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1. General information

Reagents were used as received without further purification unless otherwise
indicated. Solvents were dried and distilled prior to use. Petroleum ether used
had a boiling point range of 60—90°C. Diselenides were prepared from the
corresponding iodides with elemental selenium according to Braga’s report.
Chromatographic purification of products was performed as flash column
chromatography on silica gel (200—300 meshes). Thin-layer chromatography
(TLC) was carried out on silica plates (TLC Silica GF,s4). Visualization of the
compounds was accomplished by projecting UV-light onto the developed plates.
Nuclear magnetic resonance spectra were recorded at ambient temperature
(unless otherwise stated) at 400 MHz (100 MHz for *C) in CDCl; or DMSO-ds.
Chemical shifts were reported in ppm (3) using TMS as internal standard, and
spin—spin coupling constants (J) were given in Hz. Multiplicities of NMR
signals are abbreviated as follows: br = broad, s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet. High resolution mass spectrometry (HRMS)
analyses were carried out on a Thermo Fisher Q Exactive Mass Spectrometer.
Melting points were determined on glass slides using a digital display

microscopic melting point apparatus and were presented uncorrected.

2. Photograph of the color of reaction mixture
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Fig. Sla at the beginning of the reaction  Fig. S1b at the end of the reaction Fig. Slc after adding an aqueous Na,S,;03

3. General procedure for selenation of electron rich arenes

The reaction was carried out in an open air system at ambient temperature. To a

10 mL vessel with magnetic stir bar were added 0.5 mmol indole/arene, 0.5
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mmol diselenide, 0.5 mmol 1,05 and 2 mL of CH3CN. The reaction mixture
was stirred for an indicated time. Then, the reaction was quenched with a saturated
aqueous Na,S,03 solution and extracted with EtOAc. The combined organic layers
were dried (Na,SO,4) and concentrated to give a crude residue, which was purified by

flash column chromatography.

4. Characterization data

3-(Phenylselanyl)-1H-indole (3aa). Compound 3aa was prepared according to the
general procedure and isolated as a yellow solid (122 mg, 90% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 20/1). mp=135-136 €. 'H NMR
(400 MHz, CDCl3): 6 8.36 (brs, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.40 (d, J = 2.5 Hz,
1H), 7.36 (d, J = 8.1 Hz, 1H), 7.23 — 7.13 (m, 3H), 7.13 — 6.97 (m, 4H). BC{*H}
NMR (100 MHz, CDCl3): 6 135.3, 132.8, 130.2, 128.9, 127.9, 127.6, 124.5, 121.9,
119.8, 119.3, 110.3, 97.1. The data are in accordance with the literature.?
4-Methyl-3-(phenylselanyl)-1H-indole (3ab). Compound 3ab was prepared
according to the general procedure and isolated as a brown solid (122 mg, 85% yield)
after flash chromatography (petroleum ether/ethyl acetate = 25/1). mp=110-112 €. 'H
NMR (400 MHz, CDCls): § 8.15 (brs, 1H), 7.30 (d, J = 2.6 Hz, 1H), 7.25 — 7.14 (m,
3H), 7.14 — 7.01 (m, 4H), 6.87 (d, J = 7.1 Hz, 1H), 2.68 (s, 3H). *C{*H} NMR (100
MHz, CDCls): 6 136.9, 136.2, 132.6, 132.3, 129.2, 128.2, 127.3, 125.5, 123.1, 122.5,
109.5, 96.8, 19.0. The data are in accordance with the literature.’
5-Methyl-3-(phenylselanyl)-1H-indole (3ac). Compound 3ac was prepared
according to the general procedure and isolated as a brown solid (122 mg, 85% yield)
after flash chromatography (petroleum ether/ethyl acetate = 20/1). mp=93-95 €. 'H
NMR (400 MHz, CDCls): § 7.62 (d, J = 8.1 Hz, 1H), 7.37 (d, J = 8.3 Hz, 1H), 7.34 —
7.25 (m, 2H), 7.25 — 7.20 (m, 2H), 7.20 — 7.05 (m, 4H), 3.83 (s, 3H). *C{*H} NMR
(100 MHz, CDCl3): 6 137.5, 135.7, 134.2, 130.7, 128.9, 128.6, 125.5, 122.5, 120.5,
120.4, 109.6, 96.0, 33.1. The data are in accordance with the literature.?
6-Methyl-3-(phenylselanyl)-1H-indole (3ad). Compound 3ad was prepared

according to the general procedure and isolated as a brown solid (113 mg, 79% yield)
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after flash chromatography (petroleum ether/ethyl acetate = 20/1). mp=136-138 €.'H
NMR (400 MHz, CDCls): & 8.21 (brs, 1H), 7.49 (d, J = 8.1 Hz, 1H), 7.35 (d, J = 2.5
Hz, 1H), 7.26 — 7.17 (m, 3H), 7.17 — 7.04 (m, 3H), 6.99 (d, J = 8.2 Hz, 1H), 2.46 (s,
3H). B*C{"H} NMR (100 MHz, CDCls): § 136.9, 134.0, 132.9, 130.7, 129.0, 128.6,
127.8, 125.6, 122.7, 120.0, 111.4, 97.9, 21.7. The data are in accordance with the
literature.?

7-Methyl-3-(phenylselanyl)-1H-indole (3ae). Compound 3ae was prepared
according to the general procedure and isolated as a yellow solid (112 mg, 78% vyield)
after flash chromatography (petroleum ether/ethyl acetate = 25/1). mp=56-57 €. 'H
NMR (400 MHz, CDCls): & 8.26 (brs, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.41 (d, J = 2.6
Hz, 1H), 7.29 — 7.19 (m, 2H), 7.15 — 6.96 (m, 5H), 2.49 (s, 3H). *C{*H} NMR (100
MHz, CDCls): & 136.0, 133.9, 131.0, 129.6, 129.0, 128.7, 125.6, 123.5, 121.1, 120.6,
118.1, 98.6, 16.5. The data are in accordance with the literature.”

Methyl 3-(phenylselanyl)-1H-indole-4-carboxylate (3af). Compound 3af was
prepared according to the general procedure and isolated as an oil (112 mg, 68% vyield)
after flash chromatography (petroleum ether/ethyl acetate = 2/1). *H NMR (400 MHz,
CDCly): & 8.85 (brs, 1H), 7.60 — 7.45 (m, 2H), 7.33 — 7.25 (m, 2H), 7.27 — 7.20 (m,
2H), 7.18 — 7.09 (m, 3H), 3.72 (s, 3H). *C{*H} NMR (100 MHz, CDCls): § 169.4,
137.5,134.1, 132.7, 130.1, 129.0, 126.1, 126.0, 125.1, 122.3, 121.9, 115.0, 98.3, 51.9.
The data are in accordance with the literature.’

Methyl 3-(phenylselanyl)-1H-indole-5-carboxylate (3ag). Compound 3ag was
prepared according to the general procedure and isolated as white solid (124 mg, 75%
yield) after flash chromatography (petroleum ether/ethyl acetate = 2/1). mp=155-157
<. 'H NMR (400 MHz, CDCls): & 8.73 (s, 1H), 8.41 (d, J = 1.7 Hz, 1H), 7.97 (dd, J
= 8.6, 1.7 Hz, 1H), 7.55 (d, J = 2.5 Hz, 1H), 7.54 — 7.41 (m, 1H), 7.29 — 7.17 (m, 2H),
7.19 — 7.02 (m, 3H), 3.90 (s, 3H). *C{*H} NMR (100 MHz, CDCls): & 167.9, 139.0,
133.5, 132.7, 129.8, 129.1, 128.8, 125.8, 124.4, 123.2, 123.1, 111.3, 99.9, 52.0. The
data are in accordance with the literature.?

Methyl 3-(phenylselanyl)-1H-indole-6-carboxylate (3ah). Compound 3ah was
prepared according to the general procedure and isolated as a white solid (134 mg, 81%
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yield) after flash chromatography (petroleum ether/ethyl acetate = 2/1). mp=164-166
<. 'H NMR (400 MHz, CDCly): & 8.82 (brs, 1H), 8.22 (d, J = 1.4 Hz, 1H), 7.85 (dd,
J=8.4, 1.4 Hz, 1H), 7.73 — 7.52 (m, 2H), 7.39 — 7.18 (m, 2H), 7.17 — 6.96 (m, 3H),
3.94 (s, 3H). ®C{*H} NMR (100 MHz, CDCls): § 168.0, 135.8, 134.3, 133.7, 133.3,
129.1, 128.8, 125.9, 124.8, 121.9, 120.1, 113.8, 98.8, 52.1. The data are in accordance
with the literature.®

5-Fluoro-3-(phenylselanyl)-1H-indole (3ai). Compound 3ai was prepared according
to the general procedure and isolated as an pink solid (96 mg, 66% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 15/1). mp=116-118 €. 'H NMR
(400 MHz, CDCls): 6 8.41 (brs, 1H), 7.50 (d, J = 2.5 Hz, 1H), 7.34 (dd, J = 8.8, 4.2
Hz, 1H), 7.27 (dd, J = 9.3, 2.5 Hz, 1H), 7.25 — 7.18 (m, 2H), 7.18 — 7.07 (m, 3H),
6.99 (td, J = 9.0, 2.6 Hz, 1H). ®*C{*H} NMR (100 MHz, CDCls): & 158.7 (d, J =
236.5 Hz), 133.4, 132.9, 132.8, 130.9 (d, J = 10.2 Hz), 129.1, 128.8, 125.8, 112.2 (d, J
= 9.6 Hz), 111.5 (d, J = 26.7 Hz), 105.4 (d, J = 24.2 Hz), 98.3 (d, J = 4.8 Hz). °F
NMR (376 MHz, CDCls): & -122.7. The data are in accordance with the literature.’
5-Chloro-3-(phenylselanyl)-1H-indole (3aj). Compound 3aj was prepared according
to the general procedure and isolated as a white solid (115 mg, 75% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 15/1). mp=192-193 €. '*H NMR
(400 MHz, CDCls): 6 8.40 (brs, 1H), 7.60 (d, J = 2.1 Hz, 1H), 7.45 (d, J = 2.3 Hz,
1H), 7.31 (d, J = 8.6 Hz, 1H), 7.25 — 7.16 (m, 3H), 7.17 — 7.05 (m, 3H). C{*H}
NMR (100 MHz, CDCl3): 6 134.8, 133.4, 132.6, 131.3, 129.1, 128.7, 126.8, 125.9,
123.4,119.9, 112.5, 98.0. The data are in accordance with the literature.®
5-Bromo-3-(phenylselanyl)-1H-indole (3ak). Compound 3ak was prepared
according to the general procedure and isolated as a white solid (128 mg, 73% yield)
after flash chromatography (petroleum ether/ethyl acetate = 15/1). mp=97-99 €. 'H
NMR (400 MHz, CDCly): § 8.45 (brs, 1H), 7.77 (d, J = 1.7 Hz, 1H), 7.46 (d, J = 2.5
Hz, 1H), 7.39 — 7.27 (m, 2H), 7.25 — 7.17 (m, 2H), 7.17 — 7.09 (m, 3H). *C{*H}
NMR (100 MHz, CDCls): 6 135.1, 133.4, 132.4, 131.9, 129.1, 128.7, 126.0, 125.9,
123.0, 114.4, 112.9, 97.9. The data are in accordance with the literature.®
5-lodo-3-(phenylselanyl)-1H-indole (3al). Compound 3al was prepared according to
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the general procedure and isolated as an white solid (139 mg, 70% yield) after flash
chromatography (petroleum ether/ethyl acetate = 15/1). mp=128-130 €. *H NMR
(400 MHz, CDCls): & 8.43 (brs, 1H), 7.98 (d, J = 1.5 Hz, 1H), 7.50 (dd, J = 8.5, 1.5Hz,
1H), 7.41 (d, J = 2.5 Hz, 1H), 7.24 — 7.10 (m, 6H). *C{*H} NMR (100 MHz, CDCl5):
0 135.5,133.4, 132.6, 132.1, 131.4, 129.2, 129.1, 128.7, 125.9, 113.4, 97.5, 84.7. The
data are in accordance with the literature.’

5-Methoxy-3-(phenylselanyl)-1H-indole (3am). Compound 3am was prepared
according to the general procedure and isolated as an oil (137 mg, 91% yield) after
flash chromatography (petroleum ether/ethyl acetate = 10/1). *H NMR (400 MHz,
CDCls): 5 8.37 (brs, 1H), 7.39 (d, J = 2.6 Hz, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.22 (dt, J
= 6.0, 1.5 Hz, 2H), 7.17 — 7.02 (m, 4H), 6.90 (dd, J = 8.8, 2.5 Hz, 1H), 3.78 (s, 3H).
BC{"H} NMR (100 MHz, CDCls): & 155.1, 134.0, 132.0, 131.3, 130.8, 129.0, 128.5,
125.6, 113.5, 112.3, 101.6, 97.6, 55.8. The data are in accordance with the literature.’
3-(Phenylselanyl)-1H-indole-5-carbonitrile (3an). Compound 3an was prepared
according to the general procedure and isolated as an white solid (74 mg, 50% yield)
after flash chromatography (petroleum ether/ethyl acetate = 10/1). mp=151-152 <.
'H NMR (400 MHz, CDCls): & 8.86 (brs, 1H), 7.98 (d, J = 1.2 Hz, 1H), 7.62 (d, J =
2.5 Hz, 1H), 7.55 — 7.43 (m, 2H), 7.29 — 7.20 (m, 2H), 7.19 — 7.07 (m, 3H). *C{*H}
NMR (100 MHz, CDCls): 6 138.2, 133.2, 132.5, 130.0, 129.19, 129.16, 126.2, 126.1,
125.9, 120.3, 112.5, 104.1, 99.8. The data are in accordance with the literature.’
3-(Phenylselanyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (3a0).
Compound 3ao0 was prepared according to the general procedure and isolated as a
pink solid (139 mg, 70% yield) after flash chromatography (petroleum ether/ethyl
acetate = 6/1). mp=166-168 €. *H NMR (400 MHz, CDCls): & 8.57 (brs, 1H), 8.21 (d,
J=1.1Hz, 1H), 7.71 (dd, J = 8.2, 1.1 Hz, 1H), 7.41 (d, J = 2.5 Hz, 1H), 7.38 (d, J =
8.2 Hz, 1H), 7.22 — 7.14 (m, 2H), 7.13 — 7.02 (m, 3H), 1.33 (s, 12H). *C{*H} NMR
(100 MHz, CDCl3): 6 138.5, 134.3, 131.8, 129.8, 129.1, 129.0, 128.4, 127.9, 125.5,
110.9, 98.6, 83.6, 24.9. HRMS (ESI): m/z [M + H]" calcd for CyH23BNO,Se,
400.0982; found, 400.0986.

3-(Phenylselanyl)-6-(trifluoromethyl)-1H-indole  (3ap). Compound 3ap was
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prepared according to the general procedure and isolated as a brown solid (116 mg, 68%
yield) after flash chromatography (petroleum ether/ethyl acetate = 4/1). mp=110-111
€. 'H NMR (400 MHz, CDCls): & 8.61 (brs, 1H), 7.84 — 7.64 (m, 2H), 7.59 (d, J =
2.6 Hz, 1H), 7.39 (dd, J = 8.5, 1.4 Hz, 1H), 7.27 — 7.18 (m, 2H), 7.18 — 7.03 (m, 3H).
BC{'"H} NMR (100 MHz, CDCly): § 135.3, 133.6, 133.1, 132.4, 129.1, 128.9, 126.4,
126.0, 125.2 (g, Je.r = 31.9 Hz), 123.7, 120.9, 117.6 (d, Jc.r = 3.5 Hz), 109.1 (q, Jor =
4.5 Hz), 98.9. *F NMR (376 MHz, CDCl; ): & -60.6. HRMS (ESI): m/z [M + H]"
calcd for C15H11F3sNSe, 342.0003; found, 342.0014.
3-(Phenylselanyl)-1H-indole-7-carbaldehyde (3aq). Compound 3aq was prepared
according to the general procedure and isolated as a white solid (84 mg, 56% vyield)
after flash chromatography (petroleum ether/ethyl acetate = 8/1). mp=110-112 €. 'H
NMR (400 MHz, CDCls): & 10.39 (brs, 1H), 10.13 (s, 1H), 7.91 (d, J = 7.8 Hz, 1H),
7.70 (dd, J = 7.3, 1.0 Hz, 1H), 7.60 (d, J = 2.4 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H), 7.25
— 7.18 (m, 2H), 7.16 — 7.03 (m, 3H). ®C{*H} NMR (100 MHz, CDCls): & 193.4,
134.4, 133.3, 132.9, 131.2, 129.6, 129.1, 128.9, 127.8, 125.9, 120.9, 120.5, 98.8.
HRMS (ESI): m/z [M + H]" calcd for C15H1,NOSe, 302.0079; found, 302.0086.
1-Methyl-3-(phenylselanyl)-1H-indole (3ar). Compound 3ar was prepared
according to the general procedure and isolated as an brown solid (123 mg, 86% yield)
after flash chromatography (petroleum ether/ethyl acetate = 30/1). mp=85-87 €. 'H
NMR (400 MHz, CDCls): § 7.62 (d, J = 8.5 Hz, 1H), 7.37 (d, J = 8.3 Hz, 1H), 7.35 —
7.26 (m, 2H), 7.25 — 7.20 (m, 2H), 7.20 — 7.04 (m, 4H), 3.83 (s, 3H). “C{*H} NMR
(100 MHz, CDCls): 6 137.5, 135.7, 134.2, 130.7, 128.9, 128.6, 125.5, 122.5, 120.5,
120.4, 109.6, 96.0, 33.1. The data are in accordance with the literature.
1-Benzyl-3-(phenylselanyl)-1H-indole (3as). Compound 3as was prepared according
to the general procedure and isolated as a white solid (147 mg, 81% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 80/1). mp=75-77 €. *H NMR (400
MHz, CDCls): 6 7.64 (d, J = 7.8 Hz, 1H), 7.40 (s, 1H), 7.36 — 7.27 (m, 4H), 7.27 —
7.19 (m, 3H), 7.20 — 7.04 (m, 6H), 5.36 (s, 2H). *C{*H} NMR (100 MHz, CDCls): §
137.1, 136.7, 135.0, 134.1, 130.9, 129.0, 128.9, 128.5, 127.9, 127.0, 125.5, 122.7,
120.7, 120.6, 110.1, 96.8, 50.4. The data are in accordance with the literature.?

