1 (2C), 64.3,
60.5, 49.6 ppm IR (neat) nmax = 3030, 2917, 2791, 1573, 1481, 1454, 1339, 1262, 762, 697
cm’. HRMS TOF MS ES+ m/z caled for Co4HasN3: 356.2127 [M+H]"; found: 356.2130. Mp
=57°C.
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3. 'H and “C NMR Spectra of all synthesized compounds

L

1.5 1.0

2.0

1000
900
800
700
600
500
400
300
200
100
0
-100

10

20

2.5

35

N
i
4.0

]
b
~
I
~
5.0
N
N

8
N
||/ i
",
T
5.5

.
~
Z

6.0
f1 (ppm)
~

0z 18— 2—%

2
5
6.5

7.0

! — || 001
09+ —_— - == Bogr

19¢—= — . —
e - T e £6'0
) WB z

(L2 —_— ’
! R - =580
20%TT—

€L 4
4 0E'9TT~—
L 69LTT—

80 75

8.5

st 9THTI~_
" oLtz
o Mo 0821
(2 69°871—
61 ezt~
4] T6ET~_
ety s65€1~
. LT9ET

@
i
T

10.0

2
@

T
10.5

TETHT—

STIT—

|
—
2
11.0

T
11.5

L0

110 100 90 80 70 60 50 40 30
f1 (ppm)

120

130

140

150

S29

50



m 8 8 8 8 8 8 8 8 8 mmmmmwmmmmwmmwmmmoooo 8 8
o o
T g 3 I B ¥ 2 8§ . % ° T Y& 8 0.9 8§ § NS FF T TP Y N FT
] Mo
L@
o
o
=
wn
M-
E
Lo 3
= L 3
" E
[~
J—
L2
(2]
&, e n
T ~ F oo
\_J | °
/\ | e
| L2 el NI
N/ ’ \_{
-/ Lo 7N
S\ \_/
\_7 o /
= M w —
Q.«u.N\“u z\ \,
/Ow_ L //3 ,.\\
I LI
E own.NA.s
oQ
R os
el
p L v
9Ly © 0528— -
oLt
[
908 L2
908
90'8
80°8 | in
608 @
608 o I .
60°8 — =87 .
60°8 o _ e
ors e — |.u W%.m “
or's - — -
ors - O
s B eI -
s L0911~ —
ws o  S981I— —_
VE'S F o J
WMN TP~ _
58 L scva
o o
“8 egrI—
o
LS weer— —
= pESEI~ -
1961 ——
n
o
S
e
Fo seuI— 3
69841~ -
obTT— S~ - Feco | =
b
e

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

50

S30



1200
1100
1000
900
800
700
1600
500
400
300
200
100
o
F-100
5500

0.0

0.5

1.0

1.5

.

1k

5000
4500
4000
3500
3000
2500
2000
1500
1000
~-500

500

10

20

2.5

|

3.0

35

T
4
4.0

.
|
:
45

~
T
6.0 55

f1 (ppm)

RS
ini
T
6.5

VL ; 0578—

R
i
7.0

75

el v [

QHDW E l‘ T
m:)w — p— A

8.0

91z

90°F
ot 9TTTT~L
SEPTT
AN

s
ey L09TT—
008 o | Ev8l—
10'84 F o 8y611~"

8.5

208 9021 —

33
@
9.5

: s
08 58'8Z1

TSEET
AN
TESET
LYSET \.
65'9€T

8

%2

T
10.0

T
10.5

YLIYT—

T
11.0

— S~ L .
9ETT — ﬁa 0

T
11.5

L0

30

40

50

100 90 80 70 60
f1 (ppm)

110

120

130

140

150

S31

50



6000

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

-500

1300
1200

1100

1000

900

800

700

600

500

400

300

200

100
0

-100

9TTT—

11

EIT1T
82T

=107
= 00T

wwn.o

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

115

L0

Lroz—

ws—

LOETT—
PSSTI~_
6V91T-—

STEZT—

66921~
[4:744 Sanl
8Y6TT—"
T6EET
T6'PET W
bTSET
Nv.wﬂ“
£5°8ET

20 10

30

140 130 120 110 100 90 80 70 60 50
f1 (ppm)

50

S32



850
800

750

700

650

600

550
500
450

400

350

300

250

200

150

100

50

0

50

S8E—

3

N

N
——

STIT—

Im

LJ’L*&__.__L..

|
oy

L

=—£0'€

B_epe
ST'T
HHE.M
107
00T

Mla.o

11.0 105 100 95 90 85 80 725 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

11.5

11000

10000

9000

8000

7000
6000
5000
4000
3000

2000
1000
-1000

0

09'55—

0048—

651
PrSTI~S
T9TT—
ot

06'€2T—

U~
pO6TI~"
69'VET
ELPET
65SET
[

9009T—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

70

S33



12000

11000
10000
9000
8000
7000
6000
5000
3000
2000
1000

4000

Ho

--1000

4000

3500
3000
2500
2000
1500
1000
500

-0

8TIT—

.
.