S7



2-Methyl-3-(phenylselanyl)-1H-indole (3at). Compound 3at was prepared
according to the general procedure and isolated as a pink solid (122 mg, 85% vyield)
after flash chromatography (petroleum ether/ethyl acetate = 15/1). mp=90-91 €. 'H
NMR (400 MHz, CDCls): & 8.26 (brs, 1H), 7.55 (d, J = 7.7 Hz, 1H), 7.33 (d, J = 7.7
Hz, 1H), 7.23 — 6.97 (m, 7H), 2.55 (s, 3H). *C{*H} NMR (100 MHz, CDCl5): &
140.8, 135.8, 133.9, 131.2, 128.9, 128.3, 125.4, 122.1, 120.6, 119.8, 110.5, 96.3, 13.2.
The data are in accordance with the literature.’
2-Phenyl-3-(phenylselanyl)-1H-indole (3au). Compound 3au was prepared
according to the general procedure and isolated as an oil (134 mg, 77% vyield) after
flash chromatography (petroleum ether/ethyl acetate = 10/1). *H NMR (400 MHz,
CDCls): & 8.54 (s, 1H), 7.70 (d, J = 6.8 Hz, 2H), 7.65 (d, J = 7.9 Hz, 1H), 7.56 — 7.33
(m, 4H), 7.32 — 7.02 (m, 7H). ®*C{*H} NMR (100 MHz, CDCls): § 142.1, 136.2,
134.1, 132.1, 132.0, 129.1, 128.7, 128.6, 128.3, 125.5, 123.3, 121.1, 120.9, 111.1,
95.8. The data are in accordance with the literature.’
3-Methyl-2-(phenylselanyl)-1H-indole (3av). Compound 3av was prepared
according to the general procedure and isolated as an oil (76 mg, 53% yield) after
flash chromatography (petroleum ether/ethyl acetate = 20/1). *H NMR (400 MHz,
CDCly): 8 7.95 (brs, 1H), 7.53 (d, J = 7.9 Hz, 1H), 7.22 (d, J = 7.9 Hz, 1H), 7.18 —
7.01 (m, 7H), 2.34 (s, 3H). *C{*H} NMR (100 MHz, CDCls): § 136.5, 131.0, 128.3,
128.2, 127.2, 125.3, 122.1, 118.9, 118.5, 118.2, 117.0, 109.7, 9.4. The data are in
accordance with the literature.’

2-Methyl-3-(p-tolylselanyl)-1H-indole  (3ba). Compound 3ba was prepared
according to the general procedure and isolated as an oil (111 mg, 74% yield) after
flash chromatography (petroleum ether/ethyl acetate = 20/1). *H NMR (400 MHz,
CDCly): & 8.18 (brs, 1H), 7.72 — 7.47 (m, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.20 — 7.02
(m, 4H), 6.93 (d, J = 7.9 Hz, 2H), 2.52 (s, 3H), 2.22 (s, 3H). *C{*H} NMR (100 MHz,
CDCIy): 140.7, 135.8, 135.2, 131.3, 130.0, 129.8, 128.6, 122.1, 120.6, 119.8, 110.5,
96.6, 20.9, 13.2. HRMS (ESI): m/z [M + H]" calcd for C16H1sNSe, 302.0442; found,
302.0437.

3-((4-Methoxyphenyl)selanyl)-2-methyl-1H-indole (3bb). Compound 3bb was
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prepared according to the general procedure and isolated as an oil (123 mg, 78% yield)
after flash chromatography (petroleum ether/ethyl acetate = 10/1). *H NMR (400
MHz, CDCls): & 8.21 (brs, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.29 (d, J = 7.6 Hz, 2H),
7.22 — 7.02 (m, 4H), 6.69 (d, J = 8.7 Hz, 2H), 3.70 (s, 3H), 2.54 (s, 3H). *C{*H}
NMR (100 MHz, CDCls): 158.1, 140.4, 135.7, 131.2, 130.7, 123.7, 122.0, 120.5,
119.8, 114.8, 110.4, 97.4, 55.3, 13.2. The data are in accordance with the literature.’
2-Methyl-3-((4-(trifluoromethoxy)phenyl)selanyl)-1H-indole  (3bc). Compound
3bc was prepared according to the general procedure and isolated as an oil (152 mg,
82% vyield) after flash chromatography (petroleum ether/ethyl acetate = 10/1). 'H
NMR (400 MHz, CDCls): & 8.27 (brs, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.34 (d, J = 8.0
Hz, 1H), 7.27 — 7.07 (m, 4H), 7.00 — 6.92 (m, 2H), 2.54 (s, 3H). *C{*H} NMR (100
MHz, CDCls3): 6 147.3 (d, Jcr = 2.1 Hz), 141.0, 135.8, 132.45, 131.0, 129.4, 122.3,
121.7,120.8, 119.6, 117.9 (q, J c.¢ = 256.9 Hz), 110.6, 96.0, 13.2. **F NMR (376 MHz,
CDCls): & -58.0. HRMS (ESI): m/z [M + H]"* calcd for CigH1sFsNOSe, 372.0109;
found, 372.0126.

3-([1,1'-Biphenyl]-4-ylselanyl)-2-methyl-1H-indole (3bd). Compound 3bd was
prepared according to the general procedure and isolated as a brown solid (154 mg, 85%
yield) after flash chromatography (petroleum ether/ethyl acetate = 15/1). mp=150-151
€. 'H NMR (400 MHz, CDCl5): & 8.30 (brs, 1H), 7.58 (d, J = 18.0 Hz, 1H), 7.49 (d,
J = 8.0 Hz, 2H), 7.42 — 7.26 (m, 6H), 7.23 — 7.11 (m, 4H), 2.58 (s, 3H). *C{*H}
NMR (100 MHz, CDCl3): 6 140.9, 140.7, 138.4, 135.8, 133.2, 131.2, 128.7, 128.6,
127.7, 127.1, 126.8, 122.2, 120.7, 119.8, 110.5, 96.1, 13.3. HRMS (ESI): m/z [M +
H]" calcd for C,1H1gNSe, 364.0599; found, 364.0610.
3-((4-Fluorophenyl)selanyl)-2-methyl-1H-indole  (3be). Compound 3be was
prepared according to the general procedure and isolated as a brown solid (122 mg, 80%
yield) after flash chromatography (petroleum ether/ethyl acetate = 15/1). mp=74-76
€. 'H NMR (400 MHz, CDCls): & 8.17 (brs, 1H), 7.54 (d, J = 7.7 Hz, 1H), 7.29 (d, J
= 7.4 Hz, 1H), 7.24 — 7.06 (m, 4H), 6.91 — 6.58 (m, 2H), 2.51 (s, 3H). *C{*H} NMR
(100 MHz, CDCly): 6 161.4 (d, Jc.,= 244.1 Hz), 140.8, 135.8, 131.1, 130.3 (d, Jc.r =
7.6 Hz), 128.2 (d, Jc.r = 3.3 Hz), 122.2, 120.8, 119.7, 116.1 (d, Jc.r = 21.6 Hz), 110.6,
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96.7, 13.2. *F NMR (376 MHz, CDCls): & -117.6. HRMS (ESI): m/z [M + H]" calcd
for C15H13FNSe, 306.0192; found, 306.0169.
3-((4-Chlorophenyl)selanyl)-2-methyl-1H-indole  (3bf). Compound 3bf was
prepared according to the general procedure and isolated as a brown solid (138 mg, 86%
yield) after flash chromatography (petroleum ether/ethyl acetate = 15/1). mp=81-83
€. 'H NMR (400 MHz, CDCls): § 8.28 (brs, 1H), 7.51 (d, J = 7.7 Hz, 1H), 7.33 (d, J
=8.1 Hz, 1H), 7.19 (dd, J = 8.1, 7.1 Hz, 1H), 7.13 (dd, J = 8.1, 7.1 Hz, 1H), 7.07 (s,
4H), 2.53 (s, 3H). *C{*H} NMR (100 MHz, CDCls): 5 140.9, 135.8, 132.2, 131.3,
131.0, 129.6, 129.0, 122.3, 120.8, 119.6, 110.6, 96.0, 13.2. 13.2. The data are in
accordance with the literature.”

3-(Mesitylselanyl)-2-methyl-1H-indole  (3bg). Compound 3bg was prepared
according to the general procedure and isolated as a brown solid (123 mg, 75% yield)
after flash chromatography (petroleum ether/ethyl acetate = 5/1). mp=88-89 €. 'H
NMR (400 MHz, CDCls): & 7.90 (brs, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.19 (d, J = 7.8
Hz, 1H), 7.08 (ddd, J = 8.0, 7.1, 1.4 Hz, 1H), 7.02 (dd, J = 8.2, 7.1, 1.2 Hz, 1H), 6.82
(s, 2H), 2.44 (s, 6H), 2.37 (s, 3H), 2.20 (s, 3H). *C{*H} NMR (100 MHz, CDCly):
141.9, 137.9, 137.2, 135.6, 131.0, 128.7, 128.6, 121.5, 120.1, 119.6, 110.3, 98.1, 24.3,
20.9, 13.2. HRMS (ESI): m/z [M + H]" calcd for CigHNSe, 330.0755; found,
330.0779.

3-(Benzo[d][1,3]dioxol-5-ylselanyl)-2-methyl-1H-indole (3bh). Compound 3bh was
prepared according to the general procedure and isolated as a yellow solid (134 mg,
81% yield) after flash chromatography (petroleum ether/ethyl acetate = 8/1).
mp=86-88 €. 'H NMR (400 MHz, CDCls): & 8.22 (brs, 1H), 7.57 (d, J = 8.0 Hz, 1H),
7.31(d, J = 8.0 Hz, 1H), 7.21 — 7.13 (m, 2H), 6.77 (dd, J = 8.0, 1.7 Hz, 1H), 6.66 (d, J
= 1.7 Hz, 1H), 6.62 (d, J = 8.0 Hz, 1H), 5.84 (s, 2H), 2.56 (s, 3H). *C{"H} NMR
(100 MHz, CDCl3): 6 148.1, 146.2, 140.5, 135.7, 131.1, 125.2, 122.3, 122.1, 120.7,
119.7, 110.5, 110.1, 108.9, 100.9, 97.3, 13.2. HRMS (ESI): m/z [M + H]" calcd for
C16H14NO,Se, 332.0184; found, 332.0186.

2-Methyl-3-(methylselanyl)-1H-indole  (3bi). Compound 3bi was prepared
according to the general procedure and isolated as an oil (86 mg, 77% yield) after
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flash chromatography (petroleum ether/ethyl acetate = 8/1). 'H NMR (400 MHz,
CDCls): § 7.98 (brs, 1H), 7.73 — 7.54 (m, 1H), 7.38 — 7.21 (m, 1H), 7.17 — 7.14 (m,
2H), 2.52 (s, 3H), 2.07 (s, 3H). *C{*H} NMR (100 MHz, CDCls): & 139.0, 135.6,
131.0, 121.8, 120.2, 119.6, 110.5, 98.1, 13.1, 8.6. HRMS (ESI): m/z [M + H]" calcd
for C10H12NSe, 226.0129; found, 226.0139.

3-(Ethylselanyl)-2-methyl-1H-indole (3bj). Compound 3bj was prepared according
to the general procedure and isolated as an oil (83 mg, 70% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 15/1). *H NMR (400 MHz, CDCl5):
§ 8.04 (brs, 1H), 7.72 — 7.55 (m, 1H), 7.37 — 7.21 (m, 1H), 7.18 — 7.07 (m, 2H), 2.61
(9, J = 7.5 Hz, 2H), 2.52 (s, 3H), 1.27 (t, J = 7.5 Hz, 3H). *C{*H} NMR (100 MHz,
CDCl3): 6 139.9, 135.7, 131.7, 121.8, 120.2, 119.7, 110.4, 96.7, 21.8, 16.1, 13.3.
HRMS (ESI): m/z [M + H]" calcd for C1;H14NSe, 240.0286; found, 240.0259.
3-(Benzylselanyl)-2-methyl-1H-indole  (3bk). Compound 3bk was prepared
according to the general procedure and isolated as an oil (138 mg, 92% vyield) after
flash chromatography (petroleum ether/ethyl acetate = 8/1). ‘H NMR (400 MHz,
CDCly): & 7.89 (brs, 1H), 7.67 — 7.56 (m, 1H), 7.26 — 7.17 (m, 1H), 7.17 — 7.13 (m,
2H), 7.11 — 7.08 (m, 3H), 6.96 — 6.87 (m, 2H), 3.73 (s, 2H), 1.98 (s, 3H). *C{*H}
NMR (100 MHz, CDCl3): 6 141.2, 140.0, 135.7, 131.4, 128.8, 128.1, 126.3, 121.8,
120.3, 119.6, 110.5, 96.7, 31.5, 12.5. 13.2. The data are in accordance with the
literature.®

2-Methyl-3-(phenethylselanyl)-1H-indole (3bl). Compound 3bl was prepared
according to the general procedure and isolated as a brown solid (138 mg, 88% yield)
after flash chromatography (petroleum ether/ethyl acetate = 5/1). mp=61-63 €. 'H
NMR (400 MHz, CDCls): §7.95 (brs, 1H), 7.64 (dd, J = 5.9, 3.2 Hz, 1H), 7.26 — 7.18
(m, 3H), 7.16 — 7.10 (m, 3H), 7.09 — 7.04 (m, 2H), 3.06 — 2.75 (m, 4H), 2.47 (s, 3H).
BCc{*H} NMR (100 MHz, CDCls): & 141.5, 139.9, 135.7, 131.6, 128.45, 128.41,
126.2, 121.9, 120.4, 119.7, 110.5, 96.8, 37.3, 28.9, 13.3. HRMS (ESI): m/z [M + H]'
calcd for C17H1gNSe, 316.0599; found, 316.0583.
2-Methyl-3-(pentylselanyl)-1H-indole (3bm). Compound 3bm was prepared
according to the general procedure and isolated as an oil (94 mg, 67% yield) after
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flash chromatography (petroleum ether/ethyl acetate = 10/1). *H NMR (400 MHz,
CDCls): § 8.01 (brs, 1H), 7.65 — 7.62 (m, 1H), 7.26 — 7.23 (m, 1H), 7.20 — 7.06 (m,
2H), 2.60 (t, J = 7.4 Hz, 2H), 2.52 (s, 3H), 1.64 — 1.46 (m, 2H), 1.40 — 1.16 (m, 4H),
0.84 (t, J = 7.2 Hz, 3H). ®*C{*H} NMR (100 MHz, CDCls): & 139.7, 135.7, 131.6,
121.7, 120.2, 119.7, 110.4, 97.1, 31.9, 30.3, 28.5, 22.3, 14.0, 13.3. HRMS (ESI): m/z
[M + H]" calcd for C14H5NSe, 282.0755; found, 282.0744.
3-(Heptylselanyl)-2-methyl-1H-indole  (3bn). Compound 3bn was prepared
according to the general procedure and isolated as an oil (102 mg, 66% vyield) after
flash chromatography (petroleum ether/ethyl acetate = 10/1). *H NMR (400 MHz,
CDCls): 5 8.05 (s, 1H), 7.78 — 7.54 (m, 1H), 7.43 — 7.21 (m, 1H), 7.21 — 7.08 (m, 2H),
2.61 (t, J = 7.4 Hz, 2H), 2.54 (s, 3H), 1.55 (p, J = 7.3 Hz, 2H), 1.35 — 1.30 (m, 2H),
1.29 — 1.16 (m, 6H), 0.85 (t, J = 6.8 Hz, 3H). *C{*H} NMR (100 MHz, CDCl): 5
139.6, 135.6, 131.6, 121.7, 120.2, 119.7, 110.3, 97.1, 31.8, 30.6, 29.7, 28.9, 28.5, 22.6,
14.1, 13.3. HRMS (ESI): m/z [M + H]" calcd for CisH24NSe, 310.1068; found,
310.1075.

3-(Isobutylselanyl)-2-methyl-1H-indole (3bo). Compound 3bo was prepared
according to the general procedure and isolated as an oil (99 mg, 74% vyield) after
flash chromatography (petroleum ether/ethyl acetate = 8/1). ‘H NMR (400 MHz,
CDCls): & 7.99 (brs, 1H), 7.71 — 7.58 (m, 1H), 7.31 — 7.21 (m, 1H), 7.20 — 7.10 (m,
2H), 2.83 — 2.35 (m, 5H), 1.69 (dt, J = 13.4, 6.7 Hz, 1H), 0.98 (d, J = 6.6 Hz, 6H).
B3c{"H} NMR (100 MHz, CDCls): 5 139.4, 135.7, 131.6, 121.7, 120.2, 119.7, 110.4,
97.5, 38.4, 29.0, 22.5, 13.3. HRMS (ESI): m/z [M + H]" calcd for CisHigNSe,
268.0599; found, 268.0573.

3-(Cyclohexylselanyl)-2-methyl-1H-indole (3bp). Compound 3bp was prepared
according to the general procedure and isolated as an oil (99 mg, 68% yield) after
flash chromatography (petroleum ether/ethyl acetate = 10/1). *H NMR (400 MHz,
CDCly): & 8.09 (brs, 1H), 7.70 — 7.53 (m, 1H), 7.35 — 7.20 (m, 1H), 7.23 — 7.01 (m,
2H), 3.05 — 2.92 (m, 1H), 2.54 (s, 3H), 2.13 — 1.78 (m, 2H), 1.69 — 1.66 (M, 2H), 1.56
— 1.34 (m, 3H), 1.29 — 1.03 (m, 3H). “C{*H} NMR (100 MHz, CDCls): & 140.3,
135.6, 132.3, 121.7, 120.2, 120.1, 110.3, 96.5, 43.0, 34.5, 27.0, 25.7, 13.4. HRMS
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(ESI): m/z [M + H]" calcd for C15H,0NSe, 294.0755; found, 294.0751.

Methyl 2-methyl-2-((2-methyl-1H-indol-3-yl)selanyl)propanoate (3bq).
Compound 3bq was prepared according to the general procedure and isolated as a
yellow solid (109 mg, 70% yield) after flash chromatography (petroleum ether/ethyl
acetate = 10/1). mp=98-100 €. *H NMR (400 MHz, CDCls): § 8.42 (brs, 1H), 7.70 —
7.44 (m, 1H), 7.23 — 7.18 (m, 1H), 7.16 — 7.05 (m, 2H), 3.56 (s, 3H), 2.48 (d, J = 0.8
Hz, 3H), 1.57 (s, 6H). *C{*H} NMR (100 MHz, CDCl5): 5 175.8, 142.2, 135.5, 132.1,
121.9, 120.4, 119.9, 110.5, 97.3, 52.3, 45.7, 26.2, 13.2. HRMS (ESI): m/z [M + H]"
calcd for C14H1sNO,Se, 312.0497; found, 312.0490.

Ethyl (R)-2-((2-methyl-1H-indol-3-yl)selanyl)propanoate (3br). Compound 3br
was prepared according to the general procedure and isolated as a yellow solid (116
mg, 75% vyield) after flash chromatography (petroleum ether/ethyl acetate = 5/1).
mp=65-67 €. 'H NMR (400 MHz, CDCls): & 8.35 (s, 1H), 7.60 — 7.39 (m, 1H), 7.16
—7.10 (m, 1H), 7.08 — 7.00 (m, 2H), 4.09 — 3.75 (m, 2H), 3.48 (g, J = 7.1 Hz, 1H),
2.39 (s, 3H), 1.39 (d, J = 7.1 Hz, 3H), 1.03 (t, J = 7.1 Hz, 3H). *C{*H} NMR (100
MHz, CDCl): 6 174.2, 141.8, 135.6, 131.9, 121.9, 120.4, 119.6, 110.5, 95.7, 61.0,
36.7,17.6, 13.9, 13.1. HRMS (ESI): m/z [M + H]" calcd for C14H1sNO,Se, 312.0497;
found, 312.0491.