In

.“"_<v___.,Hv~,_v,4Jk‘.,,~4J._Jtﬁ._, S —

=0T

=E0T

90°C
mmo.~
=-00"T
F-00'T

T—m.o

35 30 25 20 15 10 05 00

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40
f1 (ppm)

11.5

L0

18—

8€'S0T—

YOTIT~_
orYII~
6EVTT

szort
Lo0171—

£T9UT—
or'8zT—

86PET~_
9LSET-"

16—

80°65T—

30

10

20

140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

150

S34

50



30000

28000
26000
24000
22000
20000
-18000
16000

14000

12000

10000

8000
6000
-2000

4000

-2000

e —

1o

—de

|

Il

Ju

=0T
=660
€07
=807
=00'1
=007

Wmm 0

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

11.5

L0

750
700
650
600
550
500

450

400

350

300

250

200

150
100
50
ro

50

0048—

9THIT~_
17911
om@:v

TTeer
wm.mﬁV
9E'STT—
09821
no.mﬁw
€961

STSET~
16561~

TSI —

u

U

10

20

30

50

60

70

80

90

100

110

120

130

140

50

f1 (ppm)

S35



1p:

o o o o o o o o o o o o
i=3 o (=3 o (=3 (=3 i=3 o i=3 o i=3 (=3 i=]
=1 n o wn w wn o wn o wn o o 0
o wn wn - ™ ™ o~ o~ - - wn o \
1 I 1 I 1 1 1 I 1 I 1 I 1 n 1 n 1 L 1 L 1 I 1 n 1 I 1
3 o
TR NE,
-
SN\
\_ 7
zo-%

vt
SLL:
Lt
9Lt
UL
ue —_— - = st
8L q
608 — - =007
or's — J—]

661T— ~ -

F-66'0

Fuwe

len.o

110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

11.5

1500

1400
1300
1200
1100
1000
900

800

700

600

500

F-100

15°48—

SPPIT—
809TT—
TT81T—

WU~
e —

82—
6TET—

PSSET~
169€T—

806¥T—
LUTST—

120

90

100

110

130

140

150

f1 (ppm)

S36



1q:

=3 (=] (=3 =3 (=] (=3 =3 (=3 (=3 [=J (=3 (=3 [=J o
=3 (=3 o =] (=3 o =] (=3 o =] (=3 o =] o o o o b<)
g & 8 8 8 § 8§ 8 &8 8 8 & &8 & 8 8 8 S
A S U MU M M M M G % ¥.92.7
STO—  — I =
-
N
Z230 >
/«/s/\/Mr —
7\
./
O/
Ve
or
Qs £
£
£
£t
66
obL
85
65
19¢
9L
8Lt _ .
8Lt - == Bt
P — —= =2
8LL — —_ =007
6Lt
s
S.ww. — — =0T
81’8
9ETI— N\ - Hvs.o

50 45 40 35 30 25 20 15 10 05 00 -05

5.5
f1 (ppm)

85 80 75 70 65 60

9.0

10.0 95

11.0 10.5

11.5

2 (=] o (=] o (=3 o (=3 o (=3 o (=3 o (=] o =3 o
n m wn o wn w wn o wn m wn (=] wn o wn =} o 0
0 ~ ~ o w w - ™ ”™ o~ o~ - - w o 1l
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
600— ==
OUED) ¥8'6T—
E 3

L6'°6—

6590T—

TEETT—
PLSTT—
b LT—

9EETT—
9841
66'LTT >

8Y'SET~_
60961~

AN e

Ly

110

10

20

30

40

50

60

70

80

90

100

120

130

140

f1 (ppm)

S37



7.74
774
773
750
750
749
747
747
746
745
743
743

41

737

1737

F7.34

L734
244

3.00=

1.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0

14637
134.01
13358
13319
—13036
——128.28
&lZZZI
\126.51
12475
—120.17
_~11377
11348

A

T T T T T T T T T

5.0 40 35 30 25 20 15
f1 (ppm)

93.55

21.61

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

0

r-500

T T
50 150 140 130 120 110 100

S38

90 80 70 60 50 40 30
f1 (ppm)

10



.
.

2¢

5500

5000

4500

4000
3500
3000
2500
2000
1500
1000
500

0

~-500

2500
2000
1500
1000

500
0

wv.ﬂ
ﬁm,HWn
£ST

€5
sSSP\
LSY-T
09

-/

E1TE

Fooz

Fuwr

E-L60

=160
60

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.0

9.5

1.0

o pT—

99—

17e6—

20PTIT-—
SLSTT-—

S66TT—
89VZT—
1992T—
18—

96TET—
THrer—

8LEYT—

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

50

S39



2d

o o o o o o o o o o o o o o o o o o o
8 2 2 F Q 8 8 2 g 5 8 8 8 8 8 Q 8 2 8 2 8 2 8 8
o™ o~ o~ o~ o~ o~ - - - . - @ O w o~ o v w ™ ™ ~ ~ . -~ n o
1 L 1 1 1 L 1 n 1 1 1 n 1 1 1 1 1 1 1 n 1 I 1 n 1 n 1 o n 1 1 1 L 1 1 L " 1 L 1
S}
bt}
o
o
-
wn
-
N
o~
n we
o~ . \m\\Fw
//m/a\ N 2 N
o \_J
Ll \ //
" ="
™
we o
o ‘F., -
ZFo \,/ //Sz\m/\
T ~a e ©
z // we w0
/‘la\ oe <
J N\ =
\_/ ok
S— we —_——
J—
= 1
1
W
<
o
Y wn
= 3w ]
S
SSUA
957 o
LSLA ~
957+
85~ g
092~ _ v 0TI -
wwﬁ —_ === ez [~ e
x4 E— ] o i
mﬁuﬂ —_— — o1 L9 8oz~
€82 ®  oprer—= =
v8L
ool SLSTIN
261 P T 1A SN —
v67 @ 66—
b6 L0821
]
e 0TEET~— —
162~ =4 1SET— J—
1
a
e

10

20

30

50

60

70

80

90

100

110

120

130

140

50

f1 (ppm)

S40



.
.

2e

g 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 o S 8 8 8 8 8 8 g g g g g g8 g8 g =8 8
o o
& 8 8 R R 8 8 8 B # 8 8 8 & 8§ 2 28 8 o w0 2 I 2 o 2 =2 & 8 R 8 B ¢ &8 8 8 o ¥
| /I T I T BT | I 1 I 1 L 1 L | n 1 n 1 I 1 1 1 1 1 1 | I | | - o L 1 1 | — 1 L 1 L 1 1 1 L 1 L 1 1 1 L 1 n 1 I 1 I 1 I 1 L 1
o
v
o
o
-
wn
— -
W
< oe \
®
~ - © k) 3\w\F1
== ¢
~ 2% e
wm
3 \ / os
<
. VAN
a N/
\.|z
. tn &2
o2 \F' «
2z, \g/ //S \m/\Fm
=z R
~7 Z= 0\ we ]
\_ /b 2
| —
7N\
N/ L
\—/ <
Jo -
e g
28
=
b
n
wn
2
0 90°L6— -
wn
o
99¢ 2 £STIT— =
9L P 99711~
9L 95'§TT—
MW.M @ " ST ||IW
. ) PEOTI~_
69L - [ ™ prTZI— = E
69¢ — ——= Ul - 2
oLL —_— —- ———— nl|8ﬂ mN.MNﬁl‘ 3
:ﬁ\ e — _ —— whmmé ° £L5U— -3
— - J ® 2 F
V8L 60 [ o PL6TI~
61 67TET~~
6L EEEET~ =
L6L n Trper-" -
861 e
861
° 3
= .
tn
=
=]

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

S41



2f:

30000

25000

20000

15000

10000

5000

o

N
12
( "
- /
N >
| i P /
[ B/\/ N
r 7
0 .
=S
£
LA
T
8 8 8
23 <
T T T T T T T T T T T T
)0 9.5 9.0 85 8.0 15 70 6.5 6.0 5.5 50 40
1 (ppm)
SIRINEST 92 88 <
wEHoRNUaAN~ NN N — ~
AAQNANNY O35 23 5
PENSS=SE VY

T T T
50 150 140 130 120 110 100 90 80
f1 (ppm)

S42




4.08

5=
1171 E—_
<

1.02:
1.14;
1.07:

3.00=

850U
8000
;7500
;7000
6500
6000
l5500
5000
;4500
4000
3500
l3000
;2500
2000
1500
l1000

500

oo

-500

T T

o
o
[
0
=]
®
[0
o
o
N
[
~N
=)
o
w0
o
o

5.0
f1 (ppm)

113,
1
—98.36

165.46
—-13703
——13548

4.0

3.0

—51.87

25 2.0 1.5 1.0

0.5

0.0

1000

900

800

700

600

500

r-100

T T T T T T T T T T T

30 170 160 150 140 130 120 110 100 90
f1 (ppm)

S43

40 30 20

10



2h

8 8 8 8 8 8 8 8 8 g8 8 8 8 8 8 8 8 8 8 8 @ @ 9 @ 9 @ 9 9 o g8 8
=] <3
& 8 R 2 2 g R & S 5} mmwwwmwwunmwwmwmwmwwoqa
L 1 L 1 L 1 L 1 L 1 L 1 L 1 i 1 L 1 n 1 1 o | 1 1 1 1 1 | - | IR T [T T N T N N S M| | I N | 1 1 1
o
v
o
o
-
wn
- -
< we
N oz | .
ZrL o, /Vb:\m\:..
" 2R N
N /5|4\ oo
3 N=/
we .v\
ox oxuNﬂu
W
Z:s, N //Sz\s/\ wn on
~. 7 Nz~ // we L]
\ [ be
7N\ o
d ., e
V1|2\
gz wn
91N/< <
o=
5
oQ
28 3
o
)
n
wn
<
o
£5'86—
1
g1
06011~ -
2 e~ _
J TUSTI~_
AN =
L 114
~N _
ovTzr-"
e
o 695U -
org 3 :
e B . B _ WMMM.M o 6587~ flmv
€18
Sv8 <
9’8 —_— —_— =T L2 16SET~—
9v'8 £ELET— -
6b'8 [ =001 z
6v8
st'8 2
NM,M 9E9bT— —
o8
in
=
e

T T T T T T T
140 130 120 110 100 90 80 70
f1 (ppm)

T
150

50

S44



i

2

1600

1500
1400
1300
1200
1100
1000
900

800

700

600

500

400

300
200

SELq
9%
LELA
8€7
8¢
WA
THLA
LA
£bL
VL
[
SHL
9L~
9L~
SS¢L

95

95%

LSt

857
657
0L
0L
€L
€L
(8¢
067
167
162
162

v6L-

")

1.5 1.0 0.5 0.0

2.0

90 85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 2.5
f1 (ppm)

9.5

1.0

2300
2200

2100

2000

1900

1800

1700

1600
1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300
200
100
0

100

[-200

S6'L6—

7
va
6EHTT
SzLIT—
bOBIT~"
PSTTT—
28'71
Yyxas
778~
SL8T—7
1zez1/
8SEET~_
8LEET

09'6ET~_
STovI—"

10

20

30

50

60

70

80

90

100

110

120

130

140

50

f1 (ppm)