N-Methyl-4-(phenylselanyl)aniline (5a). Compound 5a was prepared according to
the general procedure and isolated as an oil (92 mg, 70% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 20/1). *H NMR (400 MHz, CDCls):
§ 7.44 (d, J = 8.6 Hz, 2H), 7.28 — 7.23 (m, 2H), 7.22 — 7.04 (m, 3H), 6.54 (d, J = 8.6
Hz, 2H), 3.83 (brs, 1H), 2.82 (s, 3H). *C{"H} NMR (100 MHz, CDCls): & 149.6,
137.4,134.6, 129.8, 129.1, 125.9, 114.4, 113.3, 30.5. The data are in accordance with
the literature.?

3,4,5-Trimethoxy-2-(phenylselanyl)aniline (5b). Compound 5b was prepared
according to the general procedure and isolated as a yellow solid (127 mg, 75% yield)
after flash chromatography (petroleum ether/ethyl acetate = 5/1). mp=66-68 €. 'H
NMR (400 MHz, CDCls): 6 7.24 — 7.09 (m, 5H), 6.21 (s, 1H), 4.32 (s, 2H), 3.85 (5,
3H), 3.80 (s, 3H), 3.78 (s, 3H). *C{*H} NMR (100 MHz, CDCls): § 155.9, 155.7,
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146.1, 134.5, 132.6, 129.2, 128.5, 125.8, 99.1, 94.3, 61.4, 61.2, 55.8. HRMS (ESI):
m/z [M + H]" calcd for C15H1sNO3Se, 340.0446; found, 340.0460.
6-(Phenylselanyl)benzo[d][1,3]dioxol-5-amine (5c¢). Compound 5c¢ was prepared
according to the general procedure and isolated as a white solid (99 mg, 68% vyield)
after flash chromatography (petroleum ether/ethyl acetate = 8/1). mp=70-72 €. 'H
NMR (400 MHz, CDCl5): & 7.16 — 7.06 (m, 5H), 6.98 (s, 1H), 6.33 (s, 1H), 5.83 (s,
2H), 4.07 (brs, 2H). *C{*H} NMR (100 MHz, CDCls): § 149.3, 143.6, 139.3, 131.3,
128.2, 127.8, 125.0, 116.0, 101.3, 100.0, 95.9. The data are in accordance with the
literature.*

Phenyl(2,4,6-trimethoxyphenyl)selane (5d). Compound 5d was prepared according
to the general procedure and isolated as a white solid (134 mg, 83% yield) after flash
chromatography (petroleum ether/ethyl acetate =25/1). mp = 103-105°C. *H NMR
(400 MHz, CDCl3) & 7.41 — 6.70 (m, 5H), 6.14 (s, 2H), 3.79 (s, 3H), 3.72 (s, 6H).
BC{"H} NMR (100 MHz, CDCls) & 161.9, 160.9, 132.5, 127.7, 127.6, 124.2, 96.0,
90.1, 55.3, 54.4. The data are in accordance with the literature.’
3-(Phenylselanyl)imidazo[1,2-a]pyridine (5e). Compound 5e was prepared
according to the general procedure and isolated as a white solid (90 mg, 66% yield)
after flash chromatography (petroleum ether/ethyl acetate = 2/1). mp=59-61 €. *H
NMR (400 MHz, CDCls): & 8.27 (d, J = 6.8 Hz, 1H), 7.98 (s, 1H), 7.69 (d, J = 9.0 Hz,
1H), 7.37 — 7.23 (m, 1H), 7.21 — 7.07 (m, 5H), 6.86 (td, J = 6.8, 1.1 Hz, 1H). *C{*H}
NMR (100 MHz, CDCl3): 6 148.3, 143.1, 130.6, 129.5, 129.0, 126.8, 125.7, 125.2,
117.9, 113.1, 106.4. The data are in accordance with the literature.?
1-(Phenylselanyl)naphthalen-2-ol (5f). Compound 5f was prepared according to the
general procedure and isolated as a yellow solid (109 mg, 73% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 8/1). mp=49-51 €. *H NMR (400
MHz, CDCls): & 8.27 (d, J = 8.5 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.78 (dd, J = 8.0,
1.2 Hz, 1H), 7.50 — 7.46 (m, 1H), 7.44 — 7.26 (m, 2H), 7.17 — 7.04 (m, 6H). *C{*H}
NMR (100 MHz, CDCls): 6 156.3, 135.8, 132.8, 130.6, 129.5, 129.1, 128.5, 128.0,
127.0, 126.6, 123.8, 116.6, 109.0. The data are in accordance with the literature.®
1-(Phenylselanyl)naphthalen-2-amine (5g). Compound 5g was prepared according

S14



to the general procedure and isolated as a brown solid (91 mg, 61% yield) after flash
chromatography (petroleum ether/ethyl acetate = 8/1). mp=77-79 €. *H NMR (400
MHz, CDCls): & 8.32 (d, J = 8.7 Hz, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.69 (d, J = 8.0 Hz,
1H), 7.47 — 7.40 (m, 1H), 7.31 — 7.22 (m, 1H), 7.17 — 7.08 (m, 5H), 7.05 (d, J = 8.8
Hz, 1H), 4.72 (s, 2H). *C{*H} NMR (100 MHz, CDCls): & 148.1, 136.9, 131.83,
131.76, 129.2, 128.6, 128.33, 128.32, 127.8, 126.6, 125.8, 122.5, 117.4, 105.5. The
data are in accordance with the literature.”
6-(Phenylselanyl)-1,2,3,4-tetrahydroquinoline (5h). Compound 5h was prepared
according to the general procedure and isolated as a yellow solid (66 mg, 46% yield)
after flash chromatography (petroleum ether/ethyl acetate = 5/1). mp=47-49 €. 'H
NMR (400 MHz, CDCls): & 7.37 — 7.06 (m, 7H), 6.41 (d, J = 8.0 Hz, 1H), 3.96 (brs,
1H), 3.32 (t, J = 5.4 Hz, 2H), 2.73 (t, J = 6.4 Hz, 2H), 1.98 — 1.78 (m, 2H). *C{*H}
NMR (100 MHz, CDCl3): 6 145.2, 137.4, 134.9, 134.8, 129.7, 129.0, 125.8, 122.4,
114.8, 41.8, 26.8, 21.7. The data are in accordance with the literature.’
2-Phenyl-5-(phenylselanyl)thiophene (5i) Compound 5i was prepared according to
the general procedure and isolated as an oil (121 mg, 77% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 100/1). *H NMR (400 MHz, CDCl5):
§ 7.58 — 7.54 (m, 2H), 7.45 — 7.33 (m, 4H), 7.29 (d, J = 3.8 Hz, 2H), 7.28 — 7.16 (m,
4H). BC{*H} NMR (100 MHz, CDCls): & 150.8, 138.0, 133.8, 133.4, 130.0, 129.3,
129.0, 128.0, 126.9, 125.9, 124.1, 122.6. The data are in accordance with the
literature.’

2-Methoxy-5-(phenylselanyl)thiophene (5j) Compound 5j was prepared according
to the general procedure and isolated as an oil (82 mg, 61% yield) after flash
chromatography (petroleum ether/ethyl acetate = 200/1). *H NMR (400 MHz, CDCl):
§7.31 (d, J = 6.9 Hz, 2H), 7.26 — 7.15 (m, 3H), 7.05 (d, J = 3.9 Hz, 1H), 6.16 (d, J =
3.8 Hz, 1H), 3.89 (s, 3H). ®*C{*H} NMR (100 MHz, CDCls): & 171.2, 136.5, 134.2,
129.2, 129.1, 129.0, 126.4, 107.7, 105.3, 60.2. The data are in accordance with the

literature.?
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5. General procedure for selenocyanation of electron rich arenes

The reaction was carried out in an open air system at ambient temperature. To a
10 mL vessel with magnetic stir bar were added 0.5 mmol indole, 0.5 mmol
KSeCN, 0.5 mmol 1,05 and 2 mL of MeOH. The reaction mixture was stirred
for an indicated time. Then, the reaction was quenched with a saturated aqueous
Na,S,03 solution and extracted with EtOAc. The combined organic layers were dried
(Na,;SO,4) and concentrated to give a crude residue, which was purified by flash
column chromatography.

3-Selenocyanato-1H-indole (6a). Compound 6a was prepared according to the
general procedure and isolated as a brown solid (88 mg, 80% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 6/1). mp=107-109 €. *H NMR (400
MHz, CDCls): & 8.68 (s, 1H), 7.79 — 7.66 (m, 1H), 7.47 (d, J = 2.8 Hz, 1H), 7.45 —
7.41 (m, 1H), 7.32 — 7.28 (m, 2H). *C{*H} NMR (100 MHz, CDCly): 5 136.0, 131.8,
128.7, 123.8, 121.9, 119.6, 111.9, 101.9, 89.5. The data are in accordance with the
literature.®

Methyl 3-selenocyanato-1H-indole-4-carboxylate (6b). Compound 6b was prepared
according to the general procedure and isolated as an oil (88 mg, 63% yield) after
flash chromatography (petroleum ether/ethyl acetate = 3/1). ‘H NMR (400 MHz,
CDCly): & 8.81 (brs, 1H), 7.87 (dd, J = 7.5, 1.0 Hz, 1H), 7.64 (dd, J = 8.2, 1.0 Hz, 1H),
7.59 (d, J = 2.8 Hz, 1H), 7.29 — 7.24 (m, 1H), 3.97 (s, 3H). *C{*H} NMR (100 MHz,
CDClj): & 168.6, 137.9, 127.2, 125.4, 124.1, 122.3, 120.5, 117.5, 106.7, 92.4, 52.6.
HRMS (ESI): m/z [M + H]" calcd for C;;HgN,O,Se, 280.9824; found, 280.9829.
Methyl 3-selenocyanato-1H-indole-6-carboxylate (6¢). Compound 6¢ was prepared
according to the general procedure and isolated as a yellow solid (92 mg, 66% yield)
after flash chromatography (petroleum ether/ethyl acetate = 3/1). mp=166-168 €. 'H
NMR (400 MHz, CDCls): & 8.94 (brs, 1H), 8.22 (d, J = 0.7 Hz, 1H), 7.99 (dd, J = 8.4,
1.4 Hz, 1H), 7.79 (d, J = 8.4, 0.7 Hz, 1H), 7.71 (d, J = 2.9 Hz, 1H), 3.97 (s, 3H).
BC{"H} NMR (100 MHz, CDCls): & 167.5, 135.4, 134.6, 132.3, 125.8, 122.9, 119.5,
114.2, 101.2, 90.4, 52.3. HRMS (ESI): m/z [M + H]" calcd for Ci;H9N,O,Se,
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280.9824; found, 280.9810.

3-Selenocyanato-6-(trifluoromethyl)-1H-indole (6d). Compound 6d was prepared
according to the general procedure and isolated as a yellow solid (79 mg, 55% vyield)
after flash chromatography (petroleum ether/ethyl acetate = 5/1). mp=101-103 €. 'H
NMR (400 MHz, CDCls): 5 10.69 (brs, 1H), 7.81 (d, J = 8.4 Hz, 1H), 7.74 (s, 1H),
7.66 (d, J = 2.8 Hz, 1H), 7.51 (dd, J = 8.4, 1.4 Hz, 1H). *C{*H} NMR (100 MHz,
CDCls): 6 135.4,134.9, 131.1, 125.6 (q, JcFr = 32.2 Hz), 123.5, 119.9, 118.1 (Q, JcF =
3.5 Hz), 109.8 (d, Jc.r = 4.4 Hz), 101.8, 89.0. 1°F NMR (376 MHz, CDCl5): & -60.9.
HRMS (ESI): m/z [M + H]" calcd for C1oHsF3N,Se, 290.9643; found, 290.9642.
5-Fluoro-3-selenocyanato-1H-indole (6e). Compound 6e was prepared according to
the general procedure and isolated as a brown solid (82 mg, 69% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 5/1). mp=104-105 €. *H NMR (400
MHz, CDCls): & 8.73 (s, 1H), 7.55 (d, J = 2.9 Hz, 1H), 7.47 — 7.27 (m, 2H), 7.05 (td,
J=09.0, 2.5 Hz, 1H). BC{*H} NMR (100 MHz, CDCls): & 159.1 (d, Jc.r = 238.7 Hz),
133.4, 132.4, 129.6 (d, Jc.r = 10.5 Hz), 112.9 (d, Jc.r = 9.6 Hz), 112.5 (d, Jc.r = 26.5
Hz), 104.8 (d, Jc.r = 24.9 Hz), 101.6, 89.6 (d, Jo.r = 4.7 Hz). °F NMR (376 MHz,
CDCls): & -120.9. The data are in accordance with the literature.’
5-Chloro-3-selenocyanato-1H-indole (6f). Compound 6f was prepared according to
the general procedure and isolated as a yellow solid (89 mg, 70% yield) after flash
chromatography (petroleum ether/ethyl acetate = 2/1). mp=151-153 €. *H NMR (400
MHz, CDCls): & 8.70 (brs, 1H), 7.73 (d, J = 1.9 Hz, 1H), 7.57 (d, J = 2.8 Hz, 1H),
7.37 (d, J = 8.7 Hz, 1H), 7.30 — 7.27 (m, 1H). ®*C{*H} NMR (100 MHz, CDCls): §
134.4, 133.0, 130.0, 128.0, 124.4, 119.3, 112.9, 101.2, 89.5. The data are in
accordance with the literature.’

5-Bromo-3-selenocyanato-1H-indole (6g). Compound 6g was prepared according to
the general procedure and isolated as a yellow solid (95 mg, 63% yield) after flash
chromatography (petroleum ether/ethyl acetate = 3/1). mp=155-156 €. *H NMR (400
MHz, DMSO-ds) § 12.06 (brs, 1H), 7.93 (d, J = 2.7 Hz, 1H), 7.70 (d, J = 1.9 Hz, 1H),
7.49 (d, J = 8.6 Hz, 1H), 7.36 (dd, J = 8.6, 1.9 Hz, 1H). *C{*H} NMR (100 MHz,
DMSO-dg): 6 135.4, 135.1, 131.0, 125.6, 121.4, 115.0, 113.8, 104.9, 89.5. The data
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are in accordance with the literature.®

3-Selenocyanato-1H-indole-5-carbonitrile  (6h). Compound 6h was prepared
according to the general procedure and isolated as a white solid (63 mg, 51% vyield)
after flash chromatography (petroleum ether/ethyl acetate = 3/1). mp=187-189 €. 'H
NMR (400 MHz, DMSO-dg): & 12.37 (brs, 1H), 8.09 — 8.07 (m, 2H), 7.69 (d, J = 8.4
Hz, 1H), 7.61 (dd, J = 8.5, 1.6 Hz, 1H). C{*H} NMR (100 MHz, DMSO-de): &
138.6, 136.3, 129.0, 125.8, 124.7, 120.5, 114.3, 105.0, 103.4, 91.6. The data are in
accordance with the literature.®

5-Methyl-3-selenocyanato-1H-indole (6i). Compound 6i was prepared according to
the general procedure and isolated as a yellow solid (89 mg, 76% yield) after flash
chromatography (petroleum ether/ethyl acetate = 5/1). mp=104-106 €. *H NMR (400
MHz, CDCl5): & 8.62 (brs, 1H), 7.51 (s, 1H), 7.40 (d, J = 2.8 Hz, 1H), 7.29 (d, J = 8.3
Hz, 1H), 7.11 (dd, J = 8.3, 1.5 Hz, 1H), 2.50 (s, 3H). *C{*H} NMR (100 MHz,
CDCl3): 6 134.3,131.8, 131.4, 128.9, 125.4, 119.1, 111.6, 102.2, 88.8, 21.6. The data
are in accordance with the literature.™

5-Methoxy-3-selenocyanato-1H-indole (6j). Compound 6j was prepared according
to the general procedure and isolated as a yellow solid (100 mg, 80% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 3/1). mp=108-109 €. *H NMR (400
MHz, DMSO-dg): & 11.75 (brs, 1H), 7.80 (d, J = 2.8 Hz, 1H), 7.41 (d, J = 8.8 Hz, 1H),
7.02 (d, J = 2.4 Hz, 1H), 6.88 (dd, J = 8.8, 2.4 Hz, 1H), 3.82 (s, 3H). *C{*H} NMR
(100 MHz, DMSO-dg): 6 155.1, 134.1, 131.5, 129.8, 113.8, 113.2, 104.7, 100.5, 88.8,
55.9. The data are in accordance with the literature.®
1-Methyl-3-selenocyanato-1H-indole (6k). Compound 6k was prepared according to
the general procedure and isolated as a yellow solid (96 mg, 82% yield) after flash
chromatography (petroleum ether/ethyl acetate = 10/1). mp=95-97 €. ‘*H NMR (400
MHz, CDCls): & 7.73 (d, J = 7.5 Hz, 1H), 7.54 — 6.76 (m, 4H), 3.79 (s, 3H). *C{*H}
NMR (100 MHz, CDCl3): 6 137.2, 136.0, 129.5, 123.3, 121.5, 119.8, 110.1, 101.9,
87.2, 33.4. The data are in accordance with the literature.?
1-Benzyl-3-selenocyanato-1H-indole (61). Compound 6l was prepared according to
the general procedure and isolated as a yellow solid (135 mg, 87% vyield) after flash
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chromatography (petroleum ether/ethyl acetate = 15/1). mp=88-90 €. ‘*H NMR (400
MHz, CDCls): & 7.90 — 7.58 (m, 2H), 7.38 — 7.20 (m, 6H), 7.14 — 7.11 (m, 2H), 5.29
(s, 2H). *C{*H} NMR (100 MHz, CDCls): 5 136.8, 135.9, 135.2, 129.7, 129.1, 128.3,
127.2, 123.5, 121.8, 120.0, 110.6, 101.8, 88.2, 50.7. The data are in accordance with
the literature.®

2-Phenyl-3-selenocyanato-1H-indole (6m). Compound 6m was prepared according
to the general procedure and isolated as a yellow solid (107 mg, 72% yield) after flash
chromatography (petroleum ether/ethyl acetate = 10/1). mp=151-153 €. *H NMR
(400 MHz, DMSO-dg): & 12.25 (brs, 1H), 7.87 (d, J = 7.0 Hz, 2H), 7.67 — 7.64 (m,
1H), 7.62 — 7.59 (m, 2H), 7.54 — 7.50 (m, 2H), 7.31 — 7.24 (m, 2H). ®*C{*H} NMR
(100 MHz, DMSO-dg): 6 143.2, 136.6, 131.4, 130.9, 129.6, 129.4, 129.1, 123.5, 121.5,
119.7, 112.6, 105.2, 88.6. The data are in accordance with the literature.’
N,N-Dimethyl-4-selenocyanatoaniline (6n). Compound 6n was prepared according
to the general procedure and isolated as a yellow solid (92 mg, 82% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 25/1). mp=81-83 €. ‘*H NMR (400
MHz, DMSO-dg): & 7.50 (d, J = 8.9 Hz, 2H), 6.72 (d, J = 8.9 Hz, 2H). ®C{*H} NMR
(100 MHz, DMSO-dg): & 151.6, 136.5, 136.5, 113.7, 106.5, 105.9., 40.2. The data are
in accordance with the literature.®

1-Selenocyanatonaphthalen-2-amine (60). Compound 60 was prepared according to
the general procedure and isolated as an oil (58 mg, 47% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 5/1). 'H NMR (400 MHz,
DMSO-dg): § 7.90 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 8.7 Hz, 1H), 7.72 (brs, 2H), 7.62
(d, J = 7.5 Hz, 1H), 7.54 (d, J = 8.6 Hz, 1H), 7.48 (ddd, J = 8.2, 6.9, 1.3 Hz, 1H), 7.37
(ddd, J = 8.1, 6.8, 1.2 Hz, 1H). The data are in accordance with the literature.*
1,3,5-Trimethoxy-2-selenocyanatobenzene (6p). Compound 6p was prepared
according to the general procedure and isolated as an oil (75 mg, 55% vyield) after
flash chromatography (petroleum ether/ethyl acetate = 6/1). *H NMR (400 MHz,
DMSO-dg): & 6.37 (s, 2H), 3.86 (s, 6H), 3.84 (s, 3H). “C{*H} NMR (100 MHz,
DMSO-dg): 6 164.3, 161.1, 104.5, 92.1, 90.6, 56.9, 56.1. The data are in accordance
with the literature.®
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6. General procedure for thiocyanation of electron rich arenes

The reaction was carried out in an open air system at ambient temperature. To a
10 mL vessel with magnetic stir bar were added 0.5 mmol indole, 0.5 mmol
KSCN, 0.5 mmol 1,05 and 2 mL of MeOH. The reaction mixture was stirred
for an indicated time. Then, the reaction was quenched with a saturated aqueous
Na,S,03 solution and extracted with EtOAc. The combined organic layers were dried
(Na,SO,4) and concentrated to give a crude residue, which was purified by flash
column chromatography.

3-Thiocyanato-1H-indole (7a). Compound 7a was prepared according to the general
procedure and isolated as a red solid (70 mg, 80% yield) after flash chromatography
(petroleum ether/ethyl acetate = 5/1). mp=49-50 €. '"H NMR (400 MHz, CDCls): &
8.64 (brs, 1H), 8.02 — 7.68 (m, 1H), 7.53 (d, J = 2.8 Hz, 1H), 7.49 — 7.38 (m, 1H),
7.38 — 7.27 (m, 2H). *C{*H} NMR (100 MHz, CDCls): 5 136.0, 130.9, 127.7, 124.0,
122.0, 118.9, 112.0, 111.7, 92.6. The data are in accordance with the literature.®
5-Fluoro-3-thiocyanato-1H-indole (7b). Compound 7b was prepared according to
the general procedure and isolated as a yellow solid (68 mg, 71% yield) after flash
chromatography (petroleum ether/ethyl acetate = 5/1). mp=87-89 €. *H NMR (400
MHz, CDCl5): § 10.22 (brs, 1H), 7.54 (d, J = 3.0 Hz, 1H), 7.41 (dd, J = 9.0, 2.5 Hz,
1H), 7.36 (dd, J = 8.9, 4.2 Hz, 1H), 7.02 (td, J = 9.0, 2.5 Hz, 1H). *C{*H} NMR (100
MHz, CDCls): 158.9 (d, Jc.r = 238.2 Hz), 133.2, 132.8, 128.5 (d, Jc.r = 10.5 Hz),
113.3 (d, Je.r = 9.7 Hz), 112.3, 112.0, 103.7 (d, Jor = 24.8 Hz), 91.2 (d, Jc.r = 4.8 H2).
YF NMR (3876 MHz, CDCls): & -121.4. The data are in accordance with the
literature.'?

5-Chloro-3-thiocyanato-1H-indole (7c). Compound 7c was prepared according to
the general procedure and isolated as a white solid (78 mg, 75% yield) after flash
chromatography (petroleum ether/ethyl acetate = 5/1). mp=123-125 €. *H NMR (400
MHz, CDCls): § 10.49 (brs, 1H), 7.74 (d, J = 1.9 Hz, 1H), 7.54 (d, J = 2.9 Hz, 1H),
7.35 (d, J = 8.6 Hz, 1H), 7.23 (dd, J = 8.7, 2.0 Hz, 1H). *C{*H} NMR (100 MHz,
CDCls): 134.8, 133.0, 128.9, 127.5, 123.9, 118.0, 113.5, 111.9, 90.8. The data are in
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accordance with the literature.™®

5-Bomo-3-thiocyanato-1H-indole (7d). Compound 7d was prepared according to the
general procedure and isolated as a brown solid (98 mg, 78% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 8/1). mp=99-101 €. ‘*H NMR (400
MHz, DMSO-dg): & 12.21 (brs, 1H), 8.07 (d, J = 2.6 Hz, 1H), 7.81 (d, J = 1.9 Hz, 1H),
7.51 (d, J = 8.6 Hz, 1H), 7.40 (dd, J = 8.7, 1.9 Hz, 1H).*C{*H} NMR (100 MHz,
DMSO-dg): 6 135.6, 135.2, 129.7, 126.1, 120.4, 115.4, 114.2, 112.6, 89.9. The data
are in accordance with the literature.®

4-Methyl-3-thiocyanato-1H-indole (7e). Compound 7e was prepared according to
the general procedure and isolated as a white solid (69 mg, 73% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 5/1). mp=121-123 €. 'H NMR (400
MHz, CDCly): & 8.66 (brs, 1H), 7.46 (d, J = 2.8 Hz, 1H), 7.31 — 7.21 (m, 1H), 7.16 (t,
J=17.7 Hz, 1H), 7.05 — 6.90 (m, 1H), 2.93 (s, 3H). *C{*H} NMR (100 MHz, CDCls):
0 136.5, 132.1, 131.1, 125.6, 124.0, 123.5, 113.4, 110.1, 92.2, 19.2. The data are in
accordance with the literature.'?

5-Methyl-3-thiocyanato-1H-indole (7f). Compound 7f was prepared according to
the general procedure and isolated as a yellow solid (77 mg, 82% yield) after flash
chromatography (petroleum ether/ethyl acetate = 3/1). mp=67-69 €. ‘H NMR (400
MHz, CDCls): & 8.45 (brs, 1H), 7.57 — 7.49 (m, 1H), 7.43 (d, J = 2.9 Hz, 1H), 7.26 (d,
J=8.3 Hz, 1H), 7.08 (dd, J = 8.4, 1.6 Hz, 1H), 2.44 (s, 3H). *C{*H} NMR (100 MHz,
CDCls3): 6 134.3, 131.6, 130.8, 128.0, 125.6, 118.4, 111.8, 111.6, 91.9, 21.5. The data
are in accordance with the literature.?
3-Thiocyanato-6-(trifluoromethyl)-1H-indole (7g). Compound 7g was prepared
according to the general procedure and isolated as a yellow solid (102 mg, 84% yield)
after flash chromatography (petroleum ether/ethyl acetate = 6/1). mp=84-86 €. 'H
NMR (400 MHz, CDCls): & 9.07 (s, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.64 (s, 1H), 7.58
(d, J = 2.8 Hz, 1H), 7.45 (dd, J = 8.4, 1.4 Hz, 1H). *C{*H} NMR (100 MHz, CDCls):
0 134.0, 132.5, 128.9, 125.2 (q, Jc-k= 33.0 Hz), 122.2, 118.3, 117.6 (d, Jc-r = 3.4 Hz),
110.6, 108.8 (g, Jc..= 4.5 Hz), 91.9. *F NMR (376 MHz, CDCl3): & -61.0. HRMS
(ESD): m/z [M + H]" calcd for C1oHgF3N,S, 243.0198; found, 243.0213.
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3-Tiocyanato-1H-indole-7-carbaldehyde (7h). Compound 7h was prepared
according to the general procedure and isolated as a yellow solid (61 mg, 60% yield)
after flash chromatography (petroleum ether/ethyl acetate = 15/1). mp=152-153 <€.
'H NMR (400 MHz, DMSO-dg): & 12.38 (brs, 1H), 10.21 (s, 1H), 8.07 (dt, J = 7.8,
0.9 Hz, 1H), 8.03 (d, J = 3.0 Hz, 1H), 7.96 (dd, J = 7.3, 1.1 Hz, 1H), 7.51 (t, J = 7.6
Hz, 1H). ®C{*H} NMR (100 MHz, DMSO-dg): & 193.4, 135.5, 133.1, 130.3, 129.2,
125.4, 122.1, 121.6, 112.6, 92.0. HRMS (ESI): m/z [M + H]* calcd for C10H;N,0S,
203.0274; found, 203.0260.

2-Methyl-3-thiocyanato-1H-indole (7i). Compound 7i was prepared according to the
general procedure and isolated as a pink solid (70 mg, 74% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 5/1). mp=89-91 €. *H NMR (400
MHz, CDCly): & 8.53 (brs, 1H), 7.66 (d, J = 7.0 Hz, 1H), 7.31 — 7.26 (m, 1H), 7.26 —
7.18 (m, 2H), 2.48 (s, 3H). *C{*H} NMR (100 MHz, CDCls): & 142.0, 135.1, 128.7,
123.0, 121.6, 118.1, 112.1, 111.2, 88.9, 12.1. The data are in accordance with the
literature.®

1-Methyl-3-thiocyanato-1H-indole (7]). Compound 7j was prepared according to
the general procedure and isolated as a yellow solid (71 mg, 76% yield) after flash
chromatography (petroleum ether/ethyl acetate = 15/1). mp=61-63 €. *H NMR (400
MHz, CDCls): & 7.85 — 7.65 (m, 1H), 7.43 — 7.27 (m, 4H), 3.79 (s, 3H). *C{*H}
NMR (100 MHz, CDCls): 8 137.2, 135.1, 128.5, 123.5, 121.6, 119.0, 111.9, 110.2,
89.9, 33.5. The data are in accordance with the literature.?
1,3,5-Trimethoxy-2-thiocyanatobenzene (7k). Compound 7k was prepared
according to the general procedure and isolated as an oil (57 mg, 51% yield) after
flash chromatography (petroleum ether/ethyl acetate = 6/1). ‘H NMR (400 MHz,
DMSO-ds): & 6.39 (s, 2H), 3.90 (s, 6H), 3.85 (s, 3H). **C{*H} (100 MHz, DMSO-dg):
o 164.7, 161.4, 112.4, 92.4, 88.6, 57.1, 56.3. The data are in accordance with the
literature.*®

1-Thiocyanatonaphthalen-2-amine (71). Compound 71 was prepared according to
the general procedure and isolated as an oil (42 mg, 42% vyield) after flash
chromatography (petroleum ether/ethyl acetate = 4/1). 'H NMR (400 MHz,
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DMSO-ds): 6 7.93 (d, J = 8.1 Hz, 1H), 7.77 (d, J = 8.7 Hz, 1H), 7.72 (d, J = 8.2 Hz,
1H), 7.64 (brs, 2H), 7.58 (d, J = 8.7 Hz, 1H), 7.56 — 7.49 (m, 1H), 7.43 — 7.28 (m, 1H).
The data are in accordance with the literature.™*

N,N-Dimethyl-4-thiocyanatoaniline (7m). Compound 7m was prepared according to
the general procedure and isolated as an oil (56 mg, 63% yield) after flash
chromatography (petroleum ether/ethyl acetate = 40/1). *H NMR (400 MHz,
DMSO-ds): $7.46 (d, J = 9.0 Hz, 2H), 6.77 (d, J = 9.0 Hz, 2H). **C{*H} (100 MHz,
DMSO-dg): 152.0, 134.8, 113.7, 113.4, 106.1, 40.2. The data are in accordance with

the literature.®

7. Gram-Scale Reaction for the Synthesis of 3an

To a 50 mL round-bottom flask with magnetic stir bar were added
5-methoxy-1H-indole (0.735 g, 5 mmol), Ph,Se; (1.560 g, 5 mmol), 1,05 (1.670
g, 5 mmol) and 20 mL of CH3CN. The reaction mixture was stirred at room
temperature in the open air and the reaction was monitored by TLC. After
completion of reaction, the reaction was next quenched with a saturated
aqueous NayS,03 solution and extracted with EtOAc. The combined organic
layers were dried (Na,SO,) and concentrated to give a crude residue, which was
purified by flash column chromatography (silica gel, petroleum ether : ethyl

acetate = 10:1) to give 3an in 82% yield (1.238 g).

8. Control Experiments

To a 10 mL vessel with magnetic stir bar were added N-3-butenylindole 1x (85.5
mg, 0.5 mmol), Ph,Se; (156.0 mg, 0.5 mmol), 1,05 (167.0 mg, 0.5 mmol) and 2
mL of CH3CN. The reaction mixture was stirred for an indicated time. Then, the
reaction was quenched with a saturated aqueous Na,S,03 solution and extracted with
EtOAc. The combined organic layers were dried (Na,SO,4) and concentrated to give a
crude residue, which was purified by flash column chromatography (silica gel,
petroleum ether : ethyl acetate = 40:1) to give 3aw and 3aw’.

1-(But-3-en-1-yl)-3-(phenylselanyl)-1H-indole (3aw). Oil, 72 mg, 44% yield. *H
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NMR (400 MHz, CDCls): & 7.54 (d, J = 7.9 Hz, 1H), 7.38 — 7.25 (m, 2H), 7.21 — 7.19
(m, 1H), 7.16 — 7.07 (m, 3H), 7.06 — 6.98 (m, 3H), 5.96 — 5.61 (m, 1H), 5.02 — 4.98
(m, 1H), 4.97 (t, J = 1.5 Hz, 1H), 4.14 (t, J = 7.1 Hz, 2H), 2.53 (qt, J = 7.0, 1.3 Hz,
2H). Bc{*H} NMR (100 MHz, CDCls): § 135.6, 133.7, 133.2, 133.1, 129.7, 127.8,
127.4,127.3,124.4, 121.3, 119.5, 119.4, 116.8, 108.6, 94.9, 45.2, 33.4. The data are in
accordance with the literature.*
9-(Phenylselanyl)-1-((phenylselanyl)methyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indole
(3aw’). Oil, 29 mg, 12% vyield. *H NMR (400 MHz, CDCl5): & 7.60 (d, J = 7.7 Hz,
1H), 7.54 (d, J = 7.1 Hz, 2H), 7.39 — 7.20 (m, 5H), 7.18 — 7.06 (m, 6H), 4.35 — 4.22
(m, 1H), 4.10 — 4.02 (m, 1H), 3.75 — 3.69 (m, 1H), 3.51 (dd, J = 17.2, 4.9 Hz, 1H),
3.15 (dd, J = 17.2, 7.9 Hz, 1H), 2.52 — 2.37 (m, 1H), 2.28 — 2.18 (m, 1H). *C{*H}
NMR (100 MHz, CDCl3): 6 140.7, 136.6, 135.5, 134.0, 130.9, 129.2, 129.0, 128.4,
128.2, 127.7, 125.4, 121.6, 120.9, 119.6, 109.0, 93.8, 41.6, 35.9, 30.7, 29.7. HRMS
(ESI): m/z [M + H]" calcd for Cp4H,,NSe,, 484.0077; found, 484.0075.

9. References

1. D. Singh, A. M. Deobald, L. R. S. Camargo, G. Tabarelli, O. E. D. Rodrigues and A. L.
Braga, Org. Lett., 2010, 12, 3288.

2. Q.-B. Zhang, Y.-L. Ban, P.-F. Yuan, S.-J. Peng, J.-G. Fang, L.-Z. Wu and Q. Liu, Green
Chem., 2017, 19, 5559.

3. X. Zhang, C. Wang, H. Jiang and L. Sun, Chem. Commun. , 2018, 54, 8781.

S. Saba, J. Rafique, M. S. Franco, A. R. Schneider, L. Espndola, D. O. Silva and A. L.
Braga, Org. Biomol. Chem., 2018, 16, 880.
V. Rathore and S. Kumar, Green Chem., 2019, 21, 2670.
M. Lin, L. Kang, J. Gu, L. Dai, S. Tang, T. Zhang, Y. Wang, L. Li, X. Zheng, W. Zhu, R.
Si, X. Fu, L. Sun, Y. Zhang and C. Yan, Nano Res., 2017, 10, 922.
L. Sun, L. Wang, H. Alhumade, H. Yi, H. Cai and A. Lei, Org. Lett., 2021, 23, 7724.
. N. Muniraj, J. Dhineshkumar and K. R. Prabhu, ChemistrySelect, 2016, 1, 1033.

9. Q. Xie, Y. Yang, W. Zhang, Z. Gao, X. Li, J. Tang, C. Pan and G. Yu, Chem. Sci., 2021, 12,
5631.

10. Y. Wu, X. Tian, H. Zhang, R. Chen and T. Cao, Chin. J. Org. Chem., 2020, 40, 1384.

11. R. T. Oakley, R. W. Reed, C. M. Robertson and J. F. Richardson, Inorg. Chem., 2005, 44,
1837.

12. W. Fan, Q. Yang, F. Xu and P. Li, J. Org. Chem., 2014, 79, 10588.

13. X. Zhang, C. Wang, H. Jiang and L. Sun, RSC Adv., 2018, 8, 22042.

14. I. D. Lemir, W. D. Castro-Godoy, A. A. Heredia, L. C. Schmidt and J. E. Argtello, RSC
Adv., 2019, 9, 22685.

S24



10. Copies of NMR spectra

669
002
L0°L
co’L
co’L
€0°L
€0°L
0L
S0'L
G0'L
S0'L
902
102
1072
802
80°L
oL'L
cLL
cL'L
SL'L]
G172
SL'Z
9l
9L/
VANWE
LV LA
61711
61,4
| XAV

| XAVAR
SELN
1.7
OYN\
(A 4V2
GS'L
1S°L
9€'8 —

SePh

A\
N
H

"H NMR (400 MHz, CDCl;) of 3aa

Ly
wmvm
0L

6°0
fqr

o))

_

Fes0

0.5

4.0 3.5 3.0 25 2.0 15 1.0

4.5
1 (ppm)

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

1.6~

oLl —
£6LL

err/
6LZL\

SVl
AN

QNNFN
mer\
Nomr\
Nmmr\

€'G6el

SePh
A\

N
H
13C NMR (100 MHz, CDCl3) of 3aa

.Jun |

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10

15

1 (ppm)

S25



89'C—

1897
88°91
G0'L1
90,1
10,1
10,7
10,1
80/ 1
607/ 1
OL'L1
0L'Z]
AN
L2
AW
[4Wa
Gl
9L,
L1LY
VAW
JAWA
8L7LN

6L°L
6L,
0c’L
ogeL
ogeL
GL'8—

SePh

Me

"H NMR (400 MHz, CDCls) of 3ab

889
20727
80°L1
mo.T/
oLL

b2
AME
e
IR
2124

8L LF
m_\N\
6L°L
om.x\
og’L

70 6.9 6.8 6.7
1 (ppm)

74 73 72 741

Foe

v00°L
o'V
o'e

“66°

-

0.0

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

8.5

1 (ppm)

.6'8L —

1896 —

€5°'601 —

mm.mmr
mo.mmr /
egseh
€8722L\
s1'8zL
61621
8z'zel
€9°ZEl
€z'9€l
691

SePh

A\
N
H

Me

3C{"H} NMR (100 MHz, CDCls) of 3ab

10

15

1 (ppm)
S26

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20



€8'¢
20721
20721
80°L1
80°L |
60°L 1
60°L 1
oL'L
b2
b2
b2
AWE
€172
€1L
sz
SL2
oL°2
212
212
81°L1

92/

8¢,
62 /1
62 L1
0€'L
L€ LY
2L
9€' /1
Sl
9€"/

SePh

A\
N
H

Me

H NMR (400 MHz, CDCl5) of 3ac

8€ LN
8€'L

8¢,
19°2

€9/

7.5 7.4 7.3 7.2 71

7.6

1 (ppm)

7

te0'¢

0.0

0.5

1.0

1.5

2.0

25

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

LLee—

1 (ppm)

16°G6 —

95601 —

mv.omr
om.oﬁ/
AN
AR TARN
85°8ZL
mm.mmr\
€LOEL Y
mN.vQ\
99°geL \
05° €L

SePh

A\
N
H

Me

13C{"H} NMR (100 MHz, CDCls) of 3ac

|

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10

15

1 (ppm)
S27



s6 !