S45



o o o o o o o o o o
o (=3 o (=1 o (=] o (=] o (=3 o 8 o o o b=
9 . v ¥, F ¢ % & 8, % % .8, ¢ P, . ¢ @ & 9 & ¥ 8 3, 637 ? T
ro
Lw
o
o
=
2]
F -
Lo
o~
L wn oSz
~
=
[ &
L w
™
L2
-
on 47
zz = \ |\N\Fu \n
e N RN <
ARY
— N ~
7\ of  wu—
\__/ Fwne
_/ =
{ ) Fw 0TI
o E w TTT~_
\_7 96¥ T~
oecde VZLTIAT
& | o €610
'on S ESTU~T
(AN
TN
n  TET~:
Fe 6681
b ETbEI~
Sot poper-"
08z | o oszE1—
474 N
27 J
MMM 96'SHT—
SLLHT—
w
€08 o~
€08
108 _ _ _ .
' — - 987
s03-% —_— ) Twile
608" T - o
9c'g .
o34 - — — BT
wnmw ] Lo
668
Lo
o
L w
o
=]

180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S46

)0



2k

o o o o o o o o o o o o o o o o (=] p=J o o o o o o o o o o
Qo Q o Qo 9 9 [<d Q O Q © O Q@ 9 9 9 Qo Q @ 9 9 o O =] o o o o o o o o o o o t=1
RAfSREER YRS RBREEERES T 8 & 5 § % % 8 ¥ &% 8 8 § § 8§ o F
L L L L 1 L L L L L L L L L 1 L 1 (=] L I 1 1 1 I 1 I 1 I 1 I 1 1 1 1 1 n 1 n 1 n 1 1
4 (=} 3
ot
o
o
=
u o8 w
V Z%. ®, // \.,JN\FQ 1
8. -0
- 3 T \ Nug 1
o Vr /._|A\ o
Fs O /Mam\n/\Fm o \\ //
L ) \ 4 .
~ e 2 \_/
[ s Y
J N\ 0 JN
| ¥ S
\—/ \_/
o /T
F==F S} =2
7\ « VA
\_/
S .
Vi
=2
e
«
td
<+
-
of | wu— _ ]
wne
=
E ggrnr
mq_:/
n
? egTn
SR [
m R
09811\ —
2 oven-=
oTeT— -
VST ]
8
osaer/,_
i
€1 2 epver B
vt N !
vt B or8eT
8ET7 o
s 60T ]
[74 wn
6Lt 0
6LL _ .
08¢ — —= 0TS
18¢ . _ } 07| o
w — = (i [
281
661
661 "
661 s
008
008
v08
» o
L08 o
1n
=

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

0

S47



21

e 8§ 8 § &8 8 8 &8 8 8 8 & 8 g g g =8 =3 8 8 8 8 8 o o o 9o 9o 9o o 9o 9 8
o o
S 8 8 &8 8 § 8 /8 ¥ ¥ ¥ ¥ 2 8 8 8 & o « T 8 8§ 3 &8 8 8 8 8 8 8 8 8§ 8 . =
1 1 1 I 1 n 1 L 1 L 1 1 1 1 | 1 1 1 1 1 1 1 1 1 I 1 L 1 1 1 o L 1 1 1 L 1 n 1 n 1 1 1 1 1 1 1 1 1 1 1 L 1 L 1
o
w
S
o
- 21—
n ox \_Z
) - z=. s\u/ /v. \v“/\
e ~QF 9
/ \N //OL ws
o b & o
~ l\\ //
\_/
£vz— e — I n 7
~ {0\
\_7
° b4
Wy z
o \ wa
zs, o /Mb B 1
~=r 2
- u/\ \Nr\ 1 /Fﬁ 4
/7 N\ 2
ﬁ/ \3 «
e in
2\ |/5 N
N\ 7/ T | & S
o= oh 16— -
{ a8
4 =
e
n 8.2—/
PEPTIAE - =
AL
° VLBTT~S |M
2 sstanC |
STl
wﬂﬁw _
.o
) a9 =
- © peea H
62t om‘mﬂ\
6y o |EEL
€t R | %o \.
S T'9ET \
G o J 0z0bT
Sst - U As0z n
st —_— —— W [
wE/ L 90T
8L — = Has0
6L e _ J ka.ﬁ
€61 — = b
S6¢
561
961 "
961 b
661
<
a
1
a

180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S48



2m

3000

2500

2000

1500

1000

500

88E—

_J

— =00

=0T

|

807
2901
S8°T
S0°T

L

9.0 85 80 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.5

1800

1700

1600

1500
1400
1300
1200

800

700

600

500

400

300

200

100
0

r-100

8K'SS—

06L6—

£TTIT
S6°TIT
0EVvIT
PIPIT

bTLIT
AN
£5TTT~_

z8'szr
S —Nwﬁk
nm.wﬁv.
S£8TT
66'TET-"
8EEET

LYEET
98'6ET—

68'65T—

WA N vy

L

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

0

S49



8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

‘L_A

|

U

.
.

2n

=] o
o o
o 2
I & o L1
[o
L2
o
=
[~
wn
e
L <
o~
_H
o~
=
[ e
.
[ ™
L2
<
L ©n
<
P
£
Leg
ne
pra
i
[ v
L2
o
1616—
[ »n
00T [ O
89'901—
107
o sozm
F2 otz
~ €671~
m.é:$
SYSTT
L I £ A1
00T [N oo
. 80T~
%AM o | 08SU—
2  e9sar
660 | O grezr--
LEEET
soser--
Lw©
@
Lo  srem—
=
wn
F o E€75T—
e

1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
-0
-100

20 10

30

23

40

50

60

70

80
f1 (ppm)

90

100

110

120

130

140

150

S50

50



2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900

800

700

600

500

400

300

550

--200

==

.
.