SePh

Me

H NMR (400 MHz, CDCls) of 3ad

F.0°€

20’
(O

™ _
Yoo

fes0

8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 25 2.0 1.5
1 (ppm)

3.5

Gl'le—

G826 —

geLLL—
00°0Z}

0L22)

95'5Z1 /
A %
09'8Z1
66'8Z1 \
19°0€EL

16ZEL
66°€€l
ggocl

———

SePh
A\

N
H
3C{"H} NMR (100 MHz, CDCls) of 3ad

Me

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S28



6v°'¢c—

AvoNg
moNg
90°Z
20721
80/ 1
80"/
0L°L7
LLLy
ClL LA
AW
122
XAV
2T LA
[orAVAY
czL”
|2 4VA

vl

VA VA

617 L

92’8 —

SePh

A
N
H

Me
"H NMR (400 MHz, CDCl3) of 3ae

res

Foe

790'S
0T
0L
0L

fseo

0.0

0.5

4.0 3.5 3.0 25 2.0 1.5

1 (ppm)

6.0 55 5.0 45

6.5

8.0 75 7.0

8.5

¥S'9lL —

8G'86 —

zZi'8Ll
z90zZL /
90°'L2ZL /
0S°€TL
L9'GZL
89'8Z1 \
00’6zl
09621

66°0€) \
v6'ecl \
66'SEL

SePh

N\
N
H

Me
13C{"H} NMR (100 MHz, CDCls) of 3ae

A

10

15

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S29



cLen
[4WA
€121
4V
14WA
14PN
Sl
1WA
1WA
9L,
VAWE
VAW
8L°L1
8L,
0C'L 1
¢ L
€CL
¢NN4
ve' L
TV
82 /1
8¢,
62/,
62/,
627
0€°L
0€'21
0€" LA

LE LA
61 L
6L
1G°L
1G°L
¢S,
€5,
€9°L
G8'8—

SePh

N\
N
H

MeOzC

"H NMR (400 MHz, CDCly) of 3af

feoe

0.C

0.5

4.0 3.5 3.0 25 2.0 1.5 1.0

4.5

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

1 (ppm)

€6°LG —

0€'86 —

mo.mi
Nm.&r/
sezel
wo.mmr/
$0°921

mo.omrw
mm.wmrw
mo.omr\
L2zel \
YL pEL \
61 L€

cr69lL —

SePh

A\
N
H

M902C

3C{"H} NMR (100 MHz, CDCls) of 3af

it

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

180

S30



06°€ 1
0L'L1
olL'21
OL'L7
L1
L2
[4WA
AW
[4WA
(WA
€L,
14WA
14WA
Sl
Sl
GlL'.1
9lL°L1
XAV
2 L
ce L
cg L
€T,
€2 L
Vel
Ve L1
92,1
S¥'L
S¥'LA
VAN
GG/
GG/

96°L
16,
86°L

89’6
ov.ww

——

Lv'8
Lv'8

SePh

N\
N
H

M902C

"H NMR (400 MHz, CDCl5) of 3ag

i

S

v

00'¢

7LO'€E
*€0'¢

0L

oL
FooL
1860
Foor

0.(

0.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
1 (ppm)

9.0

(<))
3]
(3]
N
o
i
8]
a
£ © E
() N
T
N zr 5
o
o
16715 — < _
O z
N
o) T
) A
= o
o)
56'66 — —
SZLLL—
cLezl
mm.mﬁ/
R AR _
8521~ 3
08'8zl —
90'621 T
127621 —
99°Z¢el
Sheel
S0'6ElL
€6°29L — —

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

180

S31



RN
80,
6021
olL'21
OL"Z{
(WA
(WA
cl'L
cl'L
€'l
[
14WA
4%
1AW
Sl
Gl
Gl
ol°L1
0c'L
(YA
(YA
12,7
1211
cc L

[4a°]

c8'8—

SePh

MeOZC

"H NMR (400 MHz, CDCl3) of 3ah

i

7]

=g

N
g
/0

E

0'€

[OR
o¢

0¢

0L
0L

o'l

0.5

1.0

2.0

25

€Les —

4.0 3.5 3.0

4.5

28'86 —
v8'€ELl
L1'och /
98'Lcl
LL'veL
ww.mN_‘/
18'8¢lL
go'6cCl V
62°€EL ¢
oLeel

62’ veEL
18'GEL

1 (ppm)

6.0 55 5.0

6.5

7.0

7.5

96°/91 —

8.0

8.5

9.0

SePh

MeOQC

3C{"H} NMR (100 MHz, CDCl;) of 3ah

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

S32



1679
1679
669
00°.L
L0'Z]
20 L]
80°L 1
80°L1
60°L 1
60°L 1
0L,
0L,
WA
L2
4w
AW
€171
€L
Vi,
Sl
Sl'L]
91747
02 L]
1L
L2 L
2T LA
2T LA
€CL1
€C L1
GC'LY
9C LY
92,
82,
6272
€€ L
veL

9€’L
052
1G°L
'8 —

SePh

"H NMR (400 MHz, CDCl) of 3ai

0.0

0.5

1.0

2.0

25

3.5 3.0

4.0

6.0 55 5.0

6.5

8.0 75 7.0

8.5

SePh

3¢{"H} NMR (100 MHz, CDClj) of 3ai

1€'86

wm.wm/
og'sol
¥G'G01L /
LWLl
89°LLL
443"
[447" \
18'Gcl /
G.'8¢l /
go'6cl
€8°0€L
€6°0€L
€8'¢cel
88'cel
8€'EeL

0G°2G1L ~
G865l

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

170

S33



€Leecl-—

SePh

9F NMR (376 MHz, CDCl3) of 3ai

20 -30 40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-10

1 (ppm)

807/
80°L 1
6021
6021
oL'21
oL'L1
L2
L1
AW
AW
€177
€L
€L'L
14V
14V
GlL'L1
SlL'L1
SL'L1
9L°L]
ANN
817,17
6L°21
02,1
0C'L1
02’7
AV
2T L
(AN
€T L
0€° L

ce L

vl
mv.xx
Sy L
09
19°L
ov'8 —

SePh
N
N
H

TH NMR (400 MHz, CDCl,) of 3aj

Cl

76 75 74 73 72 74 70
1 (ppm)

7.7

I

—_—————

3

3

0'€
mo.m
0L
H/.

)Mo._\
0L

k60

0.0

1
o
e
1
e
N
1o
N
]
Ll
0
Lol
<
<
B
s <
Ya ™
y %]
T
<
0
0
0
<
©
0
©
<
N~
0
N~
<
e}
0
o]

9.0



86°L6 —

csclLL —
8861 /
vi'ect /
88'GCl /
v8°9CL \:
v.'8¢l 7
clecl
6c’LEl \
Lo'cel
8e'eel
LLVEL

SePh

Cl

3C{"H} NMR (100 MHz, CDCls) of 3aj

10

15

1 (ppm)

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

L2
L1
L1
[4WA
4
€L/
€L
4WA
4WA
Sl
9l°,1
9l°,1
61,1
0c'L
0Z°L1
0C'L
XAV
cc L
(4N
Ve L1
821
0€'L
[4Wh
(AN

e L
ves
mv.#&
oL
0
7
Srg—

SePh

=]¢

"H NMR (400 MHz, CDCls) of 3ak

73 72 74 70 69
1 (ppm)

7.4

7.5

SHHSD
[eNeoNeNoNa]

- aN®

8.0

foor

0.5

4.0 3.5 3.0 25 2.0 1.5 1.0

4.5
1 (ppm)
S35

6.0 55 5.0

6.5

7.0

7.5

8.5

9.0



16°L6 —

68°CLL
ovviL”
66°¢cl
98°G¢cl
66°GCl
LL'8cl ~
oL'ecl 7
68°LEL
cveel
9g'eel
so'sel

SePh

Br

3C{"H} NMR (100 MHz, CDCls) of 3ak

10

15

1 (ppm)

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

0lL'Lg
[AWh
L2
[4Wa
cl L
€L
€L
Vi,
Vi
14dWh
Gl
Sl

SePh

N\
N
H

®
®
Y
1<}
=
O
o
O
N
I
=
o
S
=
e
=
z
I

7.4 7.3 7.2 71 7.0
f1 (ppm)

7.5

209
Sl
oL
901

oo

0.C

o
o
<
=
©
-
N
o
0
o
o
«
o
©
<
<
€
“s ©
Yo ™
= w
b
<
©
0
©
<
©
o
©
N
N~
N
~
.
@
0
@

9.0



LLv8 —

vGL6—

o€’ el —

08'szL
89'8Z1
LL'6ZL
1Z'62L
SYLEL~
sozel |
9g'zeL
LyEeL
zg'seL

SePh

3C{"H} NMR (100 MHz, CDClj) of 3al

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

8/1°€"
8879
6879
06°9 1
16'9
90/ 1
90/
80/
80°L
60°L
60°L
OL"Z1
L2
L2
AW
AW
€LY
14WA
VLA
02+
L2 LY
YAV
YAV
(44
€T L

9z'L
6z
8e'2 1
6€°L
1€8—

SePh

A\
N
H

MeO

"H NMR (400 MHz, CDCl3) of 3am

16'9
90,

wo.L
60°L Y

oL ;
AW
_.NN2

£z L7
£2'2
0z~
6L’
88, ~
6872

70 69 6.8 6.7

1

7.
1

75 74 73 72

(Ppm)

il

e

~-a Y-

FO T DR
[eReR S eoNe]

foo't

0.5

15

2.0

25

3.0

3.5

5.0

5.5

6.0

6.5

8.0 7.5 7.0

8.5

S37



686G —

9G°/6 —
99°1L0L —

R ANREN
6r'eLlL "

09°5Z1L
158zl
€062
6L°0E) ~
geLel \
86°LEl
16°€EL

0L'GS1L —

SePh

A\
N
H

MeO

13C{"H} NMR (100 MHz, CDCls) of 3am

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

160

€L
14AWA
Gl
Sl
1WA
9L/
9L/
VANA
VANA
8L/
8L
611
XAV
(4N
(4N
€T/
€T/
€T/
vZ /L
vZ /L
vZ /L
G2’ L1
STV
ve L
v/
v/
S/
SY'L]
St/
AN
Ly L
VAN
61°L
6L
05/
0SS
252
2S5

19°L
[4° A
1671
86°L
86°L
86°L
00’8
10’8
98'8

SePh

A\
N
H

NC

"H NMR (400 MHz, CDCl3) of 3an

0.C

0.5

1.0

4.0 3.5 3.0 25 2.0

4.5
1 (ppm)

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

9.0

S38



[=
©
™
N
o
»
9)
8
c
o -
[ N
@ zT =
o
o
x
s
g =
z =
T
~
¥
3
8166 —
£Lv0L —
Mzl —
ze ozl
16521
Nt@mrw
A
o-62+
61621
16621
vSZEL
otmmr\
cz8el

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

€e’l

#o.n%
90°Z
90°Z
10,1
2071
2071
80°L
80°L
60°Z
60°L
0L"Z]
0L"Z]
OL'L7
L]
L2
ClL ]
ClL
VAN
VAN
8L7.1
817/
617,
6177
0C'L 7
€T/
A
A
6€°L
6E°L
Ly LA
AV

(YR
oh#%
2Ll

NHNN
1z'8

rwmw
168~

SePh

A\
N
H

H NMR (400 MHz, CDCl5) of 3a0

102
80°2
otN\
oL'2
112
8L°L
612
€27
o2
6€°L
6e°L
L2
zr'L
0L2
0L2

7/

75 74 73 72 741
1 (ppm)

7.6

7.7

P I !

yvoo.w

v SO’
= 90’
90’

Fio
F oo

LA O N

—

0.0

0.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0
1 (ppm)

9.0

S39



c6've —

G9'€8 —

8G'86 —

06°0LL —

wv.mN_‘
mm.hN_\ /
6€'8¢Cl %
86'8¢Cl ¢

N_‘.mw_‘\
mh.mm_‘\
vw._‘m_‘\

€evel
61°8€1L

SePh

O/B

13¢{"H} NMR (100 MHz, CDCl5) of 3a0

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

LLL

SePh

A\
N
H

"H NMR (400 MHz, CDCls) of 3ap

70 6.9 6.8

1 (ppm)

78 77 76 75 74 73 72 7.1

JS0°€
=0¢
My
N
iz

Foot

0.C

0.5

1.0

15

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)
S40

8.5

9.0



ONT ONOD
MO M0
LMMANOD
N MmO NN
e
e L

_126.35

125.97

1 125.68

| 125.36
| 125.05
| 124.73

123.65

120.94

17.64

| 109.13
| 109.09
| 109.05
| 109.00
98.88

L

i

|

J

SePh

A\

N
FaC N

3C{'H} NMR (100 MHz, CDCls) of 3ap

L

Ll

T

T

T

T

T

T

T

T T T T T T T T T T T T T T

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
1 (ppm)
[0}
©
o
5 SePh
|
A\
FsC H
19F NMR (376 MHz, CDCl3) of 3ap
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
1 (ppm)

S41



80°L
80°L
80°L
60°L
oL’2
oL’
oL’ZL
LL'Z
L.
cLL
L.
[ AV
€Ll
14 WA
14 WA
4N
GL'L]
G121
61721
0C' L1
02 L1
XAV
XAV
cc L
cc LA
[ YAV
Y2 LA
yXAVA

wN.Nu
YA
LeL

-

€L'oL—
6€0L —

SePh

A\
N
H

CHO
"H NMR (400 MHz, CDCl3) of 3aq

8079 78 77 76 7574 73 72 71
1 (ppm)

HO'L
k6o

40 35 30 25 20 15 10 05 0.0

4.5

5.0

6.0 55
1 (ppm

6.5

85 80 75 70

9.0

10.0 9.5

10.5

11.0

28'86 —
zs'0Z)
88'0Z)
06'52)
10°12)
18821
80621
09'6ZL w
aL'Lel
z6ZEL
seeel
ovveL

Lv'e6l —

SePh

A\
N
H

CHO
3C{"H} NMR (100 MHz, CDCl5) of 3aq

-

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

1 (ppm)

S42



€8°¢

€9/

SePh

"H NMR (400 MHz, CDCl3) of 3ar

—F80°'C
<
N
<
o
N
NE
e
<
N
0
~ .
~ 5oy
© =~
~ N 10'C
N o'l
0’

0.5

1.0

15

2.0

25

3.0

3.5

4.5

55 5.0

6.0

7.5 7.0 6.5

8.0

LLee—

1 (ppm)

16°G6 —

95'601 —

mv.omr
om.omr/
9r'TZL N\
AR TARN
85821~
mm.wmr\
€L0EL ",
mm.vmr\
99°GEL \
0g°€L

SePh

N\
N
M

3C{"H} NMR (100 MHz, CDCl3) of 3ar

A

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S43



9€°'G1
1021
8011
60,1
olL'21
oL'Z1
L2
L2
[4WA
[4AWA
€L
4V
YL,
Sl
9L,
9L,
VAWE
8L,
8L,
XAV
2 L
2 L
4V
€T L
vZ L
vZ L
STV
GZ'/L1
92,1
8¢, 1
62,1
62,1
0€°L1
0€"L1
L€ 27
ce L
(A%
€€ L1
ve L
vE L
GE' L
Ot

€9/t
mm.#/
S92/

mo.nw

G9°L

SePh

N\
N

Bn

"H NMR (400 MHz, CDCl,) of 3as

7.3 7.2 71 7.0 6.9

7.4

1 (ppm)

/]

ooz

209
) 0'€
(0%
0'L

0.0

0.5

1.0

1.5

2.0

25

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

1 (ppm)

cr0s —

¥8'96 —

§8-8et
L9°0Z1
99'zz1
vg'szl %
86'9Z1 \
z6'22L ¢
S8zl
z6'8z1
96'82Z1
80'vEL
S0'GeEl
SL9€EL

SePh
N
N

Bn
3C{"H} NMR (100 MHz, CDCl3) of 3as

mhMlH .

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10

15

1 (ppm)

S44



R
S0 L1
S0 L1
S0 L
90°L
L07L
807
8071
80°L1
60°L 1
OL"Z]
OL"Z]
Ll
L2
AW
AW
€L
€L
1L
1L
Sl
Sl'LT
91747
91717
VAW
AWA
AW
81°L1
61711
0c'L Y
02’1
G2,
ce LY
e LA
e L
Y€ LA

Ve L
Ve L
vSsL
9SG,
9SG,
9C'8 —

SePh

Me

A\
N
H

TH NMR (400 MHz, CDCl3) of 3at

~~
\

Feoz
0L

fso’

JTO.F

0.0

0.5

1.0

3.0 25 2.0

3.5

6.0

6.5

7.0

7.5

8.0

8.5

€celL —

SePh

Me

7 “zT

3C{"H} NMR (100 MHz, CDCls) of 3at

1

b

1296 —

9oLl —

ow.m:/
59021\
zLrzeL—
seGzL —
LE'8ZL 7
vm.wmr\
vm.rmr\
vm.mmr\
R.mmr\
80Vl

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S45



PACA
80°L
80°L
60°Z
60°L
0L'21
0lL°21
b2
cl ]
€L
Sl
9L7L]
8L.]
6L°2]
61721
0c'L
0C' .1
L2 L]
cc L
Ve L]
Ve L]
STV
9¢' .
9C'/
XAV
8¢/

SePh

Ph

A\
N
H

"H NMR (400 MHz, CDCl3) of 3au

79 78 77 76 75 74 73 72 71 7.0

1 (ppm)

ho:z
Y90y
Z0'L
0z

Foo'L

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

8.5

9.0

SePh

c0'G6 —

Ph

A\
N
H

3C{"H} NMR (100 MHz, CDCl3) of 3au

nlwl

85 80 75 70 65 60 55 50 45 40 35 30 25 2
1 (ppm)

90

50 145 140 135 130 125 120 115 110 105 100 95

S46



ve'e

moN/
S0'L

90,
2072
2072
0L
80°L
802
802
602
60°L
oL'Z
0L'Z
oL'Z
Lz
Lz
492
42
€11
Vil
Vi
Sl
91,1
VAWA
L2,
L2 LY
L2 Ly
€2 L
[ YAV

[4=1A
[4=A
VG,
vm.h\
G6°L—

SePh

N
H
"H NMR (400 MHz, CDCls) of 3av

hez

bho
2071
?00°}

fze0

0.C

0.5

2.0 1.5 1.0

25

3.0

4.5 4.0 3.5
1 (ppm)

6.0 55 5.0

6.5

7.5 7.0

8.0

GE6 —

Me
N
N
H

SePh

13C{"H} NMR (100 MHz, CDCl3) of 3av

10

15

50 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

Sa7



NN.NQ
2521
269
769
90,
902
10,
80°L
80°L
60°L
oL'Z
Lz
Lz
44
el
eL's
SL'L
GL'L
VAR
VARYA
VAR
8L,
617,17
€21
62/
62/
621
L€/
L€/L 1
Le LY
S
1255 m
vS'L
GG,
9SG,
9G°'L
yAWA
8L'8—

—

Me

Se

Me

7 “zT

"H NMR (400 MHz, CDCl3) of 3ba

70 6.9 6.8

1 (ppm)

76 75 74 73 72 71

e

o€
¥00'¢

ko
Moy
oy

¥Oo'L

Fee0

0.0

0.5

2.0 1.5 1.0

25

3.0

3.5

5.0

55

6.0

6.5

8.0 75 7.0

8.5

ccel —

G6°0C —

996 —

VAV

2861\
09'0ClL —
90'ceclh
¥9'821 \
6.°'6¢l N
66'6¢C1
8c'LEL
Le'sel
9/.'G€l
L9'0¥1

Me

Se

Me

7 “zT

3C{"H} NMR (100 MHz, CDCl3) of 3ba

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S48



92
0L°€
19'9
89'9
89'9
69'9
0L'9
LL'9
oL'L
oL'L
(4
(4992
eL’L
vz
vi'L
S’
S
9L
9l'L
L1°2]
AWA
2127
817
87
v L
8¢/
821
62
0€'L
L€ LA

99°L
1G9°L
8G°L
8G°L
69°L
12’8 —

OMe

Se

Me

7 zT

"H NMR (400 MHz, CDCl3) of 3bb

boe

Feoe

ko
Feov
B0y

¥00°L

60

0.C

0.5

2.0 1.5 1.0

25

3.0

3.5

4.0

4.5

5.0

55

6.0

6.5

7.0

7.5

8.0

8.5

1 (ppm)

€Cel —

8¢°GG —

V16—

oL~
9L VL
9,'6LL

YA A
S.NNQ
zLezL

0L0€L 7
vz el
0L'GEL
seovL

1851 —

OMe

Me

7 “zT

3C{"H} NMR (100 MHz, CDCl3) of 3bb

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

160

S49



vS'C—

G6'9
169
[43WA
44
1A
vl
vl
SL'L
9L'L
9lL'L
9L,
8L,
8L,
0c'L
02’1
0C'. 1
(4N
(4N
v,
ANV
€€°L1
€€ L
e L
GE LN
Ge'L-
[4=WA

[4=wA

vS'L

vS'L

128 —

OCF,

Se
A\
N
H

Me

"H NMR (400 MHz, CDCls) of 3bc

| T .
T 2M60°E
@
©
<
~
N
N~
~ E
Q
&
“r
N~
<
~
0
~
©
~
~ Hoze
— HOV
S 0L
N H00'L
\ toe0

0.C

0.5

2.0 15 1.0

25

3.0

3.5

1 (ppm)

6.0 55 5.0 4.5

6.5

8.0 7.5 7.0

8.5

6L'€lL —

c0'96 —

09°0LL
6591 /
SL'6LL /
z9'6LL /
¥8'0ZL
89121 7
ez
FACTARN
66°0€L
sreel
6L°GEL

LO'LYL
ve Lyl

9z Lyl

OCF,

Se

Me

7 “zT

13C{"H} NMR (100 MHz, CDCl3) of 3bc

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

150

S50



2 1
L& 3
' ®
o [ g 5
5 5 S
o 5 [ © 9
5 N 2 ©
(@) o o N
18 N
o) o _ PPz =
s . H o
N . o
) T [ @ 8G°C =
NPz = _ Ss/ P .
2 i vl s ——— "rso0e
e P oL'L z
W [ 9L T
= [ 812
L o 8Lz 2z N
e Fn 0z'L o
i 0z'2 ooy N
N V2L ooy Lo
16 zT L oot
Ir 8 geL ve'L R
00°86- — oL €c'L veL Se
-3 vzl oty g
L 5¢L om.#\ N
62 9eL "
B el 8e'L
ez 8eL L
veL] ov'L
= ve'l] 8v's ©
e L 052 F
r Ge'/ ]
y% eI
9g°2 1
F 8¢e'/ 1
L 8€°L 10t
_ b7 ﬁ Wmo.w
r 8y’ L~ N ¥02Z
Lo 052 Y001
152
L 652
Lo 0e'8— \ 126°0
[o

7.5 7.0 6.5 6.0 5.5 5.0 . 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
S51

8.0

8.5

9.0



Leel —

Ph

Se

Me

7 “zT

3C{"H} NMR (100 MHz, CDCl3) of 3bd

v1796
0G°0bL
18'6LL 1
127021 1
8L'zzl 4/
18°921 1
60°LZ) 1
99221 1
€9'8zl ;
02821 1
v1'82Z1L ,w
€Z'LEL

LLEEL Y
08'SEL
Zr'8el
€20Vl
o8 ovL

10

15

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

LG ¢—

6.9
6.°9
08'9
18'9
18'9
£8'9
€8'9
oL’z
L
(A
zLL
zLL
€L/
AWE
viL]
VA
G121
91721
917/
81721
8L°L7
61721
ON.TW
zzL
wm.%m
og'L
€5/
SS'2
18—

Se
A\
N
H

"H NMR (400 MHz, CDCls) of 3be

Me

— roo'e

J

70 69 6.8

1 (ppm)

76 75 74 73 72 71

Yooz
poy
po'L
JE0'L

-
—
S
\

\ heo

0.(

0.5

1.0

15

2.0

25

3.0

3.5

5.0

55

6.0

6.5

7.0

7.5

8.0

8.5

S52



0w N OMNOUVLOVDOOMMWLO©OITO
© o NNOMA--ANO-0OO « o
INE=] CWro0O0OVONO® OO N -
© © TOOOMONNNNTT ™ «— «— © (a0}
- - FrrrTrrrrTrrTsrsCseC- O -~
\ e |
N Me
N
H
3C{"H} NMR (100 MHz, CDCl3) of 3be
ll " J M aah A k o
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
-
Q
N~
=
h
:
|

\Me
N
H

°H NMR (376 MHz, CDCl3) of 3be

T T T T T T T T T T T T T T T T T T T T T T T T T T T
-65 -70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 -185 -190 -195
1 (ppm)

S53



€5°¢C
0L
0L
G0'L
902
102
80°L
60°L
oL'Z
Lz
Lz
cLL
eLL
eLL
eL'L
vl
SlL'.
SlL'.
LV L
LV L
6L,
6L,
6L°L
| XAV
| XAV
cc L
GZ'L
ceL
Nm.E
€€°L
€L
YL
G/
GE'L
61",
61" L
05,7
0G'L
0S|
LG
¢S LT
[4-wA

[4°WA

€5,

8C'8 —

Cl

Se

Me

7 “zT

"H NMR (400 MHz, CDCl3) of 3bf

T

7.5

S S

o€

Qo QoQ®
- --m

8'0

0.0

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5
1 (ppm)

6.0 55 5.0

6.5

8.0 75 7.0

8.5

ocel —

€096 —

1G9°0LL —

€9°6LL
6.02L —
6z'zClL
LO6ZL \
09621 *;
86°0€L
zeLeL
rAAAN}
8.°GEL \
06°0vL

Cl

Me

A\
N
H

3C{"H} NMR (100 MHz, CDCl3) of 3bf

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S54



0cer
JARA
vv.N/
vv'e

289
002
102
2oL
c0'L
2oL
0L
0L
wo.E
90°Z 1
L0°L Y
80/
80/
60"/
OL'Zy
8L,
81,1
8L,
02",

se'2
9g'L
152+
B.@ﬁ
8e’L
06°L—

Me

N
H

#80°€

Jmoo.m

1 NMR (400 MHz, CDCls) of 3bg

c0'L

e

6.9

7.0

71

7.2

7.3

1 (ppm)

919

S NDD
ooooo

- -

0.5

1.0

4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

6.0 55 5.0

6.5

7.5 7.0

8.0

ocel —

180 —
Gc've —

G086 —

ceoLL —

€9'6L1
L0°0cCL V
€9°L2CL
19'8¢1
€.°8¢1 v
86°0¢€1

N_‘Rm_‘ \
om.ﬁm_‘\
88'L¥L

Me

3C{"H} NMR (100 MHz, CDCl3) of 3bg

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S55



9G'Cc —

¥8'S
199
€99
999
999
9.9
9.9
82°9
8191
:.E
L4
€L
erzy
SL°L1
SL°LA
Gl
91,1
VAWA
8L/
mr.m/W
617N
ST LT
om.m\
[ANYA

9G°L

8G°/L

22’8 —

N
H

"H NMR (400 MHz, CDCl3) of 3bh

1 (ppm)

T
76 7574 7372717069 68 6.7 6.6

§

S

s/

f

fooe

tooz

60
60
60

ksoz

oL
oL

Ekeo

0.(

0.5

1.0

2.0

25

3.0

3.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

ccel —

Me

N
H
3C{"H} NMR (100 MHz, CDCl3) of 3bh

ce L6 —
68°001 —

§6°801 \
G0°0LL >
Sv'oLlL /

LL6LL~
99°0Z)
zLzzL \
mm.mmr\
gz'szlL

ELLEL

0L°SEL /
gsovl
aL'ovl ~
eL'syl~

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

150

S56



OUOTIITITOOLOIITIITIONNOOW o N~
00OOOOONNNNNNNN T = - o o
MNMNMMMMMMMMMMMMMMMNDM N N
NN LN ‘ )
SeMe
N Me
N
H
"H NMR (400 MHz, CDCl3) of 3bl
|
o . L_
¢ 3 N d 3P
& & ©g9 ST
o - - NN ™ [sp}
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
0N S - < 0 [e)
S ©o o N < © ™
oW - oo o < -8
[Selsp N ep) N N — — o ™
- - - - - - o - ®
0N A | | Lo
SeMe
N Me
N
H
13C{"H} NMR (100 MHz, CDClj) of 3bl
A ) . N
145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0

1 (ppm)

S57



N~ W
N

~—

cs'e

v9'¢

142
vLL
GlL'.
GlL'.
GlL'.
9lL'L
VN.NQ
ve L]
vz L
AR
S TAVA
GC'L1
STV
9z
mw.ﬁg
v9°L
9L
9L
GO/
G99/,

99°/

0’8 —

SeEt

Me

7 “zT

"H NMR (400 MHz, CDCl;) of 3bj

s/

S

*€0'e

AR
Moz

¥oe
"ot

foos
fs60

0.C

0.5

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 (ppm)

8.0

szel”
so9L7
€8'1Z~

19796 —

or'oLlL —

vLBLLA
1Z'0zL
CYNEAS

vLeL”
99°GEL —
¥6°6EL

SeEt

Me

Z “zT

13C{"H} NMR (100 MHz, CDCl3) of 3bj

10

15

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S58



86°L
€lL'¢e
989
989
189
889
88'9
689
689
069
169
80,
60°L
oL'2
Lz
L.
€Ll
14 WA
14 WA
SLL
SlL'L
9lL'L
LLL
LLL
8L,
8L,
6L,
6L,
oc'L
021
L2 L
12,7
2 L
A4V
A4V
[ YAV
mm.mg
oo.my
1929

19°L
19°L
c9'L
c9'L

68°L

€9°L
mm.m\

Ph

v

Se
A\
N
H

"H NMR (400 MHz, CDCl3) of 3bk

Me

Y

ke

"0z
o€
01
0L

woo._‘

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

8.0

cscL —

1G'Le —

99'96 —

0S°0LL —

85611\
ve ozl N
€Lzl ~
vE9ZL ~
zZLeeL 7
18821 A
SLEL

Logel
mm.mm@
oL Ll

Ph

Se—/

A\

N
H
3C{"H} NMR (100 MHz, CDCl5) of 3bk

Me

10

15

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S59



VA4
8¢
8¢
mm.N\

mo.Ng

YL
G2
G2
IR
61721
1227
122N

2z LA
czL”
€92
Y92
g9'L

G6°L

Ph
Se-/_

\Me

H NMR (400 MHz, CDCI3) of 3bl

wwo_‘.m

S0°L
L0°L
L0°L
cL’L
€L’L
vi'L
14 A
Gl'L
Gl L~
9lL°L
6L L~
XAV A
_‘N.hx
NNN\
€C’L

7.20 7.15 7.10 7.05 7.00

7.25

1 (ppm)

KLYy

MRo.N
o€
0'e

oL

Foo1

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

4.5

5.0

55

6.0

6.5

7.0

7.5

8.0

1 (ppm)

Leel —

88°'8C —

S TAVA S

91°96 —

S oLlL —

GL6LL
ot0zL
6812l
zz9zl ~
Ly8zh

Sv'8ZL |
ro'LeL )
IR

mm.mm@
bS LYl

Ph
Se-/_

\Me

N
H
3C{"H} NMR (100 MHz, CDCls) of 3bl

10

15

1 (ppm)
S60

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20



€12
YL L
GL'Z1
91/
€217
¥Z LA
ve'L %
Y2 LA
TV
€974\
Y92

V@NN
59/

S.w\

Se
A\

Me

N
H

s/

H NMR (400 MHz, CDCls) of 3bm

¥60'¢

Fory
oz

¥50°€
*¢o'z

0.0

7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5
1 (ppm)

7.5

8.0

TA AN
sovL”

6¢'cc—
cG'8C\

820 —
gg'Le”

80°,6 —

6€0LL —

€L6LL\
61021 -
sz’

so'LeL
G9'GEL —
89°6€L

Se
N

Me

N
H
13C{"H} NMR (100 MHz, CDCl3) of 3bm

10

15

1 (ppm)
S61

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20



o}
) © LW
Y

v_‘.mg

GLZ1
GL /1
91721
vz L
TAVR
9Z'L 1
TR
12727
12717
€92
€92
v9'L
vo'L
S92
G0'8—

Se
A\
N
H

Me

"H NMR (400 MHz, CDCl3) of 3bn

s

€0'e
¥60'9
hgyz
902z

L'e
0¢c

0'¢c
L

0oL

tos0

0.0

0.5

1.0

4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

5.0

5.5

6.0

6.5

7.5 7.0

8.0

PrA TN
Ly
€922
2582
mm.wm%
99'6Z
6507
08'Le

LL'l6—

veoLlL —

€611\
CINAR
v2izL’

yoLeL
Y9'GeL —
€9'6€1L

Se
A\

N
H
13¢{"H} NMR (100 MHz, CDCl3) of 3bn

Me

10

15

1 (ppm)
S62

45 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20



160~
8607

99°L
89°L /
69°L
LLL x
€L

[4°K4
[4°K4
vm.N\

44
1A
vl
SL'L
9lL'L
VARVA
[AAVA
[4AVA
cc L
€CL
€L
Ve L
v L
v/,
TV
GT L1
STV
N@Ny
N@Ng
€9°/1
€9°/ 1
9L

Y9 LA
G9'L
99°L

wos\

66°L

e

N

N
H
"H NMR (400 MHz, CDCls) of 3bo

*0'9

\ FeoL

Me

—— 0'G

¥s0'¢

5 bgoy

S F00'L

\ Fgg0

0.0

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

8.0

gcel —
GG'cc —
€0°6C —

Sv'8€ —

€G°,6 —

ov'oLlL —

0L6LL\
61021 -
INRAS

sg'lel ”
99°'6EL —
LY'6EL

Ju

Se
A\

N
H
3C{"H} NMR (100 MHz, CDCl3) of 3bo

Me

10

15

1 (ppm)
S63

45 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20



1WA
YLLq
SL°L1
SL°/L1
SL'L1
9L L1
vZ' Ly
92,1
92’ L\
121N
XAV
8z’ L7
LR
G99/,

m@.nN
99/
608

Se
A\
N
H

"H NMR (400 MHz, CDCl3) of 3bp

Me

;57

B

e

wt.m
Moe
Hie
80T

Fooe

ho

¥60'Z
560'L

Foo'L
Foot

0.5

1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

8.0

ZrelL —
0L°§2~
9692
£G'vE —

Lo'ey —

2596 —

L20LL —

90°0C1
8L'ogl -,
m@._\N_‘\

Lezer”
09'G6elL 7
re oVl ~

Se
A\
N
H

Me

13C{"H} NMR (100 MHz, CDCl3) of 3bp

10

15

1 (ppm)
S64

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20



VAN

8v'¢
8v'c

959'€ —

LLL
LLL
cL'L
€Ll
€LL
61721
61721
61,1
02 L
02 L1
0T L1
XAV
1272
L2219
me)
95°2
9SG/
1571
VA
1571
8G°L
8G°L
'8 —

(0]
OMe
Se
N Me
N
H

"H NMR (400 MHz, CDCls) of 3bg

s/

*60'9

AR

2602
mro.r
¥90°L

Foo'1

0.0

0.5

3.0 25 2.0 1.5 1.0

3.5

4.0
1 (ppm)

6.0 55 5.0 4.5

6.5

8.0 75 7.0

8.5

leel —

€2°9¢ —

€L°GY —
62°¢S —

€€°26 —

6¥7°0LL —
18611\
Ly'ocl
88'lcl /

zreeL”

vesel”
aLZrl ~

121G —

10

20

30

O
OMe
Se
N Me
N
H
40

50

60

3C{"H} NMR (100 MHz, CDCls) of 3bq
70

80

90
S65

1 (ppm)

110 100

120

170 160 150 140 130

180




LO'LY
€01
SO'L
wm.:
or'L ?
6€'C
mw.j
hv.mé
6v'€E
16°€1
mm.m;

—

¥8°¢ 1
98¢ |
/8¢
88'¢ 1
68'€ 1
06°€
B.mp
16°€
C6°EN
€6°€ ]

16°€ ]

L

"H NMR|(400 MHz, CDCl3) of 3br

/o

i/

r

S

¥G0o'e

=0'¢c

*80'¢

Fso1
Fsoz

280'C
(ON%

fooL

Foot

3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

4.0

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

9.0

1 (ppm)