20

o
o o 3
88 o 7
P W
- E-00]
= +6°0
£8°0
= 00T
— 28
1 MNo.c

90 85 80 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.5

1.0

€876—

8011
et
65HTT-—
€TLII~
SSLTT"
ST~
bl
:Rﬁ#
S7'92T
8€'921
75821
8’821

8Y'EET
09°€ET
SLEET

SYTHPT—

500
450

400

350

10

20

30

40

50

70

20 80
f1 (ppm)

100

110

120

130

140

150

S51



2p:

o o o o o o o o o o o
=] =] =] =] =] =] =] =] =] =] o S
n S ) =] I =] n <] ) =] =1 R
g8 ¥ F & @& & & F  F .8 e  Ff

R

wg

ot [T

zr o W _d—E

Am/!\V/N\Am Nes

VN

_J/
Z\I/S
\ 7/
Zo-2

9S¢L

9S¢

LSL _J

8S¢

5:7

8L e = E=86T

v8L

8L —_— = ES0T

661~ —_— I|l|u = (60

508 —_— = I8

508

508

80'8

€8

w8 e — —— v

5 ) o

S8

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

1900
1800

1700

1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

r-100

F-200

£8'L6—

8TIT—
£8711—
28pTT—
n—
6T6TT—
Tz~
il
04521~
60221
98'821-—

E0PET~

S9bET-"
Zrer—

LT —

b90ST—

A -0

Ll

110

120

20 10

30

80 70 60 50
f1 (ppm)

90

100

150 140 130

50

S52



2q:

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800

600

400

200

19¢
19¢
9L
9L
9L

S9L
S8L-F

16¢
6L
6L
6L

w01
60'T
261

85 80 7.5 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00
f1 (ppm)

9.0

9.5

1.0

23000

2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800
600
400
ro
-200

200

=)
3
<

I

19'96~—
1926~

PTE0T—

2—
06211~
orp11-"
o0zLI—

SYTZI~_
Trezr-"
TrhTr—
wsa-"
9T'8ZI-—
N
oveer—

150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

50

S53



3a

LET—

6T
mm,N”/
YO'E
LOE~:
e
Na.mN
£TE
9€

£9€
€9€

L

J

F00€

F00T
10T
96°T

ot

H_Hs.m
61°
Fooz
Frot1

0.5

1.0

L1e—

1.5

2.0

2.5

3.0

£Lh—

35

085—

4.0

819—
SY9—

4.5

90L—

5.0
f1 (ppm)

55

W

Ao

dahulialiihl

30 25 20 15 10

35

85 8 75 70 65 60 55 50 45
f1 (ppm)

90

125 120 115 110 105 100 95

50 145 140 135 130

S54



.
.

3c

16000

15000

14000

13000
12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000
1000

0

-1000

A
w7
57

wT

16
56'C
10€
bO'E

90'€~=

80°€
or'e
e
9T'E

L244d
LTh~L
6Tv-T
(434

YOS~
905"

S0¢A
S0
807
807
012
0T
9T
81
61
22U
€21
STLA
LzL
LzL
62
0EL~

1€LF
€L
YEL
9EL.

681~
6L

I

/

i

J

/

1

Wmﬁm

Foor

Fest

Foor

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

1.0

€& 8 8 8 8 8 8 8 8 s 8
L7 . ® 8 R 8 8 % & %, ¢ 7
091 — B -
J Ny
2/0“1\
/
/N<
N
N N -2
N
e / / o=\
me 7 TN Mﬂ
“ /\
00'85— _
=
orssg— —
o'89— -
) w
£TSIT— -
6502T— -
bLETT— -
PHLTI~ |M
LY8TT—
£TOET—"
80LET—

60

T
100

T
110

T
120

T
130

T
140

50

f1 (ppm)

S55



1900

1800
1700
1600
1500
1200
1100
1000
900
800
700
600
500
400
300
200
100

100

3200

.

3d

10€

bO'E
90°€
80'€
e
1Te
e
STE
STE
9T'e
6S°€
b9E
vw.mv.

L9 m\h
69°€

[A5TNE
355

L
€124
1L
ST
9T
Lzt
Lzt
8TL
8L
8L
6L
62L4
62L

TEL—2
252
set
SEL
seL)
€t
8¢
ovL
ovz
ov¢
[
€1
8y
15¢-

o

- 801

Hnu 96'T

— = Feoz

=== oot

——— 0z
6T

— WE

10T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.5

95—

89US—
8€'19—
wI—

WiL—

[{341%
S6LIT
ZU6TT

mN.NNﬁ./
wo.vﬁ./.
Nw.wﬂ/
onNNﬂ./
9v'8Z1
15821

09'821

T6TT

cmme\
099€T—
P86ET—

3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800
600
400
200
0
-200

20 10

30

50

60

70

f1 (ppm)

110 100 90 80

120

130

140

S56

50



.
.