GL9€ —

1019 —

99'G6 —

csoLlL —

L9'6LLN
ov'ozi -
ggizL”/

06°'LEL”

8G'gElL
9L Ll ~

VAN 7 S

0
j/OEt

Se
N
N
H

Me
Me

3C{"H} NMR (100 MHz, CDCl3) of 3br

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

1 (ppm)

S66



z8'¢c—

€8'€

s5'9
69
oLz
AW}
AW}
€Lz
€L
vLL
GLZ
GLZ
S
91/
112
LV
LV
8L/
8L/
6121
6L
cc L
YR
9z LA
1z’

S’ L

SePh

@N
Me

'H NMR (400 MHz, CDCI;) of 5a

f60'c

%hm.o

Fsoz

0'¢
02
ooz

0.5

2.0 1.5 1.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25
1 (ppm)

7.0

7.5

¢S0€ —

LEELL N
eryLL”

18'SZL ~
S0'6ZL ~
126217
£9VEL —
68 LEL 7

29'6v1L —

SePh

ﬂN
Me

3C{"H} NMR (100 MHz, CDCl;) of 5a

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

150

S67



wﬁ.m/
08'€
m@m\
eV
rNog
L2
cL'L
1A
[ A
14V
vl
L.
9L,
91,1
LV
8L°L1
6L,
0C' L1
02 Ly
L2 L
4N
[4AVA

€C° L
@NN\

OMe

OMe

MeO

SePh

NH,
"H NMR (400 MHz, CDCls) of 5b

—

~— ==

oL

kos

0.C

0.5

2.0 15 1.0

25

3.0

3.5

1 (ppm)

4.5

6.0 55 5.0

6.5

7.0

7.5

OMe

OMe

MeO

28'95 ~
617197\
evi9”

SePh

NH,
3C{"H} NMR (100 MHz, CDCl3) of 5b

6216 —
L0°66 —

18'SZ1
1G'8Z1L \
aL'egl
652EL 7
0S'vEL

80°9%1L —

LL'GSL A
6651 7

1 (ppm)
S68

T T T T T T
150 140 130 120 110 100 90

T
160




L0V —

€8'G
€€'9]
wm.m:
NO.N;
80°Z 1
80/
60°L
60°L
O_,.N;
L1 LA
LL LY
L2
€1/
i.fﬁ
YL LA
9L,

=

NH,

SePh

"H NMR (400 MHz, CDCl5) of 5¢

f

J,

hoz

6oz

0L

*86°0

Feos

4.0

7.0

1 (ppm)

68°G6 ~
€0°001
82'L0oL ~

€0'9LL —

ORTARN
CYTARN
618217
oetel”

reeel /-
95 €rL ~
1TBYLN

NH,

SePh

3C{"H} NMR (100 MHz, CDCl3) of 5¢

1 (ppm)

T T T T T
140 130 120 110 100 90

T
150

S69



cL e~
6L€”

197
102
20°L 1
2071
€0°.]
0" L1
$0°L 1
v0°L
GO0'Z 1
90721
90°L 7
80°L 1
807
OL"ZA
oﬁn#
LLL
cL'L

€L

612

e

OMe

OMe

MeO

SePh
"H NMR (400 MHz, CDCl3) of 5d

—

¥90'9
Noe

oz

fee'v

0.C

1.5 1.0 0.5

2.0

3.0

3.5

6.0 5.5 5.0 45
1 (ppm)

6.5

7.0

7.5

T

wn

Y

o]

»

@)

o)

(@)

2 N

o T

o c =

= % 8

o n -

14

o 2

. Q

'S~ s =~

T

€657 <,

)

®
106 —
096 —
rAZARN

2'12L
2°12)

szelL”
6091
61917

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

170

S70



¥8'9
78'9
G8'9
989
189
189
[ A
14 WA
SL'L
9l'L
91°L]
L1
VAN
8L/,
6L/
STAVA
STV
STV
JXAVN
8¢ L
8¢ L

_N
2

N

=

A

SePh

"H NMR (400 MHz, CDCls) of 5e

0€ 2
oc s’
89/
ors”
86'L—
92’8\
8z'8”

Mot
0'G
Ll

WNO._.
t66°0
m\oo.r

0.(

0.5

1.0

1.5

2.0

25

3.0

3.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

v¥'901L —

GO'ELL —
Y6 LLL —
€z'6Cl

mﬁmmrﬂ
G8'9Z1 —
mm.wmrw
B.mmr\
9g0€l

60Vl —
oc'sylL —

SePh

3C{"H} NMR (100 MHz, CDCl5) of 5e

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

150

S71



(1WA
L1
L1
[4WA
€121
€L
149
V1L,
14V
Sl
€€°L 1
€€/L 1
€€°/1 1
ve L
GE'L 1
GE'/L 1
9€/ 1
9€°L1
L€°L1
Sl
oYL
VAN
8,1
8V /1
6t L
051
NN.N)
22721
6.1,

6L°L
98° LT
ww.h\
Ge'8
9¢'8
8¢'8
82’8

SePh

OH

TH NMR (400 MHz, CDCl,) of 5f

L2

eLL

—

—

—

88,

8.38.28180797.87.7767574737.27.1
1 (ppm)

_

150'9
o'z
boor1
oL
o'}

oot

0.5

4.0 3.5 3.0 25 2.0 1.5 1.0

4.5

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

1 (ppm)

10'601L —
09'9L1L

18'ecl

29'9¢cl /
G6'9¢Cl /
96°/2C1 ~
1G'8¢l
60'6¢ClL
8v'6¢Cl
85°0¢€L
c8'cel
€8°6G¢El

G296 —

SePh

OH

3C{"H} NMR (100 MHz, CDCl5) of 5f

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

170

1 (ppm)

S72



cL'y
0L
90°L
80°L
80°L
602
0L'2
0L'2
L2
L
cLL
cLL
€L
€L
vi'L
144
Sl
Gl'L
9L
cc L
XAV
€g'L
ve'L
ve'L
T4V
92’1
92’ L
0¥ L
oV’ LY
Ly L
v LY
v LY
€V L1
YL

89°L
w@mm
0LL
0L,
cL LT
[CX
NQwW
€€'8

SePh

NH,

"H NMR (400 MHz, CDCls) of 5g

x4

Ll
0's
bzl
L
0L
0L

Foo'L

0.C

0.5

4.0 3.5 3.0 25 2.0 1.5 1.0

1 (ppm)

4.5

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

mv.mo;
ovLLL
vSZZL
ge'szlL
19°9Z1
12720
ze'szl
£e°8z)
zogzL
sz6zL 7,
9/ L€l \
egLEl
v69EL /

60'8YL —

SePh

NH,

3C{"H} NMR (100 MHz, CDCl3) of 5g¢

140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S73

150



0.C

061
161 | ,
261 |
€61 1
61 1
G6'L 1
12T
€12
Gl'¢C
g€ |
zee |
gee |
96°¢ |
96°¢ |
or'9 ﬁ
zr'9

oL'L
bL ﬁ
Les .
AN L —=leoz
zLL
gLL
o

0.5

1.0

cLle—
) ¥8°9¢ —

N
H

"H NMR (400 MHz, CDCl5) of 5h

18'LY —

PhSe
25

N —=hue

3.5

1 (ppm)

10

15

N
H

PhSe
13C{"H} NMR (100 MHz, CDCl3) of 5h

S74

1 (ppm)

v/ \ wow.oy m
L',
1AV
8L L r
8L°L
6L°L
0c'L +
[44VA
[44VA
€C'L L
Sz .
9z’ €8 pLL —
12721 L
1211 6€°CCl \
82 /1 EZASIATRN
8T L N ==F00'L 16'82C1L
62 /L1 L6221 —
62 L1 mﬁvmrv
1€°2 1 c6'vel
LS 2 ov'LElL
ze LA Foz
mm.i

€€ L

4.5

5.0

55

6.0

6.5

7.0

Lg'syl —

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20



oc'L
XAV
XAV
[44VA
€cL
€CL
Ve,
[STAVA
[STAVA
8C'L
62,
oe'L
oe'L
og'L
Ge'L
Ge'L
9€"L 1
LE°L
8¢/
8€/L 1
6€°/
6€°/L
ov' L1
ov' LY
LV 2
§G'L
GG/
962\
yAWA

YA

89°L

SePh

S
\

"H NMR (400 MHz, CDCls) of 5i

Ph

7.657.607.557.507.457.407.357.307.257.20
1 (ppm)

mwo.v
[ok4

o't
Yoz

0.(

0.5

6.0 5.5 5.0 4.5 3.5 3.0 25 2.0 1.5
1 (ppm)

6.5

7.5 7.0

8.0

9g'zzl
L0vZ)
98'szl
989zl /
10821 ~
L0621
ze'ezl
vo'oEL
LyEEl
sreel
€0'8El
08°0S1 —

SePh

S
\

13C{"H} NMR (100 MHz, CDClj3) of 5i

Ph

-

40

ANV

160

20 10

30

60 50

70

140 130 120 110 100 90

150

1 (ppm)

S75



68°€ —

91'9
9191
Y0 L1
G0'Z1
AR
8L
61°L1
61,1
6171
XAV
rAAVR
€T LA
vZ LA
ve L
TV
sz.
(o]
zeL

=

SePh

S

MeO \|

"H NMR (400 MHz, CDCls) of 5j

v0'L
S0°L
LV L
6L°L
6L°L
6L°L
[ XAVA
[4AVA
€CL
Vel
vl
T4V
TV
og’L
ce’ L

N\

7.40 7.357.30 7.257.20 7.15 7.10 7.05 7.00
1 (ppm)

S —

f60'c

oot

¥96'0
re0'e
Rzo'z

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

8.0

9109 —

G250l ~
99'/0L

€v'9¢L
Lo'6clt
80'6¢l
PARTAN
LL'vEL
S¥'oct

S

8LLLL—

SePh

S

MeO \|

3C{"H} NMR (100 MHz, CDCl3) of 5j

B —

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

1 (ppm)

S76



OUUTONNMNOANNNTNTOO®
ONNNYYISSISIITIOOOANN
ONNNNNNNNNNNNNNNN
N
SeCN
N
H
"H NMR (400 MHz, CDCl5) of 6a
————————t
7.8 7.7 7.6 7.5 7.4 7.3 7.2
s Iy 1 (ppm)
o 30 oo
o v OWN
,

-“NNO©® - <
QONN®L© o 0 N
© = 0N 0 - - 0
Mo NNN— - o I
RLENEEEA S SN B - - ©
[ T TN | |
SeCN
N
H

3C{"H} NMR (100 MHz, CDCl;) of 6a

I -

Mttt At i
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 2 15 10 5 0
1 (ppm)

S77



16—

Gc'L
9c’ L
L2 L
62 L
8G°L
6G°L
€9/
€9,
G99/
mm.NN
98°L
98°L
18°L
88°L
18'8 —

SeCN
N\
N
H
"H NMR (400 MHz, CDCl5) of 6b

MeO,C

80 79 78 7.7 76 75 74 73 72

8.1

/4 f1fepm)

90°¢

4"
o'l
(0%

¥86°0

Foo'L

0.0

0.5

1.0

2.0

25

c9'¢S —

3.0

3.5

SeCN
N
N
H

3C{"H} NMR (100 MHz, CDCl3) of 6b

M602C

4.0

4.5
1 (ppm)

€V'¢6 —

5.0

55

99901 —

6.0

oS’ L1 /
gv'ocl /
6c'ccl
so'vel
Ly'sel

6L°/2CL \

6.5

7.0

c6’LEL —

8.0 7.5

8.5

19891 —

9.0

70 60 50 40 30 20 10

80

160 150 140 130 120 110 100

170

1 (ppm)

S78



TANANNTOOOVMOOOWOWOMWT«T O N~
ONNNNOOG®O®®X®®NNMNNNN o
00 0WMWMMWM®MVMAONMNNMNMMNMNMNMNMMNMMMDM ™
| e i |
SeCN
MeO,C ”
"H NMR (400 MHz, CDCl5) of 6¢
NANANNTOOODOWMOOOWOWT«™O
NNANNOOOO®®OONNNIN
000 0WWWOMNNMMNMNMNMNMNMNMNMDNMNDMN
e N N
84 83 82 81 80 79 78 77
1 (ppm)
B
Va Iy |
JL
e 'R &
°’ oo o
o -0 o
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
© -0 QOO ©
N STOAN ®®Y - =4 N
N YN LN - < N
© DOO NN~ o o o
- B R R it I - o 0
I NS AN I I I
SeCN
MeO,C H

3¢{"H} NMR (100 MHz, CDCl) of 6¢

MW\Lnllﬂu”l‘lnj"\l\I\M'L'Il ﬂﬂ”gl'th‘ \'\H\]HI‘\”\V\M ‘HAM‘ L\mlmllll”..lv‘m\ll\I\\\Hﬂ\h'u\'||I\| h‘\h'ﬂ'.llﬂll \{ﬂhw"‘\ IMI.L AA“\IIJMD““N\'IHIM n‘J“\”"WﬂW\!ﬂlllA'l\!'LW'J‘lﬂ‘“ |\I|'h4h‘|\ﬂm@\LMI.M NN \I\J‘AMM ” N‘M.‘M\ \|\lm&'h‘ll‘lw.h'\\n“m‘u||\"|

180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 3
1 (ppm)

S79



(o)}
© NOTNONTT«TOO
= VBNOCOBL Y T
-— NNMNNMMMMMNMNM
| —— | e
NOSTNONT—TOO
®BNOQONnDL Y
NNNNNNNNN
e

T T T T T

T
8.1

T T T T T

T T

CF3

SeCN

A\

N
H

"H NMR (400 MHz, CDCls) of 6d

807.978777675747372717.06.9
(ppm)
J A
TR DD
- N NN
— [eNeoNoNe)
110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
ANANN~™O OO v~ N Gn «— o
SO NMOYO - OO000 ® N
WL =W MOD D00 DD — o
OOOANNT-T- - -vO O O o)
PLENUININ I L B ERER R L ©
e e a2 [ \
SeCN
CF N
3 H
3C{"H} NMR (100 MHz, CDCls) of 6d
h ) Y | I JL
150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0

1 (ppm)

S80



—-60.88

SeCN
A\
CF3 N

°F NMR (376 MHz, CDCl3) of 6d

T T T T T

T T T T T T T T T T T

T
-55

T T T T T T T T T

T T
-90 -95 -100-105-110-115-120-125 -130 -135 -14

-5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -60 -65 -70 -75 -80 -85
1 (ppm)
OV~ OM®ONOLOONOL®®
NOLELONMNNONMNONOOO OO
ONNNNNNNNNNNNNNNNKN
S
SeCN
F
N
H
"H NMR (400 MHz, CDCl5) of 6e
77 76 75 74 73 72 71 70 69
1 (ppm)
N )
3 PNG
Q Qoo
— ~ N —
9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 o
1 (ppm)

S81



< N oMWW nuwoomwowNo
N @ ITOW CDOOMONO QY
o~ ONO® aAaNNNT = Q0
O MM NN T OO0 00
- - FrrTT T T T v - - 00
W O T S
SeCN
i A\
N
H
3C{"H} NMR (100 MHz, CDCls) of 6e
I | ‘ .
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
2]
o
o
N
-
| SeCN
] A\
N
H
°F NMR (376 MHz, CDClj3) of 6e
s
-10 -20 -30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

1 (ppm)

S82



—8.70

~

SeCN

N

N
H

"H NMR (400 MHz, CDCl5) of 6f

Cl

7.8 7.7 7.6 7.5 7.4 7.3 7.2
1 (ppm)
3 '3
o - -
. . . . . . . . . . . . . . . . . . .
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.(
1 (ppm)
© O OVWwN 0 wn
NS AT®m O N 0
TOONT D o - 0
MO ®ONNN - o (%]
R e ah a - 5}
Vel | |
SeCN
cl {
N
H
3C{'H} NMR (100 MHz, CDCls) of 6f
WLl | A i A
T ;
145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 C

1 (ppm)

S83



—12.06
7.93
7.92
7.70
7.70
7.50
7.48
7.38
7.37
7.36
7.35

|
|

SeCN

N\

N
H

"H NMR (400 MHz, DMSO-d) of 6g

Br

80 79 78 77 76 75 74 73
1 (ppm)

W A®
SEASES

- O - -

o8

T T T T T T

T T T T T T T T T T T T T T T T T T T T
125 120 115 11.0 10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.