3e

2100

2000
1900

1800

1200

1100

1000

900

800

700

600

500
300

6T
96'C
86T
00
YO'E
L0€E
(453
(353
1453
9TE
LTE
LTE
09°€

b9'€
b9
59°€
69°€

S~
€15~

[aya
€124
€12
b1
STL
ST
1T
877
6721
671
672
oeL
0£7

TEL
€2
7€ ﬂ
€67

£€74
veL
mmﬁ
LEL

6v-
6+
6t
0571
057
752
€52

T

|

1

J

]

oot

Fs61
8T
00'T

E98'T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.5

4500

4000

3500

3000

2500
-2000
1500
1000
500
o

0Lw—

mm.nm.\.
9T 19—
KAchN

08'1L—

05ETT—
62911

I
br8TT—
6r611
€rez—

§H97T—
180217
05821
59821
e
seer
oc9er””
PIEET—

10

20

30

50

60

70

80

90

100

110

120

130

140

50

f1 (ppm)

S57



3f

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
-0
500

2 o o o (= o o o o o
I Q Q % =3 =] o (=] (=] =3 =3 =] =] =] (=3 (=3 (=] t=} =3
~ Al wn ™ ~N - o (=] =1 o =] o m (=] (=3 o ~— =3
- -~ -~ -~ . . - - (=} @D ~ il wn (2] o~ - o ] il
L I 1 I 1 I 1 1 1 1 1 1 1 1 1 I 1 n 1 I 1 n 1 1 1 I 1 I 1 I 1 I 1 I 1 n 1 n o 1 1
— Mo
| ©
o
Le
-
wn
=
Y6 F2
96T ~
867
00
10€ L w
POE o
e
453 .
STE — —— %,N L2
9r'e — T wor | © 9rth—
61'E — o
0ze
65€ |
£9°E-~1 ~ - WNS ”
: — ————— )
voe7 ~ = 860
69 s
L2 0915
< 1219~
RN
L
«+
Om 61—
Fae
s - Lo
e — ﬁ o0t m\
L«
wn
(=]
478 L2
€TL4
bTLA
ST i
ST L
0T+
et ]
|
8T~ F2
67L E—— _———=————a I
g S — e )
67L% — ——— 201
6L —_ —_—— 66'C "
0L w SOT N 6HETT—
oec —_ B €80
TeLA ) SN
4% 908TT—=
267 L2 et
ber *® LU~
gez] LSPTT~_
pord WSt~
e L@ 9T
wie] & [Vasass
o] [13Tas
bhezt
Lo 09821
o SL'62T
ccoer/
" S0THT—
[ o
=]

10

20

30

100 90 80 70 60 50
f1 (ppm)

110

120

130

140

S58



3g:

14000
13000
12000
11000
10000
9000
8000
7000
6000
5000

4000

--1000

3000
2000
1000

I

JL_N

By
F-00T

H\.Sa

il

Wit

667

96~

S

9T

A

Foot

— — 0T
86'0

- €1

90°'T

Fe60
) 660

J |

L}{L

|l

35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.0 8.5 8.0 75 7.0

9.5

1.0

2800

2600
2400
2200
2000
1800
1000
800
600
400
200
0
[--200

8L8p—
we—

wis—

81's9—

wu—

95H9T—

20 10

30

80 70 60 50

f1 (ppm)

90

150 140 130 120 110

160

S59



3h

10000

9000
8000
7000
3000
2000
1000

-4000

-0

6T

99€—

175~
€75

(Uya
1L

1L
8TL
6TL
0L
0€L

097~
€91~

L8
AN.w/.
1€8
~m.mv
eS8

SE8

I

|

J

Eeor
B0
0t

F660

90
98T

ES60

0T
00'T

35 3.0 25 2.0 1.5 1.0 0.5 0.0

4.0

85 80 75 70 65 60 55 50 45
f1 (ppm)

9.0

9.5

1600

1500
1400
1300
1200
1000
900
800
700
600
500
400
r-100

300

€L60—

w.Ss—

(SU—

e
9L~
(0TI~

0T
SELIT~-
L¥8TT
0821
scoer/

98'GET—

(45745
88'SHT-"

20 10

m

30

50

60

70

80

90

100

110

120

130

140

1 (ppm)

S60



€0°€
SO°E
90°€
80°€
(453
ETE—

1453
ST'E
8T°€
1Ze

99°€—

v0'T
8LC

61

Te6s0

9€'E
me.m
SO0'T

50°C
99°€
260

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.5

1400

1300

1200

900

300
200
100
0

-100

99—

€LUS—
199 —

81—

LOETT
125114
66211
LT6T1 /
anhﬁ
M:ﬁén
99921
qurf
60121
60'821|
bS8l
19821
PI6TIF
R,@\
Y6621
SSIET~_
90'6€T
oAt
820p1~"

o
Lk

0

TN

"

Al

Ll

I S A Y T

ey

10

20

30

40

50

60

70

80

90

100

110

120

130

140

50

f1 (ppm)

Sé61



110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

=3 =) =3 =3 =3 =3 =) =3 =3 =) o S S o o o - . . - =)
=1 =3 =1 =1 =1 S =1 =1 =1 S =) 8 S S 8 = =3 S =3 =1 S
a 2 ¢ < 0 8 Q 5 3 = 2 ) w T = @ N o b a I = ° n
n 1 L 1 I 1 n 1 n 1 n 1 n 1 I 1 I 1 n 1 I 1 n 1 n 1 L L L L L L L L L
& a
4 /A/
\ N )
\,u,” . =
\.
<o o
/5 Lo
5 | axoon - 05 ug
\ = °owg . __ /
e N DI-—uy
27 \N..sm|:/|Fu " 1~
\ /»ﬂ Fm ws - Os N
. /1_#‘\ i
\|ﬂ,u,\ Fa
. \
T0€ s 7 .
€0 Oe g TF L Ohezg
S0€ \ a \ W
o€ b3
e © 15—
(353 - w L2
8T'E — = sz [ ™
61 —_ == e
o0ze
443 | 0915
(X4 ™ ST19— —
196 — — -~ - oLt PN 3
- w
L2
b
06'1L—
[ .
«+
~
g
FRE
TS _ .
M~.mv T == Foot bl
wn
[ v
L e
o
wn
3% L
1L
STL WsTT— -
e
L Fe 0981T— =
871 — h& 68T SYELI~
67L e — 7 9EHTI~- —
€L " priacNy F3
652\ _ S 6L =
657 — 97 ?.mﬁ\
092 68'T 19821
092 ° TT0€T
292 < svoets,
97 SE9ET
59¢- . 0SZET
191 e sropt
892 @ 1§6bT—
oce orLHT—
0t
st °
2wt 2
€4 @
1£8
veg-
1
a
e