1 (ppm)
nN<TOON ™ © o
<+—-OwOom o~ o)) o
BB B0 o ©
Qeedy - 2 2
—— | N N/ | |
SeCN
Br
A\
N
H
13C{"H} NMR (100 MHz, DMSO-dj) of 6g

“[.A Mol o
T T T

T T T T T T T T T T T T T T T T T T T T T T
145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 O
1 (ppm)

S84



c'; DONODNONNOO -
N SOORQOOOEQ ©
- WOWONNNNNNN N
| —— | 2= |
SeCN
NC
A\
N © OCOWNNOO ”
Qo N©O©O©OYoQ
© @ © NNNNNNN 1
[ e N H NMR (400 MHz, DMSO-dg) of 6h

8.2 8.1 80 79 78 77 76 7.5
1 (ppm)

“

)
o oo
N

—

11.045—
-

T T T T T T T T T T T T T T T T T

T T T T T T T T T
13.0 12.5 12.0 11.5 11.0 10.5 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00

1 (ppm)
o = WWN®Y - o
By ONKNB®  OF o
© © WY oS o) 0
o JdOQNC ee >
N/ S~ N N/ |
SeCN
NC
A\
N
H

3C{"H} NMR (100 MHz, DMSO-dj) of 6h

nﬂﬁmmﬂﬂnm unmmildmm nlm nl.dnrnm.mm .ummum il b il Mu.hlmmhhn II|WM|.I.WInmﬂmmm..|||.WH|mMmJ Iman\l.InlluI-I.mIdlmnml.hhlluhllnmmlm lahd

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
1 (ppm)

S85



—8.62
7.51
7.40
7.39
7.30
7.28
7.12
7.12
7.10
7.10

i
i

—2.50

SeCN
Me
— oo, O W NN OO \
NN NN N
N~ NNNMN NNNMNMN H
<N —
"H NMR (400 MHz, CDCly) of 6i
7.7 7.6 7.5 7.4 7. 7.2 71 7.0
1 (ppm)
e JI17 S
_J_m N l
=y TS B R &
S 858909 o)
- - - ™
1.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C
1 (ppm)
- SYAN O o ©
nOYOY < © = @ 0
tT-r-OWw O - o N ©
DO ONN - o [e9) -
Rl adR I - - © N
SNC e [ [ [
SeCN
Me N
N
H
3C{"H} NMR (100 MHz, CDCls) of 6i
145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0

1 (ppm)

S86



—11.75
7.81
7.80
7.42
7.40
7.02
7.01
6.90
6.89
6.88
6.87

_3.82

SeCN
MeO

A\

N
- O N O N~ OO ®©N H
@ © NN S Qo ®w®x 4
NN N~ N~ NN ©©©© - i
N N Ny H NMR (400 MHz, DMSO-dj) of 6j

T T T T T T T T T T

T
78 77 76 7574 7372717069 68

1 (ppm)
S T A
A J | Jl J A
& BN RN £
Q 9599 o
- - - [32)
125 12.0 11.5 11.0 10.5 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)
™ oMM o m 0 <
- oW NN N W 0 ®
[t) - o R - =) @Q Q
wn oM N — o O [o9) 0
- - - - - - - I°s} 0
| N SO | |
SeCN
MeO N
N
H
3C{"H} NMR (100 MHz, DMSO-dj) of 6j
T T T T T T T T T T T T T T T . T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)

S87



TTOANNTNOOUOTOANNTOOO OO (¢}
NNNNRNOOOOONO0O0®6NNNN N
MNNMNMMMMMMMMMMMMMMMMMNMNDM ™
e N el |
SeCN
N
\
Me
"H NMR (400 MHz, CDCl3) of 6k
s J
L
g & o
S 9 9
- < )
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
1 (ppm)
o © T N MO N~ (oo}
NGO ©wouN o @ @ @
NG OO0« o o - NE ¥
™ ™ AN NN «— - o N (v}
B R el ol - - © [}
SOl sN | | | |
SeCN
N
\
Me
13C{'H} NMR (100 MHz, CDCls) of 6k
T T T T T T T T T T T T T T T L‘v T T T T T T T T T v‘v T T
150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10

1 (ppm)

S88



mN.mg
L1 LA
[4WA
(WA
14V
mw.ﬁ
L2/
82°L1
62°L1
0€L1
0€'L 7
L€°27
ce L
€€ LY
€€
ve LA
Y LA

€L,
v,iL
YAV
YAV
YAV

SeCN

N\
N

Bn

"H NMR (400 MHz, CDCl) of 6l

Sfooe

602
Fsoo

He60

0.C

0.5

1.5

2.0

25

3.0

3.5

4.5

5.0

55

6.0

6.5

7.0

7.5

8.0

1 (ppm)

040§ —

12’88 —

12101 —

65041 —
86611
12121 \
Sg'€ZL\
9L 2ZLy
8z'8Z) ~
606zl
v.62)
zzsel
gg'gel
€8'9€)

SeCN

N\
N

Bn

3C{"H} NMR (100 MHz, CDCl3) of 6l

60 50 40 30 20 10

70

150 140 130 120 110 100 90

160

1 (ppm)

S89



[Te)
N VDOMNUOUONTODTITTONANNTOO T —-—ONDNVWONWOOTI
A CRNOEEOOELVWVHLVLLLOLOHMONNNNNNAN
-— MNNMMMMMMMMMMMMMMMMMMMMMMMMMMMM
‘ IR RRERERREREEEEANSEEEEEEEREREERENN
SeCN
N—ph
N
H
"H NMR (400 MHz, DMSO-dg) of 6m
79 78 77 76 75 74 73 72 71
1 (ppm)
1 HU
& SR ODB®
Q S®5®0
-~ NONT«™N
13.0 12.5 12.0 11.5 11.0 10.5 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)
NOMNMT- O - O WO O (oo}
NOTOOt=TTO b - o
NO-O0ODDDM— O N 1) ©
TOOONNNNNTT «— o [o9)
B R I R el - 55}
e S RO [ [

SeCN
S—ph
N
H

BC{"H} NMR (100 MHz, DMSO-dg) of 6m

NN NN

T T T T T T T T T T T T T T T T T T

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
1 (ppm)

S90



— O ™M —
0% NN
[ O ©
N2 ~

Me

Me

\N@SeCN
/

"H NMR (400 MHz, DMSO-dg) of 6n

L

12.00 =—— —_
2079 e —

T T T T

T

.
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

N <t O — n ©O

© 0 < N < © ©

— © © M ©OW b

le} M oM - o O o

- - - - - <

| ~7 | Ng |

Me\
/N@SeCN
Me
13C{'H} NMR (100 MHz, DMSO-dj) of 6n
[e0)
b
o
<
|
40.8 40.6 40.4 40.2 40.0 39.8 39.6 39.4 39.2
1 (ppm)
T T T T T T ’ T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

S91



25

Jt i

3.5

1 (ppm)

ge L
Ge'L
9€’L
YA
1€°1
8€’L
6€L
'L
ov'L
811
8Y°L
81/ 1
0S'Z
052
€67/
GG/
1972
€97/
€97/
CL LA
VLl
YAV

m@nx
16°L

7.3

CRY ol
9g'e”’ ze

7.4
4.5

75
T
5.0

NH,
77 76
1 (ppm)
55
SeCN
OMe

SeCN

"H NMR (400 MHz, DMSO-dg) of 60
7 7.8
6.5

60
OMe
MeO
"H NMR (400 MHz, DMSO-dg) of 6p

8
7.0

n
Fe 89— 80°L

FFSI T
[eNeoNoNeoNeoNoNa]

Rt i i Sl S ol

0.0

2.0 15 1.0 0.5

. 3.0 2.5
1 (ppm)
S92

4.0

4.5

6.0 55 5.0

6.5

7.0



G196~
¥695 7 3
19°06 ~ a G
Y1267 © E
5 ;
3 £
. ?
£5Y0L — e
pz4
g 23
o o 3
m I
o) = 3
3
3z i
2 3
N AH
=
T
~
S
«
90191 —~
LEpoL —

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

170

1 (ppm)

Le'L)
ceL
2ce LY
€E€L1
€€°/1 1
ve L
eV LT
vy LA
vvLY
Sy’ L
Sy
€62
€6 L
082

182

1872

28,

c8'L

798 —

SCN

Z “zT

"H NMR (400 MHz, CDCl;) of 7a

Le'L
(452
ceLF
€e’L
€e’L
ve'L
194V
vl
vl
Sv'L
€9°L
€9°L
08'L
L8 L\
28’ L~

@
r~
<
r~
©_
Lo s
g
ag
L ez
N~
r~
«Q
F~
MH\MO.N
MO'L
2ot
= heor

<
o
0
o
(=}
w0
-
N
N
0
N
<
™
0
Lol
<
<
B
w & [32)
ta o)}
y (7]
by
<
n
w0
n
<
©
0
©
N
~
N
N~
<
«©
]
©
<
o



SCN

Z zT

13C{"H} NMR (100 MHz, CDCl3) of 7a

9G°¢6 —

SLLLLA
coziL”

G8'8LL —
167121~
96€zh
WA
680l ”
0079} ~

1 (ppm)

T T T T T
140 130 120 110 100 90

T
150

9v'€ —

00°Z
00°Z
c0’L
€0°L
v0'L
G0'L
ve'L
mm.N/
9€°L ¢
VASWA
ov'L
ov'L
L
194
vG'L
GS'.

cc ol —

SCN

~ “zT

"H NMR (400 MHz, CDCl5) of 7b

/

I/

oo o
~-0 O

s

3.5

4.0

6.0 55 5.0 4.5

6.5

10.5 10.0 9.5 9.0 8.5 8.0 7.0
1 (ppm)

11.0

S94



[ DO NNOYT T ©
o~ SOoLY ON®MO®QLW ® <
oN ONOWO OMNN®® AR
© 10 MONN v+ OO0 - =
- - B R I oo
N/ e ~
SCN
" N
N
H

3C{"H} NMR (100 MHz, CDCls) of 7b

L] | . . A .

T T T T T T T T T T T T T T T T T

T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

-
<
—
N
-
'
I
SCN

" N

N

H

9F NMR (100 MHz, CDCl3) of 7b

T T T T T T T T T T T T T T T T T T T T T T T T T T T
-70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 -185 -190 -195 -200
1 (ppm)

S95



—10.49

T
8.0

7.74
7.74
7.55
7.54
7.36
7.34
7.24
7.24
7.22
7.22

< < VYT OITITITANN
NN 0D0OOANNAN
N~ N~ NNMNNMNMNMMNMNDM
NS S e

T T T T T T T T T

"H NMR (400 MHz, CDCl5) of 7¢

Cl

SCN

A\

N
H

79 78 77 76 75 74 73 72 71
1 (ppm)
FY 7T ' 7
o 0O Q0
o [oNoNeoNe)

—— Y °eee
1.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

- NONMNANMON
VOAYTRON O o
TANON®MWGM— @
MOOANNN™ v« v« o
e e e 1o}
I S = NN |
SCN
cl {
N
H
3C{"H} NMR (100 MHz, CDCls) of 7¢
]l .
meeeeee...........................-...........-.... .. .-.-.....B.B.. . BB ...
145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0

1 (ppm)

S96



& NO—--NON™OOQ®
o OQwOLWBLIYILIT®
- WONMNNNMNNNNNN
I e\
SCN
Br A\
N
H

"H NMR (400 MHz,DMSO-dj) of 7d

T T T T T T T T T T T
83 828180797877 76757473
1 (ppm)

6 D
e9=2o
ce e
_— - _— — —

T T T T T T T T T T T
13.0 12,5 12.0 11.5 11.0 10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

.
3

T T

1 (ppm)
OO~ NhNTANOM
BENSITNG N~
BLIW®OOoWS N «©
PoddNCTT 8
— 7/ 1 SN |
SCN
Br
A\
N
H

3C{"H} NMR (100 MHz,DMSO-dg) of 7d

Dol o oo A o o b ool ko 0 b

T
150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 O
1 (ppm)

S97



© NOWUYTMNMODOTOOO ®®D f50)
© I¥YNNNT =000 Q0 3
O NNNNNNNNNNNOO 3"
| e N ———" |
Me  scN
NOWTNMOOTOOO ®® A
YYNNNT==-0QQOQ
NNNMNNNMNNNMNNNMNNNOO N
NN H

"H NMR (400 MHz, CDCl3) of 7e

T T T T T T
75 74 73 72 74 70
1 (ppm)

T rolrr —

LSS d

s} o-0Q -

- - == )
T T T : T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

1 (ppm)

NOWLOD® o ©
T-ouaw < QS © Q
CaN= N o o - N
M ®MONONNN - N [}
RN I - - o -
NS SN (. | |
Me  scN
N
H

3C{"H} NMR (100 MHz, CDCl5) of 7e

Ll ‘

T T

e
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
1 (ppm)

S98



LDLANNANANOANTTNODOOOOOONIDN <
TV ILIITNNT OO OO N
OMNMMMMMMMMMMMNMNDM N
e |
SCN
Me N
N
H
"H NMR (400 MHz, CDCIj) of 7f
T T T T T T T T [
76 75 74 73 72 74 7.0 6.9
Ve iV ' (ppm) _
&' ' TR 3
o SESECRC] -
o e ™
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
DMMmMO™m s} o v
NO®O®©O < ©Q© ol <
T-ONLW © v« ] ©
DOOANN ~ - -
B R R (o)} N
N N \ \
SCN
Me A\
N
H
13C{"H} NMR (100 MHz, CDCls) of 7f
uumm.nmlummld.u mL.L mlum.nm r\.unhnm L T M\uwwmmmmn.amnm.\ I..|m D A S AL il e bt A sl .l .h.n
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
1 (ppm)

S99



N~ O ONNOWS®M
o oOoNOUVOSTIT T
& NNNNNNNNNN
| e ——"
SCN
N\
CF3 N
"H NMR (400 MHz,CDCl3) of 7g
N
U
() [eNeoNeoNe]
2

- - v
T

©
»
©
o
®
o

8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

DO ANNONNO T QD - O N ©
DINMOANMOQUOORON o
MONOWWLIFTNONN Q0 QD0 ©
OONANNANNT™™ ™ OO0OO0O -
Frrr T T~ — ()
e N \
SCN
CF N
8 H

13C{"H} NMR (100 MHz,CDCls) of 7g

o L

T T T T T T T T T T T T T T T T T T T T T

45 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
1 (ppm)

S100



96°09- —

SCN

7 "z

9F NMR (376 MHz,CDCls) of 7g

20 -30 -40 -50 -60 .70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2(

-10

10

1 (ppm)

SCN

N~
[}
~
_

e

8e'¢clL —

7z

CHO
"H NMR (400 MHz,DMSO-dg) of 7h

6Y L\
LG L—
€52
G6'L 1
G6°L 1
1621
1621
z0'8 1
€08
90°8 |
90°8
2087
808 |
80’8
60'8

7.5

7.6

79 78 77
1 (ppm)

8.0

8.1

)

SO aQ
-~ OO

F00'L

oot

1.0 05 o0cC

15

12.5 12.0 115 11.0 105 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)

S101



00°¢6 —

09°ZLL
€921 |
vLzzl /
Zrszh
02621\
veoel —
60°€E}

esoer

vi'e6lL —

SCN

7 “zT

CHO
3C{"H} NMR (100 MHz,DMSO-dg) of 7h

ulu bl el il bl AR ek

A

PITRTIY (T ] Al bk i b ol vt " ‘AIWII““ N " H..l.m N

40 30 20 10

50

60

70

80

200 190 180 170 160 150 140 130 120 110 100 90

210

1 (ppm)

812
€0°L1
€0°L 1
SO°L
90°Z
20/
607
4WA
9L/
9L/
VAN
611
6171
0ZZ1
XAV
4N
22/
2.
€T/
vZ .
vZ .
GZ' L]
STV
9T/
VXAV
82/
82/
62°L 1
62°L1
0€L
0€’L
Le /1
[ANA
GEL
VAW
VAN
vw.mg
S9°L
99/
99'/
192

191
wm.@
69/
ov'8
€58\
598~

SCN

N Me
N
H

=
i
S]
i
(@]
[m]
o
N
I
=
o
S
NS
o
=
z
I

74 73 72

T
7.5

7.6

7.8

1 (ppm)

i

0¢

0¢
0'L
¥00'}L

Fes0

0.(

0.5

2.0 1.5 1.0

25

3.0

3.5

6.0 55 5.0

6.5

8.0 7.5 7.0

8.5

S102



80°ClL —

6'88 —

mN._\:‘\

FARANS
60'8LL 7
651217
LO'EZL

L2821
ZLGEL

voevl —

SCN
A\
N
H

Me

13C{"H} NMR (100 MHz,CDCl3) of 7i

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

150

6.°€—

8C°L)
621
0€"LY
1€°21
L€Z1
ce L
ce L
Ve L
Ve LY
9¢"/L
9€' L
PASWAR
YVAVA
YAVA
6L,
6L,
08,

o

"H NMR (400 MHz,CDCl3) of 7j

— F90°¢

kov

oot

0.C

0.5

1.0

2.0

25

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

1 (ppm)

5103



O QOMmMO N
<9 ustgoa oA o ©
NI ©O¢0c® - o @ M
mM NNN- ~ o+« o ©
B R N R S © I
\ Y [N N/ | |
SCN
N
\
Me

3C{"H} NMR (100 MHz,CDCl3) of 7j

)

T T T

T T T T T
140 135 130 125 120 115 110 105 100 95 90 85 8

T T T T T T T T T T T T T T T T T T T

75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

(¢} o wn
® ® ®
© © o
| W
OMe
SCN
MeO OMe

"H NMR (400 MHz, DMSO-dg) of 7k

9 12.000——
L
—

7.0 6.

S104



Ui
20

L

|

40

12795\
90'25 7

€988 —
9€°¢6 —

el —

Y9l ~
6991 —

OMe

SCN

OMe

MeO

3C{"H} NMR (100 MHz, DMSO-dg) of 7k

WA A L WJ![MNMMWWNLWWIL A ' oM

160

10

30

140 130 120 110 100 90 80 70 60 50

150

170

1 (ppm)

NMNQ
mm.ﬁ
Wl
Ll
0G°L1
0S°L1
[4 W
[A WA
1P
vS /LA
16727
6572
9L
VL LA
€L LN
[SYAVA

wNN\
/

NH,

SCN

"H NMR (400 MHz, DMSO-dj) of Tk

c6'L
V6L

77 76 75 7.4
1 (ppm)

7.8

J

R

QoQo®CeCQ
e

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

8.0

S105



\6.76

,7.48
X745
,6.78

SCN

_N.
Me Me

"H NMR (400 MHz, DMSO-dg) of 7m

N

‘2.00{% —
2.07{ =—— —

T T T T T T T T T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C
1 (ppm)
[ae} < ™ oM (o2}
o ® NS O ©
[9Y] < MM © b
(o} (s2) — o o
- — - - <
| | <~ |
SCN
N
N,
Me Me ©
©
3C{"H} NMR (100 MHz, DMSO-dg) of 7m P
Q
|
42 41 40 39 38 37 36 35
1 (ppm)
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

5106



44
[4°x4
€9°C
14K
vS'eT
¥S'C
95°¢C |
454
144
9L’y
96’
16’
16’
66't
00'S
00'S
66'9
002
10°L
10°L
2oL
€0'L
€0'L
S0°L ﬁ
S0'L
90°,
80°L
oL'Z

oL'Z ﬁ
LL'L

LL'L

[AWE
Cl L
€L
Sl
VAN
8lL°LY
6L°L1
6L°LY
0C' L
L2 L

L2 LA
8¢ LF
_‘m.mxm
€€’ L
€9°L
GG L

SePh

—

"H NMR (400 MHz,CDCl3) of 3aw

/ ///

fsoz

Fooz

6°0
(O3

Foo't

JHE
fsoe
AeL L

'z
N0t

0.C

0.5

1.5 1.0

2.0

4.5 4.0 3.5 3.0
1 (ppm)

6.0 55 5.0

6.5

7.5 7.0

8.0

9€'€e —

SL'GY—

1816 —

bS6LL
0e'LZL N
LEVTL
AN
mwsmrm
v2'62)
sLeel
ozeel
R
15°gEL

Wmﬁ

SePh

—

13C{"H} NMR (100 MHz,CDCl3) of 3aw

10

15

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S107



€ce
Ggec'e
vv'e
cL'e
vi'e
VAN
6lL°'€
8v'e
61v'¢c
2s'e
vSe
L2
_L.m;
cLE
€.°¢
€0V
SOV
90V |
mo.v%
12V
62V 1
0€'v 7
102
80°L ﬁ
60°L ﬁ
60°L
Lz
eLs
eLL
vl
SL'L
9L’
811
0c'.L
cT' L
€C /L
Vel
STV
121
62 L
0€"L
L€
[AXVA

€971
mm.hV
mm.h\
19°L

SePh

SePh

4

z

"H NMR (400 MHz,CDCl3) of 3aw'

Foo1
too'L

Fg6°0
fm.o
0L

H00°L
Q0L

A Ak

Feog
kos
1671
ol

0.C

0.5

1.0

1.5

2.0

25

3.0

3.5

4.5

55

6.0

6.5

7.0

7.5

8.0

1 (ppm)

LL627T
99°0¢ /
sege”
PN AN

€8°€6 —

8880t
88°0¢CL
go'LclL
8¢€'gel
L1821 /
ge'8cl
16'8¢1
gec'ecl \
g8'0¢cl
16°¢El
Sv'GelL
65°9¢€1
LL0ovL

SePh

SePh

z

13C{"H} NMR (100 MHz,CDCl5) of 3aw

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

150

5108