130

140

150

160

0

S62



3k

8T°'S—

€12

mNHNJ W

09°2~]

99°L-
1924

et

060
897

691

60

Fes1
Fsoe
vz

26'T
Bt

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.5

900

800

700

600

500

400

300

200

100

ESLh—

65'L5—

LEVI—

68'TL—

lWWhmmwawm Lo

ki wmujw

I

U

M

10

20

30

50

60

70

80

90

100

110

120

130

140

f1 (ppm)

S63



31

9T'sS—

To9z

00'T
€52

Fect

Fo80

98T
Fe6E
98’1
LT
980

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

700

650

600

550

500

450

400

350

300

250

200

150
100
50

50

9rIT—

65'Lb—

95—
Sh'¥9—

ELTL—

TSI —
ST61T—

98—

28921
NENTV
Lv8TI—2

09’821
o621
8621
6E9€T
8ol
v&ﬂ\
0C8ET .\.

9T'0bT

el -o

|

|

1l

A NA A TRY JMJ

W

20 10

30

140 130 120 110 100 90 80 70 60 50
f1 (ppm)

50

S64



1600

1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

100

ro

100

3m

€0°€
S0°€
90'€
80°€:
e
Nﬁmv.
STE
9T’

§hE—

98—

9TS—

69
00¢Z
STL
9TL
LrL
L
LTLA):
6TL
YL
LvL
6¥L
0S¢Z
0SZ
[474
SSL
SS¢L
85
8SL

A

|

A

P11
'

E6b'T
E87T

o001

9T
69'T
Wﬁmﬁ.N
02T
86'0

35 3.0 25 2.0 1.5 1.0 0.5 0.0

4.0

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.5

1.0

1200

Wir—

78 Vi

Lo€TT
Ev:/
SRR
00811
:Am:M
€T
e
097zt
b99TT~_
€LLTT~
1821
15821
29821
0z621
06621

on.:ﬂ\x
Nm.wmﬁ\
br8ET
68'6ET
a

1100
1000
600
500
400
300
200
100
--100

20 10

30

Abalatia

50

60

70

ey b
f1 (ppm)

100 90 80

110

120

130

140

S65

50



.
.

3n

o o o o o o o o
o (=] o o o o o o o 8 =1 =1 =1 8
un wn o wn o wn Q 51 S = =3 =3 ]
Y . ¥ % 7 & . 8§ , F . F %, 0 o .7, F T F F ¢ 88 K8 8 B F 3 § F 9, 7
-9 . . . . . . . .
|
° 7\
Lk
on 7 Le S=i E
s - i
N /N,/v..\y/\ N Mv
>{ T Dus Ve
NN\V .rl\ on wn 5 _\HuOJ E
7N\ M- D
4 = N - ™
(_/ 27" | \N is_nl.._/|F>
‘“q\ o e /// __v wa —
=\ Fa \ 3
00€ N ad
20¢ : { /..
POE ) N
90¢ Fe N0
e
e
STE 2 !
ore —_ —= €T o vse—
e — == 20¢
o0ze
09°€ \n
poEL ~ _ M e
” . X
S9€-7 = Froz 915/
oce 3
07 19— ——
Lo b9~ B
[
Fa Wwi—
3
ok
YIS~ [ WS
915" — = E0t| o
" 3
I 3
619 2
649 [
059
059
999 — Y vt :
99 - 960 3 )
199 — 660 56'501—
199
(a4 < i
i — . = .
e I —— = ki {rST1— -
e ~— J H/.:..v e 3
e S —_— Eogpf @ 006TT—% — —
Lz ﬁ E— Jlﬂ.wu 66'% = seent 4
] - A i 9Tz~ T
8L 87921~ .
st FQ o dseusz
o] 69221 E
sve ] Lv871 %
o] w6587 :
0571 Lw g6z
§9¢ @ pE6Tr .\
o 8b9ET -
s £5°8€T
9] e wwm—
997 3
1914 :
69¢] n
oL o 6TTsI—
o s

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

50

S66



6000

5500
5000
4500
4000
2500
2000
1500
1000
500

-500

3400

3200

30

S0°€
L0
e
ETE
STE
9T'e
(e
LTE
1z€
S9°€
ww.mv.

H0'T
€6'T

Fest

Foot

00T

82T
ST
€60
960

T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.0

9.5

1.0

8YLb—

mem.\.
PTT9—
TEV9

£LTL—
€000 bL'9L~
€DAIITLL~L

9ELLT
€A 65LL4

6£8€T
erzv1

3000
2800
2600
2400
2200
2000
1600
1400
1200
1000
800

600

400

[-200

200
10

20

30

50

60

70

f1 (ppm)

110 100 90 80

120

130

140

S67

50



3p:

|-7000

6500
6000
5500
5000
4500
3500
3000
2500
2000
1500

1600

10€
£0°E
S0°€

1Te
1433
LTE
8T'E
0Te

1343
(443
£TE

99t —

815~
0zs~"

[AVA
bIL
STL
STL
STL
LTl
8TL
67L
6TL

YL
Lyl
Lyl
8¥L

85
19¢
19¢
L9L
69
69
69'8
08 W
1”8

o o
<] o S
S 2 o 0o
L 1 1 1 1 1 1 1
=== 0T
— €0
- Fest
uﬂ o0t
N
R R+
_ 61
] mweoq
— 0T

Feet

|

6.0 5.5 50 45 40 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

6.5

8.0 75 7.0

8.5

9.0

9.5

1.0

ib—

0515/
STT9~—
6719

181L—

9EU—

8E0ET
PEIET—=

egoer/
50—
97—

9¥'0ST—

1500
1400
1300
1200
900
800
700
600
500
400
300
200
100
o
-100

10

20

30

40

50

60

70

90 80
f1 (ppm)

100

110

120

130

140

150

S68



3q:

g g8 g g g g 8 8 8 g 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 o 8
o
8 &8 R 8 B8 £ & K 2 o 8 8 R R 8 8 8 B ¥ 8 8 8 &8 8 2 8 8 o ¢»
n 1 L ) L 1 n 1 n 1 L [l L 1 1 ] L 1 L 1 I o 1 L 1 1 1 L 1 I 1 I 1 L 1 1 1 n 1 1 1 1 1 1 1 1 1 1 1
u re TT0—
sTo— = 06
L w©
o
7N
8 o
/g“u\ M-
/
ki
/NHID -0 wE I5
LR s -
NN EaaN
o z~ wa
RAN A
ty o= L2
<\ "
v6T \‘“2 L w
967 4 N
867 Y.
00 £ 7 )
2L b, = s
L0E— [Ny A -=
Zre & ¥ - 01z 62—
brE by
(e |
' ™
MWAMV. — — FIut
Lo s9157
- 0719~
e
L@
«
O\W/ SCU—
0TS~ L wE
15" ~ =< E00T p
]
[
L2
o
44
ﬁL
ETL7 L w 19—
VI ©
ST
L ot
wNTf | o S0'E0T
8TLA| — . ~
672 — mu fats
6TL I Yoo
6L/ ~ _2 860
F —_— = Egs7 |
0€L 1 N 9GETT~—
0€L] 9911
1624 L8LTT~_
L] | o £9811—
v o PLOTTI~
8vL 81721
omi
0S¢ " 05'92T~_
Mo SLLTT—
12821
61821
v98ZL
= 55621
SSPET
TH9ET
" 996€T~"
[ o
e

20 10

30

50

100 90 80 70 60
f1 (ppm)

110

120

130

140

S69



5000
4500
4000
3500
3000
2500

1000

2000
1500

T

.
.

3r

N

A

.l

g

f

901

ﬁ&od

E86'T

=101
60T
60°C

10T
Ww« €

2200
2100

85 80 7.5 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0

9.5

1.0

wer—

S0'85—
09'09—

98—

06—

1001 —

¥T0z
I
00°b21
87T~
9 LTI~_
8¥'821
EEW
L9051

TrLer—

-2000
1900
-1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
o
r-100
--200

20 10

30

50

60

70

f1 (ppm)

80

90

100

110

120

130

140

S70



f-24000
23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
o
-1000
--2000
40000

35000
30000
25000
20000
15000
10000
5000

--5000

1.0

.
.

Se

[+ voon
HhRAT

NN NN

T

1.5

R
N
[
|

01T
00'T
AN
96'0

gee
255
-
[
]
IH
1
Ll
.
25

.
," ’(
I iK
8

[
|
1

3.0

00T [

5
/I/
v
.
Il
i
sy

4.0

oy « T-00'T 09
/[ \ LTV~
< ® 8099
€1'99

2

<
}‘(
|
/
N
17

1

6

4.5

S9b— S— ST\ - Fue0

o
3
5.0

f1 (ppm)

~

-
T

5.5

6.0

6.5

E€6°0 [

7.0

vo's S0601—

20 10

30

100 90 80 70 60 50
f1 (ppm)

110

I | o sczen
et @ oqﬁ_/
8T S6'921
8L £9221
: n 182421
6¢L1] I o PT6TI~C
0€L] 99621
MML S8671 \.
] ) STTET
LEL Mo 255ET—

pood STObPT—
. wn
€5 F o 89THT—

98¢~

1.0

120

130

140

S71

50



4. Procedure for the infrared in-line analysis of the (3+2) cycloaddition reaction
between 2d and 1.
The procedure was performed according to the general procedure A, additionaly using

ISAMATEC Reglo ICC digital peristaltic pump and an in situ, monitoring Fourier Transform
Infrared Spectroscopy (FTIR) instrument ReactIR Mettler Toledo with 4000-650 cm™ optical
range, operating temperature at 20°C, and Diamond cell. The reaction mixture was analyzed

using the peristaltic pump set at 10 mL/min to bring the reaction mixture to the FTIR and put

it back to the reactor.

ReactIR

ALY

10 mL/min

Bn
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5. Data analysis obtained for the infrared in line analysis of the (3+2) cycloaddition
reaction between 2d and 1:

Relative height of characteristic bands over time

3,00E-01
2,50E-01
2,00E-01
—— 1686 cm-1
= ——1429 cm-1
20
2 ——1250cm-1
3 1,50E-01
=1 1146 cm-1
=5
& —— 1406 cm-1
—— 1067 cm-1
—977 cm-1
1,00E-01
V_.\ ——1200 cm-1
5,00E-02
0,00E+00 ——J
00:00:00 00:28:48 00:57:36 01:26:24 01:55:12 02:24:00

Time
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